ﬁ&%? 'A seni conductor. device and a process for producing t‘mz 58;238}73
invention relates to a sem conductor devi ce, particula 9
y device enploying FET's (fiekdleH ect transi stors), an® a process for
produ0| ng such a device. 5 The menory portion of a static
nmenory sem conductor device consists of a plurality of nenory cells, each "
made up of a phFemiegnduckor device Bmd: e proidess fier aneducing the csame”
hitherto been connected to the source or drain regions of the MOS FET by

alum numw ring. 10 However, the nenory portlon octcupies a very large
area - in achipin chthedwce forne and . this area nust be
reduced if it is desitef PResRRFciu¥eptiog.Fedatss ta @W%ﬁqw

feduce the s g Thak i 4REy| 4°5F Srﬁ?f?%?t BFT BeRimd Ja%ms‘”“‘)gs? Fat od
Fi | ]
olan view of b ofn&?cgf%eyﬁgn95§‘e‘8%%?ént . Sﬁ% 5%%%%{# g anaa

- section thergﬁ-_foﬁb Q?_ connect a wiring 8 of
pol ycrystalline sili con di rect?’y 0 the source or drain region 7which is

surrousded by a fi el drhérhidméiy horsionoROay hELIR Weiry 'ddibditidetor
\ device consists of a plurality of memory cells, each
made up of a plurality of MOS FET's. In the cells,
the electrodes have hitherto been connected to the source
or drain regions of the MOS FET by aluminum wiring.
10 However, the memory portion bdcupiés a very large area
" in a chip in which the d..evice..i.s formeci", and this area
must be reduced if it is desired to increase the desree
of :.ntegra:tion of the devices.
In-an-attempt to reduce the ‘area of the memory
15  portion or-to reduce the size of the me_inory cell,
attempts have been made, as illustrated in Figs. 1 and
2 of the aécomgansing drawings (which respectively show
a plan view gf a portion_of a MOS FET of a conventional
memory cell arid a section thereof on line A-A'), to
20 connect a w.rr:.ng .8 of pélycrystalline' silicon directly
to the source or drain region 7 which is surrounded

by a field 8i0, film 5 and a polyerystalline silicon gate 6.
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si mul:t anedusly with the silicon gate. 6, and is usually doped with -
pha$phorus ions at:high concentrati-on to reduce its'resistance. The ol </
phosphorus 5 ions are doped sinmultaneopsly with the fornmati,on of the o~
sour€€ region.and the drain region. Wile.the phosphorus ions are being
dopgd, the depth of the [err]-type diffusion |ayer 7 increases beneath the
wiring. 8, i.@owdverAytHe BiMids wiarang8tie eaipoSedsof ndiTayed by a 10
dotted line 10 in Fig. 2. This makes it difficult to obtain an MOSFET

havi ng a desi rrhic Hanfdried @imutanemssly destial the stliceniggtenter drain
region. To prevent this a sufficient distance [err] nust be provided

bet ween one ermhdfis suallky dlopefl twicth rphosphorugSionswetihggB. This,
however, does not help in reducing the size of the-cell; the degree-of

i ntegrati on ofcanneniaratsiondea e cikts sresistanceascihe TREOgPhOENS

i nventors have contrived a nmet hod by which the polycrystalline silicon gate
6 and t% 20 igns \ane deped r@@ﬂt%"!ﬁp‘}ﬁlﬂ‘n@-ﬁhﬁgef erRatiansaduRben Fig.
3, and are covered by an insulating film9 such as PSG (‘phosphorus, silicate
gl ass). A por SFSH ReEIh AR tHY) ITAIR TeELoRen @é:&ét B8 DheERBeEHS by
e S e B0 ed [ %Hd dSpfR o' BRE°S*LErP0 G £hRa 880"

-2 - However', the silicon wiring 8 is corrposed'of'a | ayer that iss for@.

: 1a7er 7 increases beneath the wiring 8, i.e. the
_ layer 7 swells beneath the gate 6 as indicated by a
10 dotted line 10 in Fig. 2. This makes it difficult to |
obtain an MOSFET having a desired channel '1eng’ch. or a
desired shallow sourcé region or drain region; To
_ prevent this a s_u.fficient distance d‘.l. miast be provided
between one end of the gate 6 and the end of the |
" 15 wiring 8. This, however, does not heip in réducing -
the size of the-cell; the degree- qr'intesratioﬁ of
the semiconductor device' is not increased. _
The present ii_:ventors have contrived a me'bhod
by whick the polycrystalline silicon gate 6 and the
20 polycrystalline silicon wiring 8 ére fomed as |
shown in Fig.. 3, and are coveréd 'by an insulating
£ilm 9 such as PSG (phosphorus silicate glass).
A portion of the insulating film 9 is then selectively
removed by photoetching, and an a.lum.num wiring 10 is

25  formed in order to connect the semiconductor region 7



-"to-the.wiring 8. It has, however, been discovered that, when the

I num | ayer is brought into di rect cont act, wi th the seniconductor region

frce or drain region), there i's forned an alum numsilicon alloy which 5
eStroys a pn junction to a.dgpth of about 1 [err] in the sourcé or draii

‘region. An object of the preséent invention therefaore is to provide an S
MOSFET ~ which enabl es the degree of integra- tion. to be increased. 107
Enbodigregié wirih® 80velti Basyi hbweoerhevdeacdibedveyedny of exanple with™
reference t.o the acconpanying drawi ngs, in which:- Figs. | and 2 have been
ment ighesl, attoere; tie cal@minum Isyerofisvbroughtadn¥oSBiFedtso 15 nentioned
above; Fig. 4 is a plan view of a static nenory devi ce enbodying the

" presauntave it tire gseii cenductoruregiiong (aouwricea oxedmaincel | in the

menory. devi ce; 20 "~ Pig. 6 is a-plan view of a MOSFET enbodyi ng
the preglom)i rmea:ecms ﬁngned ag alupinnmesilinonf aldeyvedieh of Fig. 6
along the line A-A'; Pigs. 8% to 8¥f) are.section views shovm ng

5 destroys a pn June Pon’ o a depth of about 1 pm in

the source or drain region.
An o_’oject of the present invention._therefore is
 to provide an MOSFET which ensbles the degree of integra; -
tion to be in_creased'. . _ ' | | |
10 ' Embodiments of the invention will now be = - ' |
described by way of- exémpl_e:with'- refefez_xc_e to the | |
accompanjing drawings, in which:-
| Figs-. 41 and 2 have 1::een‘j mentioned above; .. -
Fig. 3 is a section view of an MOSFET also |
15 mentioned above;
Fig. 4 is a plan view of a static memory device
embodying the present inveﬁtion; ' |
' ?ig-. 5 is a circuit diagram of a memorycell
' in the memory device; |
+ 20 . Fig. 6 is a plan view of a HOSE‘ET embodying |
the present invention;
| Fig. 7 is a section view of the. MOSPEI of Fig. 6
along the line A—A';' |
Figs. 8(a) to 8(£) are section views showing

25 steps in a process for producing the MOSFET of Fig. 73

o mrme L e et e e e -




25 st-eps tn a process for producing the MOSFET of Fig. 7; -4- Fig
9(a) to 9(f) are section views showing steps'in a process for produci n

t hé 'MOSFET. i n another enbodi nent of the present invention; and Figs. 10(a)
to 10(f) are section views showing 5 steps in'a process for produci ng a
CMXRL C enbodying the present invention.4Referring to Fig. 4, the static
menory. devi ce shown enbodying the invention has a menory portion (menory
array) 2 which consists of a plurality of 10 single-channel. (for exanple,
n-channel) MOSFET's forned in a well region which is a portion of a silicon
sem conductor chip 1. A peripheral circuit 3 consisting of conplenentary
MOSFET's- is formed al ongside the menory portion 2 to drive it. The
required number 15 of bondi ng ds (termpals) 4 are fornmed around the

peri phery of the chi p Pi&sShe r§o cea (£ Soara seaglonyivi ewshEhaln® four
MOSFET' s [err] and [err] and | oad resistors [err] and [err] as shown in
Fig. 5in whi® e@%%¢¥kﬂﬁﬁ3£9%ﬁﬁ%{%RNWPT%@$%}950 iz andheXkanpl e,

+5 volts, Wdengtes a rd_1j.ne, err err] denote data lines. -
Figs. 6 and 7€ ?% Fﬂ§'§§ﬁdﬁp% Yr%%? gan; an% -

- Pigs. 10(a) to 10(£) are section views showving
5 steps in a'prédess for pfoddcing a CMOSIC embodying
the present invention. | | | |
Referring to Flg. 4, the static memory dev1ce
shown embody1ng the invention has a memory portlon
(memory array) 2 which corsists of a plurality of
10 gingle~channel (for eiample; n-channel) MOSFET's
‘formed in a well reg1on whlch 1s a portlon of a 5111con
seziconductor ch.p 1 A per1phera1 czrcult 3
consisting of domplementary MOSFET's is formed alorgside
the memory pbrtion 2 to drive it. The required nuxber
15 of bonding péds (terminals) 4 are formed zround the
veriphery of the chip 1.
The mnmo*y cell for a 51ng1e bit consists o‘
four MOSFET's Qs Qv Qy and Q, and load resistors
'R1 and R2 as shown in Flg, 5 in which VCC denotes
20 a pqwer supply of-a voltage of, for example; +5'volt$,
W denotes a word line, and D; and D, denote data lines.
Flgs. 6 and 7 show a MOSFET which constitutes
the memory cell of Fls. S5e An Sloa-fllm_(gate



g nemory cell of Fig. 5. An [err] film(gate insulatjon film 13.of a
ﬁ‘:ness smaller than a field [err] film12'is fornmed on the surface of .a
;.%n (active region) in a portion of a p type substrate that is

ounded by the thick field [err] film12. On the [err] film13 is "

- sel éctively formed a gate po ycrystalllne silicon |ayer 14 which- extends _

transversely across the active region. Polycrystalli ne silicon wrings 15 7

fhe ARmEAER GHAT' 7] GE 1B rRSeRaehS BRRSEF BRRN MosRIE 1T ou
e PR TR CTA 10 MRS 6F LR B Véﬁﬁégﬂgﬁ%%@%. i founded by the'

gate éﬂﬁ? [ h Ha 5 A second
pol yc¢ys ‘ﬁl Sl ?c%xg]éﬁl ng %ygf quéhgéggtgér%te 19 whi ch nakes

di re%thé’l?rié‘céuﬂéﬁh&e@ f@ﬂeoﬁhier sﬂéiecslef Fhemsqp,ce region 16 and
with a-portion of the.surtace of the wiring a?er 15. Another -part 19' of

5 the weﬂibvsic0£gfime131:9smela&lvn#esoﬂmea% gaitleact .with a portion of
the surface of $he drain region 17 and with a portion of the surface of 't:he
Wi ri Rpliysreystallive sﬁ.lmcmnlwerngwﬁhiehcemmnaed to the wiring |ayer :
15'
transverse_ly across the active region. Polycrystall:.ne

silicon'wirings 15 and 15' are_selectively formed so
as to extend from the $i0, film 13 %o the field S0,
10  film 12 in a direction at Tight angles to the gate
la;y'er 14. An n."'—type source region. 16 and an n*-type
d.ra;n region 17 are formed. in the surface of -I:he a.ct:r.ve
'reg:.on which is surrounded by the sa.te layer ’M-,
the f;.lm 12,. and the wirings 15,15'. _
15 A second _pclycrysteliine silicon wiring layer
19, 19' has a part 19 which makes direct -contact
with a-portion of the. surface of the source region 16
and _ﬁth a- portion of the surface of the wiring layer
15. Another part 19' of the second w:.r:.ng iay_er _19,19'_
20 makes. direct contact  with a portion of the surface _' |
of the drain regioz; 17 and with a portion of the 'swmface
of the wiring layer 45'. in alumimum wiring 21
is connected to the w1r1ng layer 45'

 The. process for produc:.ng the HOSFET of
25 Fige. 6 and 7 will be des_cr:r.bed.below with reference to




The pracess-for producing the MOSFET of 25 . Figs. 6 and 7 w l<l be @
descri bed below with reference to Figs. 8(a) to 8(f). Referring to Fig— .-
8(a&)y first, afield SSQ film12 is forred on one'main surface of a p-type
silicon substrate -11 by the | owtenperature selective oxidation nethod,. and
an [err] filim (gate insulation filnm 13 of a thickness |ess than that of
thefilm12 is forned on the surface & The active regi on_surrounded by t.he
7 ¥err] film12. Then, polycrystalline silicon is deposited on the whol e

of the field [err] fj 2 he gate [err] film 13, and is doped wth
phosphor us ioh‘é‘-EJJT' gdag é’tq ‘hi gh concentration to decreasé its

resi stance. The pol ycr, %latl ld_ne ,sil '.coné' }he A s_ugj ect ged i %h se- -

| ective phot oet chi ng, 1%/ Frdde fﬂS‘r%n a @% ’ycf’y%? 7|?~n§1§ ‘19i :b§29ate 14
and first pol |41, il i "q’%d:@y e . f | NG« i g.
8(b), n-type %ﬁg ég;ﬁérﬁf%%&%e INto %éﬁﬁ‘? at oﬁhegjﬁiﬁflg%
si.licon substigfathhte 11 by the low-temperatire selective

5 oxidation method, and an 85.02 £ilm (gate insulation
£ilm) 13 of a thickness less than that of the film
12 is formed on the surface of the active region

_. surrounded by the



L

icon wring |ayers. 15, 15-1as a.mask, i,n order, to form in the p-type

bstrate, a sem conductor region that fornB a pn Junction relative to te.
'substrate For instance, n-type i npurity ions of phosphorus or &arse- nic-
“are |nJected i nto the p type silicon substrate 11, foll owed by the

oS8, Hhors BRI o S BE I BRe" s3SI Ao SRUEM, 10 ond ool

Ref 8(c), 1 feQF _ t interlayer .
i nSG atlonl? rmgon t he: V\hrﬁﬂeeﬁs%érfg%%fgf gtlr?sg f-itﬁp;;cei%%ﬁ&dfra%ée 11 by the

thepamd gwodation th@.(ild)rl§ heofo® 1§ 8RMphRIspHYALs m'éﬂon) met hod.

Then porti%ons of t é surface of the source-région 16 and the drain reglon

(ggﬁh'thenpolycrystalIine'silicengate14 and first poly- crystalkine -

17aamlamenybmghecmmrqotmnetchdegreasesaﬂ%efﬁsmeaﬁ@eFlg 8(d), a-

" second polycrystalline silicon layer is deposited on the whol e surface of
th@hﬂﬂpnlynrystaliﬁneismixnnhwmshthhnsshbgashadntaﬁtherséat|ver smal |
concentration. Then, unnecessary .5 ortions of thé polycrystalline =
si liecdrivee @h@h@etghb;aspatmamd@r ﬁ'nugpmh@r podyerystmliineond poly-’
crystalline siliccon wring |layers 19, 19' to connect the source region 16 .
an@ildcan Hate ebﬁ*oﬁnﬂq ftle'%émlycrvstalhne sﬂ-icon wiring

layers 15, 15' ) o B
Referrlng'to Flg; S(b), nrtype 1mpur1t1es are 1ntro-
duced 1nto the surface of the p—type 5111con substrate 11 ;
- with the polycrystalline s111con gate 14 and first poly—
crystalline s111con w1r1ng layers 15, 15' as a mask, ln
order to form, in the p-type substrate, a semlconductor
reglon.that forms a pn junctlon.relatlve to ths substrate. .
. For instance, nrtype 1mpur1ty ions of phosphorus or arse-
nic a:e_lngected into the p—type-5111con substrate 11,
. followed by ths.annealing'(heat:trsstment), to -form the | <
n'-type source régien 16 and drain region 17 having a de- i
_s.red depth in the p-type silicon substrate 11. | |
“Referring tc Flg. 8(c), an. 3102 film 18 is formed
as a first 1nterlayer 1nsulat10n f£ilm on , the whole surface :
of the.p-type snbstrate ll by the thermal oxidation method
or the CVD (chemlcal vapor dep031tlon) method * Then,
portions of the surface of the source -region 16 and the |

drain region'l?faié exposadfby'the contact photoetching. -



first polycrystalline silicon wiring |ayers 15,15 . 10 : : .
Referring to Fig, 8(e), the first polycrystalline silicon wiring |ayer gggng
i sySel ectively exposed and, then, a PSG (phosphorus silicate glass) fil

i s defosited on the whol e surface of the p-type substrate 11 to forma
second interlayer insulation film (or 85 passivation film. Referring to
Fiig. ~8(f), portions of the second interlayer insulation film20 are
séFectively renoved, andererding ENHig ] g N4 dsubshdOpoPdcrPbell1ine
connects to the second polycrystalline silicon.20 wiring Tayer Ts forned by
vapori zi ng al gailieen ThAyer iis ddgositedli senthofwhdbe PE@BEAE] fFENt | ON
whi ch nmakes use of a polycrystalline.silicon wiring | ayer (second

pol ycrystal | i reSishbsarade iVlg |ayeris idopedlivitm posplRogaseivhsi ng | ayer
(first polycrystalline 25 silicon wiring |layer) and el ectrode wring of

al um num as neffit esored axlioned,y ismaldl powscdn terdtoiaonneThen heuhheséssary

~pol ycrystalline silicon wWring layer to a sem conductor region such as
sour ce reBi onportdeaisn ofedihen mdlwanysta )l ine neill i ¢on hargubsmoved via the
second polycrystalline silicon mﬁrinq}layer. Therefore, there i s no need
to deeply forRYSPattegaingr c it drhexgiane formedi seeenderohE-di st ance

crystalline silicon wiring laYers 19,19‘ to connect

T a

the source region‘IG and the drain regién 17 to the
- first polycrystalline silicon wiring layers 15,15°'.

10 Referring to Fig, 8(e), the first polycrystalline
silicon wifing'léyer 15' is selecti&ely exposed and, | a
then, a PSG (phosphorus silicate glass) film 20 is
deposited'on the.whﬁle surface of the p—type sﬁbstrate
11 to form a second interlayer iﬁsulatibn film (or

15 passivatibn film). o

o Referrihg to Fig. 8(f), portions.of the
second interlayer insulation film 20 are'selectively
removed, and an aluminum wiring (third wiring) 21
which connects to the second polycrystalline silicon
20 ~wiring layer is formed by vaporizing aluminum;
fhué, in this embodiment of the present
invehtion which mékes use of a polycrystalline silicon
wiring léyer (second pélfcrfstallihe silicon wiring layef)
. in addition to the gaﬁe wiring lé§er (first polycrystalline
25 silicon wifing layer) and electrode wiriné.of aluminum |
aﬁ.mentioned above, it-ié possible to connect

the first polycrystalline silicop



scen the gate wring 14 and the first polycrystalline silicon wiring

2 { $ 15,15, or between the gate wiring 14 and the second polycrystalli-ne
on wiring layers 19,19'. Consequently, the-degree of iptegration 1Q
t he sem conduct or devices can be ihcreased. Further, since atum num i's
not directly connected to the diffusion layer, there takes place no A -Si:
reaction which destroys the pn jlnction. Figs. 9(a.) to 9(f) are sectlon;f
Vi ews shomﬁng 15 the steps in a process for producing an MOSFET which =~

const ifiylied 4heg PNy Ya Keri Son @fSPrgeggohofﬁBﬁtQFerrFQ?g'nent of the

present invention. Referring to Fig. 9 I'ITm42 is fornmed

On ongeRlich B¥ W PIrdy2oh sP1éyPEvalli E8PmaYbShr fhe 41 by the
| owt enperature sel ective oxidation nmethod, and an [err] film(gate

i nsul gubeh rhitlenvid3 tHYisecend hbé ?@ﬁ%sﬁgﬂkﬁé EhancbRaliefinghe field [err]
film42 is formed on the surface o e active region surrounded by the
fi el d1ayefrer r ’hiedefiok®, Titesre pbs ysoyseeal! toedskpl goBokrm deposited  -10-
on the whole surfaces of the field [err] film42 and the gate [err] film.
83, aﬁhelsemupamdMQﬂoqﬂnegimnusorons nﬁcaeaeéathueayshagbeconcentrat|on to
reduce its

between the gate wiring 14 and the flrst polycrystalllne

'silicon wiring layers 15, 15', or. between the gate
wiring 14 and the second polycrystalllne 5111con-w4ting
layets 19,19°'. Consequentlj, the degree of 1ntegrat10n

10 of the semlconductor dev1ces can ‘be 1ncreased Further,
since alumlnum is not dlrectly connected to the “_
diffusion layer, there takes place no Al- 51 reaction
which destroys the pn junction.

h Figs..9(a) to-9(f) ate_sectihn QiéWS showing-

15 the steps in a ptocess for producing an MOSFET whieh
constitutes the memory of_Fig. 5 according to another
embodiment of the present-invention; _

Referring to Fig. 9(a), a field'SiO2

film 42 is formed on one main surface of a

20 p-tYpe silieon-suhstrate 41 by_the low-temperature
select;ve oxidation method,'and an SiO2 film (gate
insulation f£ilm) 43 having a thickness smeller than
that of the field'SiO2 film 42 is formed on the

surface of the active reglon surrounded by the fleld

25 8102 f11m 42. Then, polycrystalline 5111con.15 deposited

.

*



resi stance. ,The polycrystalline silicon is then 5 subjected to the d
sel ective photoetching to forma poly- crystalline silicon gate 44 and -
fipst-layer polycrystalline silicon wirings 45,45+ In this case, the
potyciystalline silicon wirings 45,45 are not permtted to extend onto the
gate [err] film43. 10 ' Refecnprg to Fig. 9(b), n-type inpurities
aréintroduced into the surface.of the p-type silicon substrate 41 with the
pdycrystal li gg shbki ¢aBledsaréscesd dfhatid eikldrsio] i filimM242asamd mask,
thereby to form -in the p-type substrate, a sem conductor region 15 that
forns a pn jupaki gate shoefidat 430 tamd sishsiaped witth phespherus-type

i mpurity ions such as phogphorus ions or -arsenic ions are introduced into
the p-type silibnsnofubsiredadivelyy hilgh icandentaation @l redree bitanneal i ng
(heat treatnent) to formthe n -type source 20 regjon 46 and drain region

47 having a deesistaneg-h The: pelyarystalilingfi Rat® BheNReferring to
Fig.- 9(c), an [err] film48 is formed as a first inpter]ayer insulation film
on the whble §Hbﬂ&€ée§ftPhéH@wﬁﬁi?Qﬁﬂ%ﬁrRﬂQ§QﬂF$RA¥%et?h§?ﬁﬁla28° Tdation

urface of t hETYEhEId 1ne MIdiaRN SRR Lh T o 1 7egt ateBrpar BebhpbELElag "
the - silicon wirings 45,45'. 1In this case, the polycrystalline'
silicon wirings 45,45' are not permitted to extend
onto the gate Sio2 £ilm 43. | '_
10 Referring to Fig. 9(b), n-type impurities.
are introduced into the surface of the p-type silicon
substrate 41 with the poiycrystalline silicon gate
44 and the fie;d Sibz-f?lm 42 és a mask, thereby to
form, -in the p-type substrate, a semiconduc;pr region
15 that forms a pn junction with respect td the substrate.
For example, n-type impurity ions such as phosphorus
ions or arsenic ions are introduced into the p-type
siliéon-substrate 41 by the ion injection, followed
by annealing (héat treatment) to form the n+-type sburce
20 "region 46 and drain regipn 47 having.a desired depth
in the p-type ‘silicon substrate 41.
Referring to ?ig. 9(c), an Sio2 film 48 is
formed as a first interlayer insulation film on the
.whole surface of the p-typé substrate 41 by the thermal.
25 oxidation method or the CVD (chemical vapor deposition)

method. Then, portions of the surface of the source



icon wiring layers 45,45 are also exposed. 5 Referring to
9(d), a second polycrystalllne silicon | ayer is deposited on the mﬁole
surface of the substrate 41, and is doped with phosphorus ions ‘of a
relatively small concentrau<mr1ﬂ%ereafter unneces- sary portions of the%
polycrystalllne S|I|con are renoved 10 by patternlng Thus, there are

formgg %ﬁéyg ﬁﬂllpg sbhi-ggn %I’Ie JsaER, 4hH9' to connect “the

source eglon the drain eglon 4 respectively to the first

pol y JopAld 'ﬁ!?oééét&ﬁ’{‘nw ri g £AYS' gads,4Portidns of the Referring to
Fig. 9(e), the first polycrystalline silicon wiring |ayer 45 is

sel eqtiipedd Yo aBDind@ £5GicEROGRPYRYS 19lyieireatss gisrss) film50 is
deposited on the whole surface of the p-type substrate 41 to forma second
I Nt erdmy @l dseskpdsed. fil m (or passivation 20 filn). Referring to Fig. _
9(f), a portion of the second interlayer insulation film50 is selectively
Senoved, and. arRefemrimgn vorFig.(2kddd e secgnd poihiatystailidotes to t he
first polycrystalline silicon wiring 25 |layer. 45" is fornmed by vaporizing
al umsidicon layer is deposited on the whole surface of

Ggértact_phopoetching. In this case, portions of the first polyc¢rystalline
G,

the substrate 41, and is doped with phosphorus ions

of a relatively small concentration. -Thereéfter, unneces-

sary portions of the polycrystalline silicon are removed
10 by patterning. Thus, there are formed second poly-

crystalline silicon wiring layers 49,49' to connect

the source region 46 and the drain region 47 respectively

to the first polycrystalline silicon wiring layers

45,45"'. .
15 . 'Referring to Fig. 9(e), the first polycrystalline

silicon wiring layer 45' is selectively exposed, ané

a PSG (phosphorus silicate glass) film 50 is deposited

on the whbie surface of the p-type substrate 41 to

"form a second interlaYer insulating filh (or passivation
20 film). ‘

Referring to Fig. 9(f), a portion of the

second interlayer insulation film 50 is selectively

removed, and an aluminum wiring (third wiring) 51 which

connects to the first polycrystalline silicon wiring

25 layer 45' is formed by vaporizing aluminum:



12- According to the above- menti oned embodi nent, the first polycrystalline-~.
silicon wiring layers 45,45 are not permtted to extend onto the gate @
e

[err],-filma43, but terminate on the thick field [etr] film42. 5
Therefore, the areas of the source region 46:*and the drain region 47 can

reduced. In other words, the degree ot2rntegration of memory cells can be -
I jcy eased. Figs. 10(a) to 10(f) illustrate a process when the present

inVention is adapted toatberdangf @et the dbovel-mentdEn<dRMEEdimd C. This

wi || be described bel ow for each of the manufacturing steps. Referring,
first, to FigthéOfaystbpodgpcrygsstadildnenjsddtiedn RiiTingddyexrs ofs 4B surface
of an n-type silicon substrate 23 to forma p-type well region 24. 15 A
field [err] faren 28tipesmittedyvébyektemdd omta Hdes gaftac Sidd,, thiclm- t ype
substrate 23 and the well' region 24. Then, an [err] filn12620f a thickness
"of about 380 4Agskwbnterminstgednbyhgatdicki ddeildn Sd0y ilanstdf t he
surface of the n-type substrate 23 and the well 20 region 24 that are

sur r ounded) byT?ﬁ§e¥P§¢d Eber preppnefs theTsonraenaegdione dbstand ithe si |l i con

i's deposited %o a thicknes gb ut 3500 angstrons, and is_doped with
0

phosphor us i Ea{%t?f%FPP,i?géa nfeducesy mlfuothemXF I ndths). A
bol YCrvoLal |1 geosth By Ereqdal 2oR! ety Sliel YeryaLal e, Sl cor
' ' Figs. 10(a) to_lO(f) illustrate a process

when the present invention is adapted to the hanufaéture
10 of a complementary MOSIC. This will be described below
for each of ﬁhe manufacturing steps. |
] | Referring,.firsf,'t§ Fig. 10(a), boron ions
are injected.into a portion'bf the surfacé of an n-type :
silicon substrate 23 to form a p-type well reéion 24.
15 A field SiO2 filﬁ és is éelectively formed on the surface
of the n-type substrate 23 and the well region 24.
Then, an Si0, film 26 of a thickness of about 380
angstroms is formed by gate oxidation on regions of
the surface of the nrtype'substrate 23 and the well

20 region 24 that are surrounded by the field Si0. film

2
25. Then, the polycrystalline silicon is depoéited
to a thickness of about 3500 angstroms, and is doped
with phosphorus ions (at 1000°C, for 5 minutes, 20

'minutés and 5 minutes). A polycrystalline silicon

25 gate 27 and a first polycrystalline silicon wiring

layer 28 are formed by_photoétching the polycrystalline

silicon.



[ erT]
of 10
et chi
film
p-typ
the p

on. - -13- Referring to Fig. 10(b), the surfaces of the v

.

ystalline silicon gate 27 and the first poly- crystalline silic :
,:5- layer 28 are lightly oxidized at a téenperature of [err], and an ™

is deposited 5 on the whole surface of the substrate to a thickness
00 angstrons. Thereafter,~d3ry the [err] is selectively renoved by -

on

ng fromthe_suyrface of the p-type well region 24. Nanely, the [err]’
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selectively removed by etching from the surface of

374
29 is left on the surface of the n-type substrate 23

the p-type well region 24. Namely, the Si.N, film

on which the p-type well region 24 has not been formed.

,Arsenic ions are introduced into the p-type well region

15

20

25

by the injection.meﬁhod using f.he~Si3N4 film 29 as
a mask. Thereafter, an n+-type séurce and drain_regidns
30 are formed by annealing. Tpgn, by usipg the Si3_N4
‘film 29 as a mask for selective oxidation, the low-
ﬁemperatﬁre selective.oxidation is effected to ipcrease
the thickness of the SiO2 film 31 on the surfaces of
the poiycrystalline silicon gate 27, first polycrystali;ne
silicon wiring layer 28, and on the surface of the
source or drain region 30. |

Referring to Fig. iO(c), the Si3N4 film 29
is removed by hot phosphoric acid, and an Si,N, £ilm
32 is newiy deposited to a thickness of about 500 angstroms;

A portion of the source or drain region 30 is exposed

by effecting the contact photoetching-onto the Si

3

Ny

film 32 and the underlying §i0, film 31. A PSG

h =
29 is left BREGREIBEr FRcEigr (04 B e SHRfaca® 9B 10 on which the™



32 is newWy .deposited to a thickness of about 500 angstrons. A porti.on £
the source or drain region 30 is exposed 25 by effecting the contact =
photoet ching onto the Si3N4 film 32 and the underlying S film31l. A PSG'
- 14-"f(phosphorus silicate glass) film33 is tthen deposited on the whole
surfaces of the n-type substrate 11 andjigae well region 24, and is anneal ed
at™ferr] in a nitrogen atnosphere. 5 Referring to Fig. 10(d),
a’portion of t(pdsphdrdsnsiA icateergierss byf£lmhl hois athehodeposdhedar e :
introduced into the p-channel side (n-type substrate) by the ion injection
met hod t hr ouglont kheSwdidvl & iSunfiesTnfs théienptyppesebatratendldandn regi ons
37 10 are formed. Referring to Fig.. 10(e), the PSGfilm 33 is renoved to
expose the suthecaedfl tegion t2he afid fisianneabednat 3008AACt AE A r st
polycrystalline silicon wiring | ayer 28 on the n-channel side (p-well

side). A sec@ﬁ&#ﬂgeﬂ;iﬂqﬂﬁghﬁ%ﬁ4ine'silicon | ayer 34 (3500 angstroms) is.
deposited on the p-channel_ side and aon, the, pn.¢channel side, and,the .
-poncrysPaI¥ine_siPiconﬁ%ﬁﬁﬁr%ﬂﬂi§9(ﬁﬁﬁxi%ﬁf%pphﬁsBﬂBFbgni8gsthﬁile

masking the sqend AN Y Yo YdndVed 'y ARG, 3daCBotBR RoREARE

introduced into the p-channel side (n-type substrate)

by the ion injection method through the-Si3N4 £ilm
32. Thus, the p~type source and drain regions 37
10 are formed. _

Referring to Fig. 10(e), the PSG film 33
is.rgmoved to expose the surface of the n+-type'diffusion
regions 30 and the first pOlycrystaliine silicon yiring
layer 28 on the n-channel side (p-well side). A second

‘15 polfcrystalline silicon layer 34 (3500 angétroms)
~is deposited on the p-chapnel side and on the ﬁ—channél'
side, and the polycrystalline silicon layer 34 is
dcped with phosphofus ions while masking the second
polycrystalline silicon layei 34 on the p-channel
20 side. Thereafter, unnecessary portions of the poly-
crystalline silicon_layer 34 are removed by photoetching.
Thus, the second polycrystalline silicon wiring.34
is formed which connects to the‘N+—type region 30: '
and to the first polycrystalline silicon wiring layer 28.
25 . Referring to Fig. 10(f), the second poly-

crystalline silicon wiring layer 34 is lightly oxidized,



2 side. Thereafter, unnecessary portions of the poly- crystalline

Bifl)icon | ayer 34 are renoved by photoetching.. Thus, the second o

~~ ROUycrystalline silicon wiring 34 is formed which connects.to the N -typ€

.- région 30 and to t.he first polég{ystalline silicon wiring layer 28. 25 -

Referring to Fig. 10(f), the second poly- crystalline silicon wiring Iays;:

34 is lightly oxidized, 15 a PSGfilm35 is deposited thereon to a o

t hi ckaepsGotidho 35 G0 Eepumiteadstiatéonetoby ehdekhesg in-a nitrogen ~-

atnosphere,. and the films are selectively renoved by the contact

phot cefchbogt 600 axigstiroms ol iowelkpopi apdeddihgwed By patterning to -

forman aluminumwi ring (electrode) 36 that connects.to the p -type '

di f f upitrogedi stT®ERhere 0 ank the ohdlme| yceysedertivedlyl i con wiring | ayer

34. In the CMOS device obtained by the above- 10 menti oned process, the

al uni EERPYRAI RY Ibe SATRT RPEReCRINT + onTheny haluminy®ion region (p )

- 37, and i_,s connected _at anpther portion to the diffusion region (n ) 30 via

the sdSoABPRSAFES Foliliq sﬁﬂiRé%F%ﬁ?+%@ FayEprmsanpplapiplmg ot her :
portion, .furthermpre, 15 _-the alum numw ring 36 ks _connected to the first

oy 9ery bl (ARG ERGde) 36 tHaty SORRRCLS Lo aChRcpeatRg o
diffusion region 37 and to the second polycrystalline
silicon wiring layer 34.

In the CMOS device obtained by the above-

10 mentioned process, the aluminum wiring 36 is connected
at a portibn'to the diffusion region (p+) 37, and |
is connected at another portion to the diffusion region
(n*) 30 via the second polycrystalline silicon wiring
.layer 34. At still another portion, furthermore,

15 _ the aluminum wiring 36 is connected to the first poly-
crystalline silicon wiring iayer 28 via the second
polycrystalline silicon wiring layer 34.

As mentioned in the foregoing, the first
wiring layer or the third aluminum wiring layer is

20 connected to the diffusion regions via the second

'wiring layer. Therefore, increased freedom is prbVided

for laying out the wiring. Consequently, the degree

of integrating the semiconductor devices can be increased,

for example, by 10 to 20%.



pol ycrystal l-ine silicon wiring |layer 34. As nentioned in the foregoi,ng, .
first wiring layer or the'third alumnumwring layer is 20 connected td 24
tHE’giffusion regions via the second wiring |layer. *Therefore, increased
freedomis provided for laying out the wiring. Consequently, the degree of
integrating the sem conductor devi ces T be increased, for exanple, by 10
tQ 20% -16- The present invention can be effectively adapted to the MOS
menory devices having polycrystalline silicon wirings of a nulti-Ilayer
construction, and especFBPl Pregedtadinventisy v ikeefifgrtiielred by 5

the CMOS process. r rr -17- | NS 1. .- A sem conduct or

devi ce conprigaﬁBFLa égnkgﬁn&9§tHpmﬁﬂ£gd%ﬁ%?qﬁ having PANET¥RER } 11nS

type; silicon wirings of 'a multi-layer construction, and
especially to static memory devices manufactured by

5 the CMOS process;

; .. . E i- - . ; .i. |. . EI.EESEE
E 1;. I- ,- .

h o




qt insulating filmformed on a main 5 surface of said sem eonduetor

ate so as to surround ‘an area of said nalhigaFTate\mthﬂrg;sf_forns,
_ gurface of an active region in a portion of t sem conduc :
"substrate; a second insulating film of a thlcknegﬁ er than sai d-
first insulating film fornmed oflZ-he surface of s ﬂl? a flrst
conductive | ayer selectively fornmed on part of sai d secé |ng fitl

S0 as iMgverse. said active region; 15 a second cdhductlve N’
Iayer1§§1x§|vely formed so as to extend at | east over part of said first

insulating fil mAS@éﬁé@&@@&sfnéeeib&ecbﬁpels%@ng separated from said
C

first ‘conductive layer; a first sem condu region, of a seccnd 20

conductivity type SamwDsohduéothsubktghteonduat ifdirtst s, fornmed in a
first surface portion of said active region which is surrounded by said

first aorchseityecypyer, said second conductive |layer and said first
insulating film . -18- a second sem conductor region, of said second
conductivity type, fivsteinsulatingofidlsaufbanedoont iaomain
5 surface of said semiconductor substrate so.as to
surround an area of said main surface which area io;ms_M 
the'sﬁrface of an active region in a portion of the
semiconductor substrate; | |
a second insulating film, of a tﬁickness
10 sméller than said first insulating film; fofmed on
the surface of said active region;_’
a first conductive layer selectively formed
on part of said seccnd insulating film so as to traverse . -
-said active régicn;
15 a second conductive'layer selectively formed
so as to extend at least over part of said first
insulating £ilm, said second'éonductive layer being
separated from said first ¢onductive layer:
a first semiconductor region,_of a seccnd
20 -conductivity type 6pposite to the first conductivity
type, formed in a first surface portion of said active
region which is surrounded by said first conductive
layer, said second conductive layer and said-first

insulating film;



of said acti.ve region which is surrounded by sard—first—conductive 1|ayer
angﬁ§ald first insulating filmand 5 whi ch is positioned on the_opposhéggb
Si f said first conductive |ayer from-said fir | I n, a

t hi rdpl nsul ating filmwhi-ch at |east partly coverﬂlmnu lmﬁumuﬂmsecond

- conductive | ayers and has at |east one-h@-e so forted that "a portion of
saigd 10 first sem conductor region and a portion of said second conductive
| &yer are exposed; and- aa dévonil csemiimindectayeregionheofosaidf second

pol ycrystalline silicon layer which is fornmed in said hole(s) and nakes a
connection mﬁ@@nﬂﬂaiﬁﬁﬁty type » firmedninica osecendoaunfidceapdrsaoond
conductive layer. 2. A sem conductor device according to claim1l
wherein said §éb§ﬁdduﬂﬂikﬁ¢\Rﬁqkﬂnnwh%F%e#%c%ﬂ#é??nﬁéﬁnbm éaigafirst said

second |nsulat|n% filmand extends therefromover sart of said flrst
insul ating fiGendusgive layer and saddohtistof naRyREENdcESB AGdto claim 1

I 2 wh dthird duct I |l s.the_wh
Seen i pBany WH. B F msef(ésor?#sé}?dﬁ{%?%%m eapidg Fri Aeig 2iE3e(%°,
wher ei n

sem conduct or deV|c .acc d|n % e 25 . of ckalns
n Ay

said first coﬁ&ﬁgt“i 493 éy% 95}55& SUFFASS portSoRs

a third 1nsu1at1ng film which at least partly
covers saia.first and second conductive layers and
has at least one hole so formed that a portio: of said
10 first semiccnductor rirgion and a portion of said second
ccnductive layer are exposed; and
| a third conductivz layer in the form of a
polycrystalline'silicon layer which is formed in said
_hole(s) and makes a connection with said first semi-
15 ccnduétor_régjon and said second conductive léyer;
| 2. A semiconductor device according to claim
1 wherein said second conductive layer is selectively
formed on part of said second insulating film and extends
therefrom over part of said first insulating film.
20 3. A semiconductor device according to claim
1 or claim 2 wherein said third conductive layer fills
the whole area (as seen in plan) of said hole(s) in
said third insulating film. |
4. A semiconductor device according to any one
25 of claims 1 to 3, wherein said first conductive layer

serves as a gate electrode.



: -1 9- 5. . . A sem conduct or deV|ce accord—ﬁﬁ*FB‘ﬁﬁy“Uﬁe—of—%he -

¢x@xeding clainms wherein said first insulating f|In1conS|sts of Si Q2. 6

: Q conduct or device according to any one 5 ’mwm_n"ﬁﬂﬂ?l ng cl ai m;
wheérein said second insulating fil mconsists of

sem conduct or devi ce accordi ng” 1y any one of ‘the. precédlﬁg &Ialns mherein

a netal wiring is connected to a portion of the second conductive Iayer'}ig

8. 5. A senaceafiiebndudenicdenicer dcrgrdd nantcomyofordhe precedi ng

clains, wherein the first sem conductor region serves as a drain reglon

and t&ﬁethﬂxpxbse@ingcohdmmsowheegmnnsaedvé&ra& drsudratd rgegi on. 9.

A semi conduct or device according to any one 15 of the preceding clains

wherdiilimgensists afidSi@gend conductive | ayers-are polycrystalline silicon

| ayers. 10. ‘A seni conductor device according to claim9 wherein said

firstéand second semicenrduetps| devisearrrasddng ¢onh ansy@ne are doped with

i mpurities of the_second 20 conductivity type at. a concentration

Suf £ i2f e (RreR LS eCL AdMSy cWher §iRe SpiE;r é@F%s’t’hﬁ%%%ﬂ 11. A

sen1§$ duct or_device_a grdlng to claim 10, wherein said third

poly AF9T95E3 | PEoRT Qnductive'layer'is doped wi th |npur|t|es of the

20N CONCUCL 41 L o ANBEOR! 48§ 8hpHBLAIH Yo SRRp R o1 on (han said

of the preceding claims, wherein-a metal wiring is

connected to a portion.of_the second conductive layer.
10 8. A semiconductor device according to any one
of the preceding claims, ﬁherein the first semiconductor'
region sérves as a drain region, and the second semi-
conductor region serves as a sbufce region.
9. A semiconductoijdevicé éccording to any one
15 of the preceding claims wherein said first and second
conéuctive layers.are polycrystalline silicon layers.
10. A semiconductor device according to claim
9 wherein said first and second conductive polycrystalline.
silicon layers are doped with impurities of the second
20 conductiviiy type at a concentration sufficient to
decrease the resistance thereof substantially.
‘11. A semiconductor device according to claim
10, wherein said third polycrystalline silicon. conductive
layer is doped with impurities of thé secohd.conductivity“"
25 type at a relatively'lowér concentration than said

first and second polyCrystalline layersQ



clai ns, wherein said second conductive layer is formed so as t0 have a

-20- 12.. - » A sem conductor device accordi rg-te—any one of the Qreceéggg;

d(FRGtion of elongation at.right angles to a di ' tion o e'

5 first conductive |ayer. 13.. A sem conum mﬂ" , gmor ding to -
)\ .

any one of the preceding clainms, wheret20the thifd tonduative +ayer is
CQQQected to the second conductive |ayer at a position on said second
inSulating fil2m 10 142 semicompdgehbrodevdicer adevirddngcdor dinyy dne any one
of the preceding clains, wherein -said first and second insulating filns
and sai d actiof thgjipreeedingrabaimg,awhereinegadd second fqanguctive
conductivity type forned in_said sem conductor substrate. 15 15. A
seni conduct orl 3#8F des Lmed nget 3 cEai RrYe, anRdreck iome ofe flaniaficksy
substrate is of n-type d the well region ig of p-type. 1 A
sem conduct oratde'\'/’iﬁ@séfb%af%ﬁt?al -‘?yéé’s'eﬁgflgf’n °%e§§ﬂ“§@%’\ﬂ"t ﬁ’6fr & ence to
and as shown in Figs. 20.10 Fig. 9 or Fig. 10 of the acconpanying
dramﬁngsgpl7£1r5t 99{%%&%%% $%¥e5roducing a sem conduct or device

comprising they steps ofy [opi%0dafctbiShel13d ALY i shy Hrik

. of thé preceding claims, wherein thé third conducﬁive
layer'is connected to the second conductive layer at
a position on said second insulating film.

10 14. A semiconductor device according to any one
of the preceding claims, wherein said first and second
insulating films and said active region are formed
in a well region of the first conductivity type formed
'in said semiconductor substrate.

15 15. - A semiconductor deviée according to claim
14, wherein the semiconductor substrate is of n-type,
and the well region is of p-type.

16. | A semiconductor device substantially as herein
described with reference to and as shown in Figs. 6

20 to 8, Fig. 9 or Fig. 10 of the accompanying drawings.
17. A ptocess for producing a semicbnductcr davice
comprising the steps of: |

forming a first insuiating film on a main
surface of a semiconductor substrate so.aS'tp surround

25 an area of said main surface which area is to define
the éurface of an active région in a portion of the

semiconductor substrate;



surface of a sem conductor substrate so as™to surround 25 an arear of -sai d

- &

surface which area is to define the surface of
qQn of the sem conduct or substrate; - uml ‘u ‘ﬂﬁl econd
ati'ng f|In1 “on

atlng film of a thickness smaller than

reglon I n a

at Ieast, one part of the surfac@lr said active reg| on; depositi ng a first

condu

ti I d t d | at
pattorni ng sal o VNG gh ARETRE 1A58TSEhBRCRI M Bbr A1 APEPKEED:

sai d
a secOif
.secon
i mpur
subst
surro

Sl e A1 A L ARYRR REPRPLBr REL YERRRD 10
nd éar*g‘f G EhETRE O of pREd dehib® sBEERY L 0 e

rate, into g, ﬁgﬂl é'f’{‘ré’{ éahéueemelawoevge'ch is

unded by sal |rst ring, sard second wring and said f

S%iring on” =
and to form
film said

i ng

m conduct or -
15

i rst

-1 gsul atdiRo FilddB éHngéﬁéh@.§@§@pgtpﬁgtfgmmgf said active region which is
unded by said first wring and said first insulating filmand which is

slrro
posi t

10

~ 15

20

25

i oned on t hatppasing sail@ pirsei doh@ustive layer thereby
to form a first wiring on said second insulating film |
which traverses said active region, and to form a second
wiring extending at least on said first insulating
film,.said second wiring being separated from said
first wiring; o

introducing impurities; of a conductivity :
type opposite to that of said semicondﬁctor substrate,
into a first portion of said active region which is
surroundéd by said first wiring, said ééccnd wiring
and said first insulating film, and into a second
poriion of said active region which is surrounded by
said first wiring and said first insulating f£film and
which is positioned on the opposite side of said first
wiring from said first portion, the;éby ﬁo form a
first semiconductor- region and.a second semiconductor
region.at said first portion and said second portion,
respectively;

forming a third insulating f{ilm over said

first and second wirings;

3



20 wirimg-fromsaid first portion, thereby tg_LQLaLaf%%rsr”§€ﬁTEonﬁuctor

regi on and a second sem conductor region at said first portion_and sa

seécopd portion, respectively; formng a ‘thl rd [ m“\““ﬂ“\z
first and second wi r.ings; -22- forn1n le 3“& aid t

|nsulat|ng filmthereby to expose a p072 n of

fitrst seni conduct or

reglon and a portion of said second wring depositing a
ond conductive Iayerf?ﬁm%ﬂﬁ Pﬁrﬁﬁéﬁta°B§IF@ﬂ$sﬂ£Iﬁﬁ%§s§h% n | ayer over

d third insulati i d d hol d tt d d
bol yoryst al | SREEIAY E%EEP#Q@ A 3e<e§ﬁsb9atrs'>e o8 (w1 ing
whi ch 10 sa& 9 %
and to said secon ndyg! &' reg R pFBgeéspﬁaﬁﬁQﬂr? Rt ihi

wherein said tﬂér mnrlng is formed so as to extend over part of said
second |nsuléf|ng 71In1and therefromover part 15 . of said first

{9 film 19. §19E939§Ss§88ﬁ|db%%dﬂ%ﬂ?d@'?éyéf” ifl@idn 18,

i nsul ati
. wherein.

he first and sec

10

15

20

25

I S, £O nected at tosaid first sem conductor region

I nsdl at1 ng | ms each
form of a polycrystalline silicon layer over said third

insulating film and in said hole(s); and
patterning said second polycrystalline silicon
conductive layer thereby to form a third wiring which
is connected at said hole(s) to said first semiéonductor
region and to said second wiring.
18. A process according to claim.17 wherein said
thifd wiring is formed so as to extend over part of
said second insulating film and therefrom over part
of said first insulating fiim. |
19. A process acéording'to claim 17 or claim
18, wherein the first and second insulating films each
consist of Si02.
20. A prdcess according to any one of claims
17 to 19 wherein said first conductive layer is a poly-
crystalline layer.
21. A process accbrding to claim 20 further including
introducing.impurities,'of a conductivity type opposite
" to that of the semiconductpr substréie, into the first
polycrystalline silicon layer befofe patterning thereof,
and introducing impurities, of a conductivity type
opposite to that of the semiconductor substrate, into
the second polycrystalline silicon film before patterning

thereof.



consi st of .Si O2. 20. A process according to any one of claiws-20- 17

to wherein said first conductive layer is a poly- crystalline |ayer. 21.

i Ap s according to claim 20 further incl'uding ' jnpurities,™

“of ductivity type opposite to that of the sem qmu bstrate, -
into e first 25 poncrystaH|%&35|I|con | ayer &rni ng T~

thereof, and introducing inpurities, of a conductivity type opposite to R\}'
that ofe2.he . .seni dorphoxtess sfist padducingoat bemieoaddcpolrycrystal | i ne 3

silicon filmbefore patterning thereof. -23- 22. A process for
producﬁﬁglsesémbﬁﬁﬂnRXQilﬂe&$cbesebstéa8caib9daw1hhre|n described with

reference to Fig. 8_ Fig. 9 or

reference to Fig. 8, Flg. g or Flg. .
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