(54) 1 MPROVEMENTS IN OR RELATI NG TO

SEM - CONDUCTORS (71) Ve, FAIRCH LD CAMERA AND | NSTRUMENT
CORPORATI ON, of 464 ElIi ,
United States of Anmerica, a cor poration or gani sed and existi ng
under the laws of the State of Del aware, United States of Anerica,

do hereby declare the invention, for which we pray that a patent 5
may be granted to us ahd the nethod by which it is to be perfornmed, to be

e o VAT ATy AR a5

usi ng ppropri ateI y do mat eri al as the gate

el ectrode. c& ﬁdez 1 tters " SASE BN A 5
et al - oxi de- s S c‘é 8t‘°8?°“ ? °¥ | t c s
resistor or " ""“ ppf“iaﬂ?{‘l %l ebt 1F§ ?9%8

separ at ed, hi ct nd dral n regl ons of the

conducti vi ty e(45) C“mple‘e SB?CfﬁF"tS‘Q‘eE}’bl‘ﬁtdeozz Wﬁ“’ ffosite conducti ) RIGLEEA o/
substrate of Eéh%%d@d%@f‘tﬂ“lﬁgg@ﬁ“&fm%g channel regl -5 r el Ll
by applying arsellect i Are 4@ 5 7? , } w'ng
ot T Ul ated Trom tHE SUDLsS SRRt Bof ol A il | vi YD
the 15 under | yi ng regison seff 513579 SmbsBI ave611B51 Yvere yi2ng the voI tage
applied to the gate el ectr 6&e62Yl5 after inversion, the nunber of

nmobile carriers (i.e. electr regi on,
and thus the conductivity of 8%5 {A&lﬁq’}%éﬁ?t L%}%@%Ff‘g@&n(? TO MOS
devi ces are conmonly used as either capacitors or transistors. \Wen used

as a capacitor, chargengt owgdFAIRCHII® gaMBRElAND INKIRUMENTRICORSORAYIGN, equal

charge of 20 op ppo Ellit Strpol ;Awmta t‘étmrfjélﬂfomm £4940, si@rgsct Satgeofoernemzh t he
is al 1
gate el ectrode. Ve POrae BB e B S e °§0*5 2 er %Ff%héf;m‘iﬂl ow

bet ween sour cg and it AicTprinted GH Al “i‘t"fi oﬁé@t&hﬁ SRSl o0 5D Glrfbrmea, 10 bs pabe bisas
vol t ages appl i ed tmcﬁth@ &mﬁb@enaﬂdbﬂrmlfmowagldathh@t ol tage ap 1 ied to the

gate el ect rodé"hevewt P g::tsne MM devists %ﬁ%} B%Uculaf to MOS dCVMb ugr‘lf§§er e are

TIC
two t ypes of M5 t réff E ev: A gt ers %J{ §c sgxlhi’conglpc?or
channel regi oy of vk naus, st Odr Qﬁﬂ% RhibPQinkib W destrigd 10
I ncreases in separated htglﬂﬁduldﬁctlw foyrcd mndr rﬁap@fgs:es bfo:harﬁrsapqxahmcevitygm
vol t age; and, a de"gff E:_’Slte °°“d“0“1‘;‘l‘y e 2 I K‘,Fl‘\‘%mm clm | on of
which, t hoth nor nBc g—g r&%ﬁﬂma gﬁﬁo&ﬁﬁ&p m?c% §sét091ﬁrert the conducttvﬁ?csfgcé
conduct ivity ijgr e&mﬂeﬂ&ﬁg teRioR Bf BPRbined. BjdabingQhe vd@e applied to the gate electvém- 13

enhancenent node P affminvredion)MBS ntmizn of motde camm ér— naéemnb yrphples)elmtbo shderct or 30

cg1 Ca, 18}
mat er I al S bet ween p‘ $ %gndﬁgﬁegee%re %ﬁnﬂmxiéthlfc is gliler c:%pamto 01' l‘ranstt tOI% Wgel
at

sel ected negative RQ capacitor, chargt be@Y BEBRE nfalched hhy Qf %thV&xE;lgWoing but
insul ated frompthe @phainpdlarityegrbred) in 1Ay &ubltiite beneath the gdid@ecEaR] Waadused Bra 20

material in the chatmnettorf the) grrfe ebewgenxoy d dmjinis contrplied by gantrolling both

ductivity of this cf 0"&3 p{pﬁ X%f jpucerg fifain> figvihe veltage APRYR {paife, gate
resulting in a con- There are twl %s@icorspéhr reﬂﬂﬁce&&t@mo&é’ﬁraﬁ)ststoy&& source
region to theaP typ@aruiclanegloxr egwmch, ti3bgh normally not cdnnuCtnkge nPexts igeqdeetii on 25
nmode transistor, th‘”é'n Ht‘l‘u]elf' R0 i 4“3/" ‘ le“"n mode” ing.
Ropttcatton”of & pORELLU s Gk EAe LA AT T

i nsul at ed fr o«m dnhgicRRRnii@t Preeghd rM@teﬁ citter doftBind09 Syl |saﬁecoﬂmauo} e

carriers from3bhe charials|betwesy |1brype source and drumcbelotlsyﬁptgl»@hleofgetebc@ mettivode 30

1t: t r the ch 1
with the result t hai}l?@f;ﬁt%n%i%@r gt Tﬂ? TSl el :&{3*"“ T QU ANAIE
will then isolate t dfth Bhah&J BB S 1WER Haghrbglué Rsa\t’t%)(n %hﬂh
resi stance 40 hﬂk&vﬂm oft di’lﬁ'&ﬁ fﬂ’oﬁgheOPI $ype source region to the P type drain region.

40 35 Accor ﬁge P (§VPF H?Péeﬂi)mv@qtttam*fmf’ltl’te %tla lé)florfneﬂy IFﬂ
device i h o dovecie M PP RS e
steps of form Ng anuddex Sitlzahd g l&b{&ié wad the result that tlﬁs Sgtbd @e@@ne@

substrate; form ng mndtensenill dien s¢l¢t¢ thospusy erd didin fegiastresglgheio tverd htgb retsmtms

thesg g i 40
of said insul & ng *egx%gcdrdmg to 1 IS n cntsu%l, glcatrrezgh gxpgrsmeugg 288\465 gpv?ce (\?mh a g

insulating |ayer semiconductor gate electrode comprising the steps of forming an insulation layer on
a surface of a silicon substrate; forming a layer of silicon over at least selected portions
of said insulating layer, removing selected exposed portions of said insulating layer

[Price 25p)




2 1, 297, 143 or of said
insulating layer and said silicon |ayer to expose parts of silicon
substrate;———- - diffusirng inpurities at a concentration between [err]
atons/cc into the exposed parts of said silicon substrate to form
di { ed regions in said substrate on either side of and extendi ng
benedt h (d silicon layer; and diffusing inpurities at a concentration 5
bet ween r] atonms/cc into the silicon layer to render it conductive; the
5 2 i nprovenent _which conpf¥dés; forming said silicon layet by
thermal | y £lQ€hd a&ildigg layer and saidSikcah) @ydr é OxpSee |phi@sOdt sRidGk saysaic©gen i n a

hydr ogen aﬂtﬁmsg)nhemeneatt aaomcemmna!bwpfe 1pé andeldH aloms/ cc lnto t{lfeqaipqsed

id
Accor di ng p?]gstd(éer}?gn dng?oné%tésag?i f;cor'?tayerusgn iftusi nbgil tiutxestra a co ccmtr Eg{ii ce contai ni ng
10 T b nattnegacqa%t SIRDE 16 QN Vit dhabARE hdd @ S |icon

substrat e nﬁf)roIch&lt&ﬂ]ﬂﬁ&bmﬁtsesl(ﬂ)rmmg said sxhﬂ;ﬁl’ldrbhcbyl thbxhyll)t ;lep@npaﬁﬁt wth a silicon
gat e el ectsiaseéntoibon pidhydivain ig @puifrages GriosRIFFF 2he temperature bepiqgnnel region’

0
bet veen ¢ 176 selfis %ﬂgo&ltratsg o E0UNS B2 W IHISLNG ks Of I Toon
OXi dgg t NaburdelhRi QMRATEns Whint Bor@ @I 5R S » bilén Gkl ekl dppaRe Dei ng

non- si ngl eoinyisinatype and with a silidoh gan efeorone@beﬂmrgslam depsnatlecil ¢rom toxi de fromthe

deconposi t¢§ﬁﬁl o?g1°§|b|e%tﬂ‘t§ g Ejoafc‘h r@@gg@@ by an insglatiggdlaiepplesiliser 3 t emper at ure

tha n C lectrode being no -smg e crystal .
bet ween [ ng( n’ fo Qﬁg ili lé)& pomtmn of ¢ i\g in a hydrogen doped with
i mpunsty alt:ﬁw;aleztemcat eﬁﬁus@ht loadvked N63 0T WRIESBOP @ I'skill gade QUEBHGIE being 15 I n
one enbodidepsdtwithf impimits atomvefm k@rentrton atveenép‘e@nct é)(deat@ﬁfm/m MOS device is
nmade In pjpe epby tag Er'afe Firthed 8 M P deisqis uctor nateri al
YpC amorprous Ql K.‘C 1 ll L 1C 861111(1—011 01“ ma C)tlal is . 1").0 $ie] Stt d
i s nonocr N%LE 1i&& containing P-typ o I'ng ype source an

dr ai no r egi oNSn afther emtodiment otlrms memhenhcegr O:Iﬂ:lcﬂ?ﬁdﬂhs midetolﬁlT\Stypd’lventZD on, the
gate el ectamd?éoqs ligpp (fehile fhe Nmtl sppéuctor maiprip] is N-type mom&nwlpmgorsu li con while

the seni coftitfgiy 'tyﬁﬁ?ét‘ﬁ%‘ﬁntf ] tﬁ“ﬁaat)&ottohq%ttyattﬁt kg by

cont ai ni ngiePrtﬁtMH%:k&ngreﬁé‘rvaﬂﬂ nhﬁgdr% I's invention
will I2%oe nore fully understo\(l)\ﬁc)i i n a% %‘ the f ol I ow ng det ai | e%s

desciE? ption thitégnl t dh &rie ‘ttslh’l’f’gﬁ’e ¢ X ng. _E} Ngs: .. 25

Bri ef Descsﬂfccﬂtt én@&ur@ whet own ol Oea:rciltage \rfl( is zero ?ors' tl\fv(:)n dtégggnt :1}1;1c0r.- 25

FI GS. 1la, dididanklcki&ses h@wan tﬂaeumt @it dledtrodeliafid the Ratet@iy dilitorAsusd | | con-silicon
di oxi de- strate, and wheij Hiecgiot elettrade tvelrage eduenthe Wetrlgb!tlewelde‘i’feltcmced!e vol tage [err]

h d
is 280 f @“*“E"gué B e & “S’“"éiicii“s;fi‘?o? constmmonhgf%kﬂfossses o8t ween't he
silicon gaffcllsash MeH @l hﬁeb&l ugt})ab 4 with P Ries; strate, and
when t he gat &Fleb.cutthoash 3V @ive agev iy xta:h@sw offcumetmucmofctha‘ference [err]
30 be"t’i%gglcﬁ W‘stﬂlﬁlg@r?a tvehémd the si |nl c nductor nmterial ;
20 Bt AL UL D oE e Bty JSpT R [ aged’or the
const ruct i ON FIES Ak W3 ilustrate one pr éél‘Sfemhl&ign’QOQ &tfiebmn a0diteen el ectrode
sel ecti velg}ted dlesnhactnhelsPdOtp mtpmets*-s, FI GS. 3a through 3d
gl ve Bop é 1me{t e andgﬁ%ﬁ fogﬁagfxﬁ:ﬁﬁl@h Vtsws P‘ﬁﬂ@ P' I\m
devi ce ShOWI’l FI@S %%mu E] at ud cutput signals fﬁn c%v@éexots t e Ferm

| evel [errc]f}«mmlﬂasbb}m&ntrl nsic Ferm | evel [efr] versus
inpurity concentrat |Don for both donor and acceptor i rrpurl ties | n t he

ST con”gat Ciprs 3, faweled Dugptes T2l s ek o 'one. process for maki ng
MOS devi C &ginik ﬁ’ﬁ\;fg’a&b h&tégsﬂtc::vovn as Fhe zat?: g@c}:%clile:lotl@gffﬂiﬁa&h& géc 1Héf—e| y QQDEd Wi th
N-type i n‘p;mod tthaeghp silicon used as a gate dfekbdee isBamorgibus aflicbnd eve:s (oW HoeS pectively, top

s, ST L ey [y o
; is aumately unitor =
schemat i ¢ B34 i e g;ﬁﬁ%j: p y ~

h acce ities ¢ t
FI GS506d t i OQ gD B ReMEBic @lideRs ThaD f;@ﬁ&ﬂﬁwtoaiuczﬁﬁgmaiﬁefromnt he
i nverter low, tYplca'lly (btmg:le@ShanG@ o@h}camdetﬁc As a result of the use of P-type

Det ai | ed [ﬁlgtg%gi fllfcfr { }gn% ﬁé‘ﬁ‘tn are repelled away FIGS. la, 1b
ot 16" Sne e e b S e A ol RS BEIE L con- 45

t ai nishg P—xtnzyqaelaafmﬁ plulibsurs.i Hok @no a&ud, AR efagyed se:ctmod@pt dRscaf tes, it

shoul d be ‘51‘1‘%?@ g‘gd as onc approagiesothel stiibratsilitdnedisidei inerfaceiSed ths a gat e

el ectrode ‘"%f j‘e@g’ %éﬁ“ ‘h‘%}@gﬁmh%rg‘f level By as she &%blicitly stated,

xcon acen € silico 10*:1de l_‘on infer-
unl ess of GRUABEs to Bk siliyoR! th§kn §s G0 thelsiticdn*dMxide lid FYG r]@%-“ red. The
pot eff®i al attmgtSﬁQ dmasttnomn “t hr ough the P—type silicon i s appr oxi mat @by uni form
because t FIG. 1c ShO“SPh y Spiyd; g ﬁt@ V}#e‘eﬁlehlih eehl pe7(90\m th acceptor

i mpuriti eslsg)am et r{}g‘;‘g}) E,‘QE’I : SI@‘}“ ey Sl, L&/ t‘gl"%d‘g?e T ic centineter.

Thus the reS|st|V|ty of icon 15 ow, typically
being less than 0.3 ohmcentineter. As a result of the use of P-type
silicon for the gate electrode, electrons from the N-type silicon are
repel | ed away fromthe interface of the silicon dioxide and the
N-type silicon, as shown in FIG la. Thi s occurs because the Ferm
IeveI |n al | three mat eri al s rrust be unlformv\hen the 55 materlals are

o L T o M v o M o I T - r ANl 2 I



I I 3

1,297, 143 3 silicon,
though close to inversio f f i

appl i ed to the P—type silicon gate el ectrons are driven fromthe
silicon-silicon dioxide inter- face and holes are attracted to

this interface. As shown by the closeness of [err] at the mh% I
surface, only a small negative voltage is reawred to invert the regl on? of C
5 silicdn_adjacent the silicon-silt2¥4dioxide interface. s

result, the turn-onj¥sal 1HBE8 clo® to inversion, has @bt hf3Qed? %Qﬁﬂﬂe%ktw%a&ayhﬁﬁed S
significantl’y decr aasiedP-type silicon gate, clectroOtire aArifen tf he kilidog-silicog dtogide tnkve-

turn-on vol tage [ erfpg apd hale e gescted vy leietfﬁé 4565 givn by the closenegs of & BnEsv ol t age
(11 near y propor 1 dhll LG T AR g e ot Yol tige
ratio [err] is greafek Ptdianc Mos de chls_c,lgmﬁcanﬂydé.%asua p05|I| ve gate voltage
is applied to the P-t fp:ea ﬂttmGGmongatcethcawnsmm 6 Vi is —1.41@lis while the leadF| G,

1b, el ectroms are aft“[“r"‘%(‘f}‘jé%F (irgarlypg E“ﬁ‘f‘éF"f"é’é“ethfcI"tﬁTﬁ i pReuiN: yHBltsiTPBdEn. As a
result, 10 Sltl&%gfjﬂé aIchﬂ & dIt(IIIIIéIF:?ch sdI?a'quﬁe of sthBe i\ L YRE
silicon flatten OUtI-'IG lb clectrors are attrBRO@abl S hld@ackvBbil( tHeUNMGlpé ot f Astahesule- t ype
silicon gate can betha, afehesdeoadyotin a@d Ptrigic bands of the \a@eathomrﬁ@mﬁcw of inpurity

h e bout 0.3,
dopi ng concentratiqp \IE;ECI;‘PQGE » m%z I;nlz aungIlI:I lﬁﬁc mm %éhacm%t‘“w sentl al
i H@i@&é

to an el ectroge, tIHé&ezQ ® 0 1chdd de!&‘éﬁo m etthlI} Geyidn€A Qn of 15
t he 15 ‘ﬁk;tpy Rilicog icdni lnz:oaanﬁanm@emvm be éarging uhk eopa:@'mﬂnte s ybnwyl ng
the doping of the sTelrﬁg}?% o% ghcon work funcvzq‘ jitg qmp Oth anﬁé:‘fi @oFemor K
function with dopi 1'11'1 oA h t%xg %I‘:I%‘yé &I'léﬁﬁglia ) in ele fb'i[neI evel

[err] relativeoto taBRisdanik ftheNSlicen Eﬂfumv Jofobar r@nﬂ: er QIberE& B c nu Nntaype bem
purities, is shown lpgarifEnigscalg, TiEReuEesdrenatuntadffrofilifg cqubtiors [err] | n “el ectron

volts. The 20 abscissa is the silicon inpuri ty concentration, in
atoms per cubic centineter, on a 20[ -ty + /(i ga“ }nc scal e. These
curves are cal cul ated fromtheE,eqﬂﬁt ko a "/ 1 [err]
when donor inpurity predom nates, or from [er r}“z 25 whérI accept or
i npurity predonm natg: ndonEI B1F'§§ rg(gh;%tleogrsmn[ err] have been 25
previously defined, mann''s constant, T is tenperature in degrees
Kel vi n, ND and NAare t he SIIICOI’I don a.cc:q:ptor inmpurity
concentrations in atons per iy rcqu e g8, ) )éMnlrgespectl vel y and
[err] is the intrinsic carri &~ ébnc icon, @ al so
in atoms per cubic centlneter €n the inpurit
concentrationgseit Hee Pf B?Pua@ guacs dn| & Cﬂ%&% ngxr ét be) 25
per cubic centi et °“° esﬁIIao %ﬂ °°@§ II’{I Bns A ot e
silicon and the cubic cenﬁ‘egtmr 8l ik 1fin: inzhe &iki rlcsﬂﬂatﬂaﬁon&)pme@ﬂ%oﬂﬁt ely

the intrinsic Fer malsh@wagms Percnk]xC@ﬁtnmetee Si I i con

As
i mpurity concé%tratuoﬁ”b% cmec]aérarr@ the tﬂg@ﬂg ‘%‘“f&t@%?ritﬁﬂ
mical ly fromthe i MehhiNSke,fos eerﬁ@kmiaeysea iﬁé&:g | 91;“3 zmiI“‘i‘ﬁ‘: o 1 Shico
Ferm level rises 35 As the m@halyi dsecheBi nhacm sJ ih8 SHefini HOEINE; &lé&ls Joghr@hi-

acceptor i rrpurl ti es}nlcaélhémlﬁethﬁmmﬂnév&ﬂnf hI’ﬁIl § For dogéy lmpdrmess merl"@r!mtlwelemﬁo t he

intrinsic Ferd? 'efﬁﬁi“’e/% {IIMJIIQ@‘&%’EII“& Shilh kY YTt 1o g‘f“% HtIép §420- 55

el ectron volts froraecttr Evoltf] ffotnnﬂkcntﬁﬁ‘&r Q‘Iérg Javel 0BGE Uk SheA&oplnd

concentration aoproamp noactves pfrecubl catiowsr. gdsve chib Hepingetit |s:nm>t1 efeccmé&aove
t hi s dopi ng, E‘Pe S|‘I°$et‘6 i B cefrmgr%lof’gm us ?dgﬁr%ir%m ;r'gagﬁ l?nﬁfé veeliat i ons useg
to calculate G ‘IyelaELélcanntn% Q%Ives é I)IIaa h@ enough conductme@ﬁ 1 si 8&%82 or OI4

donor inpurity conGedatds atgaiegfodaingdn MORAevad OMivalyRE ille iAp@MB concentratid®
per cubic centinet ehc ?lnomaéroxslllol co @bt h@'ghrorenmyghblcgqnd:u@m Er—t—ly Vtaocsatohow

silicon to be Qéégvé%a@“ G%ecvelor Ettﬁlﬁd@?‘f’ L) w}\t’z}‘l% 835 pptoyar yi i,ng
LL

for P- >
the inmpurity concenﬁf Do) GBhodliations ey ol .3 ML, ﬁ?ﬁsﬁf > &8t

[err] atons per CullbxmmBEﬁI [medsedgly, fler siljcor exibiviicd asitated with N-t@bQtdpurldes35 €V
to about 0.55 ev fdre ?% y%'gﬁé }Sﬁ W‘\,tth legrgsistividen @mﬁd Wi, I’sﬂipeempumxeﬂS
about - 0.55 g(y f Ong C 13(: @Ié%e saﬂjé sEaéegh f nlgcge: 1ox1§.t nWI t h

this r ange of 4 9nterface betweeh muﬁllctny deQMC 8l thatuh nvvﬁlfcyn lbefEIe, l 0. 3
ohm centi neters t o chisgpu@s B. Bl deplation region at the openbfi sn‘Btgemsrsloh nheea’qmtranchgd:y, t he

silicon resistivitigs"aletaPatREc thene eredy ;ﬂi j%?m’ﬂk work fggegonahout
hal f or less than the &l 1¢ch Tedi STIVE P e RSSOt APty Wit 5T psricppsctor

i mpurities. As di scussed by Grove in Chapter 9 of his book
the turn-on voltage [err] of an 50 MOS device is a function of the
surface state charge [err] in the silicon dioxide at the 50

interface between the silicon dioxide and the underlying silicon substrate,
t he total charge [err] in the depletion region at the onset of
strong inversion, the capacitance [err]



of the insulation between the gate el ectrode and the substrate, the work
function difference [err] or [err] for a silicon gate el ectrode,
~bet ween: t he—netal  or--sen conduct or - 4

1,297,143 4 gate
e@ode and the underlying silicon substrate, and the sem conduct or
S e potential [err] at the onset of strong inversion, where
[err] Thus o 14 [err] [err] is
t he an_naJ_aapamiancf_pEL_-unu{faﬂﬁé_oLLhe_ﬂJ_Lmn_m_odee_Layér and is
in- 5 gateVQdcG&le Yanf i Gridbdlyaigadiiich0 sibkteueS iahd @R Nedicomtbcele stddcekness. I n a
P-type submtental @ duphaonse ofipirong inversion, wher¢ piytE4+§ Thoncent rati on of about
[err] atons per cubic centinetey, the effgcts of [err] and [err] on
[err] cancel; in an Ntypevsyngﬁ]\g_%;h ‘he sane i nmpu (Hhty concentration
t hese ef fects add. Th}e causes of surface state charge
[err] are. not at this trrrte fulcrl undeorst d 0 vler t he y

par arpt or sy SRS Sl S S gl (ot are 10
di scussed ; neeniRlloRbE abRRQW Aldfks 5o QW deRtingbteR) AREHe

" Char act erQqsbn ¥pcangl; ih e N-type bub“tralﬁlmtflahﬁ@a& ampen@rrarrcgera[certhc]se of Thermally

Oxi di zed SHfEqt FE: published in, 67 folp, pages. 266 to 274 of
Che' gt o LG WA S Moceﬁ*r;é B on e

her handiiscissed dy ﬁlQSll'lﬁﬂServ Sdl63dve af £ paberdd nﬂ@:d xradﬁmeda;ama& enhancerrent
rmde 15  Surfaggefyaiec Ebarge (Re) of| Thofmally OkidBod §ikqor’ pléh%cﬂmd\fi\ar@hléﬁ’ges per cubic
centrrreter‘mrpstgheﬁﬁﬁ‘}? &4 offihy Jopynal pf the Electroche fep- HevpaeQuaerr] of 0.8 to
er’Hand; is : fun on of substrate doping. Fo npel enhanccm

2. 5X 1k er r ] qeplbat .00 LT DED PRborb Mbleh geE bl Bleiterel 5 typical; forp | i Kalsy.
Tabl e | sgﬂla{mlaeltdaeces el @i btoashbp50<f10t1wnem@nchmgést@geuh[cefehﬁmdt@ iwwor k- functi on

di ff er encexely et we rphou s|I| on gate and an
under | yi ng,. n&ﬁ@fﬁ%&é&&%@% jhsll cﬁx 1€ QBStagnde fs talr cﬁsxl C:I_OOO angStrom

Si | @ON i G4l for A GO0n0Dm SERAI AIeldB Ghodif n&birhtﬁ@mh A& g

subst r at e.sufbh@c.t Thenuorpn woltdga (e i gven|for svognaneqysfabiine silion mnmmaf yst aI l'ine
silicon subs&ti#tigesethe (111) and they (PR qieafatitngs, the (111) and the (100)

orientations. TABLE |

Silicon Silicon TABLE 1 VT*

Substrate Gat e [err]

| mpurity Sili pUrT sSubstrgte “Substrate

| mpurity concsaﬁ,if;el npur i tyfs?;ﬁélncen- Deg L (111) (100)
type t r-at+-en- Hype tHat+-oh erentati on
orientatio > Iggg;g_y IrFr)xpurl Iégﬁgw[ err] ﬁubls;rlate Su(l;gg)a@[ err] +0. 25
+8' gg @y‘gt’l%y nEation gpe tb tration 10[ er I‘] orientati (EEDL tion 10|[Der r]

10[ err] P+0. 8510% P-1, 3510 - 0+§85 +0. 05 ND.85 10[ err]

N 1 [err] 0.25 2.45 65 *QBs = X
10[ err] atomg/cc for (111)}? nd [lerr] atgr?g/cc f(lz)ﬂ)s(loo)ozs @B =
10[err] atonw cc fao bothp(111) 1@hd ( 190)85 —1.35 F4-0385 2a through 2e
and 3a through 3d show one_net hod by Wh'ocg t he ? S5 conduct or
device of this invéhtion 5 prodliced. A°<Obstraté1 1 oT Iﬁétvpe nono-

25 .y st §|>k|lﬂeat$}ns/1c@ﬁﬂ(11@)lﬂndllﬁntai&ﬂxsﬂ:clﬂolxmm ane and with a
resistivity somewhere and 8 ohmcentineters, has grown on
it alayer @@ *oﬁolsPtP’i“%EfnﬁﬂPQS?(l(Hé) g ({08} 12 typically is thermally

grown to a thickness of one mcron in region a and to a thickness of 0.1
m cron in FED. QR thoughledeeabit R thdughi 8D shodk Lone trxgpti @ r whidht dhe aéiy- over | yi ng
| ayers of ;br @@we of thigfrai¢ngipn isnsrodugadi dnsubwate] 1lhef Vetypeetionanf er 0. FI G 3a

S u, th 11 planey gnd w1th a resistiv; e
shows a t @o m-cenu \/@’i o wnt)cm it %@n silico %x&eﬁlﬂgﬁglﬁg inﬁ;)n dl oxi de | ayer
12 deposi t@ 8y §fdiin 10 c%& Estdf @hk A ro REio d @@ thickness of 0.1 Whi ch the cross
secti onal mircnaw:n% 015 B OlMeafter $icéa 112awgerserdermav;edveﬂﬁng:lh;eardf erdbir ked
i n FI36G. 3aand/or insulation, will be called wafer 10. FIG. 3a shows a top view of wafer 10 30
with the silicon dioxide layer 12 deposited thereon. The portion of wafer 10 from
which the cross sectional view A—A shown in FIG. 2a is derived is clearly marked
in FIG. 3a
Next, as shown in FIG. 2b, a layer 13 of amorphous silicon is grown over
35 selected portions of layer 12 of silicon dioxide. Silicon layer 13 is grown to a thick- 35
ness of 0.5 microns by thermally decomposing silane into silicon and hydrogen in a
hydrogen atmosphere held between 630°C and 680°C.




Next, as shown in FIG 2b, a layer 13 of anorphous silicon is grown over 35
sel ected portions of layer 12 of silicon dioxide. Silicon layer 13 is grown

to a thick- 35 ness of 0.5 nicrons by thermally deconpasing
silane into silicon and hydrogen in a hydr ogen atnnsphere hel d
bet ween 630[err] C and 680[err]C. 5

1,297, 143 Extrene care is taken in cleaning the surfac f
silicon dioxide |ayer 12 before growi ng anor phous silicon 16(47
because foseign particles on this surfzmegsxcause nucl eation ers

and V\/msker"patrergs TO a e _anor nou CIIIIICO.elaerl an the
surface - fink toh %%f;ef £ egfﬁ;g SHEFRR IPhs 8 onto a 10 to
1 hydrofluoric Eﬁﬂ:ﬁﬂm&ﬁvhfsl@ﬂ Batfrns to appeaI' mﬁﬁrﬁfzﬁfo& sxh-EJihe To \Aﬁzfnethe shidfade S

subj ect ed for ovklayeb 12nwaigt Hsis thoped fatd0 ﬁe@mdzed avi@tt‘et hydrofluoris rinse at room gpr gy

nse. Wi Pe 5 TRIRE i iRt SRR B AT AT 12 s

i nutees fﬁx th provia€ BUBVRALE Wardi Bl S oforsa Vter is
next renoved fr esftaéchd silicon dmx:de sayéff Iazcler ﬁf)osﬁg wafeO 0 6 ipiopkd alCd‘lpEYap(ﬁ'Q by

exposi ng waf er ﬂ@eStGanog f)mﬁr w leaving residual g e ‘V‘a Brs dry the
sorrace o oyerdE TR T i e el |
surface. G owth (m@h m{ﬁ eogm,tmm Iara}ei-y_v,after this

drying step. 10 It should bd\Inbret riat sikiceh erv@f ergwl@ gngsil ui Hiexidedlayeed@l y out of

t he oxidatjon f s ﬁ’ﬁg‘% ghis layae; Evap? E‘% égpi{‘gmcpepos?ggt%lthoug on .
deposi tion q’ eac %EP aﬁﬁ H (ﬁzt gf tﬁit%dhﬁ Méfy, subsequent etching and I %
shoul d be not ed difhadg @dpl; k5 ﬂh&yelrack 3nd Su@loPMicirdwts S the @@poratedNiicde | ayer 12
rat her than evaph)ls&m@dnmtmmrsorbq gthlSEv moatretd'<=5| | con has been found to

11
be un- % Slaet N§’f (lyfonnon}ﬁéf the sl 1co 1] Hs%f?on dloé:‘ﬁ? TE € cﬁed% | l%on bE(Faks
as it |s d 0Si tegr;in FIG. 3b) of the E@l Lilido s&m ase breaks T's not
under st ood corrpl et Sitafer 16 pm:act ined gilfisivg f&dﬂd:e and P type 1md.u{tf59.1mphglyst eps

enl arge these crbemlkgr%ﬁ@usedam@e’od em ”dlfﬂ% 3|b oft s “eUaE@GrC (raam| i con,

thus rendesd ng q&g%&‘elé? In éb) e(f;gﬁu oy ﬁl ks"t@% ?éﬁ ain the

Next, the grown hghiyieicr gat @le@ﬁé@é) b £RP vitvOXI d¥
| ayer- 12 20 of walerd 0 nfees ihdxHiffusion. sel ect ed ort | ons of the SI | i con and

silicon dioxide gr ¥t e é\ﬂfﬁ?‘ dioxds is dePOs‘ted OVercEy gﬁ%“é tPeRYEs and 41

41 d 1 1y ;
(FIG 3b) %‘ t h E‘gﬁx}y W d&}sl 16C G 1cﬂ$§€% chaihrough 3t113111(s: d)éplg;sned sillaaf er 3 1s
next placed in aim(ihdfe favgl 1010 Eprsaqxaﬁoxa PRyge\tBxonk IPbdi 411 28 Svell hyypp@ednl y
boron, are diff 96etcon riﬁud““IﬁoBct shows tlﬂltoandwlbiweﬂs‘d 0. fr@biyhighf the frpgs-sastiondl]l t o a
concentration view Cé;fvm$ 5’% t:;ee im 19018 IOer Gybi ¢ gantineter.
These P type imuik ﬁMMh in FIG. 2d fiteh 1350 the QP @Skt €d 35
silicon 13. Thi Snakaemtadl vﬁthth ﬁpostdSpoG:Eﬁ@ﬂPHaieglbIOl@m aidmoxh hmmuﬁaﬁu con-
hi ghly conduct i Vgt §$’lsl'ﬂ ?fi @f"“%’hwlgdqwnt?e‘n’?q e)gorremommgsb shows a

Gl
g

ct i Tt
top view rc:gmgTd:il nm tginbl&elf:g}c“fclymvap?)rgtt)edogvgr'\lext a
| ayer 15 of sil istian xm>sl1§eo EhtaBQROSK Q¥ith getxrara&@ ihtoagnm daoexi de 4b ayer
12, P + regions 11¢ulalndaydr115aﬁd3 sﬁelshomm ¢repy-eectiod 3his dlenyieym !aﬁert4 gmatnigy is 0.6
to 0.8 30 Hireerdagacde Hp-chk PR HBERES 0631“41’2““%@’“178 B 2 Kel® ©hr ough

d 2 half
this deposited SI'TIACQRbwn in FIG. 38 the resulting strbnPX bl AYVEIMBE deflcctiiROS
portions of5 P-t ype soeg 8 Sirah regingt ¥ lanast veed withs sflic@Ogdid &ertrode 13 con- Of 45

silicon 13. FI Ggge?gmn@heyerég tcviie mltamgﬁzég%fgg frgqom# aqg%@
cross- secti onal ‘%\%{ &E

I
After w ndows 1&“}%” Coréf' Vige, rddBRN 4 @ACNaeh b lsddAytétha blM@fs&Fcesl
masked 35 50 crvhi] depeniing) coOwhe At vdBge aipbmsinthcrcto FU@n @dl;camos te\xbr;por at5@d

onto the wafer §§ g*’[‘eoel“"“’de “egat“’e gate v %éllé‘ﬁ%i ! ‘}) os ed
fp n Y/ ltag 5 volts) of evice, 4 channel reglon eneath é&:t
portion o + rc?egtlrda pleted! SHers ) Mhvetedd to P-type matena?

shown in FIG 3dhe keSultethalpﬂhé aé Hch:fn@sug 1ch’hdﬂ:Vilve42§uﬁMﬁl’theﬁ RY frezﬁp@d"ldl ng
P + region331 (§hlm10tmd InGS.  3b and 3d) to rrake S|mlar contact witho3a

FI “q??‘
port i on of [ ennog‘é ?‘?t lggc e.ee d‘g}e )?%5 e?‘aﬁ‘ﬁlan ml49 i s
sel ectively evaporaﬁ s pie ks 1018 klﬁ%ll ge iclicdrodiGaatised t he
under | yi ng sili cion Igaairaoehsem@mﬂemc&mtthﬂom dfgxomarvdeWI rdl@on thick in regionl 7 cut in

layer 15. B?G Sé 1 isrpf ?5%1 C‘E‘Hﬁl geg El)rﬁlfﬁle i tabidficeront adi ng
silicon electro thﬁﬁ‘y oéfg offf.m g@g o @ffﬁe?ﬁhfjﬂ‘ﬁ, 110'3 O%HCT 48 and 49
is one to Gf 587126¢rQ03 of amorphous silicon is gré¥n &BOWRed N FI G

3d, the resulti n%oxslerlv@t 2o @ohslmet of ayputHF OB Slifendayes 10 itBrovm by P +
source and S8r ai nhFBYPofEemPs gt 1M iOn £ WIRET B oh e sreetTode £3

con- 45 nected by alum numlayer 49 to a gate vol tage source.
Because silicon gate el ectrode 13 is grown prior to the diffusion
of the source and drain regions, gate 13 is auto- matically

correctly aligned between the source and drain. And, because of the
symmetry of the MOS devi ce, reg| ons 14 and 41 can be used mterchangeabl y

I



60 b. Silicon 101 is of the single crystal type cut in the (111)

pl ane. Single crystal silicon 60 101 can, if desired, be cut in
the (100) orjentation. Hereafter, silicon 101, together N with any
overl yi layers of netal and/or insulation, will be called wafer 100.
Next , é’l hown in FIG 5b, layer 103 of anDrphous silicon is grown over
silicon di oxi de |l ayer 102 to a thickness of about 0.5 mcrons.
Silicon layer 103 is grown by 65 thermal | y deconposing silane into
siliconsand hydrogen in a hydrogeni,z7msspher e 65 6 6

1, 297, 143 ) p °C. N-i5 e diffased inta sili el d

vet veen 630 GEITTARICHELRLAE Y R b Sy used into
silicon as showRIHEFIG] 0 allf¥erdl 0¢ QN SR Bﬁilﬂ@d&p@ fredab@UllicekOlo®r r| at ons per

cubi ¢ centi net eMostTdﬂem@nfd@bddgmer 104 and the urglerlySigoilicon] 193 Bte@henZecheda | ayer 104

of siliéon dla % 'a i FﬂlgoF g ofj aIl b?if 1 103 overlayed by a layenpfst of5 sj | j con
1ox1 e ndows 1 re € ugh silicon, dioxide 14

di oxi de laye i sl {;%etls,ﬂ@’ 160 - lcHptGhed 5

away to | eaveheﬁelgtu&ﬂ tﬁlr hmn%ﬁdown@ farin B ojpayeaice afd d%:mh reglom 110&1doverl ayed by

a layer of 12 in the underlging N gime dt‘l@?}eﬁé‘éﬁi@@ﬂéw Gioxigg) °109 are
et ched thr ou%t%%;k PEGh YR SSareRs fhgyrapductiviy type of sikgen tg% é??p gi ond®of the
under | yi ng si NgNextC4 W&t Bfer 8 diic6:0MoxtdR1113 R- drobiCovElORAS Sce AF Rafer 100 t hen

di ffused thr ch dtow’s hes@envwmd:t)vlsouglolatf@rlm R- &xp esusfm:rws aﬁd:gldnsallm, regions 111

and lctfh@te f;} 3l 5 cefinally | j cop

di oxi de'104 @@,ﬁ@;}é the pxposed fpyface :mgs g mﬁ gﬂttCt Bn cﬁ*afﬁa%g t hd?
conductivity typFeGOés shows SOReGRle® c&&& &)ﬁtﬂﬂihg\lMGB devit@ using the dop& t ype.

Next, a thin Silla%ﬁeccﬂectsthﬂ of alpis ullve@mndéhom:ir IFEG.firaswhe evpematit hm» wir f ace of

waf er 19(9 ’ subs ate bot %ﬁy on SFWWP»EH%HH?W m”bsrr%ﬁ ecr%{t 0 665) ose
surface™ar eascu r}% n to minimize Q,, igi &Ld ‘ectrode 1083.
Al unm num el ectoti @de&uﬂﬁﬁ athBH ped rdbid GFtiadte. ¢gtbalzllg/ 1slﬁrmcd wnhdaeqagisi ted on the
exposed surf ége by lé%lgn& Bt GWP‘H@IC%W@CW Negpe pbnwaEC 2 @n‘teﬁéaﬂslgflér ce and 15
G a1 591 on 4ot g 0B P An I

FIG 6a ShOV\EpexaEhblcrHeﬂ@{e&E liceh kditle cuew:haldamm& @ydrﬁlesshud&kdtg t he doped
silicon gat e dffuedty edesenghtion pf gboh\PE rAtdne rper @homnmnerFE@trO@aZWSS t he

schemat i ¢ t oeRfaEtl from the underlpipg B-typgiliconchirie e it lavey oMs4tAvéft er. This
it&mSﬁE“Nl@ HEdR r2.152Qre source an@ l&%xt &Qﬁ&ﬁ Zl?@tam;l N-t )2/386

i nvert eng contal QnthiRed!
silicon 215 and RgiispH9Sindl 2200 tongdst 2f PldipeSimpuifed Hiffted iio Prgpecdlabl y

cut in the (509 ateﬁt%ﬁt?oneﬁrap@ Ofmb?nt rW‘Zef gepqr culﬁzegqnwnetqlgvenagg an inpurity
]

the ¢hannel r en 2 b f
concenta- 4% b SR AL PR DR LG B o et on
212 is &orne fati@Mo a concentration bcﬁy 160 hibMS b&}Gubic E&Qxﬂetérrrpur i35l es
into the N-t yﬁpecledllmsl’n@t @our® aad dramcreglctns 319 od 220 through windowsed3butd [ err ]

acceptor at orﬁ?fz F?ral'é’ﬁt 1"’6 ? épd 2 "%&b té@:he i) NP R Wueegi ons 210 25
and 211 are (jjm -y] “’i@%@’,‘“ﬁ e SONEEIPLAITSE of about
[err] auons —5pe s111con substral%eIIZCiH Biagd G(Eﬁltsdldﬁﬁﬂ @btentidll byl BQRs FadlenigineCt r agde 217
contai ns N-t ypat |Vth1<éscotlt#4{8ewbsslete 212 through “mdﬁ‘f/ t}é}%@h tﬂotmadmam:ent ration of

about [err] a}_ ?ﬁg@rsteﬁhm “"rjgf 5’%@;’[" ??7“ jZd7 and separ at ed
from the under VI8 U6 nbwiRife Stclit cBlinaBEBS xcﬁcutay iRFIENgUl ation 224

shown i #5 Fl G'“oﬁhlse aB@n inverter, lead 201C@1VEsads ﬁll&dnpm lel&ﬂ o thhéevidé @M]ﬁ&eaﬁ 203 con 4215 are

source and dr L !21 ff dhe degige. The PN lum‘“ re&ifg and 220
Consi st of P43 tmtf 100 s, B 2% ) BB ¢

substrate 215 6&@&@@&,& blﬁlﬂthypabégMﬁ grsrgouate@rmamntm b@ centineter.
Overlyi A§ region 219 fishedso chaaurinalt groadédo Andrledd/ 98 o N expe eagion 210(Fa@cba220 0 d

separ at ed t het @ "tS‘PHYB?“Pﬁ‘?sﬂﬁ&t“icgpﬁetﬁppl{l:gtivg: %mm s l;sbl on _gate el ectrode-
218. El ectrodgg ) thd éﬁ linplegd (ll( sha BeSas spﬁgxt:{énal pur W th P-type
i mpurities tos amva&ﬂoerpblnatrl Dhe m‘o Mbsmevx{ee&rro fvn ad GDG. @edre € cé‘meﬁ‘aent i meter.

35 55 émfdﬁ: gt B £ giens bstwefndheawmcerse ﬂemsrc@dt@ofamﬁ 2235t hr ough

wi ndows 221 avf,‘[l ev‘ccs n FIG. 4 dﬁfﬁﬁﬁfﬂ?&ﬁi bd n% 3@%}1 Gl gyal

show

respectively.re ﬁl&C plitOsi @aps B i€ Bf opposite potan@ bc@dhrl) btcelgt OnS 210 and
211 through vwhml@vpssum&olaiadlszsﬂptledatoenmt lmd Pl edgectursoﬁhe&mh and in- 205 and

203, re$Pect i Ging ththH%ace b gaston 232 nvpres gpd Swg teem Ffalwhlels redPon 220.
40 LR RN S e @g& 'S fpotenti al by
means of al urgia result, output leddO U@cﬁlg, lsof I)st rate 212

t hrough wi ndawgaziﬁ:?supﬂy Splkage Ohisddropg | whéeh generates the blagners:g 24s shdbwii NuM cont act
201 is &ftached to silicon gate el ectrodes 217 and 218. Lbhe 216

mar ks the NP junction between gate el ectrodes 217 and 218.

FIG 6c shows the circuit schematic of the integrated circuit shown in FIG
6a. 45 For use as an inverter, |ead 201 serves as the input lead to

t he device while | ead 203 45 serves as the output |lead fromthe

device. The PN j unctlon bet ween P type reg| on 212 and N type

- ~N AT * . N Y |



resenbl es the input signal in shape but is of opposite polarity. This

occurs because when a positive voltage is supplied to input |ead
201, a region just be ; } 3G f

212 inverts and creates a channel region in which 60 mnority
carriers predom nate between source and drain 211 and 210. The con-

ductivity of this N type channel is nmuch greater than the conductivity OY:;:>
the P type silicon. As a result, out | ead 203 qui ckly drops

al nost to the potential of the Ewe supply voltage. This drop!’

whi ch generates the Bt BytOnSihg @fﬁ!:r’ hah@ W%Bp% ulp@t @)ﬁagt on lead 201 becomes negative,
65 T this voltage has no effect on the depletion channel betweerl soR&8d azihéld}am reglons

FIG 6e. On the ot he?rllhah%llo byhrather dgpleteyy tlecvefiStf h@?haftﬂelatdg

negative, D SIS, M BEEeE e @W@ é‘ﬁﬁ‘%ﬁtﬁl‘g ggeégg
bet ween source and ﬁ‘Hu&lvft Hv&HhlSorders of magm Jed btk xﬁt es
the electrons from tx’e@onctwanNetlyper ﬂ@mﬁrhs bﬂeta/v&am, sheunmpe voltage on kaduid3 dseamcn 219

and 220. Source 219 grgm Iﬁlé@ﬁﬁéﬁ’“@ﬁﬁ?f égem?’:? %ﬁ N ons. 5

from " the chamgi r eglJE' Py SR S pha il .
with a cificorCRARGRIGS. buy bl Mthe? @YieH2ibns Q4 BfoSbe Qe R G ﬁnbtﬂﬁmhF@kl@]‘ t han
possessed by the s anghile hangveter using MOS d@gcsmqntvwntlgt siNfotr \epte elcprpdesi dopalswithAs a
result, the output R BdEpehing éIaH’P?Q‘BE [igelus bgen dgscg‘bl"d oGFrotifra FBRlsHE] al |
The circuit is thus QP T AVErt e & SImiar sate clecrodeyii e ¥'hi s i nvent i on has been
descri bed withisan undeIWI}A’ngVBUDBIMEBS :e—consi sting 10 of single crystabk

silicon cut in either tlhén @imetod of f@rm3e) aninpérﬂemq Wi adt’m@ﬁen?;ten@#%f st al

- h i .
10 silicon ﬁé}ﬁfﬁé& ISIB ;g;iip & Eﬁ ofiér@'f?ﬁﬁﬁm % fﬁgﬁ%ﬁ& inped 10
this invention. Finakfe, removing selecte £d phhidrk ¥LaldGhsuldSlg infu@zﬁng

cont ai ni ng sil i2eon dJajee ael et siiroe ayctopeslposd biats of said S1l1cobCSt1$$trRe tdifemgand N 20

type inpurities has mﬁg a@lé§ fnﬁé@n b@tﬂtgy r10%mopeé 186 ppms eCalg;@dfc exposecéepim of
integrated circuits, g Jfﬁ“Fé% Rl Vil o YL R el

VHAT VWE CLAIM I S: - between 10‘ and 10 atoma/cc into the silicon layer to render it conductive; the

15 251. |impevemehthweidchofompasesyifergrngrraiNEBcaiewiec by whetnhalla ddopesing 25
semi conduct or gate S into sgroacpd 8¥Pé°gt’3‘b’r?p"’r PSroas AREPSICEPS BFPCRBFNPHEeRN

i nsul ation | ayer on a SzUFﬁ %thQJ ofl ciSild | GBPrein said 1nsula§r%b§.{~e'f Sreenl QMG @

| ayer of silicon ovekyeatnd ﬁﬁ%dﬁl@llﬂ@ﬁh@ﬁi syberFdid @mprised a Seplciayen sUdilabd Migkide.

| ayer; renovind®sel e&t}ﬁﬂ I GF tcvwsngoﬂfouscaw@ drpin utgat"t Orte&y@mwm of 30
: . s (8 A4
sai d insulating 20 electro y1 Eﬁtﬁ Ifgypt'c rtXf%fbgt] gp‘gltgq iﬁ(l)étﬁfc?z an3)f
said silicon substradi n t1 3 m Ghs 1 of siticon oxicl, Wk 6 SvcdHencBiwhich com-
concentration betweeprisfsethe !Fgatc albcmr@/ ln;mg|nmt-s)ngtehevsfak@1&s:earxpfﬂr¢13a:®fstlxcon oxide

said silicon sééstra@f%ngts apy Pfu%@g% ﬁgw@%sn HUPOSBhEreat AUBBReFAATR DIBFEER | t haf

si de of and EHia B8t Beipg dEY MY PPN OB 1 LETRg
inpurities of a concenta aldtlﬁﬂk of formmgan subirhibiyat @skibac i nto the
silicon layer to render’.iThe duopreigotnt yre an MQS &ice as_claimeripinooledms ndubswehiiaii as
conprises; forrffng s%{‘?c&b%‘l"T"ihé?fﬁe‘F%tS?@i‘gSlﬁ Zertad FbtrINE freconposi ng 25 40
silane into silicon and hydrogen i rp@Aydnagerray fexeRere at a tenperature
bet ween 630[err] C and 680[ er IC}lﬁtered Patent Agents, 2. The met hod of
claim1 wherein said insulating | ayer Alib e, Elyi Racsi | i con | ayer
and said underlying silicon substrat eA Xr t%céggciggsngl e layer of silicon”
di oxi de. 30 Refekeicen s k2 ﬂi&&e@% rh'f@&néhob”ﬁ&eéﬁd (B &l fe

regi ons of one conduEatnsAcy 1949, wpat@'@No 1186675 type in a silicon substrate of
the opposite conducti VI Lty f d——w—t—h—a—s-i—H-eeH—gat—e—— el ect rode
over | ying. but  Separ at MESAEH, ttté Ehaer SR G LR amired e
drain regions by an |nsul ating |ayer wichSdpled 80 Me GG hat 1 nprovenent
whi ch com prises; the gate el ectrode being non single crystal
silicon formed on said silicon oxide 35 fromthe deconposition of
silane in a hydrogen atnosphere at a tenperature between 35

630[err]C and 680[err]C, said gate el ectrode being doped with inpurity
atons to a con- centration between [err] at ons/ cc.

4. Methods of form ng an MOS device substantially as descri bed.

5. The inprovenent in an MOS device as clained in claim3 substantially as

40 described with reference to Figs. 2d, 2e, and 3d or Fig. 5e.

40 POLLAK, MERCER & TENCH,

Chartered Patent Agents, Audr ey House,
Ely Pl ace, London, ECIN 6SN,

Agents for the Applicants. Ref erence has been directed in

pur suance of section 9, subsection (1) of the Pat ents Act, 1949,
to patent No. 1,186, 625. Printed for Her Majesty's Stationery

Ofice by the Courl er Press, Leam ngton Spa 1972 Publ i shed by
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7 1,297,143 FI G 6e.
On the other hand, when the input voltage on | ead 201 becones negati ve,
this voltage has no effect on the depletion channel between source and
drain regions 211 and 210 but rather depletes the electro %é;
fromthe channel region between source and drain 219 and R2
Source 219 i® grounded. Upon depletion bﬂﬂnhhse el ectrons

from thec-channerl Ik DEneNARNE e 89100, LANE &S A1 B Sﬂgﬁéoaﬁvet ype,
wth a ( S f:xlxsevoltazgnhil no & @é}ﬁbﬂftﬂc\ﬂl& éﬁoéP NG %et @d‘u&te%l Hﬁ@ﬂbéld{h

hi gher -t han posseszsedndag/lotﬂneraﬂﬂn&pledaﬁmaelbcuroesgiromnthmltamel\lreg betwaap wurcel es

a result, the out et ool %’@“ @ﬁ" % 2@3‘5 fg‘“ﬁéﬁiveré"’;‘nﬁeﬁi‘i‘éﬁé‘es"fp‘hf;se , "@I

_pOt ent : al T e ci cgo& 131 ﬁgher than possessed by the same’ })15@ t h'

i nvent i og/has beene tﬁﬂ Akngl exdiy kiR GufuD sditagat & 1€atar12$)B&i‘s¢srtg

10 f single @mftnusﬂhesmmtwbusmmmeqﬂteher the (111) or

orientation, éqc;t her p ghi n described with an “nd%ryin B Y ‘r"gfgg [;(%“@ﬁ es cit
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