; e3el 7"868To~" SPECI FI CATI ON COVPLEMENTARY M S DEVI CE TECHNI CAL FIELD 5 The
present invention generally relates to sem conductor devices and nore

partichmumeumnﬂmenplenentary M S device iln-which the carrier nmobility is
bal anc -channel MOS transistor and an n-channel MOS

transi st or..gdddo2BACKGROUND ART A CMOS circuit is a fundanental electronic
circuit that includes a p-channel MOS transistor and an n-channel MOS
transi stor. Thus, CMOS devices i5 consty j a CMOS circuit are used
extensiv s electronic appgﬁg%ﬁ%gggﬂégﬁCentionalIy, a CMOS

devi ce hgmmmwmmmmﬂmmtd on a (100¢oepriMERTRRY aMEE sSEWStrate, on which it is
possible to L hi gh-quality thermal oxide 20 film On the (100) surface
of a Si substfa e, on the other hand, there appears a significant
difference in thegthgelaye prasy and lattice scattering probability between
the el ectrons and™25 hol €S, and because of this, the electron nobility
takes a value ¥w ce or thre@hﬁi@E@S@@tlémqenaéomhaﬁn@ﬁaﬂﬂw rella tesbitloi t y.
FIG 1 shows the circui f y I i nvert Q Referring to
FIG 1, the CMOS |n$%#F8P% %P& 3&%@ §N$§d m-O%ha Aél ﬁﬁgarl¥n§|s€0r 11 and
an nchannel MOS tbam@usmemtaawnmasedewnc&enmeahlahdtaﬁ icaputiesi gnal is
supplied comonly to the p-channel MOS transi stor _and the

n-channel MOS traRSPItdty B ?G&ﬁngeéNEStWﬁﬁngeP fdarrse HOSe mobility of
the p-channel MOStthaRSis$HLE an@Ndnhened ahh@ 1CMokeRt gl ¥abil i ty, can have a
value of only 1/2 5 - 1/3 of the electron nobility of the n-channel MOS
transi stor asleéxpl ai ned before. Thus, in order to realize sufficient
current drivabili r onal speed for the CMOS device as a whol e,
it has been neces ?égégggﬂgéngggtlonal CMCS inverters to 1o set a channel
wi dth WL of the p-channel N@SCMDSnsﬁstoutllgta fendamedthilned easrbaige as a
32??23; 31?;ch%tgg§%ﬁgtnt% %nlnclwgs tgaggkigg%elH%%gv%ran%g%E%ragh%es

an n-channel MOS transistor. Thus, CMOS devices

15 constituting such a CMOS circuit are used extensively
in various electronic apparatuses.

Conventionally, a CMOS device has been
formed on a (100) surface of a Si substrate, on which
it is possible to form a high-quality thermal oxide

20 film.

On the (100) surface of a Si substrate, on
the other hand, there appears a significant
difference in the effective mass and lattice
scattering probability between the electrons and

25 holes, and because of this, the electron mobility
takes a value twice or three times as large as that
of the hole mobility.

FIG.1l shows the circuit of a typical CMOS
inverter 10.

30 Referring to FIG.1, the CMOS inverter 10 is
formed of a p-channel MOS transistor 11 and an n-
channel MOS transistor connected in series, and an

input signal is supplied commonly to the p-channel



when using of such a conventional CMOS device 15 construction due to the
fact that the area of the channel region of the p-channel MOS transistor
becones | arger than the area of the channel % egi on of the n-channel MOS
transistor, in that it becomes necessary to array the devices of different
sizes at 20 the time of designing highly mniaturized high-speed integrated
circuits. Further, there arises a problemof increased parasitic

capaci tance in t hgqa- ghapnal, M5 L1 ARgIeStOr @%\ﬁie’lg g acrxggxs%r ecgyr whi | e such
an increase of parasitic capacitance causesI} e problem ot egradati on
of operational speed and indneasehofa NS icwrsurpt il0n. the tldre, it shoul d

be noted that such a, Ci it shows nqn-|inear operational
characteristics dﬂE&Fglt e°§g FF§%6PH§8'3%5%5%%%%3%5%059 E@Fw@@ﬁcﬁhe
p-channel MOS transissiir rad e vabehaniel MaSHahansl iQfue WH lba1the /2
exi stence of such an asymmetric characteristics inposes a limtation when

the CMOS circubt is /3 i€ &b§l ied@ataon mod il dihec gitchanaed MOS8 | i ke,
in which a |inear Qperatin .§ &adinedy A Rl aiped before. .gonyentiona
sem conduct or devi ces, |nclu3ing circuits, ‘'have B been f%rne on the
(100) surface of aeSilizgbstrtdtieiet tcue reinhteddiaadhiliittystaodal d be noted the

(100) surface of a silicon crystal s the racter, of | ow atonmic density
and easily under g6&S Era&RR g?p?ﬁgg?%thpg ﬁ&@sbggﬁlgedﬁﬁfFcﬁkﬁwﬁ'nl%
handl i ng a waf er 1@ sp@eleinCleaidsyairy tike coasentthendilampiosr iefvehtersafer is

i ncreased. DI SCLOSURE OF THE I.NVENTI ON Accordingly, it is a general object
of the 15 pred®nt SiStvénChemned WrieHhd@aChovBE RnBNaRBeHI MO&ni conduct or

dlevi ce ang fabri calion iRRQeeSS theheoh wher giifdshe of aLegQl B RBr Aok 1are
el m nated. width W2 of the n-channel MOS transistor.
However, there arises various difficulties

when using of such a conventional CMOS device

15 construction due to the fact that the area of the
channel region of the p-channel MOS transistor
becomes larger than the area of the channel region of
the n-channel MOS transistor, in that it becomes
necessary to array the devices of different sizes at

20 the time of designing highly miniaturized high-speed
integrated circuits. Further, there arises a problem
of increased parasitic capacitance in the p-channel
MOS transistor having a large area, while such an
increase of parasitic capacitance causes the problem

25 of degradation of operational speed and increase of
power consumption.

Further, it should be noted that such a

CMOS circuit shows non-linear operational
characteristics due to the asymmetry of

30 characteristics between the p-channel MOS transistor
and the n-channel MOS transistor, while the existence
of such an asymmetric characteristics imposes a

limitation when the CMOS circuit is to be applied to



Anot her and nore specific object of the present invention is to provide a
CMOS sem conduct or 20 device in which current drivability is bal anced

bet ween a p-channel MOS transistor and an~n3channel MOS transistor. Another
obj ect of the present invention is to provide a conplenentary MS devi ce,
characterized 25 by: a sem conductor substrate having a first crystal
surface as a principal surface, said sem conductor substrate being defined
with a pehannel Mg.tpgnshskal£eoban and 2k chiangel M 3 Senthansistor
region; a p-channel MS transistor conprising: a tirst sem conductor
structure forned ppegsaitdopchanmequiMrgdt.r ansi stor region as a part of said
|l i - 4 sem conductor subskrate @nd f%rgeg of a ﬁgir gt si.dewal | surfaces
defined by a second crystal “§uffRc8 4Pt &F&nt S r SIS PPPSt cryst al
surface and a topsstitagdudebirnadvhyea,t hincduaingt aMosucfiacaidisl f aaenat 5

fromsaid second crystal surface; a first gate insulation filmfornmed on

sai d p- channel > M BeEPahSFBEEr °PedP6n (4804sStgta6fePtsai §ipFrRéitpatesur f ace
and said sidewal | pgurhacesnaRdnaald 4@PsULAACB0hosakd thil 1 08§mM conduct or
structure with a |0 substantially uniformthickness; a first gate el ectrode
formed on said p-ebafinek MESat sansiconorryegadnhes abet gheowrstegsaind low
princi pal surfacea%g%.gahdngkgewglh %gggﬁceugggrs%ig top iurfac%hgg sai d
first semiconduct8r°8tFuctire €onttnudds ¥ viacsdra®s rrsf igggate ’
insulation film apdrki hat Badnsacdadfpcuype dnf headoangegi @agetor ned in
sai d senm conductor substrate and sgid first sem.conductor. structure in said
p-channel M S'%raR&FSt6H1IREGYoR ats FRPEL TEFIETEMETER BhpbsFrt Hadrge 16f
said first gate eligetkgdeq .20 each of said first and second p-type

di ffusion regions extendi ng continuously along said principal surface of
sai d sem conductor substrate and said sidewall surfaces and said top

surface of said fprgk;8efkeOBFUGHR TRIENGEBKE; 25 an n-channel M S
transi stor conprisrngT‘H—SECUHU—SEWTCUH§UCTUT structure fornmed in said
pchannel M S transistor reghopoadiagpart iof isardgseriredndbgdeot stibsheat e

df d of [ f_ sid L f defined b f th t
surface 30 di 1 er BRESPRGmEXFA PRt cPySYARSsr FALE  aRlCa 66 Sur f ace

defined by a fiftBesiy¥shaucsyrf aceidief hanertpliearsandpouekl ehystalk
surface; a second gate.insulation filmforped on said_n-channel MS - 5
transi stor regi onW868r84nt §heoFeregaiBIpPFALLFRF S4Pf §déManadtedi-d si dewal |

surfaces and said top surfagg,ehesahfdasreeRdspep: ¢9RAUELQELSHEUGHUre wWith a
substantially uniformthickness; a second gate 5 electrode fornmed on said

n-channel M S trapseseot Loyeofiion as to pove¥idsardCMPBEneepacosdrfies and

said sidewal l,surfag Q”Qnsﬁk§8£08u§HéL%CSrQLaBQFQtﬁeigngﬁigﬁkg nduct or

structure contlnuousﬁﬁ via sai second gate insulation filnm and first and
second n-type l1lo detivashoa peghansefloMOBdtiransasdogemandoaduatohannel

MOS transistor.

Another object of the present invention is

to provide a complementary MIS device, characterized
25 by:

a semiconductor substrate having a first
crystal surface as a principal surface, said
semiconductor substrate being defined with a p-
channel MIS transistor region and an n-channel MIS

30 transistor region;

a p-channel MIS transistor comprising: a

first semiconductor structure formed in said p-

channel MIS transistor region as a part of said



substrate and said second sem conductor structure in said n-channel MS
transi.stor region at a first side and an opposite side of said second gate
el ectrode, each of said first and second mt4ype diffusion 15 regions
extendi ng continuously along said principal surface of said sem conductor
substrate and said sidewall surface and said top surface of said second
sem conductor structure; a width of said top surface and said 20 sidewall

surfaces of said f%rst sem onduc Qr SLLUGL Y an% a dth of S%ld top
surface and said Sicdewary Praces ot “sai sec ird' geﬁ|c8n§ﬁ&t Pstructure

bei ng set such thatideweunr entr faciesaliefiingdofoysai @ epoaliarnels tM1S sturdagiest or
bal ances 25 substantlally with a current drivability of said n channel MS
transistor. Anot hEifdisreat Sromneadtedditt FFESRdn S fRGep Ao de tQP

conpl ementary M Sgdeviace glaar %%he'b'yz%d t%r&%z@s%%m %%f}‘%‘é%teordl%‘fl%%e"n%t e, an
n-channel M S transistor conprising: a first gate electrode fornmed on a

princi pal surface fobms siad ds sgicoodd geysit adulsstrface ;viea fa risitr getgate - 6

i nsul ation flln1mn%gu§ E&r%tfgrxs%%gm_ |%%;%t|%n %ﬂ%ﬁwe plgnd second
n-type diffusion regions Porne& salg SEni-€ondBctor subs rate at a first
side and an opposm&ansud&omfr&@hdnfBbshsgabecebe@tseda paniecipalp- channel

M S transi stor conprising: a secaond %ﬁte el ectrode fornmed gn said

seni conduct or subSUFAEESyPR%G Séégoﬁd ¥edli SOTEaCesn aRd St FOR second
crystal orientati@prrard bifr $hiandi$8¢0REMA bYRG okl UsirQr theg grshf ar med

in said sem conductor 1o substrate at a first side and an opposite side of

10 substantially uniform thickness; a first gate
electrode formed on said p-channel MIS transistor
region so as to cover said principal surface and said
sidewall surface and said top surface of said first
semiconductor structure continuously via said first

15 gate insulation film; and first and second p-type
diffusion regions formed in said semiconductor
substrate and said first semiconductor structure in
said p-channel MIS transistor region at a first side
and an opposite side of said first gate electrode,

20 each of said first and second p-type diffusion
reglions extending continuously along said principal
surface of said semiconductor substrate and said
sidewall surfaces and said top surface of said first
semiconductor structure;

25 an n-channel MIS transistor comprising: a
second semiconductor structure formed in said p-
channel MIS transistor region as a part of said
semiconductor substrate and formed of a pair of
sidewall surfaces defined by a fourth crystal surface

30 different from said first crystal surface and a top
surface defined by a fifth crystal surface different
from said fourth crystal surface; a second gate

insulation film formed on said n-channel MIS



said second gate electrode, said first gate el ectrode and said second gate
el ectrrode bei ng commonly connected, said second p-type diffusion region and
15 said first n-type diffusion region bei mg3comonly connected, said first
crystal orientation and said second crystal orientation being set such that
a current drivability of said p-channel MS transistor 20 bal ances a
current drivability of said n-channel MS transistor. According to the

present invention, i hl.e _to hal 2 current _drivability

bet ween a p-channgfgkfgggggﬁgfgggi gﬁdagnt%-g%g%%e%ggg bﬁégpéggéistor by

using a crystal sdukrfeeecothedr sthdnsfiebhliushacacets anki eadd BBbEF

DESCRI PTI ON OF THE DRAMVNGE FIG1is ag eguivalent circuit dia%ran1of a 30
©F| &322 §°5°0rag

conventi onal CMOSSHEYREE; IHCORGCHG Tt RETLGHEERPUEE BN 0f a

substrate processkigsaBpanatuy usedori A8 cRHE8ENt al B¥EBLhWORate _ 7 _ FIG 3
is a diagram show ng oxi dation processing of a silicon substrate conducted

by using the subsergc&érpascéssmag apparatud-eharpel2MIf| Granisdsaodi agr am
showi ng the fi'n1qgaakays§ 9k QéigngE'@%iﬁOEQEHCQEaY9%59¥§c%rXﬁhaga%d
surfaces of silicon I'le using the substrate processing apparatus of FIG 2
in conmparison wthkidewhédimalrdaiceeahidl spiEl G8p5Aur fB€eapd diadr arsosdow ng
the drain 10 current  chanactel! 34h 6o o PLEN2NELLNES L5asLshOlecona
gate insulation film; and first and second n-type
10 diffusion regions formed in said semiconductor
substrate and said second semiconductor structure in
said n-channel MIS transistor region at a first side
and an opposite side of said second gate electrode,
each of said first and second n-type diffusion
15 regions extending continuously along said principal
surface of said semiconductor substrate and said
sidewall surface and said top surface of said second
semiconductor structure;
a width of said top surface and said
20 sidewall surfaces of said first semiconductor
structure and a width of said top surface and said
sidewall surfaces of said second semiconductor
structure being set such that a current drivability
of said p-channel MIS transistor balances
25 substantially with a current drivability of said n-
channel MIS transistor.
Another object of the present invention is
to provide a complementary MIS device characterized
by:
30 a semiconductor substrate;
an n-channel MIS transistor comprising: a

first gate electrode formed on a principal surface of

salid semiconductor substrate via a first gate



formed on various crystal surfaces; FIG6 is a diagram show ng the
construction of a CMOS device according to a first enbodi nent of the
present invention; 15 FIG 7 is a diagram shéwing a part of the CMOS device
of FIG6; FIG8 is a diagramshow ng the construction of a CMOS device
according to a second enbodi nent of the present invention; 20 FIG9 is a

di agram showi ng the construction of a three-input NAND circuit according to
a third enbodi nent. r t i.nventiQqn,;. . Fl ks a.di.agr shqw.ng

t he construction Tgp‘%&l{éﬁ?ﬁg@_ %ﬁgﬁlt wllil% D%cif(rlcr}tfitt Cg‘é’(j:sgra&i r?%l%?%tgg%ghf’o%\rﬁtdh
enbodi nent of thefpreseand peepnidon-thpe 81 fifsisd ot agodmnsh@virmgdt e
construction of a five-input ND circuit according to a fifth enbodi nent

of the present in¢énti §FMELPBIPSTHCE FUGSEGRAm &frof g Ttite S36°c RS Alict i on
of a 5-input NANDqgbeYitk age@r irngatie Fisisxt hakbedimabef. Lhe present
invention; FIG 13 is a diagram show ng the construction of a CMOS swi tch
according to aSseventh @ P-ehaodicreMSoft rehe Lsitese sOmpAEATIION 2

FI GS. 14A - 14C ar iagr expl.aini erati of MR g t ch of
FIG 13; FIG 15 i sgggglﬁgg g?:ﬁesﬁgve\n%r?go'{a%etf %g%%sfgugtg?gn 55 rl<'£1e:0push-t%\g: I
anplifier accordi sgbstarameeivght b eslcodidngat-eofinshé aprieseftl lmnwénhi en. BEST

MODE FOR | MPLEMENTLRG, THE | WYENTL RN LRRLYGL L EL g £irst and secona p-

type diffusion regions formed in said semiconductor
10 substrate at a first side and an opposite side of
said second gate electrode,

said first gate electrode and said second
gate electrode being commonly connected,

said second p-type diffusion region and

15 sald first n-type diffusion region being commonly
connected,

said first crystal orientation and said
second crystal orientation being set such that a
current drivability of said p-channel MIS transistor

20 balances a current drivability of said n-channel MIS
transistor.

According to the present invention, it
becomes possible to balance the current drivability
between a p-channel M0OS transistor and an n-channel

25 MOS transistor by using a crystal surface other than

(100) surface of silicon.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is an equivalent circuit diagram of a
30 conventional CMOS device;
FIG.2 is a diagram showing the construction
of a substrate processing apparatus used in the

present invention;



10 FIG 2 shows the construction of a m crowave substrate processing
apparatus 20 used in the present invention for formation of a gate
insulation film Referring to FIG 2, the m drewave substrate processing
apparatus 20 has a processing vessel 21 15 evacuated at an evacuation port
21A and a stage 23 is provided in the processing vessel 21 for holding a
substrate 24 to be processed. The evacuation port 21Ais formed so as to
surround the periphery of the Skageg %Sdaggr C%i%h!ﬁ r%g gg%sogr byproduct s
20 associating with the substrate processi-ng are ex dusted from a process
space in the V|C|prbyeeblhheosuefadelabnthebsmba&eatenaﬁctedtbg asdtisgde of
the apparatus unlfg ﬁbalon the substrate surface. Further, the

processing vessel ¢ SEIGLEy PIOFORPLR Ja 2PPAL AHSr Sfafd CwPridow 22 of

typically Al208 or quartz agrg Rakl efdtagraha@hewlwalEh%uehlhhahataey
m crowave w ndow 22 faces the substrate 2 Further, 'there is forned fl at

shower plate 2% apftﬁéiﬁﬁnéﬁ1@Edé0€ﬂeﬁh@nnWéﬁewa§eCWWﬁd@w 2prdecas 6 30
face the substrat§n$§CoﬁG g? Egﬁn hgwgrsgbgkg F%o%%%g gesupply a

process gas unifor he outer sid ssi ng vessel
21, there is provadpdratHBdewEﬁé 2 ln9compaednan261$hch aSeamaadbaﬁdbine
sIot antenna 26 fgd with mcrowave via a coaxial wavegui de 27 in connection
with the m crowav &FndOM/ZZ and there is forned hi gh-density but

| ow-energy plasma right 5 uprdesneat b Ebeaiao‘dﬁ_@@@@ﬁspls@bﬁl@? ankeeguhl nof
driving the m crowave antenna 26 with a m crowave havi % requency of
900MHz - | OGHZ0 t FPFEaRty chazsgher iFtisRoaIfdPoEhABREd MREL tERBSABEPERAave | 0

substrate processicag, %Bpéﬁabﬁ§1%QSoEr§E@%§ kndygessexcitation in the
process gas supplied fromthe shower plate 25 wth the plasm, and the

surface of the substrate 24Fmﬁdérgeee Phegessi sgolynghéheadoboattsuttined as

a result of such a i,on. 15 Nbre.s eC|f|caII the | teri f the
processi ng vessel ° gké %eg aFCPFPs % §°a h %F§ g ﬁpgpgte% and a

m xed gas of Kr amdeCpresenmt&adeaedosubsequentIy into the interior of the
processi ng vessel 21 fromthe shower ate 25. 20 Thereb t he i nternal
pressure of the processing ¥&Ssél 1513 QlégfaPoSQBH&PglaTﬁﬁFt(QSOGPe133Pa).
Further, the tenpemakunevetet B¢ sibskrate 24 is set to 200 - 550C,
preferably 400C, and high-density pIasna is formed uniformy in the
vicinity of the 25 surface 8fCtReisubs@iagsapssppwingpltpengoasreeshate to

the foregoing m cpewgveygat §AGFce S cBorATHE! £8 aPL3BRA QLBBE:RARNKE

the present invention;

20 FIG.9 is a diagram showing the construction
of a three-input NAND circuit according to a third
embodiment of the present invention;

FIG.10 is a diagram showing the
construction of a three-input NAND circuit according

25 to a fourth embodiment of the present invention;

FIG.1ll is a diagram showing the
construction of a five-input NAND circuit according
to a fifth embodiment of the present invention;

FIG.12 is a diagram showing the

300 construction of a 5-input NAND circuit according to a
sixth embodiment of the present invention;

FIG.13 is a diagram showing the

construction of a CMOS switch according to a seventh



undergoes excitation to an internediate excitation state, and there is
caused efficient formation of 30 atom c state oxygen O* in the vicinity of
the surface of the substrate 24 as a resukt 8of collision of Kr* thus
excited and oxygen nol ecul es. By processing the surface of the substrate by
the atom c state oxygen - 10 thus forned, it becones possible to forma
hi ghqual ity oxide filmsuitable for a gate insulation filmnot only on the
(100) surface of Llicon _su r also _on the (111) surface and
the (110) 5 surfaégsoékéfggsﬁ%wgi%h§E§F§§%hlpifggéPnfhe Kr/ Qz pl asma oxi de
filmformed on the (100) surfigssel4flil)4sunfracdiagadamtlekpsuihang ehea
silicon substrate by using the m crowave substrate Erocessing apparatus 20

10 of FIG2 in coﬁBﬁFF§6ﬁngFhtgegFHRPhSVéFEhonaFF etdal oxide film
Referring to FIG 3, it can bggseenikhat gaah@bmdsealehgd@wth rate is
achieved in the case of the Kr/OQz plasma oxide filmas conpared with a 15

t hermal oxi de ¥il aApn@gfirnetipnsoél aapbghirpdldarmplifiaert Recoxiddagi 6a eft t he
Si substrate procege i . Lgh er ing.highly reactive atomc
state oxygen O. Eggﬁﬁ§1%g9¥gﬁéegksgfi%h?c§¥3§%bﬁafgyggté98mﬁh rate becones
smaller in the Kr/Oz plasma oxide 20 filmon the (111) surface or (110)

surface having a |Larger surface_density of the Si_atons as conpared with
the case the oxidEEﬁ&%M9PE—g&gwﬁMBQEMEﬁzéﬁgeiﬂguiﬁgE@Elgﬁ shoul d be not ed
that this result isriNcagreement with the conclusion predicted froma
source 25 supfly rate control process, and it is indicated that the plasnma
oxide filmfotted as such a§I&xéeFhent FREnfguakrvg¢tiPR PheacBserevaver nmi ng
a thermal oxide fji e f 1 ag t .30
substrate, on thegg?hg?aﬁgng%é%%gaﬁﬁé ggﬁﬁgégg;t%gtﬁgﬁg %?o&%ﬁ nggbggcones
| arger than the caseentibor fibngfohmathennaf expdeef ihpudatihe €100)
surface. This indicates thake%gergger IFgéi?e khln1torned on -.11_ the
(111) surface of (110) surface has"d pdo i Fr SIP%§FOE?&94SEH8ﬁ§aFﬁe
result of conparipgescetsihg apphaaeust atenhdensi pyobekweag trbesKi/ @2 pl asna
oxide 5 filmthus formed and the thermal oxide film Referring to FIG 4, it
can be seen tlat ENECRAFEF BladRacBRFHBLEPINPRAS AlfodBf AnfERPEcé3siate
density as conparﬁgow&aadthﬁ ther prbcaxkdaqf LERLEQr pedegh hBey64g0) surface
irrespective of the case 1o whether the Kr?OZ pl asma oxide filmis forned
on the (100) surfagkstrateli} sarbacerorefsed) ThefavacuThiion phetradslt of
FI G 4 shows that % Lgh qual L1y I i i btained iin,the Kr/ Q2

pl asma oxi de fiIn?sl§5¥ﬁ§hcggeg%fk%h38¥%§§ﬁélkgéi 89%%ﬁﬁf¥50kth%d on the
(111) surface or §taQy 88réaadeentessiveonadbnalbheoot hgprbandrsit can be
seen t hat the(ﬁ is forped. a veréPlgﬁge igt?rf%ce state densit% as iIs
predicted from t hd°P85uft 8¢ Er&'3-"FThus  tha s 8f°8tcha?tfier mal oxi de

filmfor the gateeknaubkatdonrda &i pabeésa Mobckr anstBEOoviwenk €yCcaBsenhe
various problens associated with carrier trapging such as variatjon of
t hreshol d vol t ageSUFhefFeast Ehegavksteakagédctfr BRe, cuRaidaecfi kBe FI GS. 5A

- 5C show the rel ab,9pship Qﬁif@@ﬁl§5afoﬁaa&ﬂevgbggeeaeads§r99&&?'ized
drain current of a p-channel MOS transistor forned on the (100) surface,

(111) surface and the (210)Fsurhate bheapspteeshngubstsateZbyisasing the
appar atus 30 51 FHERFET FRehofr B RhchPErPatye; PhnaR R RERERERE Y,
shoul d be noted thaiost be casetalf akomnpagtt be shlel chambeirdeaflill gulay t he
KriC2 plasma procegs, ang.the 858" {060k ng,t e sL! Lgan gxlae, [l mby the

Further, there is formed a flat shower plate 25 at

the inner side of the microwave window 22 so as to

30 face the substrate 24, wherein the shower plate 25 is
used to supply a process gas uniformly.

Further, at the outer side of the

processing vessel 21, there is provided a microwave



- 12 thermal oxidation process are both represented. In FIG5C, on the

ot her hand, only the case of formng the gate oxide filmby the Kr/ Q2

pl asma process is shown in view of the faet 9gtkat no oxide filmcan be 5
formed on the (110) surface by a thernal oxidation process. It should be
noted that the result of FIG5A is for the p-channel MOS transistor having
a gate length of I10lumand a gate wwdth of 50u m while the results of

FI GS. 5B and 5C are_for the _p-channel MX .1lo.transistor having_a,gate |ength
of 10, mand a gat 8"\W8PA gﬁ §BﬁﬁaaﬁlaR§98ﬁ?9nélP8 ﬁﬁ@é.%ﬁ¥?ngé,2gt%8gn be
seen that the draiatsumierbwagdadvianaecbhgitlanagegdugeangeiar current
drivability, of the p-channel 15 MOS transistor can be increased by formng
the transistor onCanBegsian ¥itha&BeoPRErOrFRIR VREIPYOBY rsarfatbese is

o Channel NDS 1 akeraEer RS Grasa Bn the CL1Tr e art Bea Par By exanpl e, a
current drivab$|iUydgtnabmhtthe3shbwe$hasdlaﬂgeeasstheréauﬂenbfdrivabiIity
b chapnel NS tr aRSTSL88 {63 BAEA"8NCr RECIEG) Z6urrabes B GLPFENE
drivability of abadtrihg3atifesuescgSotbvaonead. -[ EDBSL , EVBODCMENY] FI GS. 6
and 7 show the construction of a CMOS device 30 according to a first

enbodi nent of the23855ﬁésent i nvention, wherein it should be noted that

FIG 7 is a diagram show ng @tpahbu®fi bbCnbteBehabRi RUet AiELGRaGeand 7, the
CMOS device 30 is constructed on a Si substrate having a (100) - 13

princi pal surt@cesvhswipth arpcegpéngegPoarAtand28nch- Fyfe?r éghloaeB are
formed with a sepatrati frome r.hy dev| .50 pon,region 31C.
As represented ingﬁﬁéf%Elgﬁeqbegﬁgngkgﬁgsgogggdg&kgﬁ1585%%%gjgg?ion 31A
having a wi dt h WLAhandraphaitght SHALtivhithe phesmegi andBthe &arfredewontfh a

proj ection 31B having a wi dth V%E ang a height HB at bogh | at eral,,
Si deval | 5. As cantBE SHBRCFROMm PAGIAISEARSEORTORPFACES BF FhE PPOLEELFons
31A and 31B are debirhed k@ Byrkbe1(16€) ssuhf aseexvhicheibhe si dewal |
surfaces thereof are defined by the (110) surface. On the Si substrate 31

of FIG 7, a stiicon oxide fMPEEi SPREEfeELAYH oEhPy I1BFeadPEgOfhéEngubst rat e

processing appara Fgc%gs %8 9kaed1 Wbl h ;i 5eEELENGR kO akS FikGt2coaRd
pol ysilicon gate electrodes 33A and 33B shown in FIG 6 are fornmed further

t hereon respectiveighéwy vheunmgstatA,arddon mhsedegiaenoB. KFhenfloPego$ ng

silicon oxide filmis patterned with e patternin f the te_el ectrodes
33A and 338, and 28 ERGECeHnSH SFguFB%EEdEQ 8a€§ei%£3F5%PSng?iE%FszA in

correspondence toptbheegatiagekesseade138Acandhthenewes boamed2g.gate
insulation film32B in_correspondence_to the %gtgfelectrode 33B. In the

p-type regionm% OFh@ﬁgb@wCEhae&pgsrnal pressu the processing
vessel 21 is set to about 1 Torr (about 133Pa).

Further, the temperature of the substrate 24 is set
to 200 - 550°C, preferably 400°C, and high-density
plasma is formed uniformly in the vicinity of the

25 surface of the substrate 24 by supplying a microwave
to the foregoing microwave antenna.

As a result of plasma formation, Kr
undergoes excitation to an intermediate excitation
state, and there 1s caused efficient formation of

30 atomic state oxygen O* in the vicinity of the surface
of the substrate 24 as a result of collision of Kr*
thus excited and oxygen molecules. By processing the

surface of the substrate by the atomic state oxygen



25 30 of FIG 6, there are further formed n-type diffusion regions 3la and
31b at. both Bides of the gate el ectrode 33A including the projection 31A,
by conducting ion inplantation of an n-typelDnpurity while using the gate
el ectrode 33A as a self 30 alignnent mask. Simlarly, there are forned
p-type diffusion regions 31c and 31d in the n-type region B at both sides
of the gate electrode 33B including the projection 31B. As a result, a
p-channel MOS - .14 transistar is faormed on.the region A _and an n-channel
MOS transistor is (SJr“':’rrefr BRI ne & EFCHE ﬁostsﬁtebqs?uﬁzs?t 28 31098 T he ovos
device of FIG 6, iduasHaiyl dxiels Marmeddikatblihe p- chajanel iM3ultatdarsi st or has
a gate length LgA while the n-channel MJS transistor has a gate | ength LgB,

and the gate el ectffode 93ALGvePd (R 110 paUrisee Rd Shes Fidticale  at

respective sides QfHe OIRA! QRSB HA WH @193t @ il WoY 4nAS 13 o0
result, the gate width of the gate el ectrode 33A on the (100) surface

i ncl udi ng the Popssuntffagee of the projection 31Ais given by WA + WA, On

the contrary, the gate w dt of .th te el ectrode 33 nt 110)
surface is given by 2HA in \%il\eé\f\ﬁofs}]toﬁgs ?Cgléet I5% thatrat fe °§a?°$ee%§: tFode 33A

is formed on the btk devald fIutd FoamedADra thesullno )t Berdadeent(111)

drivability of the p-channel ransi stor formed _aon the region A is given
by the equation usﬁirfWAﬂa\ﬂﬁAﬁf a SPFHG-CaMYdr & 713 5Ty éb’lbégéﬁt? e hol e

mobi lity on the 2QsGHO)neUnfiacewalid &ulEd -8Rl e5ells slihe hela Fambisl iy on

the (110) surface. Simlarly, the current drivability of the n-channel MOS
transi stor fotfredodn Fillfe 2r @i SRR TS SGIny &ty & K& cedhatiade @fnia (W r, +WA)

+2 a nzHr., whereiR q i O;Eldreegriq_?ne.nts the electron nobility on the (I00)

surface while un2 represents the electron nobility on the

Referring to FIG.3, it can be seen that a

far greater growth rate 1s achieved in the case of
the Kr/0; plasma oxide film as compared with a

15 thermal oxide film, while this clearly indicates that
the oxidation of the Si substrate proceeds with very
high rate by using highly reactive atomic state
oxygen O*. Further, FIG.3 also indicates that the
growth rate becomes smaller in the Kr/0, plasma oxide

20 film on the (111) surface or (110) surface having a
larger surface density of the Si atoms as compared
with the case the oxide film is grown on the (100)
surface. It should be noted that this result is in
agreement with the conclusion predicted from a source

25 supply rate control process, and it is indicated that
the plasma oxide film formed as such as excellent
film quality.

In the case of forming a thermal oxide film

on the (111) surface or (110) surface of the §8i

30 substrate, on the other hand, it will be noted that
the growth rate becomes larger than the case of
forming the thermal oxide film on the (100) surface.

This indicates that the thermal oxide film formed on



(110) surface. Thus, in the CMOS device 30 of the present enbodinent, in
whi ch the p-channel MOS transistor has 30 the sidewall part also on the
both sidewall surfaces, the width and the-hélLght of the projections 31A and
31B are determ ned such that the current drivability thereof bal ances the
current drivability of the n - 15 channel MOS transistor and hence the
relationship ~ pl ~WA + WA~ + a p2WA = ~ nl ~WA 'f WA~ ~' ~ | n2WA, 5

wherein it shoul d_he t hat. t he rel gtiqQnshi p WA=2HA, WH=2HB .5 used. In
such a constructi &El,e P(%tlggr SUEGRGS S @élé)grrgsur%c%:ﬁ % fo pl?é?lrarﬁclzm} he
current drivabilitgnaQfityhe p-channel MOS transistor and the n-channel MOS

lo transistor by setting the _heights HA and HB of the projections 31A and
31B whil e nmaintaini ng the sdi® -dedtC¥sards nasudifo@td BEPFSLEP™ R4t the i s

not al ways necessahy rl@of QRN @aS HeQlweh the ’ol/k,shHaguak! o154e
surfaces but it is also possible to formthe transistor only on one

sidewal | surfate. fidm Fdugesorimed amdhdhet dhermali pxigs d9dmmed that the
gate insulation filns 42A a .refo‘rErftaj of .a silicaon oxide,fil whi | e
the present 20 invention al sr&%%%l%&\?\lg ftgr rratl'élri ol% a 8§ P S o ?Crhla e Tilm
for the gate insulkat/iognpiabma 3RAdandild@Bhby &olaweg onoexedcgastptasma of
a rare gas such as, an Ar or Kr gas and .an NH3 gas or .a m xed gas of the

rare gas and an N&e§Ed tin@sSa cRFEPGEEY Witthe Godthrare 29 xdd6c ddditng

apparatus of Fl G 2o hdkt Ber thiet (1190p0sSir¥a el Q fr@isPer 3kl 62N o8y Riakki de
filmfor the gate insulation filns 32A and 32B by adding thereto an 02 gas.
In this case, 1& pwisahesl theSKry/gnspseshnaandian Aithahhefonnsit eanshet or

T LAt s LA ekl Brenanns] RN St e iR e
the result of FIG.4 shows that a very high quality
oxide film is obtained in the Kr/0O; plasma oxide film.

In the case of the thermal oxide film
15 formed on the (111) surface or (110) surface of
silicon, on the other hand, it can be seen that there
is formed a very large interface state density as is
predicted from the result of FIG.3. Thus, the use of
such a thermal oxide film for the gate insulation
20 film of a MOS transistor would cause various problems
associated with carrier trapping such as variation of
threshold voltage, increase of gate leakage current,
and the like.
FIGS.5A - 5C show the relationship between
25 a drain voltage and a normalized drain current of a
p-channel MOS transistor formed on the (100) surface,
(111) surface and the (110) surface of a silicon
substrate by using the silicon oxide film formed on
these surfaces by the substrate processing apparatus
30 of FIG.2 for the gate insulation film. In FIGS.5A and
5B, it should be noted that the case of forming the
silicon oxide film by the Kr/0; plasma process and

the case of forming the silicon oxide film by the



silicon in the present enbodi ment. For exanple, it is - 16 possible to
use a.Site substrate in which Si is added with other el enent such as Ce.

[ SECOND EMBODI MENT] 5 FI G 8 shows the constinction of a CMOS device 40
according to a second enbodi nent of the present invention. Referring to
FIG 8, the CMOS device 40 is fornmed on a Si substrate 41 having a (1I1)
surface or 1o a (110) surface as the principal surface and includes an

n- channel MOS tra%%ﬁitor 40A hgying a %gte elec%h e 42A extendj ng on the
Si substrate 41 i & F1Prs CXFPEHHCA PETCESE &55- eSS S Y-&ifsi <for 40B
havi ng a gate el e¢tiade 428 exleerdinrg @Rnld)e oBilylehsuksiskalod ifdraisgcond,
different orientation. At both lateral Bides of the gate el ectrode 40A,
there are fornmed frheyFétd rrdsicort it8ytond 3 KrdRd RAASIS REPERFY, 1p-t ype

di ffusion regions a e fer t h l.ateral, H: e gate
el ectrode 20 40B ?ﬂﬁﬁgrg%yﬁ&?pagﬁbSﬁgn%%cﬁbfggktﬁgtgsﬁgfe%Fgﬁ?S%%E réa CMOS
circuit by conhectfiomgechendithfudild® )r egirdiac44 Avard thieemdilf foxsidart icagi on 43B

and by connecting_the gate.electrqodes 42A and_42B. .25 In t eyi ce of
such a constructi8EPCF%SSh§3IE%quﬁoﬁgdnfﬁgﬁ Fﬁg%c&%ﬁeﬁFSHH%vggiEﬁgygéf t he

p- channel MOS transi soar thkapgeshannteh MOs araertiatioen hBviiher @okawet h
respect to the p-channel MOS transistor. In the case of the silicon wafer

of 30 (110) orient-&™95H, °fhé Odumr 8RE @rP956i Vi Ehh peEonBé Mraxihiif ithq he

case the directiongRNRECLING IHRE 5BOURCGE 5N rdr ok k8@l pnShahnkhemos
transistor is oriented in the <111> direction. In the direction - 17
rotated by 1880, &FapsdssrehaNing, at Béteudeasthdpeifvahid it yndesoarte

m ni num Further, the, currenl drivability takes an intermediate val ue

bet ween the maxi numand the mninmumat an internediate angle. In 5 the case
of a p-channel MOS transi st ®efetrlvéd ngattioo FAGSL. Bba radCrumtardnt be serinmum i s
about 2.5. In theﬁég%e ﬁ: n_n-channel MOS trgnsisto . on the other hand,
the ratio of the A Caid 2t e CHEACHIM 289ab68Ce1 A FREES by opti ni zi ng
the nutual orientabhanctanaegbe BurirknkeeeI®spRasSiI 8 £t @ hkabareanhbe
current drivability of the n-channel MOS transistor 40A and the p-channel
MOS transi st of> 408O5[ THRRDIENBODERENPE 15CFEEsSeds Rgws orRéngo&er ucti on of a

threei nput NAND Citrr(éﬂisristtB@T gHses iR VOGS Girheu bRk raRyaQf +hize (Fggzgoi ng

enbodi nents. Referring to F , thé three-input NAND circuit inc
n-channel MOS trassir§eges ofr s1liTo8,26ucbnascttbe i(3lder sagfbeeween an

out put |ine conne t Q. .an_out pyt r.m_nal d a ground,lihe, while there
are connected p-c gﬁﬁ%lsﬁfgaFFangps%ngc P jQ“pl‘lerg %haﬁaFé|P§§ bet ween an
out put line Vo~T amdnaistppl ¥svabirage saurbe \(ppl) TBat€hye,amoirnput | ogic
signal A 25 is supglied to respective %ates of the MOS transistors Trl and
Tr4, while andt heF*PRBGE | 8gFETEFPhafrBYRR Iy PédaP8utedpdctiifESgafes of

the MOS transistongrfe2agdndhdr SurbdhtharivaBinApyt okkodi g-shanak1C is
supplied to respective gates of the MOS 30 transistors Trs and Tr6. In
FIG9, it shoul d b&2p6i€dOrhaPTIRE RBMEREl 41800 acnEdace -t AB tha&nSRSEor s

indicate the rel athye deyhagedr ABsOkrhNS1688REGL! ¥6rhbANSHhSERAES (110)

surface, a current drivability of about 1.3 times is

25 obtained.

[FIRST EMBODIMENT]
FIGS.6 and 7 show the construction of a
CMOS device 30 according to a first embodiment of the
30 present invention, wherein it should be noted that
FIG.7 is a diagram showing a part of FIG.6.
Referring to FIGS.6 and 7, the CMOS device

30 is constructed on a Si substrate having a (100)



- 18 Thus, in the case the entire transistors are forned on the (100)
surface of silicon, it will be noted that the illustrated NAND circuit has
the relative device area of 18. On the othet3hand, in the case the 5
current drivability of the p-channel MOS transistor has been increased by
three tines as a result of the construction of FIG 6 or FIG 8, the device
area can be decreased to 1/3, and the relative area of the NAND circuit is

reduced to 12. As_a. I lg_degr.eas f Iy rea,, the
oscillation frequg%é§%§gag g%ﬁgggfrgaigﬁlﬁgrﬁeg 6§ggag%§é§§g%t%8dNﬂﬁD
circuit for 31 timesypiesriegtbeasedrkr doriked e@amnveant sepakaabue febm855MHz t o

879MHz for the case in which each transistor has a gate | ength of 0.25,um
15 [ FOURTH EMBODI REBNT] CENEr18YsRoRSVERE ¢EALEFEOPi 6A%4P a thr e85i nput NOR

circuit that uses theGVMRBeal heUiFrtcOf ,arneOkebienphecadirpgmeabadi-RERt S. 20
Referring to FIG 10, the three-input NOR circuit includes n-channel MOS

transistors Tr¥l PrPiestéonnddPebavingapaiéthhimeaid @n hauitgiit Haine
connected to_an Oﬁkgﬁ%GEﬁénkgghoﬁng %FgggERlehﬁ%h ﬁggﬁgégggngﬁl3

transistors Trl4 are connected i n series e output line
VooT and the supphgviabt ageigabr ¥es \pal alheriefy, Hanaicnputhl agitersignal is

supplied to the res ectaie gat es ofbthe MOS transistors Trll and Trl 4, an
i nput | ogi ¢ si gnaf*BeI"&LlsappPfeG2foPn&eFBspétl v&Cgdr eS6f *PRe 30 MOS

transistors Trl2 anerdcks, o&NdnanpkrBetthedisC33hgaakl €1BSaguppkirgdelo the
respective gates of the MOS transistors Trl3 and Trl4. In FIG 10, it should

be noted thatltheby rheg (1Q0kersr§aser athédet shpespeerpveé EHEA3FSEOrs

represent the re!QBBY%099¥E%ed@E§ﬁe8fbkh%hEr8@§b§t9ﬁ§faEBU$’ in the case
the entire transistors are forned on the (100) surface silicon, the

illustrated NOR circuit On the Si substrate 31 of FIG.7, a silicon
oxide film is formed uniformly by using the substrate
processing apparatus 20 explained with reference to

15 FIG.2, and polysilicon gate electrodes 33A and 33B
shown in FIG.6 are formed further thereon
respectively on the region A and on the region B. The
foregoing silicon oxide film is patterned with the
patterning of the gate electrodes 33A and 33B, and

20 thus, there is formed a gate insulation film 32A in
correspondence to the gate electrode 33A and there is
formed a gate insulation film 32B in correspondence
to the gate electrode 33B.

In the p-type region A of the CMOS device

25 30 of FIG.6, there are further formed n-type
diffusion regions 3la and 31lb at both sides of the
gate electrode 33A including the projection 31A, by
conducting ion implantation of an n-type impurity
while using the gate electrode 33A as a self-

30 alignment mask. Similarly, there are formed p-type
diffusion regions 31lc and 31d in the n-type region B
at both sides of the gate electrode 33B including the
projection 31B. As a result, a p-channel MOS



5 has the relative device area of 30. On the other hand, when the current
drivability of the p-channel MOS transistors Tr4 - Tr6 has increased by
three tines as a result of the constructienlof-FIG 6 or FIG B, the
necessary device area is reduced to 1/3, and the 10 rel ative device area of
the NOR circuit is reduced to 12. As a result of such a decrease of the
devi ce area, the ring oscillator, fornmed by cascading the NOR circuit 31
for 31 stages, g an |ncreas t.he o%%lllatlon ency f

val u

of romth
convent i onal PBPS 18R 7Ny TPOME SRR, Lh5r GOUSH fhaf CoABh T FAREFELor

has the gate |engiubsokr8nd5sidr LKl ESmENBOR NEM}:eEh@nlé showset he
construction of a five 20 input NAND circuit that uses the CMOS circuit of

any of the precedfH§SENBSEi Rénts. Referring to FIG 11, the 5-input NAND

circuit includes n-channel MX.{Lapgbst Qe$:Ee2d ¢ }&§56c09@eghgglhnbgerles
bet ween an output |ine 25 connected to an output term nai and a ground

| i ne, and p-channebtkdSthriénshet prsh@Tnpel- MPE30raneictnmebeedai gaparal | el

bet ween the out pu I|n Q0T and t sup t our ce_Voo. Thereby, an
“hpUt 1ogic ot gnal"RIE Jappt ket o7 e redmiSl 88 PS5G0 vie
transistors Tr2l1 agadeTo26gtanLgppuind oghe @ag@aéléttsoaep®$Ae@b&ems

respective gates of the MOS transistors Tr22 and Tr2~ an input |ogic

signal Cis suppl 88 to2FeBp&tt Pietfst 8d §PbEkE 2 esatr ARSPEFGLES S1dog

Tr23 and Tr28, anginpHi b%gec@lgﬂablﬁz hitﬁuﬁpbb%@ WeakBSReS Ve gal es of
the MOS transistors Trz4 an , and an input logic signal Eis supplied

to respectivel@at gssoftt hehwosateanwddshors Thesoate Fhegtroge| A3KI Gnil, it
shoul d be noted thal, theonunRLalacatnashadnlo hhe (LEoBREkhYE hrappist ors

represent the relative device area o ansi sto I'n t € case
the entire transi strorjscaienf GiAedsogivke byOWﬁ\euWhaceOmftEel¢@mmmatwe NAND

clroult has 10 = [eLatlye aisiol, 40 Qo Lhe ot bELopang, 41, (g syent he
increase by three (tiiopssagraceesdl §ioknt Bg cgpsis ugiéwnoof tiid Cf@c@r FI G 8,
t he necessary deV|ce area is decreased to _1/3, and the
15 that the gate electrode 33A is formed on the both
sidewall surfaces. As a result, the current
drivability of the p-channel MOS transistor formed on
the region A is given by the equation Ui (WiatWaa)+2 4
p2Ha, wherein K1 represents the hole mobility on the
20 (100) surface while U2 represents the hole mobility
on the (110) surface.
Similarly, the current drivability of the
n—-channel MOS transistor formed on the region B is
given by the equation M1 (Wiat+Wza)+2 U 2Ha, wherein U
25 represents the electron mobility on the (100) surface
while KL,z represents the electron mobility on the
(110) surface.
Thus, in the CMOS device 30 of the present
embodiment, in which the p—-channel MOS transistor has
30 the sidewall part also on ?he both sidewall surfaces,
the width and the height of the projections 31A and

31B are determined such that the current drivability

thereof balances the current drivability of the n-



15 relative area of the NAND circuit is reduced to 30. [SIXTH EMBODI MENT]
FI G 12 shows the construction of a five input NOR circuit that uses the
CMOS circuit of any 20 of the proceedi ng enthdi nents. Referring to FIG 12,
the five-input NOR circuit includes n-channel MOS transistors Tr4l Tr45
connected parallel between an output |ine connected to an output term nal
and a ground line, 25 and p-channel MOS transistors Tr46 - Trso are
connected in series_bet t he Qutp t I|n vo-T an gltage
source VDO. Thereb ?ngﬁweﬁgﬁttfgnSl Péngp hegcguppﬁleéggg ¥espe8t|ve
gates of the MOS transistors Tr4l and Tr46, an input logic signal Bis 30
supplied to the respective ates of the transistors Tr42 and Tr4~, an input
logi ¢ signal Cis*HupBti ed e the pdlpsctt véVyatedizof  héntW2ansi st or s Tr 43
and Tr48, an input logic signal Dis supplied to the respective - 21
gates of the transistors Tr44 and Tr49, and an input logic signal Eis
supplied to the rsbpeeihvétgahegldfbEheOtednthstoFbeTrﬂéaahdn$hép. | t
shoul d be noted that ﬁhe tached to the transistors of FIG 12
indicate the rela PVEIHEVICE 5rea o he respective transistors. Thus, in
the event the entire transi shosacare tonseduonibhe (hOPprsurhaee,oflt
silicon, the NOR circuit has an overah rel ative area of 80" IE_Rhe case
the lo current drP@SBWFFt?OBFlPﬁg bOcREnABFEMERSt FHREPEFOFEI TSIy so has

increased three tpgeghaspachaaybl @bst heagenstpuchhantft kLEGnBnak1FlEs8,
the necessary device are is decreased to 1/3, and the relative area of the

NOR circuit i 50 r eilieRd 166030byAS 4 tiagutheoheighsgcHa sark die e T8 t he
device area, the hkpﬁe8§§bhga Qh, aﬁﬁrgﬁﬁlgﬁliés adhegikhe “@ﬁ%chéﬁé't for

31 stages shows a crease of the oscillation requency ronlt
conventi onal val udewfic2OdNez.to 431Miz for t he case each transistor ahs the

20 | h of 0. 251~ G 13 sho
gg;gtructsggtofoa CMOS swi t & 5E8§¥5NE8 8 ggggggﬁtﬁ eﬁﬁoalﬁe pggysthe 25

present inventionneBekekiiNgot @ofhGehd, tkhasCMOBrsvht ehei Bothr BRbenhla
p- channel MOS transistor Trsl and_an nchannel MOS transistor Trsz connected
paral | el betwken BHTTAFGE PEENTfalSVANSAnBCEAIBLEPLP £EFR REP 30 UpUT, and

causes sanpling OErshgléke@abncgpehl@qetglaaaanmpghrkseglnal VIN in
response to the clock signals Kp and CLKn supplied to the respective gate
el ectr odes. In the description heretofore, it was
assumed that the gate insulation films 42A and 32B
are formed of a silicon oxide film, while the present
20 invention also allows formation of a silicon nitride
film for the gate insulation films 32A and 32B by
forming a mixed gas plasma of a rare gas such as an
Ar or Kr gas and an NH3 gas or a mixed gas of the
rare gas and an Nz gas and a Hz gas in the substrate
25 processing apparatus of FIG.2. Further, it is
possible to form a silicon oxynitride film for the
gate insulation films 32A and 32B by adding thereto
an 02 gas. In this case, a p-channel MIS transistor
and an n-channel MIS transistor are obtained instead
30 of the p-channel MOS transistor and the n-channel MOS
transistor.

Further, the substrate 31 is not limited to

silicon in the present embodiment. For example, it is



- 22 FIG 14A shows the waveform of the clock signals CLKp and CLKn, while
Fl G 14B shows the waveform of the output signal obtained at the out put
term nal Vo~T for the case a conventional-ptghannel 5 MOS transistor and a
conventional n-channel MOS transistor formed on the (100) surface of the
silicon substrate is used for the CMOS swtch. Referring to FIGS. 14A and
14B, it can be seen that the conduction of the n-channel MOS 1o transistor
Tr52 and the conductign_of the p-channel NES transistor Tr51.is

di sconnected in rB?ﬁSﬁgéetGOOBéﬁrPeﬁégeoFu Pan&i-ti oh WﬁlFﬁeséléékagﬁﬁﬂals
CLKp and CLKn. Onuthe ether hapgent-hguednwantional pchannel MOS transi stor
Trsi has a |arger parasitic 15 capacitance, associated wth the |arge
device area thereof, as conpared with the n-channel MOS transistor Trs2,

and because of thi I e a large drop of output voltage. On the
contrary to this,[§F8?§§cggﬁ§3§ﬁ#§§qzo out put waveform of the CMOS switch

that uses the €MOS devi ce oFIGh& phewgentthienvensitoncthinnt bifsacases t he
parasitic capacitgnce Cp channel MOS transistor Trsl iﬁgreduced to
o

f th -
t he val ue conpar abFf&* s #ﬁeaﬁggﬁgﬁPﬁct8a8a5FF8H8ee O8fMERE RIich&finel MOS

25 transistor Trsareasdtt havehfseh.of the output voltage is decreased
significantly. Thus, by using the CMOS device of the present invention, a
CMOS swi tch havi ng an excel ReéAerrésgorSeFdfeéd iher E¥PSzEGViZE [BI &FITH

EMBCDI MENT] FIG.1§OE?ggsohhg SONSLEUELLHRR 9h RaB16LasS (RYsh- RuklkapEPLLf i er
(

according to an eig enbodi nment
10 a (110) surface as the principal surface and includes

an n—-channel MOS transistor 40A having a gate
electrode 42A extending on the Si substrate 41 in a
first orientation and a p-channel MOS transistor 40B
having a gate electrode 42B extending on the Si

15 substrate in a second, different orientation. At both
lateral sides of the gate electrode 40A, there are
formed n-type diffusion regions 43A and 44A.
Similarly, p-type diffusion regions 43B and 44B are
formed at both lateral sides of the gate electrode

20 40B.

Thereby, it should be noted that there is
formed a CMOS circuit by connecting the diffusion
region 44A and the diffusion region 43B and by
connecting the gate electrodes 42A and 42B.

25 In the CMOS device of such a construction,
it should be noted that the current drivability of
the p-channel MOS transistor changes with the
orientation 0 thereof with respect to the p-channel
MOS transistor. In the case of the silicon wafer of

30 (110) orientation, the current drivability becomes
maximum in the case the direction connecting the
source and drain regions of the transistor is

oriented in the <111> direction. In the direction



- 23 of the present invention that uses a p-channel MOS transistor Trsl
and an n-channel MOS transistor Tr62. Referring to FIG 15, the operational
characteristics and the parasitic device 5 Tharacteristics are bal anced in
the B-class push-pull anplifier of the present enbodi ment between the
pchannel MOS transistor Tr61 and the n-channel MOS transistor Tr62, and it
becones possible to realize anplification free from harnonic distortion

over wide lo dynam.¢_range. and.brequen range. JFurther, the present
“vention i s not EPRPEGA BB GRS cntibh FERi e deschiBbu FAF crSTATE: but
various vari ati ongrandbaodicl/i Batbnpas fayibkemmagdarehthRouthdeparieng fromthe

scope of the invention 15 recited in the clains. | NDUSTRI AL APPLI CABI LI TY
According to the Pré¥eRtliifvertk6s, 2rt L1BEESRELIp68sVBILlESt BebHPGRCE Ehe

current drivabilipLy, 20087 s8qPthBaRAGK mSakr QHSEEEQEm?BQa%@ Qh?*ﬂér}”?b MOS

transi stor by using a crystal surface other than the (100) surTace o
silicon. Thereby, thencaser pZati pncbhnnhé UNBStdeviséetps,f &bkl reattedoénd t he

operatlonal Speedthg ﬁg&&%ﬁgdanEStha_mgﬁimg%AkgBago%t éﬂg?”?kegﬁgtgg eNIS
devi ce, characterized by: a sem conductor subStrate having a first
of an n-channel MOS transistor, on the other hand,
the ratio of the maximum and the minimum is about 1.4.
Thus, by optimizing the mutual orientation
10 angle 0, it becomes possible to balance the current
drivability of the n-channel MOS transistor 40A and

the p—-channel MOS transistor 40B.

[THIRD EMBODIMENT]

15 FIG.9 shows the construction of a three-
input NAND circuit that uses the CMOS circuit of any
of the foregoing embodiments.

Referring to FIG.9, the three-input NAND
circuit includes n-channel MOS transistors Tri — Trj

20 connected in series between an output line connected
to an output terminal and a ground line, while there
are connected p-channel MOS transistors Trs — Trs in
parallel between an output line Voyr and a supply
voltage source Vpp. Thereby, an input logic signal A

25 is supplied to respective gates of the MOS
transistors Tri; and Trs, while another input logic
signal B is supplied to respective gates of the MOS
transistors Trz and Trs. Further, an input logic
signal C is supplied to respective gates of the MOS

30 transistors Trz and Trs.

In FIG.9, it should be noted that the
numerals attached to the transistors indicate the

relative device area of the respective transistors.



crystal surface as a principal surface, said 1o sem conductor substrate

bei ng .defined with a pchannel M S transistor region and an n-channel MS
transi stor region; a p-channel MS transistig <onprising: a first

sem conductor structure forned in said pl5 channel MS transistor region as
a part of said sem conductor substrate and fornmed of a pair of sidewall
surfaces defined by a second crystal surface different fromsaid first

crystal surface and a to rface defined by a third crystal surfac
different 20 fron?gng é§c§ﬁ8 8?§§t§LeSﬁPFé%8;tﬁaP??§¥oéit3r?ngﬁFﬁ?§on film
formed on said p-ehannel (M&)t 5ansa6E06fI €9LOBoBEY 88 HD1TOMEI nsakd

principal surface and said sidewall surfaces and said top surface of said
first sem conduct 8Ra&t EDet bt éudFEAtEI2BANDBpSE AREEAI NgSuBhRoFM8Ri¥RNess; a

first gate el ectrgde;farged,onrsabd BaCRRANELNM ShLEANSE S Ohel LQNLRQ aS
to cover said principal sur?ace and said sidewall surface and said top
surface of said ftusteséniicomdbildbtysofuthearp-chbatnaloMébytvanssatdrfirst

30 gate insulatiop_fi and first .and cond, p-type diffusi regions
formed in said seﬁ?%o%%%%t%?cgﬁﬁg??a 2 gﬁﬁegaFgm?grgf %eﬁ?ﬁ%ﬁguﬁfoﬁhe
structure in sai depnebanbeioM SFtFARSESHOrFIEQY8PNtRE @etiest asbédecan- 25
and an opposite sjde of said first gate electrode, each of said first and

second p-type di fPEsPBRIPREFONECekf 2nd?PRY EBRt FRLBESYS AF®AgCEaFle pri nci pal

surface of said sgaisopduchor substaateqand saidad sidevgli serfaces and
said top surface of said first sem conductor structure; an n-channel MS

transi stor cokpridengeaaceseondesdnaveondatear theuesoibledbiard in said
h | MSt i j . i i trat
pchanne ranfké&g%né§gb?n??§§§?p9££c8 tsakgr%ggsgg}899?%&%§§S?§$5 rate

and fornmed of a pair dewa urfaces defined our
surface differentNANDnt$acditi £st 8iysimbssuisatecaadsadt Oposutfiace defi ned

by a fifth crystal surface different fr idfo h crystal, surface; a
second gate 15 ingﬁPg?Pgho??#n¥?£?ﬂeﬁ%oﬁg§§§6 EQCﬁZ%%%F 5 trans?stor
region so as to coyeghsahdeRthneirpakisubtaggsandgsaied 18hdewabls supkacqs and
said top surface of said second sem conductor structure with a
substanti al | y*uni form t hi ckness; a second gate 20 el ectrode fornmed on said
n-channel M S trap§b§§@ﬁ EREbAEMERTRS tO cover said principal surface and

said sidewal | surtace and sald top surface of said second sem conduct or
structure continuously via Eagdlgeshnds ghte cosstaucbhohidfinaapdréeérst and

second n-type 25 diffusign £eglons [RLIedsLl 8ALdm68 SOPAYCLOLs any
of the preceding embodiments.

20 Referring to FIG.10, the three-input NOR
circuit includes n—-channel MOS transistors Tri1 — Tris
connected in parallel between an output line
connected to an output terminal and a ground line,
and p-channel MOS transistors Tris — Trig are

25 connected in series between the output line Vour and
the supply voltage source Vpp. Thereby, an input
logic signal is supplied to the respective gates of
the MOS transistors Tri; and Tris, an input logic
signal B is supplied to the respective gates of the

30 MOS transistors Triz and Tris, and an input logic
signal C 1is supplied to the respective gates of the
MOS transistors Triz and Tris.

In FIG.10, it should be noted that the



substrate and said second sem conductor structure in said n-channel MS
transi.stor region at a first side and an opposite side of said second gate
el ectrode, each of said first and second n-1ype diffusion 30 regions
extendi ng continuously along said principal surface of said sem conductor
substrate and said sidewall surface and said top surface of said second
sem conduct or structure; - 26 a wdth of said top surface and said

si dewal | surfaces_of salg f'tach% £%on %%%E Verl,écture nd a width of said

top surface and sALACEPaEWSIT oS at8s *6FPSSitd SetoRG 48 orgnaugfgﬁegt
structure bei ng sehesuehatthakt dcotcrentredr b¥fakhki tyaakisabédsp- chasneinM S
transi stor bal ances substantiall¥ with a current drivability of said

d

nchannel M S trandf§t 6A5€1618. SRTLERPIFEABRLEY TR 3r8e¥PEBeEs OBl AP fed in

claim1, wherein sapg)fishstrackystakcourfase isabdiiaLhi N@acexa?t:ahtsurface
and sald third cr stal surface are formed of an identical crystal surface,

and wherein safd besomtiecrgdesliveudrydecandesaicd BOur O ¢hesaheguhkade are
formed on an |denkhgglt%ry%hggeﬁQrégggapﬁg %y Ofc% Ienegtarglwh§8d¢V|ce as

claimed in 25 claim erein sai sai d p Psrfacs and’si dewal
surfaces of said tirestisenireoMauct OTrSthrasctiror sy ds diyd M rdieh tadfmesaiad t op
surface and sidewall surfaces of said second seglcondgctor structure are

determined so as o §5PSF 9Tt fBS36°PEFAEFEASRI BE~TpF - oveA FlfieR- ¥hg powa -

a nl ~WA + WA~ hxcasBd devidé awher eknr¥WaHcandt¥WA1repr esanthe
respectively the wwdths of the top surface and the si dewal | surfaces of the

first sem contlct §flativet de¥icrBrandoNBthepNeBertreaépedsi vefycetetai dt hs
of the top surfacgzangstQergsgthw@Igﬁgﬂrga %%F%Es%h%ffkk%td%%gh ondugt or

structure, WZA represents a gate wd of irst gate el ectrode on said
princi pal surfaceth@ZBing oscillator, formed by cascading the NOR

circuit 31 for 31 stages, shows an increase of the
oscillation fregquency from the conventional value of

15 447MHz to 879MHz, provided that each transistor has
the gate length of 0.25um.

[FIFTH EMBODIMENT]

FIG.11l shows the construction of a five-

20 input NAND circuit that uses the CMOS circuit of any
of the preceding embodiments.

Referring to FIG.11, the 5-input NAND
circuit includes n-channel MOS transistors Tr2l -
Tr25 connected in series between an output line

25 connected to an output terminal and a ground line,
and p-channel MOS transistors Tr26 - Tr30 are
connected in parallel between the output line Vour and
the supply voltage source Vpp. Thereby, an input
logic signal A is supplied to the respective gates of

30 the MOS transistors Try1 and Trys, an input logic
signal B is supplied to respective gates of the MOS
transistors Try; and Try;, an input logic signal C is

supplied to respective gates of the MOS transistors



represents a gate width of the second gate el ectrode on said principal
surface, ups represents a hole 0 nobility on said first crystal surface,
upz represents a hole nobility on said secad <rystal surface, un
represents an electron nobility on said first crystal surface, and una
represents an electron nobility on said second crystal surface, 15 4. A
conplenentary MS device as clained in 20 claim2 or 3, wherein said first
crystal surface conprises (100) surface of silJicon or, a crystal surface
'n'the vicinity tREFEGRT dias whdh ot TPRal PLEE CTREE b ol atS sUTRCEELorfbr | ses

g ()110) S:Jrface Oi:eﬁﬂioébgwgogaaegr?ss_t @hSSMOEggQahBiEP@rFi Tkhi Bnd h&rz%f. 25
: conpl enent ary evice as claimed in_30 any of claims 1 - 4, wherein
said first and seéBfidegatBPPhstPELFoAlPPRASECAAPFIBES18AY tOf TRAPBREHEST i | m
a nitride filmor xyni t.fi.d i 5188 A mentary M S devi ce
characterized by:gggggn¥go%hécﬁ8§ gg%%f%i?é;Sa?rﬁiéﬁgﬂﬁgﬁowlS transi stor
conprising: a® first gate ehetfGodé,fotnedoohdabpr notepgakhstrthee of said
crystal ori ent ati BHICARAST AFERCRRY S0cbna SEDBETAVPY HENBALT gt Bns for med
in 3a:= d sem COﬂdU;ﬁbgﬁ:eégbﬁt I{:ﬁtéerétla@ri]ffier altev&bdeaaaa 3 iteeOppRaskietsirde of
sai irst gate el ectrode; and a p-channel M S transistor conprising: a
second gate el ect FBHE /f bPmEBC0R2E8I BN8eRPEORBUETBRSSBBSEPafESY arﬁegecond
gate ISl 2t on Tehmkt hiaopesandaceystal otbent athanuaandetitat cands

usi [ orned in said sem conductor substrate
at a first sidte andrahasppeshreaspde4dt 9ai dhseedhdrghendel éet £bde, said
first gate el ectrode_an ai n .electrad ej.n n
connected, 20 said'se ogagpcg§%§ggigfgg%gﬁ?%ggiég gﬂg Eagagﬁﬂ?gthé§type
di ffusion regi on berAgieasmeNry.s — Trio are increase by three times as

a result of the construction of FIG.6 or FIG.8, the
necessary device area is decreased to 1/3, and the

15 relative area of the NAND circuit is reduced to 30.

[SIXTH EMBODIMENT]

FIG.12 shows the construction of a five-
input NOR circuit that uses the CMOS circuit of any

20 of the proceeding embodiments.

Referring to FIG.12, the five-input NOR
circuit includes n-channel MOS transistors Tr4l -
Tr45 connected parallel between an output line
connected to an output terminal and a ground line,

25 and p-channel MOS transistors Trgs — Trso are
connected in series between the output line Vour and a
supply voltage source Vpp. Thereby, an input logic
signal A is supplied to respective gates of the MOS
transistors Trs: and Trse, an input logic signal B is

30 supplied to the respective gates of the transistors
Trsz; and Tre7;, an input logic signal C is supplied to
the respective gates of the transistors Trs3 and Tras,

an input logic signal D is supplied to the respective



connected, said first crystal orientation and said second crystal
arient.ation being set such that a 25 current drivability of said p-channel
M S transi stor bal ances a current drivabitigy ef said n-channel MS
transistor. 30 7. A conplenentary MS device as clained in claim®6, wherein
sai d sem conductor substrate has any - 29 of a (111) surface or a (110)
surface or a crystal surface in the vicinity thereof for said principal
f
Sg\r A)a/geA AYY. AU . REAFSAGE. AR ARV SASEE TAUTZ ‘AL 1T HARE2 RHY2 Rh&BPAR&Y. AUOY
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] ca] ca] ca] ca] c”a] &&ffc dFersiedrEsalfcralane Trsoar| $@k6=f 4
| val gb] X]] ca] ca] ca] ca] ca] CaLﬂtC%]hQﬁﬂlQia]b%a]nQﬁc]e%a}t@l%}tc%%a]rﬁ%%]l%a] ca] ca] c"a]
ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] cal ?t ?t EyQUs
"L"u"" " k## XS mtd:aZ]h]e]dca:]Oca:]h@a]tha-P@a]ﬁa]r@a]O(fa]Fdﬁj d&)] calddzlda] caleca] cal ca
ca cal cal ###> $$$ WNo¥/s IRE] &&&
ez TR () TErEten T CAeapCa i Caroa cal ol Sanear Ay ea] cal cal
ca] ca] ca] ca] ca] cahmal]sca]lexa}tm@] Ratal G:&h]eC@]rﬁ:a]r@a}t&&h@a_]sQ@'ﬂs***’é"‘fflbt‘l'n:e& (.U,
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8+=2=n===??6C7CCCan overall relative area In the case the
DDDDDEEE4HNI ol 1 nJ} xsnid_Z] ]]] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca]ca]ca]caJcalc
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WKSXX{ vgl gb ca caJca]c a ca |.C a cal cal ca calcalc
a]ca]ia?cg]iz}ia] v%gf% af%a%% F% % | %L% VL %J%%k rL& k v% Lea
YsYYZZ@Z[ Al [ [ [ [ Go¥_2naasiggHa thauditi 'JJsKJrJeJdJu}:é%in ikd_2ZD].] as] cakealaal o ca ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j
caljjjkAkll m FUSHn #hE66FFGEGqQdr ENSr H8545et PSR d tAF] Fé&Pca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ccls%ahq%]t%@:] C%L%Jeaaloga]c%@-.]c%a]l%] ¢akcabgakqzlealkcabeal cal ca
] ca] cal tt uuvvvvwowdwwx Bxsxx~yy$z+zz
d} xsni d_Z]]] ca] caPdaptapes] sapvs] @al] G@]C(r&]a@&] 4] cta]?ca]sca]lda]tca]'lca] ca] ca] ca]
ca] ca] ca]ca]ca]ca a K } ich a] a) ca] ca]
ca} ca} ca} ca} ca} ca% %]qg%%%g/} }Dg‘a]tgl F SEF%]O% 2a ca(# ca]%(?a] cal ca]
ca] ca] ca! Izl { =n>Hw3¥Mxznifd rZlhk] ca]s@a]eaahca]raa]sca]toa] aa]scahea];aa]eca] cajcalc
a] ca] ca] ca] ca] ca] ] ] ca] ca] ca] ca] ca] ca] ca] ca! PPl s>0SZ\ kpxO-~u;
>6zupkf a\ V\]ca}?:a] g&}ﬁ@& cﬁ% 3 3] "8] ca] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 61 007cgH?+U~w
xsnzupkfa\ W ca cajc cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
]E:a] ca]l (F:)a] ca]/g:a] 1:5151@ 1515]*1:5}4@@}3& 83]]ca% 9! ] A&]:LO%]& ()-13
FIG.13 shows the construction of a CMOS

switch according to a seventh embodiment of the
25 present invention.
Referring to FIG.13, the CMOS switch is
formed of a p-channel MOS transistor Trs; and an n-
channel MOS transistor Trs; connected parallel
between an input terminal Viy and an output terminal
30 Vour, and causes sampling of the signal supplied to
the input terminal Viy in response to the clock
signals CLKp and CLKn supplied to the respective gate

electrodes.



10 ()-y =~ 109&' ()-ym 10%&' ()- @BL0%& ()- ,yl0%lG 4& ()-! OkyWs! X&10% , & () -
I X&10% , & ()- !'S 10%& ()-!pS 109DD& ()-!'fS- 10%:& ()- fS-
10% : & ()-'% S4y109%&' ()- 109%& ()-,yl0%& ()-®k16,, 10,, 10,,!X4
10%, & ()-!'\&10%0& () -
%~3 aBr S4yy-109&' ()--109%& ()- t109%& ()-y!910%& ()-zy 10%& ()- @O0%& ()- @Kk
aBr S4y910%& () - @ D910%e& () - @Elo%&f() y109%&' () - @O0%&' ()-9-10%& () - h
} V71 SAY&010% ()1 10% ()~ b0 ) < RAAORY, L X018 D0 - -
10y910%&' () - f 8f 10%& of)arlfsS GLAYR aln)t 4:1@(%&' Whiyle3 FQUR'1(aB- WhbRW& th)e- © ; AF| uVv7/
10y109%4& () -fL- 10%E%e(orm %%%%he output signal obtained at the output
terminal Veyr for the case a conventional p-channel
5 MOS transistor and a conventional n-channel MOS
transistor formed on the (100) surface of the silicon
substrate is used for the CMOS switch.
Referring to FIGS.14A and 14B, it can be
seen that the conduction of the n-channel MOS
10 transistor Tr52 and the conduction of the p-channel
MOS transistor Tr51 is disconnected in response to
occurrence of transition in the clock signals CLKp
and CLKn. On the other hand, the conventional p-
channel MOS transistor Trs; has a larger parasitic
15 capacitance, associated with the large device area
thereof, as compared with the n-channel MOS
transistor Trs;, and because of this, there is caused
a large drop of output voltage.
On the contrary to this, FIG.14C shows the
20 output waveform of the CMOS switch that uses the CMOS
device of the present invention. In this case, the
parasitic capacitance Cp of the p-channel MOS
transistor Trs: is reduced to the value comparable to
the parasitic capacitance Cn of the n-channel MOS
25 transistor Trsz, and the offset of the output voltage
is decreased significantly.
Thus, by using the CMOS device of the
present invention, a CMOS switch having an excellent
response speed is realized.
30
[EIGHTH EMBODIMENT]

FIG.1l5 shows the construction of a B-class

push-pull amplifier according to an eight embodiment
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10 dynamic range and frequency range.

Further, the present invention is not
limited to the embodiments described heretofore, but
various variations and modifications may be made
without departing from the scope of the invention

15 recited in the claims.

INDUSTRIAL APPLICABILITY

According to the present invention, it
becomes possible to balance the current drivability
20 of a p-channel MOS transistor and an n-channel MOS
transistor by using a crystal surface other than the
(100) surface of silicon. Thereby, miniaturization of
the CMOS device is facilitated and the operational
speed is improved.

25
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crystal surface as a principal surface, said

10 semiconductor substrate being defined with a p-
channel MIS transistor region and an n-channel MIS
transistor region;

a p-channel MIS transistor comprising: a
first semiconductor structure formed in said p-

15 channel MIS transistor region as a part of said
semiconductor substrate and formed of a pair of
sidewall surfaces defined by a second crystal surface
different from said first crystal surface and a top
surface defined by a third crystal surface different

20 from said second crystal surface; a first gate
insulation film formed on said p-channel MIS
transistor region so as to cover said principal
surface and said sidewall surfaces and said top
surface of said first semiconductor structure with a

25 substantially uniform thickness; a first gate
electrode formed on said p-channel MIS transistor
region so as to cover said principal surface and said
sidewall surface and said top surface of said first
semiconductor structure continuously via said first

30 gate insulation film; and first and second p-type
diffusion regions formed in said semiconductor
substrate and said first semiconductor structure in

said p-channel MIS transistor region at a first side
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4C 105f9 channel MIS transistor region as a part of said

10 semiconductor substrate and formed of a pair of
sidewall surfaces defined by a fourth crystal surface
different from said first crystal surface and a top
surface defined by a fifth crystal surface different
from said fourth crystal surface; a second gate

15 insulation film formed on said n-~channel MIS
transistor region so as to cover said principal
surface and said sidewall surfaces and said top
surface of said second semiconductor structure with a
substantially uniform thickness; a second gate

20 electrode formed on said n-channel MIS transistor
region so as to cover said principal surface and said
sidewall surface and said top surface of said second
semiconductor structure continuously via said second
gate insulation film; and first and second n-type

25 diffusion regions formed in said semiconductor
substrate and said second semiconductor structure in
said n—-channel MIS transistor region at a first side
and an opposite side of said second gate electrode,
each of said first and second n-type diffusion

30 regions extending continuously along said principal
surface of said semiconductor substrate and said
sidewall surface and said top surface of said second

semiconductor structure;
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ird crystal surface and said third crystal surface
are formed of an identical crystal surface, and
wherein said second crystal surface and said fourth
crystal surface are formed on an identical crystal

surface.

20

3. A complementary MIS device as claimed in
25 claim 2, wherein said width of said top surface and
sidewall surfaces of said first semiconductor
structure and said width of said top surface and
sidewall surfaces of said second semiconductor
structure are determined so as to satisfy the

30 relationship

Mp1 (Win + Waa) + HpoWa = L1 (Wia + Waa) + U noWa,
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surface, U1 represents an electron mobility on said
first crystal surface, and U2 represents an electron
mobility on said second crystal surface,

15

4. A complementary MIS device as claimed in
20 claim 2 or 3, wherein said first crystal surface
comprises a (100) surface of silicon or a crystal
surface in the vicinity thereof, and wherein said
second crystal surface comprises a (110) surface of
silicon or a crystal surface in the vicinity thereof.

25

5. A complementary MIS device as claimed in
30 any of claims 1 - 4, wherein said first and second
gate insulation films comprises any of an oxide film,

a nitride film or an oxynitride film.
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first and second n-type diffusion regions formed in
sald semiconductor substrate at a first side and an

10 opposite side of said first gate electrode; and

a p-channel MIS transistor comprising: a
second gate electrode formed on said semiconductor
substrate via a second gate insulation film with a
second crystal orientation; and first and second p-

15 type diffusion regions formed in said semiconductor
substrate at a first side and an opposite side of
said second gate electrode,

said first gate electrode and said second
gate electrode being commonly connected,

20 said second p-type diffusion region and
said first n-type diffusion region being commonly
connected,

said first crystal orientation and said
second crystal orientation being set such that a

25 current drivability of said p-channel MIS transistor
balances a current drivability of said n—-channel MIS

transistor.

30

7. A complementary MIS device as claimed in

claim 6, wherein said semiconductor substrate has any
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