-1 18 MAY 2006 SPECIFICATION COMPLEMENTARY MIS DEVICE 5 10 TECHNICAL FIELD The
present invention generally relates to semiconductor devices and more particularly to a
complementary MIS device in which the carrier mobility is balanced between a p-channel MOS
transistor and an n-channel MOS transistor. BACKGROUND ART A CMOS circul igafundaypental
electronic circuit that includes a p-channel MOS transistor and an n-channel MOS transistor. Thus,
CMOS devices 15 constituting such a CMOS circg%g&elﬁ%%ﬁgtgﬁsively 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-qualitpMrermét dxidey 20 FtmbOnIthe (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 HieBNiméd-a& Idrge as that of the hole mobility. FIG.1 shows the circuit of a

typical CMOS inverter 10. 30 Referring to FIG 1, the CMQS inyerter 10.is, formed ofia.p-chgnnel MOS
transistor 11 and an re-
semiconductor devices and more particularly to a

complementary MIS device in which the carrier

mobility is balanced between a p-channel MOS

transistor and an n-channel MOS transistor.
10

BACKGROUND ART

A CMOS circuit is a fundamental electronic
circuit that includes a p-channel MOS transistor and
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.1 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



channel MOS transistor connected in series, and an input signal is supplied commonly to the
p-channel 18 MAY 2006 MOS transistor and the n-channej MOS transistor. In such a CMOS inverter
10, the hole mobility of the p-channei MOS transistor, and hence the current drivabiiity, can have a
value of only 1/2 5 - 1/3 of the electron mobility of the n-channei MOS transiston gs gxplajnagsbefore.
Thus, in order to realize sufficient current drivability and operational speed for the CMOS device as a
whole, it has been nec ry in conventional CMOS inverters ta 1 t a channel width W1 of the
p-channei MOS trans@%ﬁ al%fs(‘)nﬁel it-%;tir%rég as grg%_aceshg% 3orlm§§\§\/i§tﬁ%§loﬁﬁé: n-channei MOS
transistor. However, there arises vafious difficulties1Wheinusing ©f such atdoaventienal CMOS device

15 construction due to tlgg i1‘§cittthatot]glete}{ga of (t:fijl% r?#?f'nﬁb@eg{of‘a%fst{‘g tpdgharg}% MQS treansistor
becomes larger than the area of the channeFreglon of the n-channei MOS transistor, in that it
becomes necessary tblagrayithe devicsiof alifferent/sizesat 26 tise eimeadfudesigning highly’ 2

miniaturized high-speed jntegrxted circyits, Further1hete arises,a proplem of increasagparasitic
capacitance in the p-channei MOS transistor having a large area, while such an increase of parasitic
capacitance causes thelrBBleft 25 of Hegiadationsst dpefatichal SpEéd and incréase bP power

consumption. Further,itshould beneted that sugh a- SMOSCirealit shows noilinear operational
characteristics due to tohe asytmmetrX of 30 ccgla%%%terti%tiecsctg/%\évegg \Ekl]% g-%hsanarlleviq{\l/lg)lse traingistor

perdtional spee ’
has been necessary in conventional CMOS inverters to

10 set a channel width W; of the p-channel MOS
transistor 11 to be 2 - 3 times as large as a channel
width W, 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



and the n-channei MOS transistor, while the existence of such an asymmetric characteristics imposes
a limitation when the CMOS circuit is to be applied to 18 MAY 2006 analog circuits, and the like, in
which a linear operation is required. As explained before, conventional semiconductor devices,
including CMOS circuits, have 5 been formed on the (100) surface of a Si substrateOn thepather
hand, it should be noted the (100) surface of a silicon crystal has the character of low atomic density
and easily undergoes cracﬂ)né;. Thus, there has b?fg%f ggculty_in haﬁndliﬁlg a wafer 10 particularly in

the case the diameter of the Wafer'is qulgrseasg&dD RE OF THEINVE I%ﬁ\?ﬂccordingly, itis
a general object of theog&ymresent inventmmtbdrprdvide a novel and useful semiconductor device and

fabrication process thereof WhereinA:th gorejggénrge%rogéegg% are glg)rm/n%aé%d. dbﬁrgofher and more specific

object of the present invention is to proviég a CMOS semiconductor device in which current
drivability is balanced betWeemal pedirann@e MOS transistdrihidian AEhanner MmdSsradsister. Another

object of the present irll)\@élftliog&rgg‘cprgyjdg@ecom@I@mesrﬁ%rﬁ'al\gés ggvigesqhasrggtggiggge% by: a

semiconductor substrate having a first crystal surface as a principal surface, said semiconductor

substrate being definedwith'& g2 'chaANEIMIS trahsister tegioRaniCart-chamnétMPs 30 transistor

region; surface of a silicon crystal has the character of low
atomic density and easily undergoes cracking. Thus,
there has been a difficulty in handling a wafer
10 particularly in the case the diameter of the wafer is

increased.

DISCLOSURE OF THE INVENTION

Accordingly, it is a general object of the
15 present invention to provide a novel and useful
semiconductor device and fabrication process thereof
wherein the foregoing problems are eliminated.

Another and more specific object of the
present invention is to provide a CMOS semiconductor

20 device in which current drivability is balanced
between a p-channel MOS transistor and an n-channel
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



a p-channei MIS transistor comprising: a first semiconductor structure formed in said p- channel MIS
transistor region as a part of said - 4 18 MAY 2006 semicpnductor 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 5 from said second crystal sutfgceja first gate
insulation film formed on said p-channei MIS transistor region so as to cover said principal surface
and said sidewall surfaces.ar(l)dnaaid gog} sSuurLacg of saidaﬂgt (femico&dggtog structure with a 10

substantially uniform thickness: afirst gate el%cﬁ%ag f6rmved On Said p-chanﬁgiﬁléj ransistor region

S0 as to cover said prindipalsuriacevarithsaid sidéwad durface asdsaiditoprsurface cfisaid fiest

semiconductor structure %%%ti urg)tus%/ r\(/)i@l sggdi%rs% 15 g@tecpsg]caclli n Sf{llrpf QBQ figst danag sec nd p-type
diffusion regions formed in said semiconductor substrate and said first semiconductor structure in
said p-channei MIS trahsistocregisitang firseside ahdth oppositelside of said fitstigate @bdctrode, 20

each of said first and sgcgnd pstype diffusion segions.extending continyqusly along.said principal
surface of said semiconductor substrate and said sidewall surfaces and said top surface of said first
semiconductor structuté! P58t hChahhelMIS TFapSister comprising e seebntf Semiconductor

structure formed in saidrrchanpelMIS frapsistey regionas-apart of said semieapductor substrate
and formed of a pair of _ _ _

surface and said sidewall surfaces and said top

surface of said first semiconductor structure with a

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
regions 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



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-channei MIS - 5 18 MAY 2006 transistor region so as to cover said
principal surface and said sidewall surfaces and said top surface of said secongssemigonduyetor
structure with a substantially uniform thickness; a second gate 5 electrode formed on said n-channei
MIS transistor region dgo as to cover said Prirqcispal surf%%e and said siidgwall.surface and said top

. ransistor re O o asg. over S rinc a . .
surface of said second ‘semiconductor structure con%nuouéiy \ia sdid second ga{t@ insulation film; and

first and second n-type 10 diffusiem fegiensiformielin shids serhimonduetod substrateoand said second
semiconductor structute, i sald .ehanng) Mis tansistar redian al afirst.gide and an opppsie side of

said second gate electrode, each of said first and secon n-type diffusion 15 regions extending
continuously along saig\rincipal isurface afisaid Bermicordnet®? subsipatecart! saidesidewall surface

and said top surface of said:secend rsemicongdyctox strugture; 2 width,of said top stirfage and said 20

sidewall surfaces of said first semiconductor structure and a width of said top surface and said
sidewall surfaces of sdi§ $e€8nd SemfcdrRlueforestriictiife BaingSePadcts tHat accurreiit dFivaiiity of

said p-channei MIS transisiQihalageesrde subsiantalawith @ clreent dkivability-afsaid keqrchannel
MIS transistor. _ _ . .
semiconductor structure continuously via said second
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

said semiconductor substrate via a first gate



Another object of the present invention is to provide a complementary MIS device characterized by:
30 a semiconductor substrate; an n-channei MIS transistor comprising: a first gate electrode formed
on a principal surface of said semiconductor substrate via a first gate 18 MAY 2006 insulation film with
a first crystal orientation; and first and second n-type diffusion regions formed in gsaid gemicanductor
substrate at a first side and an opposite side of said first gate electrode; and 5 a p-channel MIS

transistor comprising: anss%cloarggig%te fel %rovgie orrgeg on scaic(i: rsen]ci(gjolndéjrcgorn ul stra&e v(ij{e}1 a second
gate insulation film with'a Secon crys%a orientation; and firstand sécond p-etype iffusion regions

formed in said semicofnductor 4@ $ubstratecatra-firsp side iahiduan oppositeiside of csaig decond gate
electrode, said first gageaelelgctsrggei ggg QS@J% g_,cosnuqO gt%eaffleecggdg b]g:ilnﬁgsgorggrg)glyag%n%ergted, said

second p-type diffusion region and 15 said first n-type diffusion region being commonly connected,
said first crystal orientatimeand saith decortd ep/sthl brieatativatiseing setsiwtethagadcurrent drivability

of said p-channel MIS transistor 20 balances a.cuirent drivalility;af said p.chapnekMIS transistor.
| .

According to the present invention, it becomes possible to balance the current drivability between a
p-channel MOS transiStof aRd atehsareitrode formed on said semiconductor

substrate via a second gate insulation film with a
second crystal orientation; and first and second 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 said 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 MOS 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;



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; 18 MAY 2006 FIG.3 is a diagram showing oxidation pracassingef@ssilicon
substrate conducted by using the substrate processing apparatus of FIG.2; FIG.4 is a diagram
showing the film quality 5 of oxide fén@ fgrmed onoyarious crysﬁ?l surfaces oé scllicon while using the
substrate processing apparatus of FIG.21n %(S)mabarl%%ﬁ With & thefma oxide ﬁ‘lmlﬂﬂGS.SA -5C are
diagrams showing themiraine £6 Tugrenf characieristios shpathaanel M@OSitransistors formed on

various crystal surfacetsl;lglcg.d%ig @r%iggriag% glgg\é/'%g[@ea%%g?gr%% Sr;] S%iﬁ%gyg%?t ((j)?\t/;]cee ?:cl\jlzoorging to

a first embodiment of the present invent 15 FIG.71s a
device of FIG.6; FIG.8 is a diagram E_Iﬁ@wﬁjgitﬁea:cﬁl%ﬁrgw@h _ﬁ@“@ms]d@viﬁé]a@c@rtﬁﬁgtda
second embodiment of, the presert jnyentien; 20 FlG.P 154 diagram showing the constructien of a

three-input NAND circuit according to a third embodiment of the present invention; FIG.10 is a
diagram showing the Eérstfifttiot bf eethree-iHput NAND i EGit BEcordfRitf SS1ng

apparatus of FIG.2 in comparison with a thermal oxide

film;

FIGS.5A - 5C are diagrams showing the drain

10 current characteristics of p-channel MOS transistors
formed on various crystal surfaces;

FIG.6 is a diagram showing the construction
of a CMOS device according to a first embodiment of
the present invention;

15 FIG.7 is a diagram showing a part of the
CMOS device of FIG.6;

FIG.8 is a diagram showing the construction
of a CMOS device according to a second embodiment of
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.11l 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

30 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



25 to a fourth embodiment of the present invention; FIG.11 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 30 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 accoeding to a seyenth - 8
18 MAY 2006 embodiment of the present invention; FIGS.14A - 14C are diagrams explaining the
operation of the CMOS switgh of FéG.lﬁ; @1615 IS a di@gr.am shgwin  the 5 construction of a
push-pull amplifier accec)rp(kﬁ%gjtg%rﬁ e% th émpodiment ofjtﬂge;:)?esleon invention. BEST MODE FOR
IMPLEMENTING THE INVENTION F[PRINCARLE] 1@ ElG2=shovessthencorstiuttion ofia miceowave
substrate processing a}pgearr%t% 20 u dcilqethgb%%sesr%}iitnggnt&n Héqrfgation of a gate insulation film.
Referring to FIG.2, the microwave substrate processing apparatus 20 has a processing vessel 21 15
evacuated at an evacuation port 21A Hndl® stage2 Fisa providethiprthe processing vessel 21 for
holding asubstrate 24.19,be pracessgd Fhe eyacyatiomport 1A, issformed sg,asita suround the
periphery of the stage 23 and excessive radicals or byproducts 20 associating with the substrate
processing are exhaultetfrémeaprstEss3pacé irtie WERtP BF the SBFaéeBf the substrate 24 to

the outside of the apparatus uniformly along the substrate surface.

BEST MODE FOR IMPLEMENTING THE INVENTION

[PRINCIPLE]

10 FIG.2 shows the construction of a microwave
substrate processing apparatus 20 used in the present
invention for formation of a gate insulation film.

Referring to FIG.2, the microwave 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 21A
is formed so as to surround the periphery of the
stage 23 and excessive radicals or byproducts

20 associating with the substrate processing are
exhausted from a process space in the vicinity of the
surface of the substrate 24 to the outside of the
apparatus uniformly along the substrate surface.

Further, the processing vessel 21 is

25 provided with a flat microwave window 22 of typically
Al,03 or quartz as a part of the chamber wall such
that the microwave window 22 faces the substrate 24.
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



Further, the processing vessel 21 is 25 provided with a flat microwave window 22 of typically A1203
or quartz as a part of the chamber wall such that the micrgwave window 22 faces the substrate 24.
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 gassunifaraly.
Further, at the outer side of the processing vessel 21, there is provided a microwave 18 MAY 2006

antenna 26 such as a g%ogglnlgnae szlgt %nte na S26 fega\gi.th fnifr_owavelvi% a %oaexial gvaygggiedg 27in
connection with the microwave window 22, and theré |sl?ormeld]ﬁigﬁ-éaensal'tytburf?ow-energy plasma

right 5 underneath thevshowerhead plate as seresult of -dravingrthesmricrowa?éd antenna 26 with a
microwave having a fequency. of S0MHz +10SHe pically 245GHs. 1 shouldbe poted that the

microwave 10 substrate processing apparatus 2 induces excitation in the process gas
supplied from the shoherpkate BRIl tes plagmay and ale sufacy ob thesabstratet24 undergoes

processing by thesradigals. farmed,as a Lesyli-ofsuchap excitations15 Mare specifically, the interior of

the processing vessel 21 is evacuated at first to a highly vacuum state, and a mixed gas of Kr and 02
is introduced subsequEntly iftd the tntBREE 6FhES protelEYy vessEE franTithe shewet plate 25. 20

Thereby, the internal pressurg of the pracessingo vessal 2 s set caboutd Ferk {ahqut 133Pa).
Further, the temperature of the substrate 24 is set
2.45GHz.

It should be noted that the microwave

10 substrate processing apparatus 20 of FIG.Z2 induces
excitation in the process gas supplied from the
shower plate 25 with the plasma, and the surface of
the substrate 24 undergoes processing by the radicals
formed as a result of such an excitation.

15 More specifically, the interior of the
processing vessel 21 is evacuated at first to a
highly vacuum state, and a mixed gas of Kr and O, is
introduced subsequently into the interior of the
processing vessel 21 from the shower plate 25.

20 Thereby, the internal pressure of 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 400C, 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 is 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



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 is caused
efficient formation of 30 atomic state oxygen 0* in the vicinity of the surface of the sulstrate)24 as a
result of collision of Kr* thus excited and oxygen molecules. By processing the surface of the
substrate by the atomic state x#/ggg - 10t lg MAY 2006 thus f?remecd, it become o%s_ible to form a

high- quality oxide filmts}ful‘llt%b efora gat(le insutation film ot %)kﬁ yon %efa%) Surtade of the silicon

substrate but also on theq11t)ysurfaiceearfd flre (@10} B serfdce: FHGE3 skhows the groweth rate of the
Kr/02 plasma oxide filfnl Eor{mne(glto%ﬁg(lgg) gHgac(eL,dg:}l)S gyggg% a(gg (%fgig) %ur{aicceoq a silicon
u

substrate by using the microwave substrate processing apparatus 20 10 o FIG.2 in comparison with a
growth rate of a thernfalloxidesfilm. Referihgto TG4t dan be seen thata Fadgiteater grolth rate is
achieved in the case of  the Kr/02 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 0*. Fufther, FIE)3%isotindicatedthat Hid Yrowthrate HEEGmes smaller in

the Kr/02 plasma oxidg 204ilm en:the«(141) surface.en(1d0) suage hayinga face, (111)
surface and (110) surface of a silicon substrate by
using the microwave substrate processing apparatus 20

10 of FIG.2 in comparison with a growth rate of a
thermal oxide film.

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

far greater growth rate is 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/0O, 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 Si

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



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) sugagg or fLky surface
of the Si 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 (1Q0) ré ce. This indicates that the thermal oxide film
formedon - 11 18 MAtﬁ}l dg >§h?§ (fﬂs gﬁr ace %f {(leiO %su?f%%l%%% aﬁggorafili%oaﬁa |t31/. F1G.4 shows
the result of compariseneflthey surface state density between the Kr/02 plasma oxide 5 film thus

formed and the thermal oxide film. I%qg(rglgst}g?ogvlg.4,}1igc%%£)g eegith%t(itrrgf?ﬁlgg I%%rr?%i%ide film
[ the

has a lower interface state density as compared with the thermal oxide fi ormed on 100)
surface irrespective ofihe case 19twhethéethelky0R plasesa oxide fifm/i9fomedoa the 1d90) surface

or (111) surface o (119) syrfage.sThus.fbe regult of EIG4shews that g very high quality oxide film is

obtained in the Kr/02 plasma oxide film. In the case of the thermal oxide film 15 formed on the (111)
surface or (110) surface of silicon, &% fife-6the? haRdFif Eart belseertRabthefe S8 férved &Very large

interface state densityras/is, pradicted from dhe result of FHG:3. 1lhusy thewse-efice state
density as compared with the thermal oxide film
formed on the (100) surface irrespective of the case
10 whether the Kr/0, plasma oxide film is formed on the
(100) surface or (111) surface or (110) surface. Thus,
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/O, plasma process and

the case of forming the silicon oxide film by the



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 variatiog of threshold voltage, increase of gate
leakage current, and the like. FIGS.SA - 5C show the relationship between 25 a drain voltage and a
normalized drain current of a p-channei MOS transistor formed on the (100) surfgce;n (1 1) ssirface
and the (110) surface of a silicon substrate by using the silicon oxide film formed on these surfaces
by the substrate processing apparatus 30.0f FIG.2 for the gate insulation film. In FIGS.SA and 5B, it
Should be noted ot T2 CLE o TR 12" SHEah SR B Bk KBS DS froceo and the
case of forming the silicoa .dxide film bj¢he+ b2 r18 MAY 2006 therneal oxidatiof processhare both

represented. In FIG.StCheo_n tg_geot er. %%ndfl(t)#‘y %189 Gase ?{I@ggin e}lg%ga er%éig%glm gy the Kr/02

plasma process is shown in view of the fact that nd oxide film can be b formed on t eﬁlO) surface by
a thermal oxidation prokess Itshouldbeafotéd thdiahé résultofPIGR8AdR ok the pahahael MOS

transistor having g gatg, length gh10p o qnd @ gate width-0hR0m, whils the, results of F£I6S.SB and
5C are for the p-channel MOS 10 transistor having a gate length of 10p m and a gate width of 300m.

Referring to FIGS.SA P5ECf tan becsedi? iHat the drairsctriert tarid ReréeSthetrars-cbhdaétance or
current drivability, of thesp€hanpgkly MOS transistercanthe increased-Ry forming the: fransistor on a

mysmdSu#aceowmrﬂ?ﬂkgEglgg)1Oun1and a gate width of 50um, while the
results of FIGS.5B and 5C are for the p-channel MOS
10 transistor having a gate length of 10um and a gate

width of 300 um.

Referring to FIGS.5A - 5C, it can be seen
that the drain current, and hence the trans-
conductance or current drivability, of the p-channel

15 MOS transistor can be increased by forming the
transistor on a crystal surface other than the (100)
surface of silicon, such as the (111) surface or
(110) surface. In the case the p-channel MOS
transistor is formed on the (111) surface, for

20 example, a current drivability of about 1.3 times as
large as the current drivability of a p-channel
transistor formed on the (100) surface. In the case
the p-channel MOS transistor is formed on the (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)



surface of silicon, such as the (111) surface or (110) surface. In the case the p-channel MOS
transistor is formed on the (111) surface, for 20 example,.a,current drivability of about 1.3 times as
large as the current drivability of a p-channel transistor formed on the (100) surface. In the case the
p-channel MOS transistor is formed on the (110) surface, a current drivability of @beutl.3 gipwes 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 pa?t of EIGE6. Re?errlng o FicE.6and 7, the €NMos Gévice %o is'Corfstructed on a
Si substrate having a (1.:00yp43r &8 MAY R0869rincipat Surfacé on veick agrtype réegion A and an

n-type region B are for with,a separation, from. eac r.by a ice isglation fegion 31C. As
%% &Qﬁ%r %g_g %£v1ce I 6&@%1 ]jgﬁéLgn %?E. 1&d

represented in FIG.7, the region A is formed with a 5 projection ving a width W1A and a height

HA, while the region B #rformediwith aprdjéction 3tBehaviag awitith wiB anda height BB at both
lateral sidewalls. As p@fe%%%gomllﬂqlgwgﬁtog surfages;pf t%gro&eq{igpi}%ﬁgnd 31B are

defined 10 by the (100) sufface, while the sidewall surfaces_thereof are defined by the (110) surface.
On the Si substrate 31"6fRIG. ?1'& sifiedri xidfe fifin I ORI UniforRlyBP dSiAg tRe stbstrate

processing apparatus 29-explained, withireferenceto-l 5ElGR and polysilicon gate electrodes 33A
and 338 sidewalls. As can be seen from FIG.7, the top
surfaces of the projections 31A and 31B are defined
10 by the (100) surface, while the sidewall surfaces
thereof are defined by the (110) surface.

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 31b 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 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



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 patter_nin_L 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 electrqde 33B. bothe p-type
region A of the CMOS device 25 30 of FIG.6, there are further formed n-type diffusion regions 31a
and 31b at both sides gf the j(_gatg.e electroge 33Adincludjcrl? theéprojectixn 31@, bg con uctin?ion
implantation of an n-typga}rrﬁ%uﬁ yoﬁvhjlkl% us(iDnrgﬁn the é)arﬁe electrode 33A as A Self'30 %Ii&nr%rérr} mask.
Similarly, there are forristl p-types diffusion regionsnddic and 31d ind¢lye nrtype oggiohd at both sides
of the gate electrode Bs?ﬁgiggl gﬁrg %‘F projection 31B. As a result, a p-channel MOS - 14 18 MAY
2006 transistor is formed on the region A and an n-channei MOS transistor is formed on the region B
of the substrate 31. In the CMOS dévicé lof FIg®; itshoultebe £5 Rétedithat thespehaAn&isMOS

transistor has a gate lgpgtlylgA whilethe n-channei MQg drapsistarshasa gate lengihLgB, and the

gate electrode 33A covers the flat part of the Si substrate at respective sides of the projection 31A

with a gate width W2AF21RE-8 16restit e Gate WidtH e the gdfe eldchdmeissosn ke (200) surface
including the top surfage ©f the: prejection 314nis given By W1A 1+ W2A: Qn theacontraty.s the gate
width WA of the gate electrode 33A on the _ _ _
the flat part of the Si substrate at respective sides
of the projection 31A with a gate width W,,/2. As a
10 result, the gate width of the gate electrode 33A on
the (100) surface including the top surface of the
projection 31A is given by Wia + Wya. On the contrary,
the gate width W, of the gate electrode 33A on the
(110) surface is given by 2Hp in view of the fact
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 upi (Wia+Woa)+2u
p2Ha, wherein pu, represents the hole mobility on the
20 (100) surface while up, 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 u a1 (Wia+Woa)+2 1 n2Ha, wherein ug;

25 represents the electron mobility on the (100) surface
while u,, 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 the 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-



(110) surface is given by 2HA in view of the fact 15 that the gate electrode 33A is formed on the both
sidewall surfaces. As a result, the current drivabiiity of the p-channei MOS transistor formed on the
region A is given by the equation pl(W1A+W2A)+2 p2HA, wherein pl represents the hole mobility on
the 20 (100) surface while p2 represents the hole mobility on the (110) surface.;Similagly thescurrent
drivabiiity of the n-channei MOS transistor formed on the region B is given by the equation ,1

(W1A+W2A) +2 ,2HA, wherein r, 2%5 represents the electron mobig on th 108%1)2 rface while ,2
represents the electroﬁﬂr;%ﬁ}ﬁt%/ (;ivrllpt et C16Y strface. gus}}eirrll fie s!)\(f0§edg%(ﬁ:le l}éfl the present
embodiment, in which the p-channei MOS transistor has 30 the sidewall part also on the both sidewall
surfaces, the width and themeight %f tl}e pro‘;ec jons 31A 3 31B dgtermi%ed such that the

J2 1A~ Tt 2 A jo)

r
current drivabiiity theredf baldnces the currerit dfivability'of the n - f%es 18 MAY 2606 channel MOS

transistor and hence the relationship P pl (W1A + W2A) + U p2WA = Lt nl (W1A + W2A) + /I n2WA, 5
wherein it should be ngted that the relationship, WAz2HA, WB=2HRB s used,{n such g.construction, in

particular, it becomes possible to balance the current drivability of the p-channel MOS transistor and
the n-channel MOS 10'trafSistolby <étting theSReights HA and HB of the projections 31A and 31B

while maintaining the same device argast-shauld bg Hoted that it is net slwaysScular, it
becomes possible to balance the current drivability
of the p-channel MOS transistor and the n-channel MOS
10 transistor by setting the heights Hp and Hg of the
projections 31A and 31B while maintaining the same
device area.

It should be noted that it is not always
necessary to form the transistor on the both sidewall

15 surfaces but it is also possible to form the
transistor only on one sidewall surface.

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 NH; gas or a mixed gas of the
rare gas and an N; gas and a H; 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



necessary to form the transistor on the both sidewall 15 surfaces but it is also possible to form the
transistor only on one sidewall surface. 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 bywvforming @ 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 N2 gas and a H2 gas in the substrate 25 processing apparatus of FIG.2. Further, it is possible to
form a silicon oxynitrid%ofﬁrsn o%?net%alfles ?nsglg%iﬁﬁsefilr#é%a’%%rgr%& 328 b"cg:-/hé(%llné i’helr%toa(gge(?z gas. In
this case, a p-channelWwliShtransistor edrehnan n-charimeb MISdransistor 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, itis - 16 18 MAY 2006 possible to use a SiGe
substrate in which Si is addedwith®Aed ¥leiient such as Ge. [SECOND EMBODIMENT] 5 FIG.8

shows the construction of a CMOS @deyice 4Q agcording to a second-emhodiment gfithe present
invention. Referring to FIG.8, the CMOS device 40 is formed on a Si substrate 41 having a (111)

surface or 10 a (110) 36/ aE€ aé thé pRAEIPAFSUrTatefariE el e PA-ERaRkReiM O Ransistor 40A
having a gate electrogg-42Aextendiag endhe Si substrate 41 in a

Referring to FIG.8, the CMOS device 40 is
formed on a Si substrate 41 having a (111) surface or

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 6 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



first orientation and a p-channei 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 ngtedhrthabthese is
formed a CMOS circuit by connecting the diffusion region 44A and the diffusion region 43B and by
connecting the gate elec roqées 4%A an 04’28' 25 Ir]ckhe CMOS dﬁ,\vicg ofts}lljch a construction, it should
be noted that the currént dar‘ivggili }yof e pichoar}mel MO'S transistor dhang(eas(\:/\lf}ﬁ]rt%ré orientation B
thereof with respect todthéyethadnner MOStransiston.inithe case ofithe siticen wafercoft30 (110)

orientation, the current,draliity begomes. aximy o fhie sase (he, dieetion.sonnectipg ne source
and drain regions of the transistor is’ oriented in the <111> direction. In the direction - 17 18 MAY
2006 rotated by 180 , oA thavtherhdnththercurientndivability betemesdaimimum Flether the current

drivability takes ag intermediatevalye hetwean the. maxiaum, and the minimum.at.an interpediate
angle. In 5 the case of a p-channei MOS transistor, the ratio of the maximum and the minimum is
about 2.5. In the case “6fcai'AtHaRRe MO S- ranEtot oI tHeSotheP Hand, -the rafio BR the"maRimum

and the minimum is abgut 1-4.n Thus.Ry-optimizing-thednytual orientation 10 anglerB dtbecomes
possible to balance the current _ o _
the ratio of the maximum and the minimum 1s 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 Tr; — 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 Try — Trg 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 Tr; and Try4, while another input logic
signal B is supplied to respective gates of the MOS
transistors Tr, and Trs. Further, an input logic
signal C is supplied to respective gates of the MOS

30 transistors Trs and Trg.

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

relative device area of the respective transistors.



drivability of the n-channei MOS transistor 40A and the p-channei 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-channei MOS transistors Trl - Tr3 20 connected in series between an output line garneagied to an
output terminal and a ground line, while there are connected p-channei MOS transistors Try - Tr6 in
parallel between an o;rttgut line, VOtUhT and a su&gl VO ta%e source VDQ. Thereby, an in tg logic
signal A 25 is supplie ourseépé&ive geatgg%?the OS transistors Trt Sanarlsry,av{/ ile Shother input
logic signal B is supplied tohrespéctive gates of theoMQOS ltiansistonscTr2idnd Hey. frairther, an input
logic signal C s suppligd. o 18gpegivs dates LLINGMAS 39 kansisiors T and Jyg. INEIG.S, i
should be noted that the numerals attached to the transistors indicate the relative device area of the
respective transistors.d<i81 48 MAY2006 Tiius, dn thé ease therentira dransistdriscare #61enédd<on the

(100) surface of silicon,,it-will he poted_that il illag‘gtr@tﬁg I}yglélpagj;péjit Q@Sthglrg@iygtg)%vice area of

18. On the other hand, in the case the 5 current drivability of the p-channel MOS transistor has been
increased by three tim@a askefesulttstiRe Shshuchion 8EFIG BT F16.8 the YeliceSdrealtan be

decreased to 1/3, and the relative-arga oftthe INAND girguitisgeduerd t-12.As aresultghthe
be decreased to 1/3, and the relative area of the
NAND circuit is reduced to 12. As a result of the
10 decrease of the device area, the oscillation
frequency of a ring circuit, formed by cascading the
NAND circuit for 31 times, is increased from the
conventional value of 855MHz to 879MHz for the case

in which each transistor has a gate length of 0.25um.

15
[FOURTH EMBODIMENT]

FIG.10 shows the construction of a three-
input NOR circuit that uses the CMOS circuit of any
of the preceding embodiments.

20 Referring to FIG.10, the three-input NOR

circuit includes n-channel MOS transistors Tri;; — Tris
connected in parallel between an output line
connected to an output terminal and a ground line,
and p-channel MOS transistors Triq4 — Trig are

25 connected in series between the output line Voyr and
the supply voltage source Vpp. Thereby, an input
logic signal is supplied to the respective gates of
the MOS transistors Tri;; and Tri4, an input logic
signal B is supplied to the respective gates of the

30 MOS transistors Tri, and Tri;s, and an input logic
signal C is supplied to the respective gates of the
MOS transistors Triz and Trig.

In FIG.10, it should be noted that the



10 decrease of the device area, the oscillation frequency of a ring circuit, formed by cascading the

NAND circuit for 31 times, is increased from the conventignal value of 855MHz to 879MHz for the
case in which each transistor has a gate length of 0.25m. 15 [FOURTH EMBODIMENT] FIG.10 shows
the construction of a three- input NOR circuit that uses the CMOS circuit of any 16f thepreceding
embodiments. 20 Referring to FIG.10, the three-input NOR circuit includes n-channel MOS transistors
Trll - Trl3 connected in parallel b%tyeeﬂ a %utput line ctonnecl;ced to an %utgut terminal and a
ground line, and p-chélﬁlﬁne 'MOS transistors re(i/ B Ere 25 connected in seties Between tfhe
output line VOUT and tthe supphrioltagessouree ¥DE Thereby, anrinpat dagic sigrighisssupplied to

the respective gates 0&'1[ e S trta}psist%rts.Tr 1ta}_nd 'gr14tggé'n ut Io%ig iggal Bi Lépplied to the
respective gates of the 3 M%% transistors 'I;rrlé and” 'Il'lrljff and ar%ﬁ%ut Io@%: sig%alséﬁls supplied to
the respective gates ofl fHe0 MO SufansistersITradrand Tl 41 Il FRE 18t R ShUR! Ise hetedtthat the - 19

18 MAY 2006 numerals attached ta espectivg dransistorsaepiesest the relative device area, qf the

transistors. Thus, in the case the entire transistors are formed on the (100) surface silicon, the
illustrated NOR circuit'5™¥as thHeSrefative devicrarealr 30- OrPthetdtiePhand. WhenfRe current

drivability of the p-chappelMOS dragsistqrs Try- Tre Bas increasediby three timesascs as

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

10 relative device area of the NOR circuit is reduced to
12. As a result of such a decrease of the device area,
the ring oscillator, formed by cascading the NOR
circuit 31 for 31 stages, shows an increase of the
oscillation frequency from the conventional value of

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

[FIFTH EMBODIMENT]

FIG.11] shows the construction of a five-

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

Referring to FIG.11l, 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 Voyr and
the supply voltage source Vpp. Thereby, an input
logic signal A is supplied to the respective gates of

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

supplied to respective gates of the MOS transistors



a result of the construction of FIG.6 or FIG.8, the necessary device area is reduced to 1/3, and the 10
relative device area of the NOR circuit is reduced to 12. As a result of such a decrease of the device
area, the ring oscillator, formed by cascading the NOR circuit 31 for 31 stages, shows an increase of
the oscillation frequency from the conventional value of 15 447MHz to 879MHz; provided that each
transistor has the gate length of 0.25m. [FIFTH EMBODIMENT] FIG.11 shows the construction of a

five- 20 input NAND cijfg:uit tg%t u%is the %\/IO% cirtcu:lLté)f anysof the pr cedsin%tem o.dirge ts.
Referring to FIG.11, the %ﬂnpufiN Ny cittuit Holides V-ERafnd MOS transistar Tri 1125
connected in series betwepr @nioutpytlires2s tonhectd® $0 anautputtterminatandcagréund,line, and

p-channel MOS transisfgrs 1126, IR0 a16, sannacied in parallelfgtupen ihe puiputing QLT and
the supply voltage source VDD. Thereby, an input Q{OQIC signal A'is supplied to the respective gates of
30 the MOS transistors J¥2F adfl Tr26, ¥ hput dayic Sigral Brissupplied terespective gates of the

MOS transistors Tr22 and Tr2T, an{npytiegi¢ssignal Gis,gupplied oJespectyve gatgs of the MOS
transistors - 20 18 MAY 2006 Tr23 and Tr28, an input logic signal D is supplied to respective gates of

the MOS transistors TRY&FFRTR2R t&RF BRGNP 16418 stghaP BG5S Stpplied i fespeEfive gates of the

MOS transistors Tr25 and T¢ioc In Fi 114t should he-nated thatthe rumgeals afached to the

respective transistors _ _ _
Thus, in the case the entire transistors are formed

on the (100) surface of silicon, the NAND circuit has
10 a relative area of 40. On the other hand, in the
event the current drivability of the p-channel MOS
transistors Trys — Trig 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 Trge — Trsy are
connected in series between the output line Vgoyr and a
supply voltage source Vpp. Thereby, an input logic
signal A is supplied to respective gates of the MOS
transistors Tr41 and Trys, an input logic signal B is

30 supplied to the respective gates of the transistors
Trs, and Tryy, an input logic signal C is supplied to
the respective gates of the transistors Try; and Trygg,

an input logic signal D is supplied to the respective



represent the relative device area of the transistors. Thus, in the case the entire transistors are formed
on the (100) surface of silicon, the NAND circuit has 10 a relative area of 40. On the other hand, in the
event the current drivability of the p-channel MOS transistors Tr26 - Trio are increase by three times
as aresult of the construction of FIG.6 or FIG.8, the necessary device area is decreased ta /3, and
the 15 relative area of the NAND circuit is reduced to 30. [SIXTH EMBODIMENT] FIG.12 shows the
construction of a five- ingut NO c'rt%elit that uses the CN}?S circ%it fany 20 OPf the O?roceeding

embodiments. Referrifg to EIG.12, eferequﬁ;S)ﬁtS NOR cifctiit eludes htciahnet MOS frahsistors

Tr41 - Tr45 connectedlparatielbeiweén Rnicutpuidinel €dnnected ¢o ansgutptititeeminat and @fground

line, 25 and p-channelt QSCtIrgrrll%@tg{%;[g ;_,LrSQnageTq_,onnected in series between the output line

VOUT and a supply voltage source VDD. Thereby, an mp?ft'logic signal A is supplied to respective
gates of the MOS transistors Tr41 driid FH481 &@ ikrputlogiesidial B iS180 supjslieallte the respective

gates of the transistors -kr42;ang 147, ga inputlagicsignal Crisgsppplied {0, Jhe respectjve gates of
the transistors Tr43 and Tr48, an input logic signal D is supplied to the respective - 21 18 MAY 2006

gates of the transistorg T84 &N TF4Y LRI & fiput Ho§iSsigira = iststippliéd 36 tHeSfeshective gates
of the transistors Trysrands Trsolt shaulg:he,notegddhat the numeralss5 attached tathedransistors of

FIG.12 indicate the R . .

on the (100) surface of silicon, the NOR circuit has
an overall relative area of 80. In the case the

10 current drivability of the p-channel MOS transistors
Trss — Trsg has increased three times as a result of
the construction of FIG.6 or FIG.8, the necessary
device are 1is decreased to 1/3, and the relative area
of the NOR circuit is reduced to 30. As a result of

15 such a decrease of the device area, the ring
oscillator, formed by cascading the NOR circuit for
31 stages shows an increase of the oscillation
frequency from the conventional value of 207NHz to

431MHz for the case each transistor ahs the gate

20 length of 0.25um.

[SEVENTH EMBODIMENT]
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 Vgoyr, 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.



relative device area of the respective transistors. Thus, in the event the entire transistors are formed
on the (100) surface of silicon, the NOR circuit has an_ovgrall_relative area of 80. In the case the 10
current drivability of the p-channel MOS transistors Trey - Trso has increased three times as a result
of the construction of FIG.6 or FIG.8, the necessary device are is decreased to, /3y and the gelative
area of the NOR circuit is reduced to 30. As a result of 15 such a decrease of the device area, the ring
oscillator, formed by cascading the ircuit for 31 stages shows an increase of the oscillation
frequency from the)éonventiongal val%‘gé; gé N zotvés4§%lal—fvz g?ﬁoer{:nasoege%c etrg%ﬁgﬁ)r ahs the gate
20 length of 0.25m. [SEMENTI EMBO DIMENTHG. 13 shews ite tdmstrlotion dflaeCMOS  switch

according to a seventh gmgggl e tfofttpl% 23, present invgg&io%. I%ec:lfelrlr'%g ta FIG,13 th@ CMOS
switch is formed of a HcﬁannglEk M%S transis%r%’% and-an re- channel MOS transis?o% Tprg%
connected parallel betwear aa inplvterinall N aad ansoutputtenhinein 30 \roUraang causes

sampling of the signal sypplied i fhe input terminal IN-Rrespanse,othe clack gignals CLKp and
CLKn supplied to the respective gate electrodes. - 22 18 MAY 2006 FIG.14A shows the waveform of

the clock signals CLKpHFEERATWhRE TG, 128 $titvs tHe? Wwatiefdratsf the dutputSsigral Ubtained
at the output terminal MQIJT fak theicasezaonvantional p1ehanael: « ch .

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 Trs;, 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.15 shows the construction of a B-class

push-pull amplifier according to an eight embodiment



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 fa 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 clagk sigrals 2lgp and
CLKn. On the other hand, the conventional p- channel MOS transistor Tr51 has a larger parasitic 15
capacitance, associat%dfw{tp ethe Iraerge Ignltevi.ce aregitglr?r%gégs com%)ared witkrl] the nich el MOS

transistor Tr52, and bécause of This “there is caused”a large dr%;saeo o%tﬁju_t%oﬁélélg On the contrary to

this, FIG.14C shows the 20soutputrwaveformof the CMODS smétthMbat usesthe CMOSIdevice of the

present invention. In this case, the R%]rtagg%ci% agga@%C&of tQ% ’%hag'P%cM% ltransistor Tr51 is
reduced to the value comparable to” the parasitic capacitance’On o the n-channel MOS 25 transistor

Tr52, and the offset ofdthe ougit voltage sis dledrédsedesignificantly. Faus sy using the CMOS device

of the present invention, 8 GMQS switeh haying a excellent srespapsesspaediis reglized, 30,[EIGHTH
EMBODIMENT] FIG.15 shows the construction of a B-class push-pull amplifier according to an eight

embodiment - 23 18 MAN12006°6F thé préSemtifistitionTHRCGSELA b-AinfetMOS Strahsistor Tr61
and an n-channel MOS#ransiston$2¢: ransistor Tr61 and the n-channel MOS

transistor Tr62, and it becomes possible to realize
amplification free from harmonic distortion over wide
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.



Referring to FIG.15, the operational characteristics and the parasitic device 5 characteristics are
balanced in the B-class push-pull amplifier of the present embodiment between the p- channel MOS
transistor Tr61 and the n-channel MOS transistor Tr62, and it becomes possible to realize
amplification free from harmonic distortion over wide 10 dynamic range and frequengyyange,d-urther,
the present invention is not limited to the embodiments described heretofore, but various variations
and modifications may be made without departing frou&tg?ﬁgope 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. - 24 18 MAY 2006 CLAIMS 5 1. A
complementary MIS device, characterized by: a semiconductor substrate having a first crystal
surface as a principal surface, said 10 semiconductor substrate being defined with a p- channel MIS

transistor region and an n-channei MIS transistor region; a p-channei MIS transistor comprising: a
A complementary MIS device,

characterized by:
a semiconductor substrate having a first
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



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-chaninehMIS gtsgnsistor
region so as to cover said principal surface and said sidewall surfaces and said top surface of said

first semiconductor structgre with a 25 Substangally Ltmiform th]'%ckness; a first f\te electrode formed on
. . and .an o 8081te side o %ﬁld 1ﬁst @Fte % ectrode
said p-channei MIS transistor re& N’'so as to cover said principal surface and said sidewall surface

and said top surface ofsaid first semicondustorastrlictre oontiptoysly vidisdid §irstr80 gate insulation

film; and first and seco]_nd -type gig%slilo re i%%s ftor e infaid slemicog ycto su% tr eland said
first semiconductor struct %é%gs saic p-cﬁ%ﬂﬁqei MIS tlralrl\si%tsorifeaio(r)lna a first side - 5”% MAY 2006
and an opposite side cfwald:fist gateseledtrogs)l eacklof sai firstoarid sécomhpttysel diffusion regions

extending continugusly, alpng-said pripeipal sutfage of sgidsemicopguctor sybsiralg apd,said 5

sidewall surfaces and said top surface of said first semiconductor structure; an n-channei MIS
transistor comprising: 8<8e¢sHePsEthiebndlEtor Stttictire formed in said p- channel MIS transistor

region as a part of said 10 semiconductar substrate and fonmed, of a palr of sidewall syrfages defined
by a fourth crystal surface _ _ _

second semiconductor structure formed in said p-
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;



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 insul_at? film formed on said n-channei 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 segard gatg;20
electrode formed on said n-channei MIS transistor region so as to cover said principal surface and

said sidewall surface and said top surfacg cﬁ sa%d secoopd semiconductor stgjcture Oi:ontinuously via
. . . o width, of Sa t%§ §%ﬁ ace an Saﬁ . .
said second gate insulation film; and fitstand Secon n-type 25 diffusion regions formed in said

semiconductor substratedanc $didssecbadsemicorduciorfstrudturedan i saiddzchiammei MIS transistor

region at a first side aglg Iaunccggﬁ,ositg nséd%ogv si%f hseiggng ga %Ioeétrgd%f gggh 9 gaigafilrat and second
n-type diffusion 30 regions extenging continuously along said prin ipa}1 surface of said semiconductor
substrate and said sidewUrfacevaricisaid tog saFace sfsaiddesond csardiconductor structure; - 26

18 MAY 2006 a width of sajd top sugfage and said; sidpwallsuriaces,of said first semicondyictor

structure and a width of said top surface and said sidewall surfaces of said second semiconductor 5
structure being set suct that acurrerit dfvabilit)! of S&id pelraritei MISHP&ifsistor balances

substantially with a cugenterivability of saidue- shannelMIS tansisteor14Q y of said n-

channel MIS transistor.

10

2. A complementary MIS device as claimed in
claim 1, wherein said first crystal surface, said
15 third 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

W1 (Wia + Woa) + Up2Wa = wn1(Wia + Woa) + U n2Wa,



2. A complementary MIS device as claimed in claim 1, wherein said first crystal surface, said 15 third
crystal surface and said third crystal surface are formed gf 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 gaid top stirface
and sidewall surfaces of said first semiconductor structure and said width of said top surface and

sidewall surfaces of saig\%acond %emicogd%ctor structure are detemeinedlso ﬁlto satig the 30
relationship /IpI(W1A +NZA) 4 1WA /1MW TR S R2AY +THRVAT 2 5718 MAY %006 Wherein W1A
and WA represent respéctivedy thepwisiths aof thextop surfaceiamdvthelsidewaih sefaces ofthe first

semiconductor structure, r\/g%B Saer}ﬁli\(/:v 3 represent Srtersgggg\éeely t% QN'QH&S %fathreeé{%g e;:?u%}]:&ce and the 5

sidewall surfaces of the first semiconductor structure, W2A represents a gate wi e first gate
electrode on said principalcstetacec W2 B represéhissa gateWwidth @ tiiaisécorrl gate eléctrode on

said principal surface, plyepresents,a hole 10 mohility on;said figst crystalsurface, p2 represents a

hole mobility on said second crystal surface, =,1 represents an electron mobility on said first crystal
surface, and =,2 repreSénistiéRctrtire mEBil§ T Sdid 3e€dh@ cl/stallsupfackhgs f1rst

gate electrode on said principal surface, Wgg
represents a gate width of the second gate electrode
on said principal surface, up1 represents a hole

10 mobility on said first crystal surface, up:
represents a hole mobility on said second crystal
surface, U, represents an electron mobility on said
first crystal surface, and u,, 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.



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 igthe 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, whereingsaid first @mg second
gate insulation films comprises any of an oxide film, a nitride film or an oxynitride film. - 28 18 MAY
2006 6. A complementary MIS devicqe c%aracterifed bIY'ta serrﬂj?t%n%uctor subsftlrate; an n-chagnei MIS
transistor comprising: a 5 first gate eléc rode f8tmed on grp¥in0|pal sarface of 'said’Semiconductor
substrate via a first gatey insulation film with a first crystal orientation; and first and second n-type
c_Iiffusion regions formed in said sergicgngkl{%t%g% strate Sa&gsfj&%scige; and an 10 opposite side of said
first gate electrode; and a p-channel MTS transistor comprising: a second gate electrode formed on
said semiconductor substrate via a&econd gatinsulation fifrawitrsa csecomdrarystaharierttation; and

first and second p.15 type diffusion repjons: fasmedn saicksermicongusior subeirale gt e side and
an opposite side of said second gate electrode, said first gate electrode and said second gate
electrode being commdaRLcotffeefet PoEHid séeqit payse Hiffusfontreffon aide

insulation film with a first crystal orientation; and
first and second n-type diffusion regions formed in
said 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



said first n-type diffusion region being commonly connected, said first crystal orientation and said
second crystal orientation being set such that a 25 curr_ergéjriyability of said p-channei MIS transistor
balances a current drivability of said n-channei MIS transistor. 30 7. A complementary MIS device as
claimed in claim 6, wherein said semiconductor substrate has any - 29 18 MAY 2006-of agdad1)
surface or a (110) surface or a crystal surface in the vicinity thereof for said principal surface. 5 8. A

multiple-input logic C|r%L£t 'ngﬂnlg) _asglg/lg%g_lrglélt gor?ffio f ascg:rPglceemeq:tag I\éIIS dt(iaglfe_, 10 said
complementary MIS d&vicé comprising: a semicondlctor substrate: an R-channer TS transistor
comprising: a first gateweléctrodeiformed onia principak$urfasefoff saidsseimicomductapsubstrate via a
first gate 15 insulationgilmé/glig%a first crystal orientation; and first and second n-type diffusion regions
formed in said semiconductor substrate at a first side and an opposite side of said first gate
electrode; and a p-channei MIS transistor comprising: a 20 second gate electrode formed on said
semiconductor substrate via a second gate insulation film with a second crystal orientation; and first
and second p- type diffusion regions formed in said semiconductor substrate at a first side and an
opposite side of

8. A multiple-input logic circuit including
a CMOS circuit formed of a complementary MIS device,
10 said complementary MIS device comprising:
a semiconductor substrate;
an n-channel MIS transistor comprising: a
first gate electrode formed on a principal surface of
said semiconductor substrate via a first gate
15 insulation film with a first crystal orientation; and
first and second n-type diffusion regions formed in
salid semiconductor substrate at a first side and an
opposite side of said first gate electrode; and
a p-channel MIS transistor comprising: a
20 second gate electrode formed on said semiconductor
substrate via a second gate insulation film with a
second crystal orientation; and first and second p-
type diffusion regions formed in said semiconductor
substrate at a first side and an opposite side of
25 said second gate electrode,
said first gate electrode and said second
gate electrode being commonly connected,
said second p-type diffusion region and
said first n-type diffusion region being commonly
30 connected,
said first crystal orientation and said
second crystal orientation being set such that a

current drivability of said p-channel MIS transistor



25 said second gate electrode, said first gate electrode and said second gate electrode being
commonly connected, said second p-type diffusion region, and said first n-type diffusion region being
commonly 30 connected, said first crystal orientation and said second crystal orientation being set
such that a current drivabiiity of said p-channei MIS transistor - 30 18 MAY 2006 balances aqurrent
drivability of said n-channei MIS transistor. 5 9. The multiple-input logic circuit as claimed in claim 8,
wherein said multiple-input logic circuit is a multiple-input NAND device. 10 10. The multjple-input
logic circuit as 15 cF:)Iair!ﬁgg‘J fiek c(?l%lsm 3B, Svlﬁre?&ﬁtsaép rln\ﬁ?t%pjlé-}ntﬁ/ut?%giéacll?%urﬁ_isc %aﬁﬁ%glé@#%utpNOR
device. 20 11. A CMOSmswitchsincluding a CMOS circuit formed of a complementary MIS device, said
complementary MIS device comprising: a semiconductor substrate; 25 an n-channei MIS transistor
comprising: a first gate electrode formed on a principal surface of said semiconductor substrate via a
first gate insulation film with a first crystal orientation; and first and second n-type diffusion regions
formed in 30 said semiconductor substrate at a first side and an opposite side of said first gate
electrode; and

9. The multiple—input logic circuit as
claimed in claim 8, wherein said multiple—-input logic
circuit is a multiple-input NAND device.

10

10. The multiple-input logic circuit as
15 claimed in claim 8, wherein said multiple-input logic

circuit is a multiple-input NOR device.

20
11. A CMOS switch including a CMOS circuit
formed of a complementary MIS device, said
complementary MIS device comprising:
a semiconductor substrate;
25 an n-channel MIS transistor comprising: a

first gate electrode formed on a principal surface of
said semiconductor substrate via a first gate
insulation film with a first crystal orientation; and
first and second n-type diffusion regions formed in
30 sald semiconductor substrate at a first side and an
opposite side of said first gate electrode; and
a p—-channel MIS transistor comprising: a

second gate electrode formed on said semiconductor



a p-channei MIS transistor comprising: a second gate electrode formed on said semiconductor - 31

18 MAY 2006 substrate via a second gate insulation film with a second crystal orientation; and first
and second p- type diffusion regions formed in said semiconductor substrate at a first side and an
opposite side of 5 said second gate electrode, said first gate electrode and said sgcand gaieslectrode
being commonly connected, said second p-type diffusion region and said first n-type diffusion region
being commonly 10 connected, said first crystal or(ij;]avlnta ion and Sc’_-[lidt secor}d Ewstal orientation being
set such that a curren?%rl\s/agiﬁtyeofvs%l?d 8—0%%%?\& S transistor balances a curr"élntflari\?ability of said
n-channei MIS 15 transiston0-12.sA 8iclass push-pudimmplifier,f comprising: asemidomductor

substrate; an n-chann%i IS a@gsfsor com eriSi'}% ]girsrt te electr dg f%%e%gn & %r%%c}pal surface
of 25 said semiconducl%}g sugsltratlé Via a ffgtgglate %su?atrl%% fiI%nnw%tﬁh first cr§/starfl olrllentation; and
first and second n-type diffeisiontregidhsfofred in saild semicontuerar sebseateiataa firfst side and an

opposite side of said first;gate elegtrode; and 30.a.pschannei 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 secfadp first gate electrode and said second

gate electrode being commonly connected,

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

10 connected,

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

15 transistor.

20 12. A B-class push-pull amplifier,
comprising:
a semiconductor substrate;
an n-channel MIS transistor comprising: a
first gate electrode formed on a principal surface of
25 said semiconductor substrate via a first gate
insulation film with a first crystal orientation; and
first and second n-type diffusion regions formed in
sald semiconductor substrate at a first side and an
opposite side of said first gate electrode; and
30 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-



- 32 18 MAY 2006 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 5 gate
electrode being commonly connected to an input terminal, 10 15 20 25 said second p-type diffusion
region and said first n-type diffusion region being commonly connected to an outpuiizermingk said
first crystal orientation and said second crystal orientation being set such that a current drivability of
said p-channei MIS transistor, balances a curtent arivebiliy af said p-channel MIS Hansistor. 30
substrate at a first side and an opposite side of
said second gate electrode,
said first gate electrode and said second
5 gate electrode being commonly connected to an input
terminal,
said second p-type diffusion region and
said first n-type diffusion region being commonly
connected to an output terminal,
10 said first crystal orientation and said
second crystal orientation being set such that a
current drivability of said p-channel MIS transistor
balances a current drivability of said n-channel MIS

transistor.

15
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