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1 2 A SEM CONDUCTOR DEVI CE LAYOUT AND CHANNELI NG

| MPLANT 3 PROCESS 4 5 Background of Invention 6 1)
Field of the Invention 7 This invention rel ates
generally to fabrication of sem conductor devices 8
particularly to the fabrication of inplanted doped
regions in a sem conductor device that 9 has a graded
junction 10 11 12 2) Description of the Related Art
13 14 Wth higher levels of integrated circuits on
sem conductor chips and the 15 need for faster
transistors in these circuits, the FET transistor nust
maxi m ze all aspects of 16 sem conductor physics to
fabricate transistors in these circuits with faster
swi AcHEMECOPIHEC TOR DEY HCHE LANAET AND GIEANNELING IMPLANT
smal | er di nension, the inventor have found 18 that
high Vt NMOS transistor i s PROOE$Sa problemwi th
voltage [imtation. Thermal cycle 19 was limted
because of the consideration of |ogic device in the

wafer. An aspect of tmgkdPoddV@ThiGRioaddress issue. 1
1) Field of the Invention
This invention relates generally to fabrication of semiconductor devices

particularly to the fabrication of implanted doped regions in a semiconductor device that

has a graded junction

2) Description of the Related Art

With higher levels of integrated circuits on semiconductor chips and the
need for faster transistors in these circuits, the FET transistor must maximize all aspects of
semiconductor physics to fabricate transistors in these circuits with faster switching speed.

As the transistor scaling to smaller dimension, the inventor have found
that high Vt NMOS transistor is facing a problem with voltage limitation. Thermal cycle
was limited because of the consideration of logic device in the wafer. An aspect of this

invention address issue.
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1 2 1In crystalline solids, such as nonocrystalline
silicon, the atons which 3 make up the solid are

spatially arranged in a periodic fashion. This

periodi c arrangenent of 4 atonms in a crystal is

called a lattice. The crystal lattice always contains

a volume which is 5 representative of the entire

lattice and it is regularly repeated throughout the
crystal. The 6 directions in a lattice are expressed

as a set of three integers with the sanme rel ationship

as 7 the conponents of a vector in that direction.

The three vector conponents are given in 8 nultiples

of the basic vectors. For exanple, in cubic lattices,

such as sili doaryaallioh selads, suchas dicanoystalding sifiadn, the atoms which
lattice, the body diagonal has the conponents of |a,

iiake apthelsolidiant spitiadly afrnglidag amatiodix ifshiodl Dig péhtid ddshkement of
direction with the [] brackets being used to denote a
spesiifi b erystal isdall @4 la@ite. THRWRYREL [atTBOMwild @mtdiASydIfime which is
crystal are equivalent, depending on the arbitrary 12

FIpRIsEiRadfe FhEOH A 1alfde Ahd ft l?seregifﬁrflg é@%&@d ﬂg@ﬁ%ﬁg;ﬁjﬂ{a grystal. The

directions are denoted wth < ets

?ﬁ:{%'g]gh@iinoa%g 1%& gxlre]: (?Q{)I%gs%l iag ? éetig ltl{r%e‘rin e%%}scwilthatth% isecl:rge relationship as

hi cal | i val d 100
BT BB TS S T e o 5h08eps s
O e S o e i s

éhe ﬁgecific negative integer, such as [100], [010],
Atopd pystpl lethice. thobodydlizgoatl kea she compoueitesgla, 1b, and Ic and this
specifically stated or shown in the follow ng

daganal pristalonigithe [Hil §] dipsptiorowith dis [] drabBets byiag abed to denote a specific
di rection includes both positive and negative

directgefwevid n2@y Bireniess ima @ystayat aduiadien, pendiBg on the arbitrary
determned with a set of three integers h, 21 k, and
choictlg yriaitgtidisdhd sxedlefuch eqivaeht dfectidtsdkd &noRldaNBS< > brackets

and each set of three integers in ()
and, for example, crystal directions in the cubic lattice [100], [010], and [001] are all

crystallographically equivalent and are <100> directions. Since these directions will also

be on the negative side of the origin, as arbitrarily defined, they also are identified with a

(-) over the specific negative integer, such as [iOO], [010], and [OOI] for <100> directions.
Unless specifically stated or shown in the following description in this application, a

crystal direction includes both positive and negative integers.

Planes in a crystal also can be determined with a set of three integers h,
k, and 1. They are used to define a set of parallel planes and each set of three integers in ()

parentheses identify a specific plane. As in the case of directions, many planes in a lattice
2
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case of directions, many planes in a lattice 2 | are
equi val ent and the indices of such equival ent pl anes

are denoted by { } parentheses. 2 For cubic lattices,
direction [k,l,mM is perpendicular to a plane with the
identical three 3 integers (k,l,m. Thus, if either a
direction or a plane of a cubic lattice is known, its

4 perpendi cul ar counterpart can be quickly determ ned

wi t hout cal cul ation. For exanple, for 5 planes of

equi val ent symetry such as ( 100) plane, the

eI qray adant IF;Y tha dadiegsof cudhoaquivalEnoplanesaird dr@odted by O0parentheses.
(010), and (001). Like the crystal direction, the
d’roysulab |t cgem edientidrhide, oo ik pwﬁpagdicﬂaxdtestquidnptvs'rimrthé Riehfi¢ad three
application includes both positive and negative

integere (151, N ITRES iBeitRES tfrbdidhlor aplal @ a GiICTNceEs kifhwn, its
Gener al tern1no|ogy is: () for a certain plane; }

é)@fpeﬁd@\'il%uﬁferpa}pcaﬂlb@ RERKL ddtertBhied@yiBfNt @a‘lcﬂﬂatlon For example for
rection; < >for a group of directions. 12 1o

PRS0 i Akge %ﬁ%m?t%i%dcm%%@@d%lﬁf?%‘%%re%&’%e%"pi%n%f g (100), (010)
I orti to LS tic .14 .
2@613 ”@50&@0? it 200 5 DR Di s o B et Bt the following
y a ssian_ 15 distrijbution
%f?’ﬁ&? B{Waé‘oﬂé'%#ﬁ deg %8%?05%“’? fied ‘Pe&ﬁ%\éﬁ infegers ynless
st andar d deV|at|on known 16 as the straggle. In a
§P‘??gfl‘1‘@11bf|58ﬁ§d§|thqr‘é(rsget the range and straggle for a
given inplant may be 17 different than that in
anor phous nat@gnesd! ferphirmlegy ia: (hénemeriainprown { gsfor a group of
channeling. 18 Hi gher ion energy, higher silicon
tpmps I alt for & ceraaid diréegioqy ewt for afgraipl dfeiimactibnexi de | ayers
on 19 the silicon all tend to dechannel inplants. In
any event, range and straggle data for various

Ion implant processes are important to forming doped regions in
substrates. The depth to which an ion becomes implanted is proportional to its kinetic
energy. The implanted distribution in an amorphous target is roughly a Gaussian
distribution characterized by a mean, known as the range, and a standard deviation, known
as the straggle. In a single crystal target, the range and straggle for a given implant may be
different than that in amorphous material, due to a phenomena known as channeling.
Higher ion energy, higher silicon temperature, and the growth of silicon dioxide layers on
the silicon all tend to dechannel implants. In any event, range and straggle data for various

materials including silicon, silicon dioxide, and photoresist have been determined.
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20 materials including silicon, silicon dioxide, and

phot oresi st have been determned. 21 3 1 The nore

rel evant technical art in the patent literature is as

follows: 2 US 5,970, 300(Buynoski) shows an ali gnnment

of a FET on a wafer. 3 US 6, 566, 204( Wang, et al.)

teaches the use of mask shadow ng and 4 angl ed

i mplantation in fabricating asynmetrical field-effect

transistors. 5 US 6,599, 804(Bul ucea, et al.)shows a

fabrication of field-effect 6 transistor for

al l eviating short-channel effects, 7 US 4,728, 617(Wo

et al.) showd N§MEF FrieYaBtteshntsal achin the Patepidtprtpre B agifellpws:

gfaded source and drain regions using a high tilt 1/1.
SHeEZEP(Buyheskd) shows apabghmant oba FEFpmaveefenr ocess and

device. 1041 2 3 4 Summary of the Invention 5 It

i's an obj ect Us¥ 6,a60,2049ddingeettal ) teaclprselsent of masinthiadowing and

provide a 6 device and nethod for fabricating a

ffghatSinpl Mtativntil fabrightagedydapeital 8gH@ffectArdnbisioss. an

obj ect of an enbodi nent the present invention to

provide a higfy 6,599,804(Bulucea, et al.)shows a fabrication of field-effect
transistor for alleviating short-channel effects.

US 4,728,617(Woo, et al.) shows a method of fabricating a MOSFET
with graded source and drain regions using a high tilt I/I,

However, there is a need for an improved process and device.
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8 voltage MOS device that has a hi gher breakdown
voltage. 9 10 Sone enbodi nents of the invention
conprise inplanting ions into said 11 silicon
substrate to form doped regi ons adjacent to said gate.
The orientation of the channel 12 region in the §
crystal structure (channel direction < 100>) in
conmbination with the large 13 angle tilt and tw st
i mpl ant process that increases channeling (described
bel ow) produces 14 doped regions that have a nore
graded (gradual) junction. 15 Wth the enbodi nent's
(a) transistor with a channel direction at < 100> 16
and (b) the 45 tilt and 45 twi st inplant, the
i npl anted ions enter the substrate at the <1 1 17 0>
direction. This direction increases the channeling of
the ion to create a graded junction. 18 19 An
enbodi nent is a nethod of fabrication of doped regions
in a 20 sem conduct ogufgyir§ef tOehfibld t he steps of
21 a) providing a {001 } silicon substrate; 5 1 b)

for ni ng a gatieisQyebjceabthniinidid e ¥RSIE&heny eiroqttﬁglto%ide a

having a width and a length; 2 a channel un

Qelice %@rhgthsmo@@@m% Qaagg&%@ﬁgﬁ%pgfa@gggeggﬁ.a' | el

e direction sal d gate anne

direction is [100 10] . 4 direction: 5 c). S
ol ant i ng 1 dhS o1 NP edubim Bttt & Fliopds progide  igh

Vi O BRCb el B gt 4o falge: angl e i1t
inmplant with a tw st

Some embodiments of the invention comprise implanting ions into said
silicon substrate to form doped regions adjacent to said gate. The orientation of the channel
region in the Si crystal structure (channel direction < 100>) in combination with the large
angle tilt and twist implant process that increases channeling (described below) produces
doped regions that have a more graded (gradual) junction.

With the embodiment’s (a) transistor with a channel direction at < 100>

and (b) the 45 tilt and 45 twist implant, the implanted ions enter the substrate at the <1 1

0> direction. This direction increases the channeling of the ion to create a graded junction.

An embodiment is a method of fabrication of doped regions in a
semiconductor device; comprising the steps of :

a) providing a {001} silicon substrate;
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7 of between about 40 and 50 degrees and a tilt angle

of 40 and 50 degrees. 8 Another aspect of the

enbodi ment is where said doped regionis a N 9 LDD in

an of fset LDMOS FET. 10 Anot her aspect of the

enbodi nent is where said ions being inplanted 11

about along the [110] directions of the silicon

substrate. 12 Anot her aspect of the enbodinent is

where the inplanting of said ions 13 is performed in

one inplant step at an about 45 degree tw st inplant

and a tilt angle of 14 about 45 degrees. 15 Another

aspecP) BYMings gibover s silicen sehsirateswidizate haviema width and a length;
substrate has a notch/flat at a 16 [110] direction.

17 Anot hep chapelc indst thehgates siid ¢hanent havisngrhelraend] kiérection parallel
inmplanting of ion further 18 conprises: said silicon

subst r at ewithsheadireotiombf dait gat wirtls sildxchehiet dire@idn i$ f1€0] or [010]
i mpl antation 19 conprises an inplant with a 45 tilt

and 45 twdiséctiamd the ions enter the substrate aligned

at 20 a <0 -1 -]> direction whereby the direction

i ncr egsigpldnifg fHRANG |shlagi1%c§n kub%lﬁs’t'ﬁ hée Forﬂﬁ&’&cﬁa%fl gérgi&ga?dj acent to said

enbodi nent i s where sai anne as an annu
channel . abie AERTRa R O B S BRe Sha TG metpt with a s
embodi ment! ORGP ETe e HatrerAad S B el on 50 degrees
AR R A L R

surroundi ng the outside of said channel; and the
P BeniofgetdDMOSFEbns further conpri ses

Another aspect of the embodiment is where said ions being implanted
about along the [110] directions of the silicon substrate.

Another aspect of the embodiment is where the implanting of said ions
is performed in one implant step at an about 45 degree twist implant and a tilt angle of
about 45 degrees.

Another aspect of the embodiment is where said silicon substrate has a notch/flat at a
[110] direction.

Another aspect of the embodiment is where the implanting of ion further
comprises: said silicon substrate has a notch/flat at a <110> direction, the implantation
comprises an implant with a 45 tilt and 45 twist and the ions enter the substrate aligned at

a <0-1-1> direction whereby the direction increases the channeling.
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7 a quadra inplant at the tw st angles of about 45,
135, 225 and 315 degrees with a range of 8 +/- 5
degrees; and a tilt angle between 40 and 50 degrees. 9
Anot her aspect of the enbodi nent is where said channe
has an annul ar 10 shape with a doped region on the

i nsi de of said channel and a second doped region 11
surroundi ng the outside of said channel region; and
the inplanting of said ions further 12 conprises a
quadra inplant with the ion beans aligned with the
<110> direction wthin 13 plus/mnus 2 degrees. 14
The ori ent at i’gwthghaspieetoif A copbasidaen icvkere sad ghanmel has an annular
channeling of ions. 15 The channeling of ions creates
shape mathgr dughed rggiomatni thoinsite oMsad charplleamd atsecbndniopediégion
MOS Tx, the graded junction of the LDD 17 increases
sreuddmignhdsedidefmiddbige. 18 19 The above and

bel ow advant ages and features are of representative

20 enbodi mentss,ofR3l ¥spe@ g Ly %Mm&% RewBdrk V& d @RAIET has an annular
excl usi ve. They are presented only to 21 assist in

g@ (K’%&‘A%Q@r tb% d MERGIRS sdil cﬁé}fﬁgll r?ngﬁ FH&]E%C%LQ 88&)ed region

oy, representatlve

L vent Yy
A R o P B R il comres
cl ai Jrs, tation UIvaL§£ :hge cl ai s
Faidt ot B Skl b ol EheSue TRhemes Wit a range of
nmut ual |y contradlctor in that they cannot be 3
Hr mileetshs sud pyiltgnels datveen 44 asql 3gdeziestbodi ment .
Simlarly, sonme advantages are applicable 4 to one
aspect of thénotheeaspedf thermnbadapeiticeldre sail atreal as an annular
Furt hernore, certain aspects of
shape with a doped region on the inside of said channel and a second doped region
surrounding the outside of said channel region; and the implanting of said ions further
comprises a quadra implant with the ion beams aligned with the <110> direction within
plus/minus 2 degrees.

The orientation and implant process creates more channeling of ions.
The channeling of ions creates a more graded junction.

When implemented on a HV MOS Tx, the graded junction of the LDD

increases the drain breakdown voltage.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented only to
assist in understanding the invention. It should be understood that they are not

representative of all the inventions defined by the claims, to be considered limitations on
7
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5 the clainmed invention have not been di scussed

herei n. However, no inference should be 6 drawn
regardi ng those discussed herein relative to those not

di scussed herein other than for 7 purposes of space

and reducing repetition. Thus, this sunmary of

features and advantages 8 should not be considered

di apositive in determ ning equival ence. Additiona
features and 9 advantages of the invention will becone
apparent in the follow ng description, fromthe 10

drawi ngs, and fromthe clains. 11 8 1 2 3 Brief
Desiovéntivh emdefinet fog iy elainrsger dmiliteont entquiedemnth the claims. For
advant ages of a sem conductor device according to the
nspnes 8tine oNthesd advantapes thay bdmantudy addtsdietorq iprAE &&$ cannot be
of fabricating such a sem conductor 6 device in

e M HNEE é»égeﬂt h RS £ SRS dimBYE BiniRRlyWonke 421%1{@%@% are applicable
clearly understood fromthe 7 follow ng description
4 . o P r
B PO ISR S RS ASE R KRR UG, s o
PR BN ey FELSRTARY, BRVSIO Bt v
aving a. transistor according.to 1 a pr.ocess known
BWHESF A8 AhasP .%hsi‘égsﬁ‘? E‘EfF’é‘ rFI%“‘é,%\/éOS& nge st el gfher than for
of atwist and tilted ion inplant 13 according to the
prIPeFes &f £Pace AN, KSUping sensHen- divys.tthis spamagy ofifgjtates anghgrvantages
"tilt".
should not be considered dispositive in determining equivalence. Additional features and

advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.
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14 Figure 2A shows a FET with a channel direction 202

in a <100> 15 direction according to an enbodi nent of
the invention. 16 Figure 2B shows a FET with a channe
direction 204 in a <110> 17 direction according to an
enbodi nent of the invention. 18 Figure 3Ais a top

down view of a wafer show ng the channel 19

orientation in a 45 degree twi st and 45 degree tilt

i mpl ant according to an enbodi nent of 20 the

invention. 9 1 Figure 3Bis a top down view of a wafer
showi ng the channel 2 orientation <010> in a 45

degree twi st and 45 degree tilt inplant according to

an 3 enbodi nent of the invention. 4 Figure 3C
illustrates a top down view of a quad inplant

according 5 to an enbodi nent of the invention. 6

Fi gure 4A shows a Buisf Besemipfionvefdhe Brasingsi nent of a
closed 7 shaped transistor according to an enbodi nent
of the i nveniflhefeattBeszingudearddges hHmscraicandmst®r §exdtd analding to the
view of the closed FET shown in 9 figure 4A along the
¥deat thBe@imaihdifiithdr details MEISIEd¥e bf fa0ficdthg suévefiniedhductor
10 Figure 5 shows a plot of the phosphorus

SNCERLERLAMBe Rith tuteepresreﬁﬂ%denn%% JilnRlh a8 ci&ﬂyme%oédwﬁom the
enbodi nent in a nornal TX conpared to a 1

tg?gﬁg%trdgg%ﬁggg Ir?aekgﬁ g#cln qc&%%&@%ﬁ&?ﬁg@gﬁ%@nf&%&nﬁs in which like

reference numerals designate similar or corresponding elements, regions and portions and
in which:

Figure 1A is a top down view of a wafer having a transistor according to
a process known to the inventor.

Figure 1B shows a schematic view of a twist and tilted ion implant
according to the prior art for use in understand the terms “twist” and “tilt”.

Figure 2A shows a FET with a channel direction 202 in a <100>
direction according to an embodiment of the invention.

Figure 2B shows a FET with a channel direction 204 in a<110>
direction according to an embodiment of the invention.

Figure 3A is a top down view of a wafer showing the channel
orientation in a 45 degree twist and 45 degree tilt implant according to an embodiment of

the invention.
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14 the enbodi nents' 45 degree angl ed channel 202 204
FETs formed on a wafer. 15 Figure 7 shows an exanple
of an offset LDMOS TX according to an 16 enbodi nment
of the invention. The channel for the LDNMOS TX is
preferably a p- 17 well. 18 Figure 8 shows an exanpl e
of a non-offset LDMOS TX forned 19 using the

enbodi nent' s ¢ l: I .Z4 i Rl

t he source aﬁ%gggggﬁsgﬁg% 8 agwéna &*BB? gﬁ e e

Descr.i We rre om

TRSBCPTBR M o 6 ke O RS AR GHANRE T oy e an

WTC{;JNQESPECT TO THE CRYSTAL DI RECTION 6 Referring now
WGV Ior e particularly to Fig I A there

is 7 shown a structure over which the present

i nvention i s Faguré Biorildustnatenia.to@d@ivguiesy ¢4 qumdampbipt evanding

view of a wafer having a transistor. The wafer 9 is

td QA Einbodieert bameehvaitioect i on 102 is <110>. The channel
direction is the direction 10 between source and drain

or drain and a4t 8] -shdPea GAMRRL vidiv FGLdnfddierdt I'(B?a closed

direction 11 current fl ows between the source and

, h
b T G L
dlrectlon as _shown i

ure 1A, 1 nuf
the FET withFigige é%&ﬁ% S% gsHgtian VFF“( E%? hg@@)&?(ﬁ?%@ shown in

figure 4A along the axis 4B according to an embodiment of the invention.

Figure 5 shows a plot of the phosphorus concentration of the graded
junction N- LDD of the embodiment in a normal V MOS TX compared to a
conventional Ph profile.

Figure 6 shows both a standard 0 degree channel 102 104 FET and
the embodiments’ 45 degree angled channel 202 204 FETs formed on a wafer.

Figure 7 shows an example of an offset LDMOS TX according to an
embodiment of the invention. The channel for the LDNMOS TX is preferably a p-
well.

Figure 8 shows an example of a non-offset LDMOS TX formed

using the embodiment’s channel maximizing implant process for the source and drain.

10
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14 by the gate (G and having a channel (C)

t hereunder, the notch permts alignnent of the 15
wafer relative to the exposure masks so that the gate
wi dth and the channel length 16 thereunder will be
paral l el or perpendicular with [110] crystal
direction. 17 18 Problem of voltage [imtation on Hi
Vit NMOS 19 As the transistor scaling to snaller

di mensi on, our high Vi NMOS 20 transistor is facing a
problemw th voltage |imtation. Thermal cycle was
limted because 21 of the consideration of logic
device in the wafer. Il 1 2 Currently for high
voltage transistor, we need to use high tilt 3

i nmpl antation and long time diffusion in order to nmake
the lateral junction of the LDD nore 4 graded. For
exanpl e a | aDetailed Ddsétipiieinontat Phefoxicd L mBsaiGRAGUCT OF
{LDMOS} was used 5 for high voltage usage. However the
LDD regions of the LDMOS need long tine (several 6
houlk) diffuINCTRODUCHION 9IAIRRENINNDORTY € ANNEL

sustai n high voltage. For sub-mcron 7 technol ogy,

because DiREhtTIUNSWH mbﬁcﬁeﬁmﬁ%m% i ﬁﬁkECTION

Lower thermal cycle mas 8 neede cause 0
transistor dinension. In this case,

LDMOS |

popul ar for Fne 9108’ tﬁé]i”f’s‘iiréwmrgl agf mAse P%‘@‘é‘ﬂaﬂy to Fig 1A, there is
transi stor. There are nalnlg two hi gh voltage
hodst stegrtareioner which thernsessatipvengion dan imnespvament.
transistors, offset transistor and non-offset
transi stor. OGiguselA iga taprdamsid¢wpf awefeadyvingt tiassstor. The wafer
structure to get higher breakdown voltage. Non-offset
152081 ). uEttewrhenned dirbitighdi02t is ki 1@n dlie: dhanndl dtredtin idop@dection
drain (LDD) inplantation to increase the
between source and drain or drain and source. The channel direction is the direction
current flows between the source and drain or drain and source. In current 8 inch P-type
wafer technology, the notch is along the <110> direction as shown in figure 1A.

In manufacturing the FET with the source (S) and drain (D) separated
by the gate (G) and having a channel (C) thereunder, the notch permits alignment of the
wafer relative to the exposure masks so that the gate width and the channel length

thereunder will be parallel or perpendicular with [110] crystal direction.

Problem of voltage limitation on Hi Vt NMOS
As the transistor scaling to smaller dimension, our high Vt NMOS
transistor is facing a problem with voltage limitation. Thermal cycle was limited because

of the consideration of logic device in the wafer.

11
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13 breakdown voltage. 14 15 Overvi ew of enbodi ments
of the invention 16 17 In this exanple enbodinent, a
special |ayout for a high voltage 18 transistor is

i ntroduced. A set of specific inplantation nethod is
gi ven accordingly. A 19 main advantage of this
enbodiment is to use the silicon crystalogy to get

hi gher 20 channel i ng effect through speci al

i mpl antation angle and rotation. Accordingly the
layout 21 for this inplantation was optimzed in
order to get a nore graded junction. 12 1 W inplant
ions into the f 0 0 1} silicon substrate to form doped
regions 2 adjacent to the gate. The orientation of

t he channel Ffeyewty fonhighevoBage rystsalr, 8¢ needttonse 1dgh tilt
(channel direction < 100>) in conbination with the
ingyl getationging ldigl timadidfubion St oideploanike the PEePAl§SEtion of the LDD more
(descri be bel ow) produces doped regions that have a

Fraied. Forsethp(<H @eualdiffustor MBGE bARe sehlfornEBPIEDMRIY ARG used
I npl ant process creates nore channeling of ions. The

fré ' | HoWLPeSthe iR P11 2ARBS i
e e U TR P LA B fone tme (overal
' u en and cl.osed shaped, 8 transi.stors. and.doped.
R e R R
figure 4A. 9 Other enbodinents include 45 degree

Sy, Disoung g s AL FYF BROGIe DGR e apdhprmalgycle vas
i nclude quadra twist and tilt_inplants. 11

needed because of the transistor dimension. In this case, LDMOS is not popular for small
dimension high voltage transistor. There are mainly two high voltage transistors in the
foundry for sub-micron transistors, offset transistor and non-offset transistor. Offset
transistor use asymmetrical structure to get higher breakdown voltage. Non-offset

structure use higher tilt angle for lateral doped drain (LDD) implantation to increase the

breakdown voltage.

Overview of embodiments of the invention

In this example embodiment, a special layout for a high voltage
transistor is introduced. A set of specific implantation method is given accordingly. A
main advantage of this embodiment is to use the silicon crystalogy to get higher
channeling effect through special implantation angle and rotation. Accordingly the layout

for this implantation was optimized in order to get a more graded junction.

12
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12 Wth the enbodi nents of the invention, we can

i nprove breakdown 13 voltage of HV transistor. Mre
graded junction LDD can be obtained without using |ong

14 diffusion time. 15 In accordance with the present
invention, a standard {001 } silicon wafer 16 with a
primary notch of <1 10> direction is used and, before
exposure to an inage by a 17 |ithographi c exposure
apparatus, the relative relationship between the nask

and the 1001) 18 silicon wafer is changed so that the
relationship, in the same plane, is approximately )
forty- 19 fi Wéc tejrieens(in® thed @) silicomsubsisatn &e fean doped regions
relationship in the sane plane. Thus, the [110] 20
edjyenalo thié gaetTherriestatibn ghtbd clxppeloegioatethy S4brydagstersire

to the gate width and will be aligned 21 paralle

Whtihet Biadutioh < 10053 h @inttagition withhtBe lay@ dnaletilt Sndapdt igplant
to the gate. 13 1 This 45 degree change is preferably
?ﬁ@%?ﬁéséﬁ&%%)%rbﬁ\?&s ARSI Y4108k that HaD€ a ARBE gt AGFaddhl)

e waf er hol der 'of an optical |ithographic System so
PP LA Bfon B3 BB APAI 2 o o
g0t S R T S B R 0>
e e el b eSSt pemeh e
channel and [110] crystal direction are parallel.

st andydaped segipnsghn exgmplgeé pckosed ghapest Tx eshown in figure 4A.

i thographi c apparatus wafer and nask hol ders, the

Oten gebedimentainclud® 4pydegree29isof 43 Hegrastiltimorlews.chherpmbodiment
The remai ning fabrication steps, such as plasma or 9
mnjudotjnaipa ovistanlitiigimpbatitdat i on, chem cal vapor

deposition, sputtering and planization, are 10

performed w thout any nodification of the wafer

hol ders, because the exposed surface of

With the embodiments of the invention, we can improve breakdown
voltage of HV transistor. More graded junction LDD can be obtained without using long
diffusion time.

In accordance with the present invention, a standard {001} silicon wafer
with a primary notch of <110> direction is used and, before exposure to an image by a
lithographic exposure apparatus, the relative relationship between the mask and the {001}
silicon wafer is changed so that the relationship, in the same plane, is approximately forty-
five degrees (45 degree) from the normal relationship in the same plane. Thus, the [110]

crystal direction is aligned approximately 45 degrees to the gate width and will be aligned

parallel with channel length direction when voltage is applied to the gate.

13
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11 the silicon wafer to these processes remains in the
<001> direction. 12 Referring to figure 6, on the sane

waf er, both standard O degree and the 13 enbodi nents’

45 degree angl ed channel FETs can be formed. For
exanpl e, Figure 6 14 shows both standard O degree

channel 102 104 FET and the enbodi nents' 45 degree 15
angl ed channel 202 204 FETs forned on a wafer
(source/drain regions not shown). 16 Anot her aspect of

the present invention is a novel FET with its gate 17
formed perpendicular to the <100> crystal direction so
that the charié 4 fagrecisBangs,ispredarably gesgmphishediby either modifying
direction with a voltage applied to the gate. 19 In
theanssimhokldspecthe vlafer heldgr elsmrmptical idghedraphic systeml sarthe mask holder
shaped FETs are 20 forned. Figure 6 shows annual FETs
G0Pthavehf@ hdldeF &t 164 Zelatfonblaip of Bgprexiaeed] fetysivildeghRH BF) from
<100> direction. FET 602 has the <110> channe

ﬁiefr%ﬁhﬁl%l-ati&{bﬁipqg_ | BALO®B Qstaldreb iYL ?z&%éfi‘g?jthe kgeélationship

|'inear FETs with different channel direction ~can
LARTEN 83 D15 AR, 1208 TSRO T
A L PR Lo RS Rl U, Moot
s arde P GORBET BV Self Soh PR et heangosy vary
doped region preferably is a source or drain region 9
by o2 WDF et desrasohengsy Shereasiyng BrigticD sapisoh krplasma or
hi gh vol tage transi stor such as a
anisotropic etching, oxidation, chemical vapor deposition, sputtering and planization, are
performed without any modification of the wafer holders, because the exposed surface of
the silicon wafer to these processes remains in the <001> direction.

Referring to figure 6, on the same wafer, both standard 0 degree and the
embodiments’ 45 degree angled channel FETs can be formed. For example, Figure 6
shows both standard 0 degree channel 102 104 FET and the embodiments’ 45 degree
angled channel 202 204 FETSs formed on a wafer (source/drain regions not shown).

Another aspect of the present invention is a novel FET with its gate
formed perpendicular to the <100> crystal direction so that the channel will be parallel
with this direction with a voltage applied to the gate.

In another aspect of the present invention, annular shaped FET's are

formed. Figure 6 shows annual FETs 602 and 612. FET 612 is has the embodiments

channel <100> direction. FET 602 has the <110> channel directions. Any combination of

14
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10 LDMOS transistor. 11 A feature of the process is

that a nore graded junction is fornmed by the 12 |arge
angl ed i npl ant process. 13 {001} silicon substrate
havi ng [110] reference direction 14 Referring to

figure 2A and 2b, an orientation of the channel (C) of
an 15 FET is shown. We provide a (001) silicon
substrate having [110] reference direction 16
(direction fromsubstrate center to primary

notch/fl at). 17 Figure 2A shows a FET with a channe
direction 202 _in a <100> 18 direction. 19 Figure 2B
SHByar and FhE‘Tarvﬁ fﬁﬁ? ‘ﬁlﬂt Aiaferrat chinpd dinegipns gan pe fogmed gipthe same
20 direction. 21 Devices with both channel directions
oedietbe formed on the sanme wafer. 15 | Gate, Source/
Drain and Channel 2 Next, a gate (G is fornmed over

the silicon siHestitaidenertiseigat ehdnavlidigceton 3 weéfdl for RIGE TXs and
a length; a channel under the gate. 4 The channel (QC

kas reducdmogthralighect i on (202 204) parallel with the 5
di rection of the gate width. The channel direction is

the direction of current flow direction. 6 The

champel di r eq¥fp@ddiof INBIEWAR |cHa1ﬁpéP HheLtJaQ&i in%he L%@ or

crystal direction. 7 8 Large Angle inplant wth Tw st

to form SeHredfgn Prain

A preferred embodiment of the invention is a method to form a doped
region in a semiconductor device. The doped region preferably is a source or drain region
in a FET and is more preferably a S or D region in a high voltage transistor such as a
LDMOS transistor.

A feature of the process is that a more graded junction is formed by the

large angled implant process.

{001} silicon substrate having [110] reference direction

Referring to figure 2A and 2b, an orientation of the channel (C) of an
FET is shown. We provide a {001} silicon substrate having [110] reference direction
(direction from substrate center to primary notch/flat).

Figure 2A shows a FET with a channel direction 202 in a <100>

" direction.

Figure 2B shows a FET with a channel direction 204 in a <110>
direction.

Devices with both channel directions can be formed on the same wafer.
15
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9 W inplant ions into the silicon substrate to form
doped regions 10 adjacent to the gate. The orientation
of the channel region in the Si crystal structure 1
(channel direction < 100>) in conbination with the
large angle tilt and tw st inplant 12 process
(descri be bel ow) produces doped regi ons that have a
nore graded (gradual) 13 junction. The orientation and
i mpl ant process creates nore channeling of ions. The
ions are 14 preferably inplanted along the <110>
direction to paxim ze channeling. The channeling 15
of ions creat@&a SQHreejPraiarnd kbanse! Channeling is
when inmplanted ions are not slowed 16 by collisions
Wi th silicon Ndx@nBgatd (G)iiSfor@ed bedrltResilyon fub&fite; the gate having a
different techniques: wafer tilt, 17 screen oxide

LWadBR @k 1PLAATRhADE @&ldePihe ghftl S enbodi ment preferably
does not use these 18 techniques to reduce

channel i ng. Ll T .
t he graded jﬁ%@fﬁ%ﬁx%gﬂt%%Hfﬁgﬁﬂ%?g?ﬁgPZ%ggéﬁgﬁIaﬁ@éWﬂlme
r eakdown vol t age. 16 =i qure. | hows a_schenptic. .
BRERORP! et LT, a1 e ishlon s B Er2n BESrHNBo ¥ Girction.
iﬂe Brio[.art for u$e i n understand the ternms "tw st”
@ cagnet direcgiony prefezablygboyh bi Q1 196 { W frysiabdivastion-
surface and the ion beam 5 Twist is the angle between
the vertical plane containing the ion beam 6 and the

vertical plane perpendicular to the reference

direction (primary notch direction). 7 Single |nplant
at 45 tilt ah@rgs Angleimplant with Twist to form Source and Drain

We implant ions into the silicon substrate to form doped regions
adjacent to the gate. The orientation of the channel region in the Si crystal structure
(channel direction < 100>) in combination with the large angle tilt and twist implant
process (describe below) produces doped regions that have a more graded (gradual)
Jjunction. The orientation and implant process creates more channeling of ions. The ions are
preferably implanted along the <110> direction to maximize channeling. The channeling
of ions creates a more graded junction. Channeling is when implanted ions are not slowed
by collisions with silicon atoms. It is controlled by three different techniques: wafer tilt,
screen oxide layer or preamorphization. This embodiment preferably does not use these

techniques to reduce channeling.

When implemented on a HV MOS Tx, the graded junction of the LDD
increases the drain breakdown voltage.

16



10

11

12

13

14

15

16

17

18

19

20

21

22

8 As shown in figure 3A, the inplantation of ions

preferably conprises a 9 tilt/twst inplant with a

tw st of about 45 degree fromthe <110> reference

direction 10 (notch) of the crystal substrate and a

tilt angle between 40 and 50 degrees (fromthe 11

normal plane of the substrate surface) and nore

preferably a tilt angle of 45 degrees with a 12

preferred tol erance of +/- 5 degrees. 13 For a (001)

wafer (e.g., with a notch of <110>) direction, a

inplant 14 with a 45 tilt and 45 twist, the ions enter

the substrate at a <0 -1 -1> (or <011 >) direction 15

(or [I 10] group direction). This direction increases

the channel i figurd BB shawsThechematic Viewanid t46t tnd Sltedsibn ghyslant

inplant is preferably perforned by 18 inplanting Ph

aarosdiag todhe piveragyfobedeie @and#taanthe 400 Eamise daSgl.

between 1E12 and IEI5 19 at tilt angle between 40 and

50 degrees amdt RUkCaplEb&wat the ARRYLuAR IS BB, A

twist 20 angle of between 40 and 50 degrees and nn;g
erably 4 "

pr ef y 4548w @e %ngl% i)etmlkﬁ t}}%gzreﬁtgcgféﬁgxéém(nzé%%g tﬂlrei iy beam

degree tilt inplant preferably _

i by SR B eS8, (ke Rl 981 S
SRR SR Y8 Rl T o L2 U LS o,

t< ﬁgozr iaprgr ;‘ %gglgy?r}n icx:leﬁgduiré g&f tihg ri]mglar]ft:!a-ggn gta iloflso pre?ergb?}r/ comprises a
tilt/twist implant with a twist of about 45 degree from the <110> reference direction
(notch) of the crystal substrate and a tilt angle between 40 and 50 degrees (from the
normal plane of the substrate surface) and more preferably a tilt angle of 45 degrees with a

preferred tolerance of +/- 5 degrees.

For a (001) wafer (e.g., with a notch of <110> ) direction, a implant

with a 45 tilt and 45 twist, the ions enter the substrate ata <0 -1 -1> (or <011 >) direction

(or [110] group direction). This direction increases the channeling.

The 45 tilt and 45 twist single implant is preferably performed by
implanting Ph ions at an energy between 40 and 400 and a dose between 1E12 and 1E15
at tilt angle between 40 and 50 degrees and more preferably about 45 degrees and a twist
angle of between 40 and 50 degrees and more preferably 45 degrees.

This 45 degree twist and 45 degree tilt implant preferably forms a

(symmetric) LDD.
17
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6 7 For a 45 degree twi st inplant and a 45 degree
tilt, the ions are inplanted 8 into the S/ D region
along direction B. Direction Bis parallel to the <O
1> (or <0 -1-1>) . 9 "quadra" inplant for open
shaped tx 10 In a preferred enbodi nent the inplanting
of ions into further conprises 11 an quadra inplant.
The quadra inplant is perfornmed by 4 inplants of Ph
ions at an 12 energy between 40 and 400 Kev and a dose
between | E 12 and | El 5 ions/sg-emat tilt 13 angl e

bet ween 40 a 0.degrees a a tw st angles
bet ween 40 aﬂ'ﬂs SU”%e%Isé’é@cﬁ )W@%Péa@dl?)mg:éwtst(@ witle a

enbodi ment's quad inplant. The 4 inplants at 15 45,
135, 225, andcéﬁ'y’%!éﬂf%@@" @6<7100% he quadra i npl ant,
the inplanted ions are aligned in the [ O,-1,-1] , 17

[1,0,-1], [OFgurd}B shdwsla p-dolvnfiew st PFEH 'v&rlﬁlcat $(Rﬁ]§e (S) and Drain

(the negative signs represent bars over th

?ggmd élate' (&) S4th avéﬂaﬁﬂatl dfrctibh &%ﬁoﬁ% e §§nc% t&?f 1%'11'3 glé)> (also

osed shaped (or annual anne

gure 4A and figure 4B, an enbodlnent i's
BE EWH\%@?/ t118tc

the transi stor has a channel region
with a "closed shape" so that S/ D region on the inside
4 of the channel region and a second doped region
surroundi ng the outside of the channel 5 %lon
Fi gure 4A shofk? % fegsecioun mpknt o1d afd ‘éq%b@dl trhetionsf arg implanted
cl osed shaped 7 transistor (e.g., wth annul ar shaped
iotvethe8/D ragginoaigng ditegtioeBADEBa WS B isglaghlRKiodRe <@Q1 SNGr <0 -1 -1>) .

“quadra” implant for open shaped tx

In a preferred embodiment the implanting of ions into further comprises
an quadra implant. The quadra implant is performed by 4 implants of Ph ions at an
energy between 40 and 400 Kev and a dose between 1E12 and 1E15 ions/sq-cm at tilt
angle between 40 and 50 degrees and a twist angles of between 40 and 50 degrees

Figure 3C illustrates the embodiment’s quad implant. The 4 implants at
45,135, 225, and 315 degrees.

In the quadra implant, the implanted ions are aligned in the [ 0,-1,-1],

[1,0,-1],[0,1,-17, [-1,0,-1] or <110> directions. (the negative signs represent bars over the

1’s, e.g.-1isequivalentto 1) This maximizes channeling.

18
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8 402, LDD regions 406 414, source/drain regions 407
415 (see Fig 4B) and gate 410. The 9 LDD regions are
preferably formed by the enbodiment's inplant process.
The "closed 10 shape"” neans that the active region
has no beginning or end. The channel under the gate
11 410 is surrounded by the LDD 406. The channel is
preferably annul ar shaped and is nore 12 preferably
rectangul ar or square shaped. 13 Figure 4B shows a
cross sectional view of the closed FET shown in 14
figure 4A along the axis 4B according to an enbodi nent

of the inventi ' shgw a gate dieleciric

| ayer 412 und gr? 8?%‘5582*{’%" 2%0?'} ri%al 1527eapeer9go ?FH??S’&%‘P"

t he annul ar channel Tx can be a normal voltage Tx 17

or a offset LBRESiRgtodighmaoidhgurt BROS: eiBodueadniashown where
I mpl ant method for closed (e.g., annular) channel 19
r'dgitnsitor ke chiveet tegpadvighaneded opgd” E€Gia013/D f&ion on the inside
exanple as shown in figure 4A, 21 preferably a quadra

i ofthaclianhel rpgiof ed@ebcodBddbed Zegih SRR X W dulsi@f gt channel

transistor and non-offset 3 transistors 4 The channe
ofep@At ati ons and inpl ant embodi ments of the invention

on 5 can be used to formHV LDMOS TX with of fset

transi st or Fagde hdshows 8 ¢ep dovangiestadas entholingent ef d closed shaped
shows an exanple of an offset LDMOS TX. The channel is
&ansistor (e.g., with annular shaped channel region). Figure 4 shows field oxide regions
402, LDD regions 406 414, source/drain regions 407 415 (see Fig 4B) and gate 410. The
LDD regions are preferably formed by the embodiment’s implant process. The “closed
shape” means that the active region has no beginning or end. The channel under the gate

410 is surrounded by the LDD 406. The channel is preferably annular shaped and is more

preferably rectangular or square shaped.

Figure 4B shows a cross sectional view of the closed FET shown in
figure 4A along the axis 4B according to an embodiment of the invention. Figure 4B
show a gate dielectric layer 412 under the gate 410.

The embodiments of the annular channel Tx can be a normal voltage Tx

or a offset LDMOS or a Non-offset LDMOS.

Quadra Implant method for closed (e.g., annular) channel

region

For the closed shaped doped region, for example as shown in fi gure 4A,

preferably a quadra implant is performed.
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7 diffused p-well for the LDNMOS TX. 8 In the offset
LDMOS TX (figure 7), only the NNLDD is forned using 9
the enmbodinent's ion inplant at [110] to nmaxim ze the
ion channeling. 10 In the non- offset LDMOS TX (figure
8), preferably the N+ source and 11 the N+ drain are
simul taneously fornmed in the sanme inplant step using
the enmbodinent's 12 ion inplant at [110] to maxim ze
the ion channeling. 13 Process for offset LDMOS TX
(figure 7) 14 The process to formthe OFFset LDMOS TX
is as follows: 15 ~ fonn p-epi on substrate 16  form
p-well 17 ~ form (poly) gate 18 » form N-LDD (usi ng
enbodi nents' channeling maxim zing ion inplant) 19 7
form spacers on gate 20 O fonn source (S) and drain
(D) using a sH¥ndBMOS TX with Dffsz® tnanistozraridynon-béfset
of fset LDMOS Tx operates at a voltage between about 2
18V and 60 V. transistop=ari son a normal vol tage Tx

oper ates between about IV to 18V. 3 4 non-offset

t% Bé 5 UE LI%@ lrcgarﬁv\}g?m%@aﬂ%ﬂs gﬁ@ﬁ%lgnt %&b%di%%gfs%ff Ehseel}wention on
can be used to form HV LDMOS TX with offset transistor and non-offset transistors.

Figure 7 shows an example of an offset LDMOS TX. The channel is a
diffused p-well for the LDNMOS TX.

In the offset LDMOS TX (figure 7), only the N-LDD is formed using
the embodiment’s ion implant at [110] to maximize the ion channeling.

In the non- offset LDMOS TX (figure 8), preferably the N+ source and

the N+ drain are simultaneously formed in the same implant step using the embodiment’s

ion implant at [110] to maximize the ion channeling.

Process for offset LDMOS TX (figure 7)

The process to form the OFFset LDMOS TX is as follows:
00 form p-epi on substrate
0 form p-well
0 form (poly) gate
O form N-LDD (using embodiments’ channeling maximizing ion implant)
O form spacers on gate

0 form source (S) and drain (D) using a standard I/ .

20
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6 use a lot of diffusion to get a snooth and graded
junction between the N+ and p- well. 7 Wth the

enbodi ment' s wafer alignnment and drain inplant
process, a good graded junction 8 can be obtained.
The breakdown vol tage decreases with the enbodi nent
because of the 9 graded junction. 10 Process for
non-of fset LDMOS TX 11 The process to formthe figure
8, non-offset LDMOS TX is as follows: 12 ~ form p-epi
on substrate 13 * forn1p well 14 ~ formpoly gate 15

N form N-LDD u3| di nents' channel i ng max
i npl ant) 16 “rf%’f‘?h@Bﬁ&%?éwoﬁ&wwt%ﬁé’élt%%?dmween about

draln using invention's maxi m zing channeling ion

A ad o0 V. i@c‘mpwﬁﬂ pyormi evolage Bf presates POSRbout 1V to 18V.
operates at a voltage between 19 about 12V and 25 V.
In conparison a nornmal voltage Tx operates between
about IVto 20 18V. 21 21 | |IV. EXAMPLES 2 The
follow ng non-limting exanples represent preferred
forms and beston-8ffiset LOMOSEtEXpl at ed by the inventor
for practice of his invention, as well as illustrating

the 4 resul t,00%ah 068t BLAHIDF & RorkSfset LDMOS TX. Usually we

use a lot of diffusion to get a smooth and graded junction between the N+ and p- well.
With the embodiment’s wafer alignment and drain implant process, a good graded junction
can be obtained. The breakdown voltage decreases with the embodiment because of the

graded junction.

Process for non-offset LDMOS TX

The process to form the figure 8, non-offset LDMOS TX is as follows:

O form p-epi on substrate

O form p-well

O form poly gate

0 form N-LDD (using embodiments’ channeling max ion implant)

00 form spacers

form N+ source and drain using invention’s maximizing channeling ion implant.
Currently, the non-offset LDMOS Tx operates at a voltage between

about 12V and 25 V. In comparison a normal voltage Tx operates between about 1V to

18V.
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5 H gh Vol tage LDMOS transi stor were fabricated using
the standard 6 transistor orientation shown in figure
1 and an enbodi ments orientation shown in figure 7 2A
(e.g., channel in <100> direction). Ph ions were

i mpl anted at the conditions shown in 8 the table
below to formthe N-LDD. 9 TABLE: conpari son of

enbodi ment and standard LDD i npl ants paranmeter 45 tilt
and 45twi st inplant 30 tilt and O twi st inplant dose
| E12 atons/sg-cm 1E12 atons/sqg-cm energy SO Kev 80 Kev
Junction depth 0.75 mO0.5 1| _rni Breakdown 16.2 V 14.0
v ¥l tage 1EXAMPAEShown in the table above, the
enbodinment's 45 tilt and 45twist 12 LDD inplant had a

deeper junct iToR feleRtifig a0ALlignilth OBRM PNk pMPTRAYErms and best
13 The LDD i nplant on the enbodi nent's tranS|stor

BIJd8NE RkdlatB@By &tk ihNGHGABLR RIS 1ngr910n,r%r\vélh%t111ustrat1ng the

creates a deeper and nore graded junction

age. This is inportant especially
%%ugﬁ&ﬁ%é tran?ﬁl¥Q&é 16 17 Figure 5 shows a plot of
t he phosphor us. entr of t
junction N E%lg% Eaﬁ% @Mg)g; tFPé‘ﬁ‘lSE’F H‘% ’%@F‘F?é‘?ds“lflw ftsadard
ared. to .a conventjonal 19 Ph profile. The boron
HORrR Qi 12t SHOvabB ek gnd an epkodiBeRSe AliorHeticorshem in figure

the p-well. (See o ) _
2A (e.g., channel in <100> direction). Ph ions were implanted at the conditions shown in

the table below to form the N-LDD.

TABLE: comparison of embodiment and standard LDD implants

parameter 45° tilt and 45°twist implant 30° tilt and 0° twist implant
dose 1E12 atoms/sq-cm 1E12 atoms/sq-cm

energy 80 Kev 80 Kev

Junction depth 0.75pm 0.5 ym

Breakdown 162V 140V

voltage

As shown in the table above, the embodiment’s 45° tilt and 45°twist
LDD implant had a deeper junction depth and a higher breakdown voltage.

The LDD implant on the embodiment’s transistor orientation has
increased channeling of ion that creates a deeper and more graded junction. The reduces

the breakdown voltage. This is important especially on the HV transistor.

Figure 5 shows a plot of the phosphorus concentration of the graded
junction N- LDD of the embodiment in a normal V MOS TX compared to a conventional
Ph profile. The boron concentration of about 1E18 is the concentration of the p-well. (See

e.g., figure 7 and 8.)
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20 e.g., figure 7 and 8. ) 22 1 V. Ending 2 In
sunmary, a new set of layout and inplantation nethods
was given in 3 the enbodinents of this invention. A
purpose is to use crystal structure of silicon to 4

i nprove the junction or the LDD or S/D to obtain high
br eakdown voltage. It can be used 5 for DMOS and
HVNMOS and ot her hi gh vol tage transi stor and nor nal
MOS Transistors. 6 The enbodi nents' inplant process
can be perfornmed on any wafer so 7 that the ions enter
the_wafer in_the [ 110] direction. The enbodi nents are
notVHependen@?dﬁﬂ 8 any configuration of wafer
notches and/or flats. The orientation of notches and
flat change 9sutihlry\@he sé@EMPLOGNY impRnfRi¥e heltld@s was given in
variety of enbodi nents of the present Invention just

thé cBBSEMARDS thilh frvaRRHE AASEEEdRE 10ARRe @xg/gtai éltglldtglﬁé' %geil‘?&% to

show not be taken as |imting the sco

i ' ' l ai.Ns. i h
fifﬁ{ 6 the ‘Hﬁgéﬁ %IO[HG ﬂgfgr Db Yo ét;)}gusl ﬁl%ﬁ%b@garlfgg'vgllé \S\/I\Ql:;a[g%.e% cgn be used

venti o een i cul ar

i 4 ?ﬁﬁ5 e to.the. preferred epbodi nent :
P EtagP dod RGPS a Grise sl e Finnb e Sk paMQP Trgsisors.
the art that Earigu changes in formand details may
be made wi t hoht SHBRHAMEN gRIyHhPressss opp be pertprmed ey any wafer so
scoBe_of the invention. It is intended to cover
thalrthe irgs soiar e cafsrom gied h0]dinertien: The mbpdismente aramics degradents on
procedures, and the scope of the appended clai ns
anyeosfigratiohduyalelywtches ard/ ooflate d e hecltpid@deotches and flat change
interpretation so as to enconpass all such
wild ivafec &ichosisgyand similar 19 arrangenents and
procedures.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the scope
of the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be

accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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20 23 What is clained is: 1. A sem conductor device
conprising: a first S/D (source/drain) doped region in
a substrate; said substrate is conprised of a {00l }
nonocrystalline silicon substrate; a second S/ D doped
Whi e @fninsgaged fromsaid first S/ D doped region by a
an annul ar channel region in said substrate; said
second S/ D doped region has an annul ar shape; said
annul ar channel region having an about rectangul ar
over said annul ar channel region; said

L ga?e?mﬁondugﬁt gﬁvﬁfﬁ %(fm%rf?érb% and sai d annul ar channel

regi on havin a channe| direction parallel with the
di rect i BATSPE (3pares/dipiay Hopedegion i A sehstigic; sad pehstpts is
aligned with a élOO] or [010] crystal direction. 2.
The semni cotuised otle0@ld wénadrystatlide sthemmeiubstsaé;d
annul ar channel region and said second S/ D doped

regi on has®na SrledbparbiekRnh sphaddrons said fiestSEDidepatiegionrby a
device of claim 1l wherein said substrate conprises a

{001 }  noROHHMBE @hiﬂn@ﬁreﬁio‘n‘ if @ﬁd%ﬂ%f@%ﬁd hahas/B do%ed
[110] reference direction froma substrate center

B Lot T RIS R
about rectangular shape;
a gate over said annular channel region; said gate has an annular shape;
and
said annular channel region having a channel direction parallel with the

direction of a gate width; said channel direction is aligned with a

[100] or [010] crystal direction.

2. The semiconductor device of claim 1 wherein said annular channel region and said

second S/D doped region have a rectangular shape.

3. The semiconductor device of claim 1 wherein said substrate comprises a {001}
monocrystalline silicon substrate having a [110] reference direction from a

substrate center to a primary notch/flat..

4. The semiconductor device of claim 1 which further includes a first LLD region
adjacent to said gate and said first S/D region; and a second LDD region

having an annular shape adjacent to said second annular S/D doped region.
24



adj acent to said gate and said first S/D region; and a
second LDD region having an annul ar shape adjacent to
said second annular S/D doped region. 24 5. A

sem conduct or device conprising: a substrate having a
substrate crystal orientation in a first direction
defined by a notch; a transistor disposed on the

M{;ﬁﬁﬁcm\t\ﬁag‘;%%ﬂﬁé%i%ansi stor conprises a gate on

e substrate 1s adj acent to t he gate,

?‘32 LFH”%@’S&E’%t%ﬁ?YIﬁ%?a@@SP &G Bem o B gisgtan dofined

channel beneath the gate and between the S/ D regions,

t h@YeH®ihel  havi ng a channel length defined by a

di stance between the S/ D regions; and wherein the
channd tramsmstyirhlispesédonaths eclmtdtedivherets tha trdndifter enmtpriseom
the first direction. 6. A sem conductor device

conpri si ng:a gatsobdlersabgrdi@vi ng a substrate crystal
orientation in a first direction defined by a notch,

wher ei n t hey/pUlSHEALE &AM t'hé?%eawl{uggﬁ 9D re%wns comprise

monocrystalline silicon substrate; a tranststor

di spo %Qde%%ﬁﬁ%oﬁyong resylt ‘[ll’f&f\é(ﬁ)}{% :ugpré)veg' ghannglmg oft ions, and

conpri te on

a channel beneath the gate and between the S/D regions, the channel
having a channel length defined by a distance between the S/D regions;
and
wherein the channel length is in a second direction different from the first

direction.

6. A semiconductor device comprising:

a substrate having a substrate crystal orientation in a first direction defined
by a notch, wherein the substrate comprises a {001} monocrystalline silicon
substrate;

a transistor disposed on the substrate, wherein the transistor comprises

a gate on the substrate,

S/D regions adjacent to the gate, and

a channel region beneath the gate and between the S/D regions, the
channel region having a channel length defined by a distance between the

S/D region; and
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S/ D regions adjacent to the gate, and a channel region
beneath the gate and between the S/ D regions, the
channel region having a channel |ength defined by a
di stance between the S/ D region; and 25 wherein the
channelhdréif idcHafindl Nerdstis BGAAGcEindaEicb@oh @iffbfcar 86 the amst
the first direction, wherein the channel region has a
ch di ' ' -\ - rysit g
i PeRlosn G EtRE RdraDEGio S alchidthel 4R imdlih loo)
wher ei,n. t he bst.rate conprises a {001 }
n085§p§%f%fV$$kFc¥qﬁ con substrate having a [110]
reference direction froma substrate center to the
notch. 8. The sem conductor device of claim®6 wherein
the channel region conprises an annul ar shape which

7. iThe semisbrducialdeyice et tlamg GIvererdin thetrbstrat@cormprases a {001}
sem conduct or device of claim8 wherein: first and
secondoanstulliae siicth ssipattemadgingny 1 s@pafeadred doyctidheirom a
channel region; a first LDD region is adjacent to the

gat gyRRselcbist toaRdHbk. S/ D doped region; and a second
LDD region is adjacent to the gate and second S/ D

doped region. 10. The sem conductor device of claiml
wherein substantially all of said annular channel has

anne] directions j 100]. or. [,01 cryst.al .
8. G2 SRtenficR goith o St Sihsciin i Uil Koen eqaprios an

wherein said first S/D doped region
annular shape which is substantially rectangular in shape.

9. The semiconductor device of claim 8 wherein:
first and second annular S/D doped regions separated by the channel region;
a first LDD region is adjacent to the gate and first annular S/D doped region;
and

a second LDD region is adjacent to the gate and second S/D doped region.

10. The semiconductor device of claim 1 wherein substantially all of said annular

channel has channel directions in [100] or [010] crystal directions.

11. The semiconductor device of claim 1 wherein said first S/D doped region

surrounds a field oxide region.

12. A semiconductor device comprising:
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13.

14.

15.

16.

surrounds a field oxide region. 12. A sem conductor
device conprising: 26 a first S/ D (source/drain) doped
region in a substrate; said substrate is conprised of
a {001 }nonocrystalline silicon substrate having [

100]  andrdt@UO)scukdsdrain) opRIGhEORAT a SutiBeRNGhiSLDsFRe
region spaced fromsaid first S/ D doped region by an
annul ar ' ' ' L ate; '

S/D doped P g kAP B SRl BHEThER sk B )

channel regj hav . a.. substantially rectangul ar
A 10 P a0 g h

shape; 4 annul ar channel regi on;
substanti al | 1. of said annul ar channel region
havi ng & ﬁ%?ﬁﬂ% ﬁ? AP ieaied saiGed i siid Arst R dapw resion by
[010] crystal directions. 13. The sem conductor device
of cl ai mei2nyhiarabianned a¢giorammmal degubstiaderseld seeqridoStDadughed
said second S/ D doped region have a rectangul ar shape.

14. The seyiorclosdincihonlatdsiapesal anduil ohahdeMegioaihavingiad
substrate is conprised of a {001 } nonocrystalline

silicon suheitialerddaybier shape;lsh@d] reference direction
froma substrate centre to a primary notch/flat. 15.

Th ' i f i m 12 whi furt he
et uaob 8 praRla BBYEENneichloR Aot Rb A A gy
idfirst SSDd d regjon; d a second L havi ng
an  annuRETEREREN S HEeHEieh A0t §S BB vaPTh AL O

regron. [010] crystal directions.

The semiconductor device of claim 12 wherein said annular channel region and

said second S/D doped region have a rectangular shape.

The semiconductor device of claim 12 wherein said substrate is comprised of a
{001} monocrystalline silicon substrate having a [110] reference direction from a

substrate centre to a primary notch/flat.

The semiconductor device of claim 12 which further includes a first LDD region
adjacent to said gate and said first S/D doped region; and a second LDD having an

annular shape adjacent to said second S/D doped region.

The semiconductor device of claim 5 wherein the first direction comprises <110>

and the second direction comprises <100> or <010>.
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16. The sem conductor device of claim5 wherein the
first direction conprises <110> and the second
direction conprises <100> or <010>. 27 17. The

sem conduct or device of claim5 wherein the first and

175 660 8emRbA@RIIrABSica bﬁclaﬁbels&&heﬂeﬁn HR BAChIEBRId: didBtionsNBe
sem conductor device of claim5 wherein the transistor

Cﬁﬂﬂfﬁ?ﬁée&h%hﬁﬁed transi stor, the cl osed transi stor
conprises an annul ar gate stack and annul ar S/D

regions adjacent to the gate stack. 19. The
sem conduct or device of claim18 wherein the first
direction conprises <110> and the second direction

1Bcdhp F‘?@’é@nd&lﬂi@ﬁewe ebaleim 5 adierepp dhesteansision goapasesdelgsed
of claim 18 wherein the first and second directions
atransistiyothe chSed warsatdr cotripeises @ilannTihae gsterstack addietratar S/D
device of claim5 wherein: the substrate conprises a

{1@Qibn} adjudrat foaxhe gatdRehickhe second direction is aligned
with [ 100] or [010] crystal direction. 28

19. The semiconductor device of claim 18 wherein the first direction comprises

<110> and the second direction comprises <100> or <010>,

20. The semiconductor device of claim 18 wherein the first and second directions are

about 45° to each other.
21. The semiconductor device of claim 5 wherein;

the substrate comprises a {001} substrate; and

the second direction is aligned with [100] or [010] crystal direction.
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