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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

f aArs A€ ONFUS THIRODEVICH DRAYOLLT A0 CHANNBLINGIIMPLANT
swi tching speed. 17 As the transistor scaling to
smal | er di mension, the inyggbhekskave found 18 that
high Vt NMOS transistor is facing a problemwth
voltage [imtation. Thermal cycle 19 was limted

because of the consideration 0f . _device in the
waf er. An aspect of t z}cgtglzﬁﬂﬁdno\;élrﬁﬁg%ﬁnaddress i ssue.

1) Field of the Invention
This invention relates generally to fabrication of semiconductor devices
particulatly 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 basi qn¥getaling sol siRkagRlcBocryfallinbkiticdptiid £@8s which
such as silicon which has a 9 dianond crysta

H{aﬁg bp 68 soli@r eQEQtYaH‘Si" a%@é@' inRg=ribde rERIRONANh&iRfic erra@xFement of

b, and Ic and this 10 diagonal exist along the

O]msqh %&Ma?ﬂs ‘9@&% aﬂﬁze[%h@gr'?%ﬁ%tﬁc@ﬁwgsy&bg%st@v&ﬁﬂ@%ich is

di rection wever Irections In

AR B ORI B0 P
dlrectlon are denoted with < > i% and, .for .
dagdiops & 2 @f%@%ﬂ exgrePEd gre! qfﬁhfﬁﬁ lé’“’éﬁ’:ﬁ eith G shle tqfationship as
100], [010], and [001 are al
therpetnen ey phipickA i (habditactian die t'@rﬁ%l vegies cempgsents are given in
directions. Since these directions will also 15 be on
nivhigplpeefahe baicsiedwrofot qrampid, g enbiclsttisedhiswabapsisiligon which has a
defined, they also are identified with a 16 (-) over
didneongpeptdl iaticeethabodediapbied as, ths vahpasnts o104 1p, arffd BLMd this
], and [ 0011 for < 100> directions. 17 Unless

d%g@ﬁéifekﬁeﬁ&lbﬁ(g Gt al1|ag dREctDA Wi the [tHhe kb lbk@giuegl to denote a specific
description in this application, a 18 crystal

LR Hg@cbéﬂczhé&gﬁcﬁregf%& iRA% sty &r e%ﬂgwﬁl%ﬂtaﬁéﬁéﬁdmg ; on the arbitrary

I nt egers lanes i n a crystal also can

%e%e?_{%f‘.%ue%gan OF%’L% R& S)?éh &fﬂl{‘%?eni H‘l‘i SﬁssarF flex}c%élq \%rth a4y ackets

use I ne a set para anes

and q(n(‘e g){%pﬂp eetcl y(s)tfal (tilrecﬁonsl 1¥]1ttl(1e Silbic Eap 1c<g [I)OO ], [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 [100], [010], and [001] 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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22 parentheses identify a specific plane. As in the
case of directions, many planes in a lattice 2 1 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
aRGpduivaleandndsperimdicey oSauch equ viledtQlnephranenotedisy { } parentheses.
equi val ent pl anes are (100), (010), 6 (001), (100),
FoPAR)o a@i&@s @@0don [k, Gidyesita ko fplecivithhe ildiRical three
crystal plane in the ow ng 7 descriptionin this

nﬂ?&@ré &3t O'T'Fi@?f{ dflESa (QPGICHOIPQISA ﬁi‘af(@o%b[&qg@%é ié%nog’n its

egers unl ess 8 speC|f|caIIy stated ot herw se
pgrg)ne 1811?10%) %lrt%gx b gmcl@ d[e&{m 8§ %ﬁlgtgr taﬁhl%ﬁgn For }:xample for

> for a |re t|on

f' re%f[ﬁhgﬁmew etafrsggmgw%iﬁ? ?swﬂa&aga%%ﬁre tfboy, 10),

ions in 13 substrates. The d whi ch an .o
(WEHED, (gl and 6915 4 ks Bp SPRIBREROB (g SoRARIpTEdh tollowing

energy The inplanted distribution in an anorphous
desrigeen inghisgnplidajiominchyssbath pegtivk sdmepaliviedpfegers unless
characterized by a nmean, known as the range, and a
spdcaivddy dtattd witlatwon, known 16 as the straggle. In a
single crystal target, the range and straggle for a

gi ven i npl antendRy tdp@inolofyds:f(f efoentertdiaplabdiat }ifor a group of
anor phous material, due to a phenonena known as

pEhnNe| foP8 cerldhn b &h@ﬁ QML RBFEY of Rir@lehs.Si | 1 con
tenperature and the gromﬁh of silicon dioxide |ayers

on 19 the silicon all tend to dechannel inplants. In
any event, range and straggle data for various

lon 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 or esi 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 ucca, et al.)shows a
fabrication of field-effect 6 transistor for

al | evi at i ng Bhandre chlarnekeclefidabat s thZ phiSnjt#28 6k a6 Wws:
et al.) shows a nethod of fabricating a MOSFET 8 with
LY ROEB DB ERsAN tholfsainnlip@gtRs a HETNG Awhegh tilt 1/1.
9 However, there is a need for an inproved process and

device. 10 414 6%6@20ﬁ VORHETBY ) @fachR8hd MRt aQ0sRdbVidgSnd

an object of an enbodi ment the present invention to

? 183/ tﬁatlo% Q?X&&%xgﬂ%&mﬁ) g&gl ﬁ&ﬁ efﬂ%pt" th gltsfoﬂ‘g a

andrstor Wth a gr region. 'S an

ob) ect of aﬂéiﬁ%SQ%’f(ﬁt u%gae efil ?31%9‘}8 al avl“lecr?]lEl(I)l’P O ftie(fd—effect

provi de a hi

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 VL

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 1 1 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 mpl 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 ment is a net h@ﬁm@(ar AP Hl S@alvkioPf doped regi ons
in a 20 sem conductor device; conprising the steps of

21 a) pr OVI% g'aﬁ%b%ci gfpa:l\ %nq%!dllﬁéﬁ? ﬂleaaltl S%}l'{ iﬁ{/e%'tioé gl%rg%ide a

form ng a gate ovet said siliTcon substrate; sal ate

aving. a width and a lepgth; 2 .a chanpel under the
e ot Reod bt icaRag £ R Rt EOGR Roet S ar al 1 o

3 wth the direction of said gate w dth; said channel .
direction i gt prOoPIsst of appbodinent fhedyrpsght ingendipn to provide a high
implanting ions into said silicon substrate to forma
voipedMO8glcise duf hasenhighe bsakdowisvejéage: t he

i nplantation of ions conprises a large angle tilt

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 region is a N9 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 [I 101 directions of the silicon
substrate. 12 Another aspect of the enbodinent is

where the inplanting of said ions 13 is perfornmed in

one inplant step at an about 45 degree tw st inplant

and &) forhingangiteost sdid sdloomtubiBatidegidamat: hayhiganwidiemd a length;
aspect of the enbodinent is where said silicon

subst r at @ chasclaunddr ci gakakaidthanellGvink kOhashdl detdton parallel
17 Anot her aspect of the enbodinment is where the

i npl ant i RELGhe diRRtibbE BET gatd wiltie QBRICh&8R] diSettidn % [1DEIQR [010]
substrate has a notch/flat at a <110> direction, the

i mpl ant atjgRioA9 conprises an inplant with a 45 tilt

and 45 twi st and the ions enter the substrate aligned

t 20.a,<0.-1 -1> di| [ ' : . .
o Bt S R Rt PRt o s
gﬂgggl an Ehe;&ﬁa\ﬁdﬁééﬁf]@@ %Agxgsﬁc%?@léis%%éia%g agg ggigt]%%lpia%t with a twist
channel and a second doped region 3 surrougging

. t he
outsi de 6f babupen dreidbid B desesnepd adifepglesr 4p fad S0 degrees.
enbodi nent is where said channel has an annular 5

shape with aAwdirsdsresgdiohe enbediacntisviarespidglgpe region is a N-
channel region and a second doped region 6

LED troamaltsegl. PMODEEE de of said channel; and the

i mpl anting of said ions further conprises

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> di r ecthusthapiaspeichof thaepbedmaitisiyhoregaigrebarel hag an annular
The orientation and i nplant process creates nore
shpennidl a dgpedfredianen the Iisidehd seldaharele] agl afecorshdoped eaias
a nore graded junction. 16 Wen inplenmented on a HV
sMBuing thbeugiiadeshid ¢eiahilon of the LDD 17 increases
the drain breakdown voltage. 18 19 The above and

bel ow advant gifRgerastcf SBhSERBo@ReNAS WheRERIRAEREl N& an annular
20 enbodi ments only, and are not exhaustive and/or

| i L ARG dMhdhel Reioh and S $ESnd!dBped regi
Sgﬁ%evyls %ﬁ%‘?eﬁg@%{%’g&?ﬁv é%t?(?%;n. It S%ng ul g mée rlun§er stoog eon
that they are..not 22 representat.iv f all.the .
shitgunbrens SHER AL Gy FRB ARTRnbfg e B Bffputper compries
limtations on 7.1 the inyentjon ef | by the
AP AT TR (Pt PRReS %ﬂa\geahﬁéﬁgﬁ’?g S S deRlyes g rne of
For 2 instance, sonme of these advantages nmay be
ud dedresy; st lhencla batyeen 40 a0 deggs-cannot be 3
si mul taneously present in a single enbodi nment.
Sinilarly, stmshadepmtaljbecabedinpplis vhpicesaidchapnehes an annular
aspect of the invention, and inapplicable to others.
shriwret vhiel mdoeed regod an theasypdrcd fawfchannel 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 fons 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 spositive in determ ning equival ence. Additiona
features and 9 advantages of the invention will becone
apparent in the follow ng description, fromthe 10
thatriavinrigs as dafthedl bo thet didims) @ilimsitationd oiBeduin@lens tBrtheedlaims. For
Description of the Drawi ngs 4 The features and

iREYA) kREE S BksPadERMhERNR ﬁﬁiifjﬂie(}ﬁutdﬁiw eatradicorydimgat thed Enot be
5 present invention and further details of a process

sﬁ(ultfaﬁ’fgf 'sl?%tréﬁﬂt in lzlcshlgﬁ: SRV UG PGS, sgﬁl\é 'a@@dn'td'ges are applicable

accordance with the present invention will be nore
(o RAIbde: UPARLRIRA6, hhERabHFabit 1§ BN MhARSE! doPhinMpocts of
Centin conjunc e acconpanylng amnngs
|ch Like .8 refer nce nu nate S
tf@&%“@&%ﬁ&?%@ BT drss@%ﬁ*%(ﬂéergﬁ S Srdh st gRug oe
which: 10 Figure 1 Ajs a top V% em10f a
AR e e S ris%e*&sedab;%ﬂa?lﬁw%%fi not hycsed Bt than fo
to the inventor. 12 Figure | B shows a schematic view
paposestofiseace andiraditing sepcbiion. Bk his suemary o fegiyes 4nd adpantages
prior art for use in understand the terns "twi st" and
sHduild tdt.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 tw 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 ment of the invention. 4 5 Figure 4A
shows a top down view of a enbodi nent of a closed
shaped 6 transi sthriefdzeoimiongpitthe Bwawimgodi nent of the
invention. 7 Figure 4B shows a cross sectional view of
t he cl osed HAMHGE fshmenandudyBnthigeg ol e séAicahdngr ibacaxicsrdiiy to the
according to an enbodi nent of the invention. 9 Figure

pres& ORnBoPhiRf fuftheld RXR1I1 BOS PROE DT ePRCRN AL §Berlibortduetor
graded 10 junction N- LDD of the enbodinment in a

dQ\QE ac%@e;ﬂgthctﬂggl%ﬁﬁg 1&\/9 Cv@ﬁi"tfeﬂhbr@ Rty 16411%[6'3 Plood from the

profi ure a standard degree

R R R 80
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 10n 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 ina <110>
direction according to an embodiment of the invention.

Figure 3A is a top down view of a waler 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 Figure 7 shows an exanple of an offset LDMOS TX
according to an 15 enbodi nent of the invention. The
channel for the LDNMOS TX is preferably a p-well. 16
Figure 8 shows an exanple of a non-offset LDMOS TX
formed using 17 the enbodi ment's channel maxim zing

i npl ant process for the source and drain. 18 10 1 2 3
Det ai | ed Description of the Preferred Enbodi nents 4

1. 1 NTRODUCTI ON - CURRENT | NDUSTRY CHANNEL 5

DI RECTI ON W TH RESPECT TO THE CRYSTAL DI RECTI ON 6

Ref erri ng ndikgure 3Bhiea thpatsivmg/iewm df awréer shewing theahhynet o
Fig |A there is 7 shown a structure over which the
opegatRt <0 Iovent Mo depise anst andrdé\degrentilt iBplhgacerdingAoias a
top down view of a wafer having a transistor. The

Wb &InenDof the {¥04dtidn. The channel direction 102 is

<110>. The channel direction is the direction 10

bet ween source and drain or drain and source. The
channel direction is the direction 11 current flows

bet ween t he [ n ' . ' . e.
current 8 i HoRtpogyBats 15 dpalviF R PRLIRRH 6% clod shaped
is .along the <110> direc%i as shown in figure IA 13
tapsTHRhAr At A cphediges %ﬁF%”Wﬁgﬂgburce (S) and drain
(D) separated 14 b¥ the gate (G . and haviqg%% channel .
(O t her eundégure dRehAEE 8 Rrosetasiios! YivgiBntlowe fEHeshoys in
wafer relative to the exposure masks so that the gate
figucit 4 alndg theexsHdharsbrdingrigeh 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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16 thereunder will be parallel or perpendicular wth

[110] crystal direction. 17 18 Problem of voltage
[imtation on H WVt NMOS 19 As the transistor scaling

to smaller dinmension, our high Vt NMOS 20 transistor

is facing a problemwith voltage |imtation. Thernal

cycle was |imted because 21 of the consideration of

|l ogic device in the wafer. 11 1 2 Currently for high
voltage transistor, we need to use high tilt 3

i nmpl antation and long tinme diffusion in order to nmake

the lateral junction of the LDD nore 4 graded. For
exanple a lateral diffusion nmetal oxide sen conductor
{LDMOS} was used 5 for high voltage usage. However the
LDD regions of the LDMOS need long tine (several 6
hours) di ff ikadledtidesgdptian gif thd PaefierredtErobodiiments can
sustai n high voltage. For sub-mcron 7 technol ogy,
because of the thermal cycle becone nore critical.

Lourr ther maiNERODE GHON 8 CIERAENTHENRUSERY CHANNEL
transi stor dinension. In this case, LDMOS is not

popul ar PiRECGHUN WIH RESPEHOENTO PAEMORVSFAL DIRECTION
transi stor. There are mainly two high voltage

transistors jn. the 10 foundry.for .sub-m cron : :
transi ot or o, Qe oy o liP EKin g SR PR GRRy to Fig 14, there i
transi stor. Cffsgt é% transi stor .use asymetrica

SEPVR At eV GE I NP GREPTCEPR AR BRI 1 U1 HYRYCRGH- of f set

12 structure use higher tilt angle for |ateral doped

drai n (LDD) Figprdntiaeitehdave vigwosasaferhaving 3 tipasRiy dle water
vol tage. 14

is {OOi}.g The channel direction 102 is <110>. The channel direction is the direction

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 V{ 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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15 Overvi ew of enbodi nents of the invention 16 17 In
this exanpl e enbodi nent, a special |ayout for a high
voltage 18 transistor is introduced. A set of specific
i mpl antation nmethod is given accordingly. A 19 nmain
advantage of this enbodinment is to use the silicon
crystal ogy to get higher 20 channeling effect through
special inplantation angle and rotation. Accordingly
the layout 21 for this inplantation was optim zed in
order to get a nore graded junction. 12 | W inpl ant
ions into the {0 0 1} silicon substrate to form doped
regions 2 adjacent to the gate. The orientation of

t he channel GweghonfirmighelSke tasstal weheadod usehigh tilt
(channel direction < 100>) in conbination with the
ihph ARt glE ohd lite AMELsIoN if brdefR) Afite thé lakr@IGe&Sion of the LDD more
(descri be bel ow) produces doped regions that have a

g%@? 195 2daeh16 91 Rd4RliIusiSn hidne Bkl@@ senﬁ@&ld%ﬂo? [{‘LEM(%F ARdised

ant process creates nore channeling of ions

f%lr hi gl? ?(??a]g 8&16\9«!}%&% q%ﬁﬁ ?(Fﬁ?o Fﬁ}@%ﬁ&% r{eeg ﬁﬁlg, time (several

I'on he i nventl on

i nc 0 en nd cl osed,..shape S or doped

hPlé’ij} %ﬂ@m s SRS e s P BTk 8 2 BB OR R Seron
gure h er enbodi nents i nclude 45 de

t%thglpan@cad@@?%ée fhepmalicyple bgeane PR IUGHO e S Rrma gycle was

include quadra twist and tilt inplants. 11 12 VVth

netded drprydé pithe samstatibmersiamnin i cage LEAOS npradpepular for small

breakdown 13 voltage of HV transistor. Mre graded
dinastdndngh DilagaralsestabThirnect maitlyswd highi vodtagomapsistors in the

foundry for sub-micron transistors, offset transistor and non-offset transistor, Offset
transistor use asyminetrical 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 infroduced. 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.
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14 diffusion time. 15 In accordance with the present

i nvention, a standard {001 } silicon wafer 16 wth a
primary notch of <110> direction is used and, before
exposure to an image by a 17 |ithographic exposure
apparatus, the relative relationship between the nmask
and the {001 } 18 silicon wafer is changed so that
the relationship, in the same plane, is approxi mately
forty- 19 five degrees (45 degree) fromthe norna
relationship in the same plane. Thus, the [I 10] 20
crystal dire¥timplantdos ingribd {Apps oticomsubkiyatd B fpegrdepsd regions
to the gate width and will be aligned 21 paralle
aWatdnt ehdppek. Tiengidatadbn eCthe@handabrgioalii hgsi tigsapghicade
to the gate. 13 | This 45 degree change is preferably

(aﬁﬁmirb&m& 0> Mbﬂmmnf\MtMe lefed 41 EEKdNOL A Shp@ht
the wafer hol der of an optical |ithographic system so

vﬁ& SS@%%QEQ‘)Q%@ %%8?‘%3.‘*%%@ BT o et ey
fr t hei nor e nshi

i ﬁle&* BT RS} Boher "Bl AR e
chan i s exactly 45 de cau t he nDblllty of
cfaela o fiara e e E e b i when the
channel and 110] crystal direction are para

However, d ueElfl]%PdémP‘ﬁﬁ?f thy ipveplaeT Beludeppegrangd ﬁl@sed shaped
I|thograph|c appar atus wafer and mask hol ders, the
tehgstige anaylopaiygignhhmexappdeotl achesed shagedfes bhungeligure 4A.
The remai ning fabrication steps, such as plasma or 9
(ahdreatbodprantenchiag; daxedatistods degreniilc ahpludpddther embodiment
deposition, sputtering and planization, are 10

iRefdeQuadd twist ikl piplair®di fication of the wafer
hol ders, because the exposed surface of 11 the

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

wafer, both gtandand,Qif&al giethgﬂg/eﬂt%%, we can improve breakdown

voltage of HV transistor. More graded junction LD can be obtained without using long
diffusion time.

In accordance with the present invention, a standard {001} silicon wafer
with a primary notch of <1 10> 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 {o the gate.
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13 enbodi nents' 45 degree angl ed channel FETs can be
fornmed. For exanple, 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 formed on a

waf er (source/drain regions not shown). 16 Anot her
aspect of the present invention is a novel FET with
its gate 17 forned perpendi cular to the <100> crystal
direction so that the channel will be parallel 18
with this direction with a voltage applied to the
gate. 19 | n Enothédsgrasihenge ioprefivablp pememtishatvbordithenmodifying
annul ar shaped FETs are 20 fornmed. Figure 6 shows

tia skl holdeF 8r 60 2vatidtdhokitPof Mobti6dlithapriytse dyBm so the mask holder
enbodi nents 21 channel <I00> direction. FET 602 has

ahdl ﬁwﬂafér%i&li] gl dhE &k Qrap dpr@!@r)‘na@éi’ r@aﬁ\réﬁégf%fes delfrom

annul ar and linear FETs with different channel
di.recti .can ﬁ n fe &
B e SR Diou CRER A B B REon. St Bufitpr s Fpgpenie
TX s .and n re uce ncht hr ou ﬁ‘ 5 .111. Met hod. qf
e 6 e £h TR, DB eHa RRIROF He cargod g willbe
<010>direction 7 A preferred enbodi nent of
ophyamt Wism the chanpeliard 4! 10 cpsiahdiseclepas pagllele ‘glroarﬁvrrnd%? to slight
sem conductor device. The doped region preferably is a
igpenfecgon pf e dithw graphicoppargtus water BRT maskdhdlderppdhechange may vary
preferably a S or Dregion in a high voltage
Hyransi stthe 45 deheashaagd Tht BMEEihg &bsicstiorsteptlsudh hegibameor
of the process is that a nore graded junction is
ahR6NBAC BithihBoxidation, 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 FETs 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 FETs 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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12 | arge angled i nmpl ant process. 13 (001) silicon
substrate having [110] reference direction 14
Referring to figure 2A and 2b, an orientation of the
channel (C) of an 15 FET is shown. W provide a 1001

} silicon substrate having [ 110] reference direction
16 (direction from substrate center to primary
notch/flat). 17 Figure 2A shows a FET with a channe
direction 202 in a <100> 18 direction. 19 Figure 2B
shows a FET with a channel direction 204 in a <110>
afQulah and dineanTE T3 withediffersst ehiatrel doedtionh atimed fognedet thesame
can be fornmed on the sanme wafer. 15 | Gate, Source/
vxfai n and Channel 2 Next, a gate (G is forned over

the silicon substrate; the gate having a 3 width and
a | ength; a phanedink@erthecigahd.dikctidias akdiret MOS) TX s and
has a channel direction (202 204) parallel with the 5

dj r&gtd Qfrdhg gate width. The channel direction is
{iﬁe dir@g$ioﬁl%f current flow direction. 6 The

channel direction is preferably about [ 100] or [010]
cr al dir ' s Y j

: 10 of LASTIEANAR AR o TR in'th B100M &t
toxfli)rm Sou?gﬂg* gnc? &Ag{n g \(/:\éﬁ%?‘nploa{nt b on]l;,l Into the
Si|iC°n<§H$§fh9h8nt° form doped regi ons 10 adj acent to
the gate. He Sr'’8nt ati on of the channel region in the

Si crystal structure . ‘ o
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
LLDMOS 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 ina<110>
direction.

Devices with both channel directions can be formed on the same wafer.
15
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I I (channel direction < 100>) in conbination wth the
large angle tilt and twist inplant 12 process
(descri be bel ow) produces doped regions that have a
nore graded (gradual) 13 junction. The orientation and
i npl ant process creates nore channeling of ions. The
ions are 14 preferably inplanted along the <110>
direction to maxi m ze channeling. The channeling 15
of ions creates a nore graded junction. Channeling is
when inplanted ions are not slowed 16 by collisions
wi th sili corGafeprounce/ Dgaivand 6hagdeby t hr ee

di fferent techniques: wafer tilt, 17 screen oxide

| ayer or pregyprpl k@@g @mﬁf@b@ei m@doﬂ%%qtﬁf&ﬁ%r@wﬁévmga
does not use these techni ques to reduce

\?E@gggll ﬂl%%hlgglymgp}ﬁgﬁienented on a HV MOS Tx,

Junc DD 21 increases the drain

br eakdown v

view of a t\?\#hgtc il&?) {laesdqgc eﬁ%‘fc ‘ﬁf‘ Zgargﬁ%g\fﬁhthe
B B SR T T Db i,
surface and the ion beam 5 Twist is the angle between
Tk echaerel dizedtiopliaprefecahy abavt hEPX e Q4 18hcpeiahdiTestighd t he
vertical plane perpendicular to the reference

direction (primary notch direction). 7 Single Inplant

at 45 tilt and 45 twist 8 As shown in figure 3A the

i npl antation of ions preferably conprises a 9

tilt/tw st ilpgemngletimpantwih Totistiboformd SSetegeewrd Drain
fromthe <110> reference direction 10 (notch) of the

crystal subsfg ﬂhglamgn@inw tht siRBH &bBEINRER A YofiegBns

degrees (fromt

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)
junction. 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.
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11 normal plane of the substrate surface) and nore
preferably a tilt angle of 45 degrees with a 12
preferred tolerance of +/- 5 degrees. 13 For a (001)
wafer (e.g., with a notch of <110> ) direction, a
inmplant 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 channeling. 16 17 The 45 tilt and 45 twi st single
inplant is preferably performed by 18 inplanting Ph
ions at an energy between 40 and 400 and a dose
between 1 E 12 and 1 E 15 19 at tilt angle between 40
and 50 degr gggurand showea prhefatiabiey cdlhowtst 4 ilegrie®snplant
and a twst 20 angle of between 40 and 50 degrees and
amzﬁ&ng (ehebabl 3 2 useian @& stard thEhdrs4bvidegneetiw st

and 45 degree tilt inplant preferably forns a 22

(synmmetric) TLiP%thg _anﬁe FEl e iR vA PSS dnPhnBBH bR
e ( wth a 2

in
(D) and gat channel direction of <100>

3 Figure 3B sh . Vi T Wi-th .
Source ( S_) af%?r\t/glg g‘l%na‘ilgl% b%%%ﬁ%%gg? %ﬂ ?&%‘: gcvant\m_ﬁﬁlgi’ ﬂTe ion beam
agﬁ_ f nv(%lgicgl)[glg%t plfegﬁ?eng{qgﬁk &otﬁg ?eggrﬁ%tegcﬁ fefe:tricgln(%gngﬁ r?cgg:llhrgxpecﬁon).
degree twi st inplant _and a 45 degree tilt, the ions

Single ImplaghatAp tilgapddd tyisdk S| D regi on al ong direction

B. Direction Bis parallel to the <01 | > (or <0 -1 _
-1>) . As shown in figure 3A, the implantation of ions preferably 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 <1 10> ) direction, a implant

with a 45 tilt and 45 twist, the ions enter the substrate at a <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 [E12 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 formsa

(symmetric) LDD.
17
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9 "quadra" inplant for open shaped tx 10 In a
preferred enbodi nent the inplanting of ions into
further conprises | 1 an quadra inplant. The quadra
inplant is performed by 4 inplants of Ph ions at an 12
energy between 40 and 400 Kev and a dose between | E
12 and | E 15 ions/sg-cmat tilt 13 angle between 40
and 50 degrees and a tw st angles of between 40 and 50
degrees 14 Figure 3Cillustrates the enbodi nent's quad
implant. The 4 inplants at 15 45, 135, 225, and 315
degrees. 16 AET with ajGadree (SparechDraini(®) ianpl gated€) wdtisa
are aligned inthe [ O0,-1,-1] , 17 [ 1,0,-11],
[0,1,-1 ] , EhdnRel dirdction of 100> di recti ons. (t he
negati ve signs represent bars over the 18 |’ e.g.-!

i s equival egzt déu(gg,%)sh(;ﬂm tggﬁfg;gé@ d‘?‘g’?ﬂﬂ] wlﬂh%ou}% (%) and Drain

Cl osed shap of “annua ann reg on

eferrin o, fiqure 4A nd f od nent
@roiedmEpeno Ht HraRoar i A LR iER SPEYRET 16 (iso
wth a "'closed shape" so that SID regi on on the
foril prémary ngfchy.ne channel region and a second doped

regi on surroundi ng the outside of the channel 5

region. 6 Figure 4A shows a top down view of a
enbodi nent of a closed shaped 7 transistor (e.g
wi t h annul arFos hapddgredanseinptangiaiy 45 diggeertet, Aﬂleﬁhme implanted
field oxide regions 8 402, LDD regions 406 414,

nﬁqg{e‘:ﬁﬁggﬁlgﬁ Elt)%g Qir@%n 40 OiAlGod B8€pdrhid! ARhe aNH | %ﬁéo -1-12).

regi ons are preferably formed b
enbodi ment' s inplant process. The "closed 10 shape”

means t hat t@ﬁﬁéf pkﬁﬂ&BPoB@ﬁsﬂ%pQHgknn'ng or end.

The channel t e gate

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 1E1S ions/sq-cm af 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,-11, [0,1,-1], [-1,0,-1] or <110> directions. (the negative signs represent bars over the

1’s, e.g.-1is equivalent to 1) This maximizes channeling,
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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 invention. Figure 4B 15 show a gate dielectric
| ayer 412 under the gate 410. 16 The enbodi nents of

t he annul ar channel Tx can be a normal voltage Tx 17
or a offset LDMOS or a Non-of fset LDMOS. 18 Quadra

| npl ant et dskdrshapedqdr @angal shaped)achanmalmegion 19
region 20 For the cl osed shaped doped region, for

exanpl e as shg r%ébﬁé.%gﬁ% é@ﬁigﬁéﬂ@%ﬁ%ﬁ%@tﬂhﬁénﬁsg @here

i npl ant is per DVOS TX Wi t fset

Eﬁ.tfaaglﬁlj@%f ?‘%Snasaglﬂﬁg r%?rhwﬁﬁ a nﬁioéargisshgge '3 fthatt esl,ﬁf}%%}ng f)n the inside
5 b f LDVOS .

of P b C T Sric P SBEet T B FUr UG P g ot the channel

shows an exanple of an offset LDMOS TX. The channel is
regiong di ffused p-well for the LDNMOS TX.

Figure 4A shows a top down view of a embodiment of a closed shaped
transistor (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
LLD 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 figure 4A,
preferably a quadra implant is performed.
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8 In the offset LDMOS TX (figure 7), only the NNLDD is
formed using 9 the enbodinent's ion inplant at [| 10]
to maxim ze the ion channeling. 10 In the non- offset
LDMOS TX (figure 8), preferably the N+ source and | 1
the N+ drain are sinultaneously forned in the sane

i npl ant step using the enbodinent's 12 ion inplant at
[ 10] to maxim ze the ion channeling. 13 Process for
of fset LDMOS TX (figure 7) 14 The process to formthe
OFFset LDMOS TX is as follows: 15 form p-epi on
substrate 16 [1 formp-well 17 Li form (poly) gate 18
:ii form N-LDD (using enbodi nents' channeling
maximzing ion inplant) 19 L': form spacers on gate
20 [1 form shiW EBMOS TXnwithlodifset (han sisfongnd mirenifaet]
11 . 21 20 | Currently, the offset LDMOS Tx operates
at a vol t ageghaisydens about 2 18V and 60 V. In

conpari son a nornal voltage Tx operat es bet ween about

(V0 I8 3t gt AR TS M pon o

cg%?q?\)tégaftq L 1) onN{g)S ﬁgtwlt o{?%? ttrgns?s?oq aggl ggr? gfféel‘g ?rgrtlsis(%(r)]rs.

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-L.DD is formed using
the embodiment’s ion implant at {110] to maximize the ton channeling.

In the non- offset LDMOS TX (figure 8), preferably the N+ source and
the N+ drain are simultancously 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:
71 form p-epi on substrate
71 form p-well
I form (poly) gate
{7 form N-LDD (using embodiments’ channeling maximizing ion implant)
I form spacers on gate

3 form source (S) and drain (D) using a standard I/T .
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7 Wth the enbodinent's wafer alignnment and drain

i npl ant process, a good graded junction 8 can be
obt ai ned. The breakdown vol tage decreases with the
enbodi nent because of the 9 graded junction. 10

Process for non-offset LDMOS TX | | The process to
formthe figure 8, non-offset LDMOS TX is as foll ows:

12 =1 form p-epi on substrate 13 El formp-well 14 Li
formpoly gate 15 11 form N-LDD (usi ng enbodi nents’
channeling max ion inplant) 16 t._1 form spacers 17
form N+ sour@aercatig, the affset LEMIGS iTmopatatesnt & voltage twicar about
channeling ion inplant. 18 Currently, the non-offset
IRDMRG 6DV . Gpesapaoat narmvdlvbhge Thedpeess befbecahbortt V20 18V.
and 25 V. In conparison a normal voltage Tx operates

bet ween about IV to 20 18V. 21 21 | |V. EXAWPLES 2

The follow ng non-limting exanples represent

preferred fornms and best 3 nodes contenplated by the

i nvent or forpen.aetset @ DMOBITY I nvention, as well as
illustrating the 4 results obtained through its use.

t5 hgl I gth anlatr gur% g sEowg glr? stalm% Sof aV\r%rn(—eot’ft‘s%P ﬂb%sefl)(uﬂsﬂgﬁy 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:

{1 form p-epi on substrate

0 form p-well

[T form poly gate

"1 form N-LDD (using embodiments’ channeling max ton implant)

{1 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

I8V.
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6 transistor orientation shown in figure 1 and an
enbodi nents orientation shown in figure 7 2A (e.qg.,
channel in <100> direction). Ph ions were inplanted at
the conditions shown in 8 the table belowto formthe
N-LDD. 9 TABLE: conparison of enbodi mrent and standard
LDD i npl ants paraneter45 tilt and 45tw st i npl ant 30
tilt and O twi st inplant dosel E12 atons/sqg-cnl E12
atons/s -cm energy80 Kev80 Kev Junction depthO.75 nD.5
pm Breakdown 16.2 V14.0 V voltage 10 11 As shown in

t hdVt abl e abexaMRINES enbodi nent' s 45 tilt and 45tw st
12 LDD i nplant had a deeper junction depth and a

hi gher br eakgloug¥0in %%@ﬁ 111141§n JBenldl rbﬁﬂé&eﬁﬂbre@@reﬁh@rms and best

enbodi nent's transistor orlen ation has 14 I ncreased

C n A ¥

né(?c% Q%tj&ﬂﬁla%ﬁ bkqwb%%ﬁ%)g gltagﬁc]f:g)fqﬁs:ﬁgérné% as'WélPas illustrating the
ortant especially on the HV

‘%?@ﬁgg@ﬁﬁngiﬁﬁﬁInglgure 5 shows a plot of the

phosphorus concentration of the graded, K 18 juncti
"D of the chbeaTiHaRe LMD SGHRaor o pEbTsetkb s Gasidard

a conventional 19 Ph profile. The boron concentratlon
temsigleoatientatpnsBows int fugure drad At pEbodmCHs ofiptatipngpwn in figure

( See

2A (e.g., channel in <100> direction). Ph ions were implanted at the conditions shown in

the table below to form the N-LLDD.

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/sg-cm

energy 30 Kev 80 Kev

Junction depth 0.75um 0.5 um

Breakdown i6.2Vv 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 S. ) 22 1 V. Ending 2 In
summary, 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 SID 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 performed on any wafer so 7 that the ions enter
th¥.wafer i®ndivg [ 110] direction. The enbodi nents are
not dependents on 8 any configuration of wafer

not ches an d/h‘PEuxﬁllnfﬁ’ttﬁ:c'a ng\b ‘§ethfiEe@Bhtf4nidQﬂpﬁfltaﬂQﬂ ﬁi@%g@@as given in

flat change 9 w waf er technol ogy. 10 G ven the

V . ) . - o . 1 .‘ .. 0
R TR TR b S e b P S
.show not be taken limting.t.he. sco 12 of th )
ngpgee e sy eh Dt OR LB e i e Righdrhlaoys ik ppppoe used
i nvention has been particylarly shown and descrj .
RO e MR st PR BBAR TR SIOX Transisors.
thereof, it wll be understood by those skilled in 15
the art thatThggmbedisncaisaigelantnodesy i fa dedemed oy ayyvater so
be nmade wi thout departing fromthe 16 spirit and
the tyegorafentdn éhel walfeminitlon] 1 10} direstipm {Tdn dedodimegisaeg not dependents on
various nodifications and simlar 17 arrangenents and

al¥ aEidura6isn obwdfet haclssapd/ooflats HEhcapipetatdedoftlioathes and flat change
therefore should be 18 accorded the broadest

“J'iﬂﬁt\,@c{faﬁgéf_@lbio%p_ so as to enconpass all such
nodi fications and simlar 19 arrangenents and
procedures. giyep 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 at
| east one field effect transistor (FET) having a
source, drain and gate with the source and drain
separated by a channel under the gate, conprising: *
100 11 silicon substrate having; * gate having a

l ength and a width; said gate having the gate width in
the [ 100] or [0 101 crystal directions; a source on
one side of said patterned gate width and a drain on
the other side of the patterned gate width, with
Wimpurdidiimes isof the source and drain being disposed in
the silicon substrate; a channel under the gate

bet ween the source and drain when voltage is applied
and being aligned in a direction parallel with the

zgi & lé&au&& e aqe%t Mcdﬁégd ML LR SNEERS R BNR e, drain

FET i s enhanc The sem conduct or deV|ce

Zﬁnﬁ'ﬁaré%%m ol R BT S LB, T

whi ch further conprises formng a second gate over
sai d“YPP1EYN substrate; said second gate having a

width and a |l ength; a second channel under the second
gat e; sa?dmgéééﬁﬂnéhﬁﬁﬁgﬂmﬁﬁgtng a second channel

a gate having a length and a width; said gate having the gate width in the
[100] or [010] crystal directions;

a source on one side of said patterned gate width and a drain on the other
side of the patterned gate width, with impurities of the source and drain

being disposed in the silicon substrate;
a channel under the gate between the source and drain when voltage is

applied and being aligned in a direction parallel with the direction of the

gate width, whereby the performance of the FET is enhanced.
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direction parallel with the direction of width of said
second gate; said second channel direction is

paral | el or perpendicular with the <I 10> direction.

4. The sem conductor device of claim1l wherein a LDMOS
device is formed. 5. In an integrated circuit with at

| east one field effect transistor (FET) having a
source, drain and gate with the source and drain
separated by a channel under the gate, conprising: a
{ 1001 nonocrystalline silicon substrate having (100)
2angk deli@ndastysdeice ofkned vanch furth@0pmpnidey saili@pnnel has an
crystal directions; a FET gate having a length and a
wi dt Bnamd shgleng i nsul ated fromthe substrate by a
gate dielectric |ayer, said gate being patterned with

&?’L@on\ﬁhggpdévgzt ﬁ)tf gﬁm{l 140 SEUStRnptisée %in@iﬂg 8Qecond gate

e gate w I gned apprOX|nater ort hogona

a
t 0 ;B\g?r(s Q0iGh ¥1§t§sﬁ‘ate éa%?ec&ﬁpga?@ﬂaqf ng Wwftﬁ Qﬂ& D fénéthoglccond

rect on, ce on-one

patte ned te Mﬁdth a 0 her s

Phe ELAVEr AN BAEEOM G S namrbrey Bt oRtiigRe
formed under the gate between the ource and 25 (faln
when dysttoagaralel lgbthieé'ae%{m Pyt ohpaid pregnst gatg; said second
direction parallel with the direction of the gate

wi dt hhangel ditestiomis epralicbar parpendiculap fvith|tag 7 15>>V\Aié?félpﬁ

t he said channel has an annul ar shape with either
4sBhdsenourelector deaiecbfdraanr shereinaAdIMGS dheico wtfoingeal. of
said channel region. 7. The integrated circuit of
claim5 which further conprises formng a second FET
over

5. In an integrated circuit with at least one field effect transistor (FET) having a source,
drain and gate with the source and drain separated by a channel under the gate,
comprising:

a {100} monocrystalline silicon substrate having (100} and (110) crystal
planes and [100] and [110] crystal directions;

a FET gate having a length and a width and being insulated from the
substrate by a gate dielectric layer, said gate being patterned with the gate width in
the [100] crystal direction so that the gate width aligned approximately orthogonal
to the (100) crystal plane and parallel with the [100] crystal direction;

a source on one side of said patterned gate width and a drain on the
other side of the patterned gate width, and

a channel region being formed under the gate between the source and
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said silicon substrate, said second FET conprised of a
second gate over said silicon substrate; said second
gate having a width and a |l ength; a second channe
under the second gate; said second channel having a
second channel direction parallel with the direction
of wdth of said second gate; said second channel
direction is parallel or perpendicular with the <110>
direction. 8. The integrated circuit of claim5
wherein said silicon substrate has a notch/flat at a
[ 1llQiaidivhectélage ispplitibaridiicegradigeal iniardgttionofardlchivmh3he
wherein a LDMOS device is forned. 26

direction of the gate width.

6. The integrated circuit of claim 5 wherein the said channel has an annular shape with
either said source or said drain surrounding the outside of said channel region.

7. The integrated circuit of claim 5 which further comprises forming a second FET over
said silicon substrate, said second FET comprised of a second gate over said
silicon substrate; said second gate having a width and a length; a second channel
under the second gate; said second channel having a second channel direction
parallel with the direction of width of said second gate; said second channel
direction is parallel or perpendicular with the <110> direction.

8. The integrated circuit of claim 5 wherein said silicon substrate has a notch/flat at a

[110] direction.

9. The integrated circuit of claim 5 wherein a LDMOS device is formed.

26




