3 PROCESS 5 Background of Invention 6 1) Field ef-the Invention 7 This
invention rel ates geperally to fabrication of seniconductor devices 8
particularly to the fabrication of inplanted doped regions in-a

sem conductor device that 9 has a graded junctlon 10 11 12 2)
Descrlptlon of the Related Art 13 14 Wth higher velf of integrated

ci rcui t §58% Uni conduct or chi ps and the 15 need fo? ¥Gster transistors in
these circuits, the FET transistor nust maxim ze all aspects of 16

sem tonduct or phy5|cs to fabricate transistors in these circuits with .
faster swtching speed. 17 As the transistor scaling to smaller dlnen5|on
t he 2 nvent ArSEMICONDUCTOR DEMICE LY QUTNMVED CHANNELING BMPRANTy a
problemw th voltage limtation. Thermal cycle 19 was |imted because of
the gonsideration of l|ogic device prOodEsSwafer. An aspect of this 20

i nvention address issue. 1

4 ‘
5 ' Background of Invention

6 1) Field of the Invention
7 This invention relates generally to fabrication of semiconductor devices
8 pal;&cﬁlarly to the fabrication of implanted doped regions in a semiconductor device that
9 has a graded junction

0 e

11

12 2) Description of the Related Art

13

14 With higher levels of integrated circuits on semiconductor chips and the
15  need for faster transistors in these circnits, the FET transiﬁtor must maximize all aspects of
16  semiconductor physics to fabricate transistors in these circuits with faster switching speed.
17 As the transistor scaling to smaller dimension, the inventor have found

18 that high Vt NMOS transistor is facing a problem with voltage limitation. Thermal cycie

19  was limited because of the consideration of logic device in the wafer. An aspect of this

20 invention address issue.
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°CS03- 048 Page 2 2 In crystalline solids, such as nonocrystalline sitiecon;
the atons which 3 nmake up the solid are spatially-arranged in a periodic
fashion. This periodic arrangenent of 4 atonms in a crystal is called a
lattice. The crystal lattice always contains a volune which is 5
representative of the entire lattice and it is regularly repeated
t hroughout the crystal. The 6 directions in a lat{ice are expressed as a
set of €He&48ntegers with the same rel ationship %$§1 t he -conponents of
a vector in that direction. The three vector conmponents are given in 8
mul tli pl es of the basic vectors. For exanple, in cubic lattices, such as
silicon which has a 9 dianond crystal lattice, the body diagonal has the
components of |a, |l cAgellme sahids, stidhsas miéhodiyaediied sikodns theatangwhish [ 111]
direction with the [] brackets being used to denote a specific 11

directi ; acket s being us _ _ Sl
di rect | oy HONR\EHiq yTDidlly #EhLANS d SribdRITNSHG). T Spemidioeatagémetefendi ng

e ar ary ol C rientation of the axes. Such equival ent
directions are denoted.with < > . : exARhe whidhyst al
di rétti ?}ﬂ@sﬁmafﬁ'épagﬁbﬁagg\# %ratﬁiw(?'eTF'ng%?t?f %811%%1 gnc? oﬁ%nf] are all 14
crystall ographically equivyalent and are <100> djrections in ese
i 1 cot i REsHtiveRtde el bitichandes reslar Epeaterb gl ‘8?? ot T?}}E
arbitrarily defined, they also are identified with a 16 (-e% over, t he
speds f i direatigas invelaitive @rpeexpressrshasasset oflhepejintegery with the gaae 1elB@PsHP A, <100>
directions. 17 Unless specifically stated or shown in the foll ow ng ’

descy i ptHe@Bmiponéis 6f apgidrdathad direaioh8The theteatecthr cemppeanty are gingadn bot h
positive and negative integers. 19 20 Planes in a crystal also can be

det g m gm:sté'ftﬁe s&kc ctdrhITRe ek ithse 8k Subic latAdesksuchns silicod ndyjcheras aused t o
define a set of parallel planes and each set of three integers in ( ) 22

par egt hﬁlsa?ﬁsonifl%ﬁ;ﬂl T M, SRESI] dfaBhA s iR ohdbohBfs 6£5£ 16f arfdl TRLUItHRS, Many
pl anes rna lattice

10 diagonal exist along the [111] direction with the [] brackets being used to denote a specific

11 direction. However, many directions in a crystal are equivalent, depending on the arbitrary

12 choice of orientation of the axes. Such equivalent directions are denoted with <> brackets

13 and, for example, crystal directions in the cubic lattice [100], [010], and {001] are all

14  orystallographically equivalent and are <100> directions. Since these directions will also
15  be on the negative side of the origin, as arbitrarily defined,l they also are identified with a
16  (-) over the specific negative integer, such as [100], [010], and [001] for <100> directions.
17  Unless specifically stated or shown in the follpwing description in this application, a

18  crystal direction includes both positive and negatijre integers.

19

20 Planes in a crystal also can be determined with a set of three integers h,

21k, and 1. They are used to define a set of parallel planes and each set of three integers in ()

22 parentheses identify a specific plane. As in the case of directions, many planes in a lattice
2




- 2. CS03---048-Page: 3 1 aré€ equi val ent ‘and the i'ndi'ces of such equi val-ent i
pl anes are denoted by {) parentheses. 2 For cubi.c lattices, direction
[k,1,mM is perpendicular to a plane with the identical three 3 integers
(k,1,m. Thus, if either a direction or a plane of a cubic lattice is
known, its 4 perpendicular counterpart can be quickly determ ned w thout
cal cul ation. For exanple, for 5 planes of equivalent symetry such as
{100} pC8oGs,048he equi val ent planes are (100), (010Fage3s (001), (100),
(010), and (001). Like the crystal direction, the crystal plane in the
fol 1 oW Rg eqdiviRACAHdRhS Bidided of ich eqpivhieanplanss ardidénotiekbibbl paposiesdsve and
negative integers unless 8 specifically stated ot herwi se. 9 General

terng no PN i 8l ladtola dl&e WitlDHRUBerdical thivepl anes; [ ]
for r’Qa cié((r?l'%%aﬁlbincs%vi(ﬁee%fllirgﬁ;l&lﬁg’r#]gé B%@é‘?dgﬁ‘g 019a i reecti ons. 11 12 lon inplant

processes are.inporiant.to form regl el 3 rad es. The
depth tHlt‘?ﬂ‘ffsc(ll‘f’lg;ﬁ)' :’Thﬁs b%eé@’ﬁﬁ%dﬁr?%ﬁgg)? gg’ ] S%g?gg@r" tl%%%ﬂ%g%i? kinetic 14
energy. The jnplanted distributj in an anorphous, target.is ro a
Causk] aperpendicW ety GOBDIETRIE: (@R P AR %Wadawﬁﬁ%ﬁ F%ﬁ&é\&“-@f F‘rﬁaén@g’nr%}e{, and a
standard devi ation, known 16 as the straggle. In_a single cmt@l target,
t he ¥ anglknendf ssuivalegt synimetrasughve i 100ipplarg ubelent plages 978 (KD, O3k ¢ hat
i n anorphous material, due to a phenonena known as channeling. 18 Hi gher
i on @ne(ant), (MO@HE1 03 iand ¢0 )t keikep éreatrystal disenidor, e gysek tlangfinghe fodlowing oxi de
layers on 19 the silicon all tend to dechannel inplants. In any event, -
range aﬁgséﬁi;ﬁ%gﬂﬂ BisdRdbAcABh iYMideRBSth pRitivela8d nagAiveiibgids ngless | 1 con,
silicon dioxlde, and photoresist have been determ ned.

8  specifically stated otherwise.

9 General terminology is: ( ) for a certain plane; { } for a group of
10 planes; [ ] for a certain direction; <> for a group of directions.
il
12 Ion implant processes are important to forming doped regions in
13 substrates. The depth to which an ion becomes implanted is proportional to its kinetic
14  energy. The implanted distribution in an amorphous target is roughly a Gaussian
15 distribution characterized by a mean, known as the range, and a standard deviation, known
16  as the straggle. In a single crystal target, the range and straggle for a given implant may be
17  different than that in amorphous material, due to a phenomena known as channeling.
18  Higher ion energy, higher silicon temperature, and the growth of silicon dioxide layers on
19 the silicon all tend to dechannel implants. In any event, range and straggle data for various

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

21




”f21 3 CSOS 048 Page 4 1 The -nore. relevant.technlcal art in. the patent i
literature is as follows: 2 US 5,970, 300(Buynoski) shows an allgnnent of a
FET on a wafer. 3 US 6, 566, 204( Wang, et A) teaches the use of mask
shadowi ng and 4 angled inplantation in fabricating asynmetri cal

field-effect transistors. 5 US 6,599, 804(Bul ucea, et al.)shows a
fabrication of field-effect 6 transistor for alleviating short-channel

ef f ect scs@3-Ydg4, 728, 617(Wo, et al.) shows a net hobagef4 f abri cati ng a MOSFET
8 with graded source and drain regions using a high tilt 1/1. 9 However,

therg is a need for A heRrOURHh: MAERESARIRUERTicrde &  ISURRT y OF (e

I'nvention 5 It is an object n enbodi nent the present invention to
o U A5 B T kPO A 2, P
Pr ovsg de a high 8 vq é%%%6|¥%( &Jea\rllslg,ce%a.{.) teaches j eausglo pn%rsk bha% kdovvn VO' tage.
4  angled implantation in fabricating asymmetrical field-effect transistors.
5 US 6,599,804(Bulucea, et al.)shows a fabrication of field-effect
6 transistor for allevialting short-channel effects. |
7 o US 4,728,617(Woo, et al.) shows a method of fabricating a MOSFET

8  with graded source and drain regions using a high tilt I/,

9 : However, there is a need for an improved process and device.




-9 10-'Sone “enbodi- ment s of 't he-invention conpri-se-inplanting ions-into -said- i
11 silicon substrate to form doped regions adjacent to said gate. The
orientation of the channel 12 region in the Si crystal structure (channel
direction < 100>) in conbination with the large 13 angle tilt and tw st
i npl ant process that increases channeling (described bel ow) produces 14
doped regi ons that have a nore graded (gradual) junction. 15 Wth the
enbodinéa$&%06&) transistor with a channel directiofeggt® < 100> 16 and (b)
the 45 tilt and 45 twist inplant, the inplanted ions enter the substrate at
the 41 1 17 0> direction. This direction increases the channeling of the.
ion to create a graded junction. 18 19 An enbodinent is a nethod of .
fabripcati on of doped regions in a 20 sem conductor device; conprising the
steps of : 21 a) providing a {001} silicon substrate; CS03- 048 Page 6 1 b)
formsng a gate over said silicon substrate; said gate having a width and a
| ength; 2 a channel under the gate; said channel having a channel
dire%;ion parallel 3 4 with the direcku&g:of faid gate wi dth; said channel
direCtion is [100] or [010] mpary gf, theslnvention, 5nt i ng ions into said
silicon substrate to_form a doped region adjacent to.said 6 gate; the
i npl @nt ati on of i ons lidsamphisetofanembgdimgngthe nresent inypntigntowrendead t wi st

6  device and method for fabricating a transistor with a graded doped region.
7 It is an object of an embodiment the present invention to provide a high

8  voltage MOS device that has a higher breakdown voltage.

10 Some embodiments of the invention comprise implanting ions into said
. 11 silicon substrate to form doped regions adjacent to said gate. The orientation of the channel

12 region in the Si crystal structure (channel direction < 100>) in combination with the large

13 angle tilt and twist implant process that increases channeling (described below) produces

14 doped regions that have a more graded (gradual) junction.

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

16  and (b) the 45 tilt and 45 twist implant, the implanted 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 embodiment is a method of fabrication of doped regions in a

20 semiconductor device; comprising the steps of :

21 a) providing a {001} silicon substrate;




-7 of - bet'ween: -about - 40 -and 50 degrees-:and-a-tilt--angle of 40 -and-50-degrees:
g Anot her aspect of the enbodinent is where said doped regionis a N 9 LDD
in an offset LDMOS FET. 10 Anot her aspect of the enbodinent is where said
ions being inplanted 11 about along the [I 101 directions of the silicon
substrate. 12 Anot her aspect of the enbodinment is where the inplanting of
said ions 13 is perforned in one inplant step at ég %Pout 45 degree tw st
i npl antCgosd048tilt angle of 14 about 45 degrees. 1F8&Yot her aspect of the
enbodi nent is where said silicon substrate has a notch/flat at a 16 [110]
dirgction. I1g) iARRMBEIgaBSPRE baid kiliche sevsbawi seadh pate having pevidWend fdeRgiti ng of
ion further "18 conprises: said silicon substrate has a notch/flat at a

<110> direction, % EMRhARR R da80 18 cB@NY havng aohimmpl dintctinh phraleld5 til t
and “45 twist and the Tons enter the substrate aligned at 20 a <0 -1 -1>

di rection whereby.the dir 1.p0: A CAGHSsAid endnhanifictingis [B00]¥301®48 Page
7 1 3Anot her aspe%'ftﬁgkfe%ﬁeg%é%g%lldr{rg%% 'S where said channel has an annul ar 2
shape with a doped region on the inside of said channel and a second doped
region 3 surrounéiéf§ohhe outside of said channel. 4 Another aspect of the

enbodi ment i s where said channel has an annul ar shape W { d
2gion on t he) ImparingaonssioRaL HHGTE S PEEHOIP (B 24008 PSR BGRE

region
6 gate; the implantation of ions comprises a large angle tilt implant with a twist
7. S of between about 40 and 50 degrees and a tilt angle of 40 and 50 degrees.
8 Another aspect of the embodiment is where said doped region is a N-

9 ° LDD in an offset LDMOS FET.
10 Another aspect of the embodiment is where said ions being implanted
11  about along the [110] directions of the silicon substrate.
12 Another aspect of the embodiment is where the implanting of said ions
13 is performed in one implant step at an about 45 degree twist implant and a tilt angle of
14  about 45 degrees.
15  Another aspect of the embodiment is where said silicon substrate has a notch/flat at a
16  [110] direction.
17 Another aspect of the embodiment is where the implanting of ion further
18  comprises: said silicon substraté has 2 notch/flat at a <110> direction, the implantation
19  comprises an implant with a 45 tilt and 45 twist and the ions enter the substrate aligned at

90 a <0-1-1> direction whereby the direction increases the channeling.




6 surrounding the outside of said cha

further conprises 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

bet ween 40 and 50 degrees. 9 Another aspect of the enbodinment is where said
channel has an annular 10 shape wth a doped region on the inside of said
channel and a second doped region 11 surrounding the outside of said
channel C8@33i0dR8; and the inplanting of said ions fuPageetr 12 conprises a
gquadra inplant with the ion beans aligned with the <110> direction within

13 pl us/ mi nus 2 degrgaRther hépether e bmBbdilieanisaitird s elinnplries @8 snoul@at es
nore channeling of ions. 15 The channeling of ions creates a nore graded

junctio i bAREPEH i i MidNHnof and BRecbhBdBed iegfol on of t he
LDDCé 17%38%%%%13?% r a(:;ﬁn grleé?(dom voltage. 18 19 Tﬁee agove and bel ow
advant ages and featuyr.es are,of representative 20 enbodinents only, and are
not a.j,gx h%ﬁﬂ@@@g%ed?'ﬁf‘lﬁgﬁﬁ%&@?&mey are presented only to .21 assist in
understanding the invention. It should be undefstood that they are not 22
reprksent ative of al ANPREr 3SReE AL thsranbpdimentds v erFﬁ@gé’ﬁjﬁ?%ilaSt%‘ fhgular
considered limtations on 7 .CS03- 048 Page 8 1 the invention as defined by
t he X! ashape with d daped stgionen the ietdd ofsaishehonnd regien andip pasonddeped iR ance,
sone of these advantages may be nmutually contradictory, in that they cannot
be % si sattduadpeubd yutpidesfaiid timnaels iang e iemadingedsaid Sows fuethérycongpoises
advant ages are applicable
7  aquadra implant at the twist angles of about 45, 135, 225 and 315 degrees with a range of
® /-5 degrees; and a tilt angle between 40 and 50 degrees.
9 Another aspect of the embodiment is where said channel has an annular
10  shape with a doped region on the inside of said channel and a second doped region
11 surrounding the outside of said channel region; and the implanting of said ions further
12 comprises a quadra implant with the ion beams aligned with the <110> direction within
13 plus/minus 2 degrees.
14 The orientation and implant process creates more channeling of ions.
15  The channeling of ions creates a more graded junction.
16 When implemented on a HV MOS Tx, the graded junction of the LDD
17  increases the drain breakdown voltage.
18
19 The above and below advantages and features are of representative

20  embodiments only, and are not exhaustive and/or exclusive. They are presented only to

21  assist in understanding the invention. It should be understood that they are not

22 representative of all the inventions defined by the claims, to be considered limitations on
7




" “4'to one aspect of ‘the’invention, and inapplicable to others. Furthernore; -

certain aspects of 5 the clainmed invention have not been di scussed herein.
However, no inference should be 6 drawn regardi ng those di scussed herein
relative to those not discussed herein other than for 7 purposes of space
and reducing repetition. Thus, this sumary of features and advantages 8
shoul d not be considered di apositive in deternining eﬂuivalence. Addi ti onal
f eat ur egSanM489 advant ages of the invention will b apparent in the
follow ng description, fromthe 10 drawings, and fromthe clains. 3 4
Brief DRsGhidtionds AéfiddasyPheviaies of hmithtatsunesubattntdvdnt clgos. Bor a

sem conduct or device according to the 5 present invention and further

deta) | s, 0f R REAERT tredl adARfasEthib e MG BRMIGIABEN & Bt fhegleatinoebe N

accof dalfC&™iP he "presen nvention will be nore clearly understood from

th 7 fol l.ow d [ pti { .l A i 1 aﬁgﬁ@ﬁgﬂﬂy'
dr SV\? ng§1%?q4t%¥?smﬂ=ﬂq’g]ﬁ I%?ﬁ%é{ ﬁ’8'?{ ﬁ%lg?éﬁ@%%&%%ﬁ%gsﬁgﬁgﬁ%%ﬁ |l ar or o

correspondi ng el enents, regions an rtions d. 9 i .eh: Fgure |
is a4tope mpwf@ﬁ/ﬂ@fmﬁeﬂﬂﬁﬂe@dﬂ%ﬁﬂ%ﬁge %‘% %tﬁgriss Whegjclg%f é‘%}lr?éb e %ai §fa
process known to the inventor. 12 Figure | B _shows a schematjc X'EMIOf a
b o aisb dlibtoddniantion hpteat bearadiseissddivrein HoweET g igferace shaid bEC 1
understand the terms "twist" and "tilt". 14 Figure 2A shows a FET with a
changel geivieRish@ingABase discussell Hofsm relBiveito duise oot diswesediherein othanthentirdi nent
of the invention. ‘
7 purposes of space and reducing repetition. Thus, this summary of features and advantages

>

8  should not be considered dispositive in determining equivalence. Additional features and

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

10 drawings, and from the claims.




-~ 16 Figure 2B shows a FET . with.a.channel direction 204-in a-<l. .G . 17%
direction according to an enbodi nent of the invention. 18 Figure 3Ais a
top down view of a wafer showi ng the channel 19 orientation in a 45 degree
tw st and 45 degree tilt inplant according to an enbodi nent of 20 the
invention. 9 CS03- 048 Page 10 1 Figure 3Bis a top down view of a wafer
showi ng the channel 2 orientation <010> in a 45 degree tw st and 45 degree
tilt i m3S93t04ccording to an 3 enbodi ment of the iPagefition. 4 5 Figure 4A
shows a top down view of a enbodi nent of a closed shaped 6 transistor
accoitding to an enbodi nent of the invention. 7 Figure 4B shows a cross
sectional view of the closed FET shown in 8 figure 4A along the axis 4B
-accoding to an enbodi nrent of the invention 9 Figure 5 shows a plot of the
phosphorus concentration of the graded 10 junction N- LDD of the

enbodi nent in a normal V N@eiﬁe@@gﬁﬁhqqtﬁ@maﬁm%genti onal 11 Ph profile.
12 Figure 6 shows both a standard degree channel 102 104 FET and the 13

ebogi ment s' 45 degr o, RGO &% NAMIRecS s SOMicHRIR S ALIRY a0 BnRS e 14

Figure 7 shows an exanple an o according to an

5  present invention and further details of a process of fabricating such a semiconductor
6  device in accordance with the present invention will be more clearly understood from the
7  following description taken in conjunction with the accompanying drawings in which like
8  reference numerals designate similar or corresponding elements, regions and portions and
9  in which:

10 Figure 1A is a top down view of a wafer having a transistor according to

11 aprocess known to the inventor.

12 Figure 1B shows a schematic view of a twist and tilted ion implant

13 according to the prior art for use in understand the terms “twist” and “tilt”.

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

15 direction according to an embodiment of the invention.

16 Figure 2B shows a FET with a channel direction 204 ina <110>

17  direction according to an embodiment of the invention.

18 Figure 3A is a top down view of a wafer showing the channel

19 orientation in a 45 degree twist and 45 degree tilt implant according to an embodiment of

20  the invention.




a p-well. 16 Figure 8 shows an exanple of a non-offset LDMOS TX forned
using 17 the enbodi nent's channel naxim zing inplant process for the
source and drain. 10 CS03- 048 1 2 Page 11 3 Detail ed Description of the
Preferred Enbodinents 4 11. | NTRODUCTI ON - CURRENT | NDUSTRY CHANNEL 5
DI RECTI ON W TH RESPECT TO THE CRYSTAL DI RECTION 6 Referring now to the

drawi ngcggd oagre particularly to Fig I A there is Paedfown a structure over
whi ch the present invention is an inprovenent. 8 Figure 1A is a top down

view of a wafer havifg@nésﬁri%%ﬁd@fnvi&r%maﬁﬂrsh@wiiﬁg@@@Mel The channel
direction 102 is <1 . The channel direction is the direction 10 between

source and dr ai r.drai SRRt AcéREInbAn an S t he

di r ect | BREHANo ?@@ﬁfn??gkﬁgg%{é@%e%o& ceﬁgﬁd drai n (I%r drain and
source. In current 8 inch P-type 12 wafer technol ogy, the notch is along

t he X11embefiment ofghe Bve—tn in figure 1A 13 In manufacturing the FET with

the source (S) and drain (D) separated 14 by the gate (G and having a
chamhel (C) thereunder, the notch permts alignment of the 15 wafer
relative to the exposure masks so that the gate wi dth and the channel

| ength 16 t her eunderFigire!4Abghoparazbp dbwoniqyesireerabedimspt ez osed sogpee y st al
direction.

6 transistor according to an embodiment of the invention.

7 Figure 4B shows a cross sectional view of the closed FET shown in

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

9 Figure 5 shows a plot of the phosphorus concentration of the graded
10 junction N- LD]j of the embodiment in a normal V MOS TX compared to a conventional
11  Phprofile.

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

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

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

17  the embodiment’s channel maximizing implant process for the source and drain,

10




©177-18: Probl:em-of . vol.tage lim tati-onan H -Vt NMDS 19 ‘As the fransistor. . .
scaling to snmaller dinmension, our high Vt NMOS 20 transistor is facing a

problemwi th voltage-Timtation. Thermal cycle was |linmted because 21 of

t he consideration of logic device in the wafer. 11 CS03- 048 Page 12 1 2

Currently for high voltage transistor, we need to use high tilt 3

inplantation and long tinme diffusion in order to nake the lateral junction

of the LBRy.mage 4 graded. For exanple a |ateral dPégeddi on netal oxide

sem conductor {LDMOS} was used 5 for high voltage usage. However the LDD

reghgns of the LDMOS need long tine (several 6 hours) diffusion to get a.

graded junction which can sustain high voltage. For sub-micron 7

t echnol ogy, because of the thermal cycle beconme nore critical. Lower

t her4ral cycle was 8 needed because of the transistor dinmension. In this

case, LDMOS is not popul ar_for, small di.mensi.0 i ol tage transistor.
Ther® are mainly t eﬁm&l‘i%Pf‘&&@“f’fg?é?"sef‘gf‘ééﬁﬁnq{"@é&%%f oundry for

sub-mi cron transistors, offset transistor and non-offset transistor. Ofset
11 transistor use asymetrical structure t t.. hi I own voltage.
Non- 4f f set IL2 structW@Q@@Tﬁﬂ@r‘?M%lﬁ%&g&% og‘ed drain (LDD)
inplantation to increase the 13 breakdown voltage. 14 15 8ﬁ6\§ ew of
enbogli ments of DIRHECTEONWETH RESPECT TO THE CR STAL DIRE

6 o Referring now to the drawing and more particularly to Fig 1A, there_is
7 showna structure over which the present invention is an improvement.
8 Figure 1A is a top down view of a wafer having a transistor. The wafer
9 s {001}. The channel direction 102 is <110>. The channe! direction is the direction
10 between source and drain or drain and source. The channel direction is the direction
11 current flows between the source and drain or drain and source. In current 8 inch P-type
12 wafer technology, the notch is along the <110> direction as shown in figure 1A.
13 In manufacturing the FET with the source (8) and drain (D) separated
14 by the gate (G) and having a channel (C) thereunder, the notch permits alignment of the
15  wafer relative to the exposure masks so that the 'gate width and the channel length
16  thereunder will be parallel or perpendicular with [110] crystal direction.
17
18  Problem of voltage limitation on Hi Vt NMOS
19 As the transistor scaling to smaller dimension, our high Vt NMOS
20  transistor is facing a problem with voltage limitation. Thermal cycle was limited because

21.  of the consideration of logic device in the wafer.

11




167017 tn. thi s exanpl e-enbodi.nent.; a.speci-al -layout for a high. voltage. 18 . ....
transistor is introduced. A set of specific inplantation nethod is given
accordingly. A 19 main advantage of this enbodinment is to use the silicon
crystalogy to get higher 20 channeling effect through special inplantation
angle and rotation. Accordingly the layout 21 for this inplantation was
optimzed in order to get a nore graded junction. 12 CS03- 048 Page 13 1

V. i nmpLgot-g4gns into the {0 O 11 silicon substrat ageoldf or m doped regi ons

2 adjacent to the gate. The orientation of the channel region in the Si

crystal structure 3 (channel direction < 100>) in conbination with the

large angle tilt and tw st inplant 4 process (describe bel ow produces

or et ot ron and | mpiGHierRy Gedte iR setBPL i aesd e HRER tone” the o

channel jng of .ions creates_ a nore graded (|l ess abruypt), jungti 7
Enbotl nislantaion #nel IoRg e ﬁi%ﬁndﬂéefdﬁé‘f?ﬁ‘smf leteaaééwc)élﬁéﬁgﬁeeﬁf? &;Efstors

and doped regions. An exgggl e of a closed shaped Tx is shown in figure 4A
9 Other gradtxb dionexeansple adaterdbdiffsidn grasal oxidesseryicondueter) fleldMOS )t wasiysednt s.
O her enbodi ment 10 include quadra twist and tilt inplants. 11 12 Wth
t he Enbadihighaltagt usdpe. Howevd el Ddacgians ofthe DDMOS arbdilvvg timd3(seadrdlage  of
HV transi stor. Mre graded junction LDD can be obtained w thout using |ong
6  hours) diffusion to get a graded junction which can sustain high voltage. For sub-micron
7  technology, because of the thermal cycle become more critical. Lower thermal cycle was
8 needed because of the transistor dimension. In this case, LDMOS is not popular for small
9  dimension high voltage transistor. There are mainly two high voltage transistors in the
10 foundry for sub-micron transistors, offset transistor and non-offset transistor. Offset
11  transistor use asymmetrical structure to get higher breakdown voltage. Non-offset
12 structure use higher tilt angle for lateral doped drain (1.DD) implantation to increase the

13 breakdown voltage.

14

15 Overview of embodiments of the invention

16

17 In this example embodiment, a special layout for a high voltage

18  transistor is introduced. A set of specific implantation method is given accordingly. A
19  main advantage of this embodiment is to use the silicon crystalogy to get higher
20  channeling effect through special implantation angle and rotation. Accordingly the layout

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

12




oo 14diffusion. tine: :15.In accordance with the.present. invention, .a-standard:.:
{001 } silicon wafer 16 with a primary notch of <110> direction is used
and, before exposure to an imge by a 17 |ithographic exposure apparatus,
the relative relationship between the mask and the {001 } 18 silicon wafer
i s changed so that the relationship, in the same plane, is approximtely
forty- 19 five degrees (45 degree) fromthe nornmal. relationship in the
same pl @aggs.okBus, the [1101 20 crystal direction PagedBi gned approxi mately
45 degrees to the gate wdth and will be aligned 21 parallel wth channel
| ength directi on whap, yaliagend aeel(0ed i Midheubatae olfbrESopsd BgBIPage 14
1 This 45 degree change 1s preferably acconplished by either nodifying 2
t he mask_hol der, or t waf er_..hal Fred i | ¢hadr anktige syst em so

t he Irastdipgitorthe gatgﬁet%en\g\%@grog%l c%er é{éeé(?(igljxrlﬁlgher: EI al?i onshi p of

approximately forty-five degrees (45).fL0 i I «relationship:

usi ny tﬁ‘éﬂﬂi@éﬂﬂe‘g}%sﬁ 0= g@ﬁ”ﬂﬁtﬁonl%ghhg%&é a%g@ £ 1teEleg(at?Rggtt iug gﬁtlt p 5 change
is exactly 45 degree, because the m)bi_litﬁl f the carrie(s i(fa hannel wil |
be 64 oppiowesw (déreribe helowhareduresgloged regtns dha ‘éﬁamorf‘e%fﬁii%% e %ar allel.

However, due to slight inperfection of the |ithographic apparﬁlt us wafer and

masks holgefisn. THeriharige anbimplartypra:esycreateonots chapeclng dégfisetithange. The

remai ni ng fabrication steps, such as plasma or 9 ani sotropic etching,

oxi dat i anm%hﬁ%ﬁﬁ%hs VRRES 2 ARPOSlallkdlesssbiptigunetipnand pl ani zation, are 10

w t hout ’

perforne any nodification of the wafer hol ders, because the

expoged surface of g Ghe, 8ideioRviRioRindlfdd SRa@nachees siaped emai ns in the
<001> direction. 12

8 transistors and doped regions. An example of a closed shaped Tx is shown in figure 4A.

9  Other embodiments include 45 degree twist / 45 degree tilt implants. Other embodiment
10  include quadra twist and tilt implants.
11 |
12 With the embodiments of the invention, we can improve breakdown
13 voltage of HV transistor. More graded junction LDD can be obtained without using long
14  diffusion time.
15 In accordance with the present invention, a standard {001} silicon wafer
16  witha primary notch of <110> direction is used and, before exposure to an image by a
17 lithogréphic exposure apparatus, the relative relationship between the mask and the {001}
18  silicon wafer is changed so that the relationship, in the same plane, is approximately forty-
19  five degrees (45 degree) from the normal relationship in the same plane. Thus, the [110]
20  crystal direction is aligned approximately 45 degrees to the gate width and will be aligned

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

13




. ..Referting to figure 6, on-the-sane.wafer, both:standard 0 degree.and:the .13::.
enbodi nents' 45 degree angl ed channel FETs can be. forned. For exanpl e,

Figure 6 14 shows both standard O degree channel 102 104 FET and the

enbodi nents' 45 degree 15 angled channel 202 204 FETs forned on a wafer

(source/drain regions not shown). 16 Anot her aspect of the present

I nvention is a novel FET with its gate 17 fornmed perpendicular to the

<100> crgatajagdi rection so that the channel will bBagsakdallel 18 with this

direction with a voltage applied to the gate. 19 In another aspect of the

presgnt invention, a@ﬂ}glglgrde%}é@[éﬁﬁlg%@ﬁreﬁrﬁ)lyaeccfn‘i}ﬂﬁhéﬂ by-tither enclifyhgws .

annual FETs 602 and 612. FET 612 is has the enbodi nents 21 channel <100>

directign. F 2 has <110> nek 1:4i {COR StermAOMhE Bkl Raldéron of
CS03* O%WS}OT%IErglﬁrﬁﬁqgrrhOi#goﬁﬂne r Flé!?ig%\;ﬁ%tﬁ iFf erent channel

directions can be forned on the sane.2 waf.er T e ' M =S <100>
chandel aod theewaferrhalder geeing refﬂSPn%%OfI@?pgo’ﬂW&teb’ %’Ht}fveeaduggge%%gﬁglﬁﬁpough. 5
1. Method of LATID with channel orientated in_the <100> or., 6 .
<0102di tiaii Acemalreltipnsfipnsieg tentdd>weystal direetinn. The gt ok thegeltippshiRg to
forma doped 8 region in a sem conductor device. The doped region
pr ef g1 alghyndeSs SxaoRYUS Aoee, Hedinize Haghobilitydofi the earFErs innbannsl wil e preferably a
S or Dregion in a high voltage transistor such as a 10 LDMOS transi stor.

6 optimum when the channel and [110] crystal direction are parallel. However, due to slight

7 imﬁérfection of the lithographic apparatus wafer and mask holders, the change may vary
8 by -+ 2% of the 45 degree change. The remaining fabrication steps, such as plasma or
9  anisotropic etching, oxidation, chemical vapor deposition, sputtering and planization, are
10  performed without any modification of the wafer holders, because the exposed surface of
11 the silicon wafer to these processes remains in the <001> direction.
12 Referring to figure 6, on the same wafer, both standard 0 degree and the
13 embodiments’ 45 degree angled channel FETs can be formed. For example, Figure 6
14 shows both standard 0 degree channel 102 104 FET and the embodiments’ 45 degree
15  angled channel 202 204 FETs formed on a wafer (source/drain regions not shown).
16 Another aspect of the present invention is a novel FET with its gate
17  formed perpendicular to the <100> crystal direction so that the chalmei will be parallel
18  with this direction with a voltage applied to the gate.
| 19 In another aspect of the present invention, annular shaped FETs-are
20  formed. Figure 6 shows annual FETs 602 and 612. FET 612 is has the embodiments

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

14




w'11-A feature -of -the process-is.:that.-a.npre. graded:junction:is formed by the. ..
12 large angl ed inplant process. 13 f001) 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 {001 1 silicon substrate
having [ 1101 reference direction 16 (direction from substrate center to
primary notch/flat). 17 Figure 2A shows a FET with_a nnel direction 202
in a <10863-048 direction. 19 Figure 2B shows a FETP%%'R a channel direction
204 in a <110> 20 direction. 21 Devices with both channel directions can
be for MBeh@R ahfEnsaRETwatidr difftfenCSR@ncloiiBchonsecan e formadon the §8%/ Drain and
Channel 2 Next, a gate (G is formed over the silicon substrate; the gate
havifg a§erWi dth and a |l ength; a channel under the gate. 4 The channel (O
has ‘a channel direction (202 204) parallel with the 5 direction of the gate

wi dth. The channel djrecti i S b dif el @ectibon G8HideBiltfof MO8 TKrsenidi on. 6
The ghannel directi gﬂw’legﬁﬂﬁ(rag?%@asbél’l?oagout [10%] or [010] crystal direction.

4  canreduce punchthrough. -

5 I Method of LATTD with channel orientated in the <100> or
6 <010>direction
7 A preferred embodiment of the invention is a method to form a doped

8  region in a semiconductor device. The doped region preferably is a source or drain region
9  inaFET and is more preferably a S or D region in a high voltage transistor such as a

10 LDMOS transistor.

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

12 large angled implant process.

13 {001} silicon substrate having [11 0] 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 [1 10] reference direction

16  (direction from substrate center to primary notch/flat).

17 Figure 2A shows a FET with a channel direction 202 ina<l100>

18  direction.

19 Figure 2B shows a FET with a channel direction 204 ina <110>
20  direction.
21 : Devices with both channel directions can be formed on the same wafer.

15




lons into the silicon substrate to form doped regions 10 adjacent to the
gate. The orientation of the channel region in the Si crystal structure 11
(channel direction <-100>) in conbination with the |large angle tilt and
tw st inplant 12 process (describe bel ow) produces doped regions that have
a nore graded (gradual) 13 junction. The orientation and inplant process
creat esCRD3-@48hannel ing of ions. The ions are 14 pagferably inplanted
al ong the <110> direction to maxi m ze channeling. The channeling 15 of
I onsy creates a nore | ' THRENNSY 1S when inplanted ions are
not 1sI owed 16 by co?%?g%?]gwﬁpr@&?ﬁon at’z)(ﬂs. It is controlled by three
different techniques:. wafer tilt, 17 screen gxide |ayer or )
pr eahor phi zati on. TRVt Pda fompedovpaibe yiliger subsgate; the saldawingsg
techni ques to reduce channeling. 19 20 Wen inplenented on a HVY MOS Tx,
t he Yr advédth pode téngth; efchatne] uBBr tiXlgatsicr eases the drain breakdown vol t age.
16 CS03- 048 Page 17 2 Figure 1B shows a schematic view of a tw st and
tilted ion inplant Theatamiell (Op hioa th@ngrdiection (200@04yparallel wittokhe st and t he
terms "twist' "and "tilt". 4 Tilt is the angle between the wafer surface

and 4 heqio%iRe2Me gr%lteTW(ﬁE. The chiheRBEL&ioRes WRGHreLish ¥RublefPflow daB&ion.
containing the ion beam

6  The channel direction is preferably about [100] or-[OIO] crystal direction.

7
8 Large Angle implant with Twist to form Source and Drain
9 We implant 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

11 (channel direction < 100>) in combination with the large angle tilt and twist implant

12 process (describe below) produces doped regions that have a more graded (gradual)

13 junction. The orientation and implant process creates more chaﬁneling of ions. The ions are
14  preferably implanted along the <110> direction to maximize channeling. The channeling
15  of ions creates a more graded junction. Channeling is when implanted ions are not slowed
16 by collisions with silicon atoms. It is controlled by three different techniques: wafer tilt,
17  screen oxide layer or preamorphization. This embodiment preferably does not use these

18  techniques to reduce channeling.

19

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

21  increases the drain breakdown voltage.

16




notch direction). 7 Single Inplant at 45 tilt and 45 twist 8 As shown in
figure 3A, the inplantation of ions preferably conprises a 9 tilt/tw st
implant with a twi 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 nornmal plane of the substrate surface) and nore

pref er apkys.@4ki It angl e of 45 degrees with a 12 pPafedired tol erance of +/ -
5 degrees. 13 For a (001) wafer (e. g., with a notch of <110>) direction, a
implant 14 with a 45 tilt and 45 twst, the ions enter the substrate at a.

<0 -1 -1> (or <011 >) direction 15 (or [110] group direction). This

direction increases t.he channeli : d fiitednien #bplaiv St singl e
inplant is prefer ab|§}g%8ﬁ%osﬁ%§)aa§§he{%“q‘f’np aﬁ?ﬁg@%ﬂ i ons atﬁgl?l ener gy
bet ween 40 and 400 and a_dose. between .1 E 1 ‘N »19 at tilt angle
bet vienacrording) icse EGT & O e I HHdET ??gf%@a%g[utaﬁaéé%égrees and a tw st
20 angl e of between 40 and 50 degrees and_ nore preferabl Y 45 degrees. 21
Thi s445 degree twi stTilfrigithezmglede ePiﬂ“tWF’f?f)P‘éf%t“ﬁF’g BN orns a 22
(symetric) LDD. 17 CS03- 048 1 2 Page 18 .. ]

5 Twist is the angle between the vertical plane contaimng the ion beam

6  and the vertical plane perpendicular to the reference direction (primary notch direction).
7  Single Implant at 45 tilt and 45 twist
8 As shown in figure 3A, the implantation of ions preferably comprises a
9  tilt/twist implant with a twist of about 45 degree from the <110> reference direction
10  (notch) of the crystal substrate and a tilt angle between 40 and 50 degrees (from the
11  normal plane of the substrate surface) and more 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 implant
14 with a 45 tilt and 45 twist, the ions enter the substrate ata <0 -1 -1>(or < 011 >) direction
15 (or [110] group direction). This direction increases the channeling.
16
17 The 45 tilt and 45 twist single implant is preferably performed by
18  implanting Ph ions at an energy between 40 and 400 and a dose between 1E12 and 1E15
19  attilt angle between 40 and 50 degrees and more preferably about 45 degrees and a twist
20  angle of between 40 and 50 degrees and more preferably 45 degrees.
21 This 45 degree twist and 45 degree tilt implant preferably formsa

22 (symmetric) LDD.

17
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CLFET-wit-h ‘a Source (S) -and-Drain. (D). and -gate (& with:a . channel. direction:.
of <100> 3 Figure 3B-shows a top down view of a FET with a Source (S) and
Drain 4 (D) and gate (G wth a channel direction of <1 00> and a
reference direction < 110 (also 5 for the primary notch). 6 7 For a 45
degree twi st inplant and a 45 degree tilt, the ions are inplanted 8 into
the SID region along direction B. Direction Bis PR, IIeI to the <011 > (or

<0 -1 -@803-048 "quadra" inplant for open shaped tx In a preferred
enbodi mrent the inplanting of ions into further COTTBI‘I ses tan guadr a
i npliant . The quadr a REDwdth aiSousee(S) aad Dyrin (Phan rﬂa:,te(gﬁ)l‘-‘ﬂ’fﬂns at an 12

energy between 40 and 400 Kev and a dose between 1E12 and | E15 ions/sg-cm
at tjlt 13 angle bethaanefdirection®@fctd@lees and a twist angles of between
40 and 50 degrees 14 Figure 3Cillustrates the enbodi ment's quad inpl ant.

The 4 inplants at 15 45,13 Dedl
mpldnt t ﬁQ .Sn& B s L o A e M T
[0,1; 1]

1] or <110> directjo t [ ~epigsent
bar st o) aegatels )y wigh » ghagmeid egngra,ar S e By e LA RIS
channeling. 18 CS03- 048 Page 19 1 C osed shaped (or annual shaped) channel
regi ®n for the primary notch).

6
7 C For a 45 degree twist implant and a 45 degree tilt, the ions are implanted

8  into the S/D region along direction B. Direction B is parallel to the <011 > (or <0 -1 -1>).

9 “quadra” implant for open shaped tx

10 In a preferred embodiment the implanting of ions into further comprises
11 an quadra implant. The quadra implant is performed by 4 implants of Ph ions at an

12 energy between 40 and 400 Kev and a dose between 1E12 and 1E15 ions/sq-cm at tilt

13 angle between 40 and 50 degrees and a twist angles of between 40 and 50 degrees

14 Figure 3C illustrates the embodiment’s quad implant. The 4 implants at
15 45,135, 225, and 315 degrees.

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

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

18 1’s, e.g.-1isequivalent to 1) This maximizes channeling.

18




-2-Referring to. figure 4A and figure 4B, an-enbodinent-is shown-where..3.the..::.
transi stor has a channel region with a "cl osed shape" so that SID region on
the inside 4 of the 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 mrent of a closed shaped 7 transistor (e.g., with annul ar shaped
channel region). Figure 4 shows field oxide regions 8 402, LDD regions 406
414, soS0& 048rai n regions 407 415 (see fig 4B) an®agal® 410. The 9 LLD
regions are preferably formed by the enbodinent's inplant process. The
“closed 10 shape” nekvsed skapdd foreannyal sitaper)) bbannel feggonni ng or end. .
The channel under the gate 11 410 is surrounded by the LDD 406. The

chanpel is preferabl nnul.ar. shaped d isygmre .1 ref | v.rectangul ar
or s%uare shaped. 1 F@ﬁgéogﬁugﬁgﬁgmgﬁgFggg’?%gPPgﬁggmgFg&&§?¥%ﬁg’closed
FET shown in 14 figure 4A al ong.the axig 4B gccqrdi to an enbodi.nent of
the Fnv frapsistorihgge 'éhameé regloB A f@%sﬁé shinel s et c'g)ﬁarﬁ%lf’n F2GRHAE the
gate 410. 16 The enbodi nents of the annular channel Tx can be_a nor nal

vol t4ge ofithe channs} regiast dnger see@MaBPed regiopsirsiupdiag thongpeide oBthewhanmg! | npl ant
met hod for closed (e.g., annular) channel 19 region 20 For the closed
shapgd dggped region, for exanple as shown in figure 4A, 21 preferably a
guadra inplant is perfornmed. 19

6 Figure 4A shows a top down view of a embodiment of a closed shaped

7  transistor (e.g., with annular shaped channel region). Figure 4 shows field oxide regions
8 402, LDD regions 406 414, source /drain regions 407 415 (see fig 4B) and gate 410. The
9  LLD regions are preferably formed by the embodiment’s implant process. The “closed
10 shape” means 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 annular shaped and is more
12 preferably rectangular 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 embodiment of the invention. Figure 4B
15  show a gate dielectric layer 412 under the gate 410.
16 The embodiments of the annular chanﬁcl Tx can be a normal voltage Tx

17  or a offset LDMOS or a Non-offset LDMOS.

18 Quadra Implant method for closed (e.g., annular) channél
19 region
20 For the closed shaped doped region, for example as shown in figure 4A,

21  preferably a quadra implant is performed.

19




...-CS03+=:04871".2. Page 20 HV- LDMOS7FX -wi-t-h -of f.set- -t ransi st or and-non--of f:set-:.3 e,
transistors 4 The channel orientations and inplant enbodi nents of the
invention on 5 can be used to formHV LDMOS TX with offset transistor and
non-of fset transistors. 6 Figure 7 shows an exanple of an offset LDMOS TX
The channel is a 7 diffused p-well for the LDNMOS TX. 8 In the offset
LDMOS TX (figure 7), only the NNLDD is forned usin 9. the enbodinent's ion
i mpl ant C803{0480] to naxi m ze the ion channeling. 1gager20[ he non- of fset
LDMOS TX (figure 8), preferably the N+ source and 11 the N+ drain are
simuj taneously formed in the sanme inplant step using the enbodinment's 12.
ifon 1nplant at [I 101 to maxim ze the ion channeling. 13 Process for offset
LDMOS TX (figure 7) 14 The process to formthe OFFset LDMOS TX is as

fol lows: 15 " form pheppaOSSOPwitiRbRsébtransistor pndaidn-pifsetf orm (pol y)
gate”18 N form N-LDD (using enbodi nents' channeling maxi m zing ion inplant)

19 ’\3form spacers on ttga%s%tors

4 The channel orientations and implant embodiments of the invention on
5 canbe used to form HV LDMOS TX with offset transistor and non-offset transistors.
6 Figure 7 shows an example of an offset LDMOS TX. The channel is a
7 diffused p-well for the LDNMOS TX.
8 Tn the offset LDMOS TX (figure 7), only the N-LDD is formed using
9  the embodiment’s ion implant at [110] to maximize the ion channeling.
10 In the non- offset LDMOS TX (figure 8), preferably the N+ source and
11 the N+ drain are simultaneously formed in the same implant step using the embodiment’s

12 ionimplant at [110] to maximize the ion channeling.

13 Process for offset LDMOS TX (figure 7)

14 The process to form the OFFset LDMOS TX is as follows:
15 0O form p-epi on substrate

16 O form p-well

17 O form (poly) gate

18 00 form N-LDD (using embodiments’ channeling maximizing ion implant)
19 O form spacers on gate

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

21

20




..20'~ formsource (S) and drain (D)-using a-standard 11 . 21 20 CS03--048 . .:

Page 21 1 Currently, -the offset LDMOS Tx operates at a vol tage between
about 2 18V and 60 V. In conparison a normal voltage Tx operates between
about 1V to 18V. 3 4 non-offset LDMOS TX 5 Figure 8 shows an exanple of a
non-of fset LDMOS TX. Usually we 6 use a lot of diffusion to get a snooth
and graded junction between the N+ and p- well. 7 Wth.the enbodi nent's

waf er aCB@30dBt and drain inplant process, a good é\?"%? d junction 8 can be
obt ai ned. The breakdown voltage decreases with the enbodi nent because of
the P graded juncti aurrehflyRheoffsa [MMOSCPK erfcfrajes atlaDMiBET ReIVEETAROUr ocess to
formthe figure 8, non-offset LDMOS TX is as follows: 12 # ttD([))rSQ p-epi on
subs{ra f; ; ofmilcioMaEOTY op@hes betweeh abont NV usi ng
errb?di ntrlsﬁ}léﬁdg%féﬁne @ﬁgﬁnsggéﬁion i mpl agrﬁ)) gG A form spacers 17 form N+
sourfe and drain using invention's maxim zing channeling ion inplant.

4 | non-offset LDMOS TX

5 Figure 8 shows an example of a non-offset LDMOS TX. Usually we

6  usea lot of diffusion to geta smooth and graded junction between the N+ and p- well.

7 With the embodiment’s wafer alignment and drain implant process, a good graded junction

8  can be obtained. The breakdown voltage decreases with the embodiment because of the

9  graded junction.

10 Process for non-offset LDMOS TX

11 The process to form the figure 8, non-offset LDMOS TX is as follows:
12 1 form p-epi on substrate

13 O form p-well

14 0 form poly gate

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

16 O form spacers

17 form N+ source and drain using invention’s maximizing channeling ion implant.

18 Currently, the non-offset LDMOS Tx operates at a voltage between

19  about 12V and 25 V. In comparison a normal voltage Tx operates between about 1V to
20 18V.

21

21




..718 Cutrently,. the non-offset LDVOS Tx operates at a.voltage betweén 19 ...

‘about 12V and 25 V. In conparison a nornmal voltage Tx operates between
about IVto 20 18V. 21 21 CS03- 048 1 IV. EXAVPLES Page 22 2 The foll ow ng
non-limting exanples represent preferred fornms and best 3 nodes
contenplated by the inventor for practice of his invention, as well as
Il1lustrating the 4 results obtained through its use. 5 H gh Vol tage LDMOS
transi sgs03wege fabricated using the standard 6 tPags2ator orientation
shown in figure 1 and an enbodi nents orientation shown in figure 7 2A
(e.gy, chaggel in <19QAMPLEStion). Ph ions were inplanted at the
conditions shown in 8 the table below to formthe N-LDD. 9 TABLE:
conpari son of enbodi nent and standard LDD ippl ants paranmeter45 tilt and
45t wist inplant30 tifhe %Haweﬂgt%nsmtwgwéﬁwp@ggwﬁzp BT A REst

at ons/ sg-cm ener gy80 Kev80 Kev Junction depth0.75 nD.5 m Breakdown 16. 2
V14.® Vmodes contemplated by the inventor for practice of his invention, as well as illustrating the

4 results obtained through its use.

5 High Voltage LDMOS transistor were fabricated using the standard

6 transistor orientation shown in figure 1 and an embodiments orientation shown in figure

7 2A (e. g., channel in <100> direction). Ph ions were implanted at the conditions shown in
8  the table below to form the N~-LDD.

9 TABLE: comparison of embodiment and standard LDD implants

parameter 45° tilt and 45°twist implant 30° tilt and 0° twist implant
dose 1E12 atoms/sg-cm 1E12 atoms/sq-cm
energy 80 Kev 80 Kev
Junction depth 0.75um 0.5 pm
Breakdown 162V 140V
voltage
10

11 As shown in the table above, the embodiment’s 45° tilt and 45°twist
12 LDD implant had a deeper junction depth and a high.;:r breakdown voltage.

13 The LDD implant on the embodiment’s transisfor orientation has

14 increased channeling of ion that creates a deeper and more graded junction. The reduces
15  the breakdown voltage. This is important especially on the HV transistor.

16 :
17 Figure 5 shows a plot of the phosphorus concentration of the graded

18  junction N- LDD of the embodiment in a normal V MOS TX compared to a conventional
19 Phprofile. The boron concentration of about 1E18 is the concentration of the p-well. (See

20 e.g.,figure 7and 8.)
22




. vol'tage 10. .11 As shown i n the table above, the enbodiment”s 45 tilt and. .-

45twi st 12 LDD inplant had a deeper junction depth and a higher breakdown
voltage. 13 The LDD inplant on the enbodinent's transistor orientation has
14 increased channeling of ion that creates a deeper and nore graded
junction. The reduces 15 the breakdown voltage. This is inportant
especially on the HV transistor. 16 17 Figure 5 shows _a plot of the
phosphogggs-@agcentrati on of the graded 18 juncti ofe223.pD of the

enbodi nent in a normal V MOS TX conpared to a conventional 19 Ph profile.
The jporon goncent r atgfin@f about 1E18 is the concentration of the p-well. .
(See 20 e.g., figure 7 and 8. ) 22 CS03- 048 Page 23 1 V. Ending 2 In

sumary, a new set of |ayout and i ant at | i eRin 3 the
enbcdi ments of thi s A A DeW %EE@S%%“%iaggpggiﬁégﬁg‘??\gﬁgdgﬁé?g?lfﬂrme of
silicon to 4 inprove the junction or the LDD or S/D {0 opt. inthi gh

br eak dothe ewtlotzgents o thisdnvesionsd FUrpgse 5o BREYSIAS AP her hi gh
voltage transistor and normal MOS Transistors. 6 The enbodi melgts' i mpl ant
pr ocess impove thefadtionre thedrDBy SAAfterobtain Hightbagakdpwm vehiagee Hicah OF H¥¥waf er i n
the [110] direction. The enbodi ments are not dependents on 8 any

conf & QUERATAD i dIRTEMOS ks etepligh ovltddedtansisihendnowrd MO I rasistese.ches  and

flat change
6 : The embodiments’ implant process can be performed on any wafer so
7 that the ions enter the wafer in the [110] direction. The embodiments are not dependents on
8  any configuration of wafer notches and/or flats. The orientation of notches and flat change
9  with wafer te(;hnolo gy.
10 Given the variety of embodiments of the present invention just
11  described, the abéve description and illustrations show not be taken as limiting the scope
12 of the present invention defined by the claims.
i3 While the invention has been particularly shown and described with
14  reference to the preferred embodiments thereof, it will be understood by those skilled in
15  the art that various changes in form and details may be made without departing from the
16  spirit and scope ‘of the invention. It is intended to cover various modifications and similar
17  arrangements and procedures, and the scope of the appended claims therefore should be
18  accorded the broadest interpretation so as to encompass all such modifications and similar

19  arrangements and procedures.

20
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.9 Wi th wafer technology. ‘10 G ven-the: vari-ety of. enbodinents of. the.present ...

i nvention just 11 described, the above description and illustrations show
not be taken as limting the scope 12 of the present invention defined by
the clains. 13 Wile the invention has been particularly shown and
described with 14 reference to the preferred enbodi nents thereof, it wll
be understood by those skilled in 15 the art that various changes in form
and det 41903- 848 be made wit hout departing fromthe Page24pirit and scope of
the invention. It is intended to cover various nodifications and simlar
17 arrangenents and procedures, and the scope of the appended cl ai ns
therefore should be 18 accorded the broadest interpretation so as to
enconpass all such nodifications and simlar 19 arrangenents and
procedur@fiai i€Qadmedihat is clainmed is: 1. A nethod of fabrication of doped
regions in a sem conductor device; conprising the steps of : a) providing
a {001 } silicon substrate; b) formng a gate over said silicon substrate;
said gate having a width and a I ength; a channel under the gate; said
channel having a channel direction parallel wth the direction of said
gate width; said channel direction _ is [100]  or [Olg% directiqn; c)
i npl ant ilnd Meihed phfabrication ofi doncd Aegionssinasemicandpeiprileyices SRAPHERE B adj acent
to said

steps of :

©  a)providing a {001} silicon substrate;
b) forming a gate over said silicon substrate; said gate having a width and a length;
a channe! under the gate; said channel having a channel direction parallel
with the direction of said gate width; said channel direction is [100] or {010]
direction;
¢) implanting ions into said silicon substrate to form a doped region adjacent to said
gate; the implantation of ions comprises a large angle tilt implant with a twist
of between about 40 and 50 degrees and a tilt angle of 40 and 50 degrees.
2. The method of claim 1 wherein said doped region is a N- LDD in an offset LDMOS
FET.
3. The method claim 1 wherein said ions being implanted about along the [110] directions
of the silicon substrate.-
4. The method claim 1 wherein 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.

5. The method claim 1 wherein said silicon substrate has a notch/flat at a [110] direction.
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o gatey ~the inplantati on. of -i.ons conprises-a l-arge-angle tilt inplant with-a ..
tw st of between about 40 and 50 degrees and a tilt angle of 40 and 50 :

degrees. 2. The nethod of claim| wherein said doped regionis a N LDDin

an offset LDMOS FET. 3. The nethod claim 1 wherein said ions being

i npl ant ed about along the [110] directions of the silicon substrate. 4.

The method claim 1l wherein the inplanting of said jons _is perfornmed in one

i npl antCcSe3-@@gat an about 45 degree tw st inplant Bags 2 tilt angl e of about
45 degrees. 5. The nethod claim 1l wherein said silicon substrate has a

not ch/ fg.aﬁhea&letﬁoci UA0] 1 ditiepsih R impRAtiopoBiddRriRagengises: sdidsiliterhod cl ai m 1
wherein the I1nplanting of ion further conprises: said silicon substrate

has a notch/fha a if @¢10:0Qiredtt, i NPl antation conprises an
e i 0

inmplant with™a twist and the ions enter the substrate

al i gned at a <0 -1 - 1> dir echlon WIRLCRY iy diteEks ah antustaasasi t he

channeling. 7. The erein channel has an annul ar shape

with a doped region on the insjde of sai annel. a n d
regi on surr othedPrenterabetibsirefe a gnedﬁPd<aQg‘a’ﬁf%ealye%lpnqﬁqlé&ﬁ@fﬁgd&é#g?% 1
wherein said channel has an annul ar shape with a doped region on the

i nsi de of saimtrezbesthekhanagiiegy and a second doped regi on surrounding the
-out si de

7 The method claim 1 wherein said channel has an annular shape with a doped region on
ihe inside of said channel and a second doped region surrounding the outside of
said channel.

8. The method claim 1 wherein said channel has an annular shape with a doped region on
the inside of said channel region and a second doped region surrounding the outside
of said channel;

and the implanting of said ions further comprises a quadra implant at
the twist angles of about 45, 135, 225 and 315 degrees with a range of +/- 5
degrees; and a tilt angle between 40 and 50 degrees.

9. The method claim 1 wherein said channel has an annular 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 & qua:dra implant with

the jon beams aligned with the <110> direction within plus/minus 2 degrees.

10. The method claim 1 which further includes forming a High VtNMOS FET from said

gate and doped regions.
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~of “sai d"channel ; -and the inpl-anting of said ions further conpri-ses a-quadra -
inplant at the tw st..angl es of about 45, 135, 225 and 315 degrees with a :

range of +/- 5 degrees; and atilt angle between 40 and 5 0 degrees. 9. The
met hod claim 1l wherein said channel has an annul ar shape with a doped
region on the inside of said channel and a second doped regi on surroundi ng
the outside of said channel region; and the inplanting of said ions
further OpPt&es a quadra inplant with the ion b&a8826ligned with the <1
10> direction within plus/mnus 2 degrees. 10. The nethod claimIl which
f urt her lilnthastascdrsluniondedcd-biiaint 1 NiESIIFELDMOSdsvice isgatraecand doped
regions. 25 CS03- 048 Page 26 11. The sem conductor device of claim1l
wher ei n 1. TEMamicidue@r devit@sf@am 1 dhichTarba HoaPRdeC tfmMAe W &Romd gatedi M 1
whi ch further conprises formng a second gate over said silicon substrate;

sal d second gk Aiog ApWALN A d EA0kRinto SEERNML o SAAIDELcuder e

second gate; said second channel having a secohd channe [I'rection

arallel wt i ti f widt.h of said second gate; ,said second
Ehannel di reg?%]g%l }%&s({egg}easg?%}% %%’5@?6%?9&%@5%}6?&?‘{1%gﬁ"ecog‘ifg‘gmﬂ rection.
13. A sem conductor device at |east one field effect transistor (FET

havi ng a sou l'fg‘,’uocﬁ‘ﬂ%i‘? 1\&&?{8 ‘illéeW{‘ﬁfWFFEh§8§?r1§ée°é’ﬁégaﬁea$%d§e@95¢§it ed) by a

channel under_the Cg{;_at e, _conprising:
channel direction is parallel or perpendicular with the <110> direction.

13. A semiconductor device 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 {001} silicon substrate having ;

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.

26




7 1001} si I'i con- substrate having i~ a gate having a | engt h and-a-wi-dt h; ~sai-d-

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 inpurities of the source and drain
bei ng disposed in the silicon substrate; a channel under the gate between
the source and drain when voltage is applied and peig% aligned in a
directiogopadal lel with the direction of the gate* % dt’h, whereby the
performance of the FET is enhanced. 26 CS03- 048 Page 27 14. The

seni conglicRreRRvhatief deviceionclsamBivatict frtheecorapnings Faid shamchhasinnel has .
an annul ar shape. 15. The sem conduct or device of claim 13 which further
conpri ses fo&ﬂj Sﬁmﬁpcond gate over said-silicon substrate; said second
gate having a wdth and a length; a second channel under the second gate;
said se channel, havin e ) i k OfbrRadiad [seéondi t h t he
i ecti oh D RRBT L b LS G O r e e

gate; sald second channel direction is

paral l el or perpendicular with the <110> directiaon I8y 1hg15eM: gonduct or
devi ce of cla@tmoli@%ﬂﬁefr‘@?%%‘hi% Sorand gale TR 17?ﬂ_ln agmi nt egr at ed

circuit with at least one field effect transigtor T)._hayi a source,
drai n and gaseond channhbusdsttheseenid ﬁ?FeéFEHd§%‘f5’é‘a§fq@31(egga‘§n‘%%§éﬁ%g? under the
gate, conpri sing: ) . )

channel direction parallel with the direction of width of said second gate; said

SECG

second channel direction is parallel or perpendicular with the <1 10> direction.

16. The semiconductor device of claim 13 wherein a LDMOS device is formed.

17. 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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@ (100} monocr ystal Fine sili.con substrate having (100) and (110)-crystal

pl anes and [100] and-110] crystal directions; a FET gate having a | ength
and a width and being insulated fromthe substrate by a gate dielectric

| ayer, said gate being patterned with the gate width in the [100] crystal
direction so that the gate width aligned approximtely orthogonal to the
(100) crystal plane and parallel wth the [100] crgst |, direction; a source
on one GREE 048 sai d patterned gate width and a drai#°1f the other side of
the patterned gate width, and a channel region being for rre{i U ctilgr the gate
bet ween the gQiH WRerpshagd isGppBed AutBodRsgyaligred in ailhectivarpaiabie ‘X&E S applied.
and being aligned in a direction parallel with the direction of the gate
w dth. 18. T eétiBB%@F]l%tg%flaﬁidrtlEUiF of claim17 wherein the said channel has
an annul ar shape w t elther said source or said drain surrounding the

out si de_of sai d channel ..reqion. Rehé RERAhahed 16k a8 dhiulaf shapawith 17
which fd T?@rm@%ﬁ%ﬁ(@wggﬁ%ﬁl&égg%%}ond FET over said silicon substrate,

sai d second FET conpri sed of. second gat -asakdi g Shdnne@epubst r at e;
sai d second @ik SWé@Pﬁ‘ﬁeng@laﬁl’éﬂHmém é’%g?%;{&gldggg%ﬁ%é%gﬁgnne under’ t he

second gate; said second channel_having.a second channel  di td
par al | ell 9wl kehintegentet] ciempitiofislagm 17 viph Birthen pQmprIses n Frae? %é‘l?’io?l Fs]%g ond

channel direction is parallel or perpendicular with the <1ij> di r.§ct i on.
20. The i nt egratsail dficcisubstede,shidisseor Hieeanprissdof 2 874008 oIS OV P8t e has a
notch/flat at a >
" 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
paraliel with the direction of width of said second gate; said second channel

direction is parallel or perpendicular with the <110> direction.

20. The integrated circuit of ¢laim 17 wherein said silicon substrate has a notch/flat at a

[110] direction.
21. The integrated circuit of claim 17 wherein a LDMOS device is formed.

79 A semiconductor device comprising at least one field effect transistor (FET) having a
source, drain and gate with the source and drain separated by an annular channel
under the gate, comprising:

a first S/D doped region in a substrate;
a second annular S/D doped region spaced from said first S/D doped region

by a channel region in said substrate;

a gate over said annular channel region; said gate has an annular shape;
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~[1101 dlrectlon ----- 21 The |ntegrated CerUIt of cIa|n117 mhereln a- anns
device is fornmed. 22.. A sem conductor device conprising at |east one fleld
effect transistor (FET) having a source, drain and gate with the source
and drain separated by an annul ar channel under the gate, conprising: a
first S/D doped region in a substrate; a second annular S/ D doped region
spaced fromsaid first SID doped region by a channel region in said
subst r a€C803-®d48at e over sai d annul ar channel regi onPagsd9 gate has an
annul ar shape; 28 CS03- 048 Page 29 23. The sem conductor device of claim
24 wherein annul ar channel and said second annular SID doped region have.a
rectangul ar shape. 24. The sem conduct or device of claim 24 wherein said

substrase PRIDILISGRE ofaaﬁpﬁwgé@ r bARIS dhb &R 254 DSd S&bRg sai d

channel reg| on a |gne or perpendicular wth the [110] crystal
di rection. . c nduct r_devi.ce m 24 wherein said substrate
conprises a Wm%/ﬁ%ﬂ%cﬁe%otn ‘%fver?ere taﬁ"@% Sﬁs%ost rate having [110]
ref erence dlrectlonfromsubstlrate nt er tg rlmar noIch/f6 E sai d :
annul ar 24 HAssemicoadndier davicsmi glafned whergay said arlstpter Omfﬁe%é (fl 10]

monocrystalline silicon substrate;
said channel region aligned with or perpendicular with the [110] crystal
direction.

25, The semiconductor device of claim 24 whereiﬁ said substrate comprises a {001}
monocrystalline silicon substrate having [110] reference direction from substrate
center to primary notch/flat;

said annular channel region aligned with or perpendicular with the [110]

crystal direction.
26. The semiconductor device of claim 24 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 region.

27. A method for a semiconductor device comprising at least one field effect transistor
(FET) having a source, drain and gate with the source and drain separated by an |
annular channel under the gate, comprising:

a) forming a gate over a substrate; said gate has an annular shape; a annular

channel region in said substrate under said gate;
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g "nHCr'yst?éI: ‘direction.. 26. The semi conductor “device of clai m 24 whi'ch furthep- .

includes a first LLD-region adjacent to said gate-and said first S/D
region; and a second LDD regi on having an annul ar shape adjacent to said
second annul ar SID region. 27. A nmethod for a sem conductor device
conprising at |east one field effect transistor (FET) having a source,
drain and gate with the source and drain separated_b n annul ar channel
under tﬁ§08- 8, conprising: . a) formng a gate ovgﬂgéﬂgubstrate;.said gate
has an annul ar shape; a annular channel region in said substrate under

sai d gate; 2b) fodhgBrsPagredasdnyeipn ranid ageectd angulagB b degrddegioginspidnd a .
second annul ar S/ D doped region in said substrate; said second annular SID
doped regi on spaggdtrhtepsaid abcbntlianailaSt/D deefechioe ghaeead BymesathfsnB/D r egi on
in said substrate. 28. The nethod of claim 27 wherein said annul ar channel

region and said g@ﬁéar}ggi@ﬂlgyla@hamﬁQgﬂg%cga{deﬂbgfmaave a rectangul ar shape.
29. The nmethod of ‘claim 27 wherein said substrate conprises a {001}

nonocrystalline silicon substrate ; said channel region aligned with or
perpendi cular with the [110] crystal direction. 30. The method of claim27

wher ei n2§.a'_i[19e Ilslg gé 5{3 élaein(lz %gp\{il!ie?feell% s%idl a%%%]}ar c gn%%f esg}0%| alnidrg:gid second annular
S/D doped region have a rectangular shape.

29. ‘The method of claim 27 wherein said substrate comprises a {001} monocrystalline

silicon substrate ; |
said channel region aligned with or perpendicular with the [110] crystal
direction.

30. The method of claim 27 wherein said substrate corriprises a {001} monocrystalline
silicon substrate having [110] reference direction from substrate center to primary
notch/flat;

said annular channel region aligned with or perpendicular with the [110]
crystal direction.

31. The method of claim 27 wherein which further includes a first LLD region adjacent to
said gafe and said first S/D doped region; and a second LDD region having an
annular shape adjacent to said second annular S/D doped region.

32. The method claim 27 wherein said first S/D doped region and said second annualar
S/D doped region form by ions being implanted about along the [110] directions of

the silicon substrate.
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“sili'con-substrate -having [110] ‘reference di'rection from-substiate center-to-;
primary notch/flat; said annular channel region-aligned with or G
perpendi cular with the [110] crystal direction. 31. The method of claim27
wherein which further includes a first LLD region adjacent to said gate
and said first SID doped region; and a second LDD region having an annul ar
shape adj acent to said second annul ar SID doped regjon,. 32. The net hod
claim2CSBReP48 n said first SID doped region and sg’:aﬂeébcond annualar SID
doped region formby ions being inplanted about along the [110] directions
of the3si | Tigonethubslaimt 2y vaBreisead fits §/IPdgpeddteien and said seeomd dneylas m 27
wherein said first SID doped region and said second annular SID doped

regi on for m ypigapteRkididFol BS implagtiss jomplabhe Shpjantstersat anlabowt 465  degr ee
twist inplant and a tilt angle of about 45 degrees. 34. The method cl aim 27

wherei n said dfe-éfeﬁttwﬁf @gg%%ﬂd%qg{ 1SdThbadd 45 geand annular S/ D doped

regi on form by®ions ng | nplantéd conprising a quadra inplant at the

tw st angl of ~about 4 35.. 22 i SangeuRk t1- 5
degr ees?’%- iﬁ?jn’& I#m'é‘ng?ew é‘?’&é%‘ﬁ fﬁg%éﬁﬁggggggﬁ%g\gs%SgcA sem conduct or
device conprising at |least one field effect transi.stor (FET) hav]
source, drai /Brippgdicgian ﬁ)ﬁntbﬁé‘:’@d{?ﬂ%nﬁﬁ@tﬁ* QPWPE%ﬁPQ%%a%ﬂ}p %ﬁtﬁ%ﬁﬁel
under the

twist angles of about 45, 135, 225 and 3135 degrees with a range of +/- 5 degrees;

and a tilt angle between 40 and 50 degrees.

35. A semiconductor device comprising 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 first annular S/D doped region in a substrate;
a second annular $/D doped region spaced from said first annular first
annular $/D doped region by a channel region in said substrate;

éaid first and said second annular diffusion have a rectangular shape;

a gate over said channel region.

36. The semiconductor device of claim 35 wherein said substrate comprises a {001}

monocrystalline silicon substrate;
said channel region aligned with or perpendicular with the [110] crystal

direction.
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““gate, -comprising= a‘first annular SI'D doped region in a substrate;-a-second -

annul ar SI D doped region spaced fromsaid first annular first annular S/D
doped region by a channel region in said substrate; said first and said
second annul ar diffusion have a rectangul ar shape; a gate over said
channel region. 36. The sem conductor device of clai m 35 wherein said

subst rate co rises a {001} nonocrystalline sili c? strate; said
channel € aligned with or perpendicular with tA& {410] crystal

di rectlon 31 CS03- 048 Page 32 37. The semi conductor device of claim35
wher ei n3%ailtie samisonducior dovipe PEeeiny3§ odrein mgitbwbyisatarompsesia {08bh substrate

havi ng [110] reference direction fromsubstrate center to primary
notch/ fl at; gsmindcrgktaltine silicog substraieibgniag [W 0] referenpe dientdndrdnasubstitte t he
[110] crystal direction. 38. A nmethod to forma Ofset LDMOS Tx by

i mpl anti ng t Bgydyib BRnlaPy hétehBlgse channeling conprising the steps of:
formng p-epi |ayer over substrate; form ng a p-well in said p- epi |ayer;
said channel region aligned with or perpendicular with the [110] crystal

direction.

38. A method to form a Offset LDMOS Tx by implanting the N-LDD to increase
channeling comprising the steps of:
forming p-epi layer over substrate;
forming a p-well in said p- epi layer;
forming a gate dielectric and a gate over said p- epi layer; said gate
having a width and a length; a channel under the gate; said channel having a channel
direction parallel with the direction of said gate width; said channel direction is [100] or

[010] direction;

forming a drain N-LDD region on one said of said gate; said N- LDD
region form by implanting ions into said p-epi layer; the implantation of ions comprises a
large angle tilt implant with a twist of between about 40 and 50 degrees and a tilt angle of
40 and 5.0 degrees.

forming spacers on gate; said spacers extending over said p-epi layer

longer in the direction of a subsequently formed source;

forming source and drain region adjacent to said gate.
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having a wdth and a-length; a channel under the-gate; said channel having
a channel direction parallel with the direction of said gate width; said
channel direction is [100] or [010] direction; formng a drain N-LDD
region on one said of said gate; said NN LDD region form by inplanting
ions into said p-epi layer; the inplantation of iops nprises a |arge
angl e t£PO3-iHPlant with a twi st of between about 4@%&% 50 degrees and a
tilt angle of 40 and 50 degrees. form ng spacers on gate; said spacers
ext endi 3% Theenetbad claip 3pivherejre saidichanst hasran dnaulyr shepeivah aouscesuiE@Buent | y
formed source; formng source and drain region adjacent to said gate. 32
CS03- 048 Paggichon¥fe inkite ofshidatiagichbnd $3d yheewomdrsiairdzioh avmaindingsthan
annul ar shape with a source or drain region on the inside of said channel

and sai d_soupgeibf Hi@kRanhee@dnsur roundi ng the outside of said channel
region. 33

33

formhg & gate diel ectric and a gate over Said p- epi |ayer; ‘saidgate i




