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
must maxi m ze all aspects of 16 sem conductor physics to fabricate
transistors in these circuits wwth faster switching speed. 17 As the
transi gtor scaling to snaller dinension, the inventor have found 18 that
high Vt NMOS transistor is facing a problemwith voltage Iimtation.

Ther mel; cycl ey skRIRIND UBHIAE DIBERUS EAYO U D ANID CH ARNELING umgnc devi ce
in the wafer. An aspect of this 20 invention address issue.

crysta%line solids, such as nonocrysppbldgR@ silicon, the atons mhlch

4
5 Background of Invention

6 1) Field of the Invention
7 This invention relates generally to fabrication of semiconductor devices
8  particularly to the fabrication of implanted doped regions in a semiconductor device that
9  has a graded junction
10
i1
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 circuits, the FET transistor 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 cycle
19 was limited because of the consideration of logic device in the wafer. An aspect of this

20  invention address issue.




3 make 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 throughout the crystal. The 6
directions in a lattice are expressed as a set of three integers with the
sane relationship as 7 the conponents of a vector in that direction. The
three vector conponents are given in 8 nultiples of the basic vectors. For
exanple, in cubic lattices, such as silicon which has a 9 dianond crystal

| attice, the body diagonal has the conponents of la, Ib, and Ic and this 10
di agongl exist along the [ 11l ] direction with the [] brackets being used
to denote a specific ~ | 1 direction. However, nany directions in a
crystaly are equi val ent i, depans HBIQRUENA AéRIEkAlNe bicoRahe Ropk whidhent ati on
of the axes. Such equivalent directions are denoted with < > brackets 13

and, for eﬁ%?ﬁfm%oethe 961Ydsatr¢ra%paqﬁlﬁfﬁ‘l}eicn§|@f irl ﬁp&‘ﬁ@icﬁh%iicﬁl. |Tﬁ?stpieﬁ§di§_ gn%)r]ggm[aﬁ)cjcm , and

[001] are a 4 crystall'ograp y equi val ent and are <100> directions.
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specific negative.in er,. h as, .[100 010],,.and 1 r.<100>
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description in this aPpIication, a 18 crystal direction includes both
posi ti Ve afitFcHewdnajalreare goressed as o Pinggdutessss Wit fRrspime relpdshings pe
determined with a set of three integers h, 21 k, and 1. They are used to
define 7 sibt cofhpprents|df elvegbrindbat divdctvac bhsthreeokctpheaponagls gergvannn () 22
parent heses identify a specific plane. As in the case of directions, many
pl anes § n multiatdsiof éhe b@sic vectors. For example, in cubic lattices, such as silicon which has a
9  diamond crystal lattice, the body diagonal has the components of 1a, ib, and l¢ and this

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

15  be on the negative side of the origin, as arbitrarily defined, 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 following description in this application, a

18  crystal direction includes both positive and negative integers.

19

20 Planes in a crystal also can be determined with a set of three integers h,
21k, and l. 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




1 are equivalent and the indices of such equival ent planes are denoted by {
} parentheses. 2 For cubic lattices, direction [k,|,n] is perpendicular to
a plane with the identical three 3 integers (k,l,n). Thus, if either a
direction or a plane of a cubic lattice is known, its 4 perpendicul ar
counterpart can be quickly determ ned w thout cal culation. For exanple, for
5 planes of equivalent symmetry such as {100} pl ane, the equival ent planes
are (100), (010), 6 (001), (100), (010), and (001). Like the crystal
direction, the crystal plane in the followwng 7 description in this
application includes both positive and negative integers unless 8

speci fijcal drycgliadi@n agd thehindiss of Suckeqeivalent e Bl degyted By { (¢ pardndfesa. cert ai n
plane; { } for a group of 10 planes; [ ] for a certain direction; < > for

a group of g i-GE1ARRS; dikebtion ik LRs hERLANEUIATOE PHHE Wit iIBRVAL ARl O
forming doped regions in 13 substrates. The depth to which an i on becones

| nplanted i 8,00k ?lggﬁagiﬂﬁé' if Lifhel & QiR G plahf oENEIY tattibB s hd¥Rlnapt ed

di stribution~in mor phous target I's roughly a Gaussian 15 distribution
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hi gher silicon tenperature, and the growth of silicon dioxjde I%yers on 19
the si |6 coROBk {100bKBIDoarddehankisr therppyshtdirection. WagERbNC Ry ©lIaHHe
straggle data for various 20 materials including silicon, silicon dioxide,
and phot ordssegttionaw thibamhcdimnenahides Bothppsitive and negative integers unless

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.

11

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




3 1 The nore relevant technical art in the patent literature is as follows:
2 US 5,970, 300(Buynoski) shows an alignnment of a FET on a wafer. 3 US

6, 566, 204( Wang, et al.) teaches the use of mask shadowi ng and 4 angl ed
inmplantation in fabricating asymetrical field-effect transistors. 5 US

6, 599, 804(Bul ucea, et al.)shows a fabrication of field-effect 6 transistor
for alleviating short-channel effects. 7 US 4,728,617(Wo, et al.) shows a
nmet hod of fabricating a MOSFET 8 with graded source and drain regions
using a high tilt I/I. 9 However, there is a need for an inproved process
and device. 10 4 2 3 4 Summary of the Invention 5 It is an object of an
enbodi nent the present Thamerd reRRarit GechfiioMi agiein dhe fatahe ictruandasfelitvog f or
fabricating a transistor with a graded doped region. 7 It is an object of

an embodi n@ﬁts d7h%09(m®ﬁa§kl)'slﬂ8@§lad AnhRnPEQVFEoRa Niath, 8 vol tage MOS device
t hat has hlgher breakdown voltage. 9 10 Sone enbodi nents of the

I nventi pn conpr I se | mb@'ﬁ,f%gldélp%n!g,% Ql.)st@ééilnes the use of mask shadowing and
4  angled implantation in fabricating asymmetrical field-effect transistors.
5 US 6,599,804(Bulucca, et al.)shows a fabrication of field-effect
6 transistor for alleviating short-channel effects.
7 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/1.
9 However, there is a need for an improved process and device.
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1 1 silicon substrate to form doped regi ons 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 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 twist inplant, the inplanted 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 enbodinent is a nmethod of
fabrication of doped regions in a 20 sem conductor device; conprising the
steps of : 21 a) providing a {001} silicon substrate; 51 b) formng a
gate over said silicon substrate; said gate having a width and a length;, 2
a channel under the gate; said channel having a channel direction parallel
3 wth the direction of said gate width; said channel direction is [ 100]
or [010% 4 direction; 5 c¢) inplanting ions into said silicon substrate to
forma ¢doped regi on adjacent tq.said e: t.he inplantation of ions
conpri s‘gs a large angle tilt i T ttﬁg%m{e?\nhgﬁ 7 of between about 40

oD S0, gearees 2 & L)L S O R Rh PR S AIPURRRESC oot
FET 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.
9
10 Some embodiments of the invention comprise implanting fons into said
I1  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 |
[7 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;




10 Anot her aspect of the enbodinment is where said ions being inplanted 11
about along the [ 110] directions of the silicon substrate. 12 Another
aspect of the enbodinment is where the inplanting of said ions 13 is
performed in one inplant step at an about 45 degree twi st inplant and a
tilt angle of 14 about 45 degrees. 15 Another aspect of the enbodinent is
where said silicon substrate has a notch/flat at a 16 [110] direction. 17
Anot her aspect of the enbodinent is where the inplanting of ion further 18
conprises: said silicon substrate has a notch/flat at a <110> direction,
the inplantation 19 conprises an inplant with a 45 tilt and 45 tw st and
the ions enter #emsups pitabecrakidyilednatbsti2@; aidkghte Ravidga didtleedd olrnyher eby
the direction increases the channeling. 6 | Another aspect of the

embodi nent i s wher e g@hitl Ghaangt chdSsarnthantlhaing 2clshagealittida @rdieped
region on the inside of said channel and a second doped region 3 _
surrounding the outygiufifeQlreihtrehanaelviad ApliRhcl 3508khH iofiobs eIModi ment
is where said channél as an annular 5 shape wth a doped region on the
insidetpf sai d chaqﬂ%kk§pgion and a second doped region 6 surrounding the
out side of said channeﬁ;’and the inplanting of said ions further conprises
7 a quadra inplant at .the tw st .angles of about 45 135 .225.and 315
degrees’ with a ‘Sé‘ﬁﬁgr‘%‘?g 1088 1f0 S%C?ﬂgﬁqnesélgs,tmgenta Lil%m} i P?P‘%ﬁgﬁl%“ FUEREER S29 and

50 degrees. 9 Another aspect of, the enbodinment is mthﬁtsaid channel has an
<

annul ar® gate; the implantation of ions comprises a large ang implant with a twist
7 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 1ons
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 substrate has a 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

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




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

i npl anting of said ions further 12 conprises a quadra inplant with the ion
beans aligned with the <I 10> direction within 13 plus/mnus 2 degrees. 14
The orientation and inplant process creates nore channeling of ions. 15
The channeling of ions creates a nore graded junction. 16 Wen inpl enented
on a HY MOS Tx, the graded junction of the LDD 17 increases the drain
breakdown voltage. 18 19 The above and bel ow advant ages and features are
of representative 20 enbodinments only, and are not exhaustive and/or

excl usive. They are prgs@héedp&nbyiht emb3dimansik sthedcaidndessl Aadinngnilhe
invention. It should be understood that they are not 22 representative of

al | the i nyent {,ARS dgﬁédl fegén Qytﬁeh@m@é@wmchaﬂlebw@g@bm@ﬁdugw ations on

7 1 the |nvent|on as defined by the clains, or limtations on equival ents

to the %h@%umfﬁélﬁch&ﬁﬁ%ﬁgﬁdcﬁﬂﬁg of these advant ages may be nutual |y

contradictory, in ey cannot e 3 sinultaneously present in a single

errbo.d' nt. : Sim | ar! Y, E%a%ﬁ%\éc bodlm%g%l flsa?d chan}lg h2l'%h %%B%?t of

t he invention, and |na AET ot e Cer t Al i aspect of

5 the cl ai ned |nvent|o have b en d| ussed herei.n
i nf er ence SHBLIMYNBECRAFERR OF dPﬂ hgf 'foéecgij’élsaélﬁl 3}%8?%‘3?‘,10}3%1 rﬁg‘l{’{}e to
t hose not discussed herein other than fo pur poses_of space and reduci ng

repet i tG onswrrpnoding thiogtsilgrahagic Cbﬁnnﬁb&tndﬁ}@slnﬁ’ﬁﬂﬂ‘“&%iQ%W%@@% further comprises

7 aquadra implant at the twist 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 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
{1 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




8 shoul d not be considered dispositive in determ ning equi val ence.

Addi tional features and 9 advantages of the invention will becone apparent
in the follow ng description, fromthe 10 draw ngs, and fromthe cl ai ns.
11 8 2 3 Brief Description of the Drawings 4 The features and advant ages
of a sem conductor device according to the 5 present invention and further
details of a process of fabricating such a sem conductor 6 device in
accordance with the present invention will be nore clearly understood from
the 7 follow ng description taken in conjunction with the acconpanyi ng
drawings in which Iike 8 reference nunerals designate simlar or

cor r esppndinp ghvehSFeRtdiinéEg 08 sladng oplfiitadds oarduivAentn ot chimd Oofi gure | A
is a top down view of a wafer having a transistor according to 11 a

processy kngwandeOsdhteofl (AME A RntapdLmbl 88 hftitdaby %&Qi«’éﬁic@r?ﬁﬂ%@tﬂe? HiRMef a
twist and tilted ion inplant fS according to the prior art for use in

under stan dsiﬁlﬂﬁa&egﬁgg E'r'elg%ﬂt 3& zi Sj_lg%lg eiﬁ%-gélig;ent. bl GU5a .v§rtft9¥\§ afe f}%iqc wdh a

channel”™ diréction Irection’accordi ng to an enbodi nent

of the | nvention. A6 Fl urs. 28 sfons 2 MET Wb A ehAneLedif eation 204 11

a <110> C g to'an-e e’inventi‘on

5 the claimed invention have not been discussed herein. However, no inference should be

=2

drawn regarding those discussed herein relative to those not discussed herein other than for
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.

11




18 Figure 3Ais a top down view of a wafer show ng the channel 19
orientation in a 45 degree twi st and 45 degree tilt inplant according to an
enbodi ment of 20 the invention. 9 1 Figure 3Bis a top down view of a

waf er showi ng the channel 2 orientation <010> in a 45 degree twi st and 45
degree tilt inplant according to an 3 enbodi nent of the invention. 4
Figure 3Cillustrates a top down view of a quad inplant according to an 5
exanpl e enbodi nent of the invention. 6 Figure 4A shows a top down view of a
enbodi ment of a closed shaped 7 transistor according to an enbodi nent of
the invention. 8 Figure 4B shows a cross sectional view of the closed FET
shown in 9 figure 4A along the axis 4B according to an enbodi ment of the
invention. 10 Figure 5 shows a plot of the phosphorus concentration of the
graded 42 | junction N- LDD of the enbodinment in a normal V MOS TX conpared
to a conventional 12 Ph profile. 13 Figure 6 shows both a standard O
degree thannel 102 104 FET aBgief Descripioeobaki Dientisgs 45 degree angl ed
channel 202 204 FETs formed on a wafer. 15 Figure 7 shows an exanpl e of an

of fset 4DMOS TX accor dithg fdatiréhind 16 Rreds MeRini@hdbdier doticeatdding Iie
channel for the LDNMOS TX is preferably a p-well. 17 Figure 8 shows an

exanpl e of , 3. 00N ef i Fehna M P adiXil QAT PR6dS b Wbricating 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.




18 the enbodi nent's channel mexi m zing inplant process for the source and
drain. 19 10 2 3 Detailed Description of the Preferred Enbodi nents 4 If.

| NTRODUCTI ON - CURRENT | NDUSTRY CHANNEL 5 DI RECTI ON W TH RESPECT TO THE
CRYSTAL DI RECTION 6 Referring now to the drawing and nore particularly to
Fig IA there is 7 shown a structure over which the present invention is
an i nprovenent. 8 Figure IAis a top down view of a wafer having a
transistor. The wafer 9 is {001}. The channel direction 102 is <110>. The
channel direction is the direction 10 between source and drain or drain and
source. The channel direction is the direction 1 | current flows between
the soufce and drain OFigksdB isandp sowth 6w dfn afer shotviry thadhankeit ype 12

waf er technol ogy, the notch is along the <110> direction as shown in figure

A 13 4n grodatdon bRt 4 hedddrdk tWid And Jnfdaéawmeuﬁ@mmnﬁﬁ@mn( D) separated
14 by the gate (G and having a channel ( t hereunder, the notch permts

al i gnnent DBientd? et ednigl ative to the exposure masks so that the gate
wi dt h a%d ?&g&cﬁg%nel Iené%ﬁ 16 thereunder will be parallel or

perpenchuar 10 L AR St SRt AR U o
our hi g? Vtexal?lnp e embodiment of the invention.
6 Figure 4A shows a top down view of a embodiment of a closed shaped
7 transistor according to an embodiment of the invention.
8 Figure 4B shows a cross sectional view of the closed FET shown in
9  figure 4A along the axis 4B according to an embodiment of the invention.
10 Figure 5 shows a plot of the phosphorus concentration of the graded
1T junction N- LDD of the embodiment in a normal V MOS TX compared to a conventional
12 Ph profile.
13 Figure 6 shows both a standard 0 degree channel 102 104 FET and the
14  embodiments’ 45 degree angled channel 202 204 FETs formed on a wafer.
15 Figure 7 shows an example of an offset LDMOS TX according to an
16  embodiment of the invention. The channel for the LDNMOS TX is preferably a p-well.
17 Figure 8 shows an example of a non-offset LDMOS TX formed using

I8  the embodiment’s channel maximizing implant process for the source and drain.

19

10




20 transistor is facing a problemwith voltage Iimtation. Thermal cycle
was limted because 21 of the consideration of |logic device in the wafer.
111 j 2 Currently for high voltage transistor, we need to use high tilt 3
inplantation and long time diffusion in order to make the |ateral junction
of the LDD nore 4 graded. For exanple a |ateral diffusion netal oxide

sem conduct or {LDMOS} was used 5 for high voltage usage. However the LDD
regions 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
thermal| cycl e was 8 needed because of the transistor dinension. In this
case, LDMOS is not popular for small 9 dinmension high voltage transistor.
There aye mainly two high voltage transistors in the 10 foundry for

sub-mi cron transistors, offset transistor and non-offset transistor. Ofset

|| transistor use asyngRbiile BhecHikidfibriik BiRrdfla BhdlEmdyeakdonn volt age.

Non- of f'set 12 structure use g angle for lateral doped drain (LDD)
i npl antation to increase the 13 breakdown voltage. 14 15 Overvi ew of

embodi ments of, the invglggh%b(gégléﬁ J@Uh'ﬂlﬁ\lf’fﬁﬁ?&ﬁ“lﬁ”ﬁ%ﬂiﬁﬁﬁb a speci al

| ayout for a nhigh volt ransistor 1 s introduce set of specific

' mplantation met hogy 4 S-HIRWIARESHEEY TA THE CRYSTAL DIRECTION

6 Referring now to the drawing and more particularly to Fig 1A, there 1s
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 is {001}. The channel direction 102 is <I1[0>. The channel 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 (S) 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
1§  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




19 main advantage of this enbodinent is to use the silicon crystalogy to
get hi gher 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 1 W inplant ions into the {0 0 1)
silicon substrate to form doped regions 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

i mpl ant 4 process (describe bel ow) produces doped regions that have a nore
graded (gradual) 5 junction. The orientation and inplant process creates
nore chagnneling of ions. The 6 channeling of ions creates a nore graded

(l ess abrupt) junction. 7 Enbodinments of the invention include open and

cl osed jghaped 8 transi @h&éﬁly&eﬁih@e%ﬁagﬁ%hgaar wWAheBX ARLBigMfil@ cl osed
shaped TX is shown in figure 4A er enbodi nents include 45 degree

twi st 45; n\%ﬁ%ﬁ?ﬁ%ﬂ%f?%df%ﬂ{ﬁlﬂﬁﬁ&ﬁ H?rﬁg.!e %Q%tera&ﬁmbt‘m 4% AYBYhéret W St

and tl|% |nents o) e I nvention, we can

EgﬁLﬁéi oL GRAEEYE el LR d‘fi;%'é'oyl R g I ﬁ"%%%% Jance
f h
br i mar > noER bt voLaRORag oy by LORvayomter e LPhRE fadets Unt Bl rage

by a { 17 I|thogyaph|c exposure apparatus, the relative relationship
bet weerf t heourglshk st z{g@@d 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

[T transistor use asymmetrical structure to get higher breakdown voltage. Non-offset

12 structure use higher tilt angle for lateral doped drain (LDD) 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




18 silicon wafer is changed so that the relationship, in the sanme plane, is
approximately forty- 19 five degrees (45 degree) fromthe nornal
relationship in the sane plane. Thus, the [I 10] 20 crystal direction is
al i gned approxi mately 45 degrees to the gate width and will be aligned 21
parall el with channel length direction when voltage is applied to the gate.
13 | This 45 degree change is preferably acconplished by either nodifying

2 the mask hol der or the wafer hol der of an optical |ithographic system so
the mask holder 3 and the wafer holder are in a relationship of
approximately forty-five degrees (45) from 4 their normal relationship

usi ng tihe <001> cryst aWediipiet icapintd e {0dr gedlicoh sttheateed &rirodvphd pegidns change
is exactly 45 degree, because the nobility of the carriers in channel wl|
be 6 opti naaﬁc\énﬁe @< Tae Betntans dflthdldiantdl Yeianl in tha Gictysen sasigupar al | el .
However, duée to slight 7 inperfection of the Iithographic apparatus wafer

and W&%( h(i%llgﬁﬁf;ﬁ%nécﬁgn Qh@ &n TBMbYidn with By léﬁ"ge gn/g’lé){llt Tal}ft?tvﬂa rﬁlﬁﬂlﬁ?e change.

The renain rication steps, such as plasima of 9 anisotropic etchlng,

oxi dati pn, che t are
per  or rbd’ HPTRBU ity oA FFREEH 5 R VY he e LAt paldal §
exposed, surface ili.con wafer to thes ces nalns in the
<001> di r ePFIEH: %E?OW%PP@H R TS %eatﬁﬁn?‘ﬁéﬁasr@ﬁg Q/\%ﬁs 8y ﬁ%t h standard
O degree and the 13 enbodi nents' 45 degree angl ed channel FETs can be
f ormed. 6Fo¢E@R@Hﬁﬁ@““ﬁﬂ&ﬂ?@a@“iﬂ&@ﬁﬁﬁgﬁﬁépﬁpgﬁﬁﬁa%ﬁd 0 degree channel 102
104 FET and the enbodi nents' 45 degree 15 angled channel 202 204 FETs
forned Dn a wafer (souEgdpdinmhis of dii isventinpinchewpn antdelosadshi@ed aspect of
the present invention is a novel FET with its gate

8  transistors and doped regions. An example of a closed shaped Tx is shown 1n 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  with a primary notch of <110> direction is used and, before exposure to an image by a
17  lithographic 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.
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17 formed perpendicular to the <100> crystal direction so that the channel
will be parallel 18 with this direction wwth 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
enbodi nents 21 channel <100> direction. FET 602 has the <110> channel
directions. Any conbination of 14 | annular and |inear FETs with different
channel directions can be fornmed on the same 2 wafer. 3 The enbodi nent's
<100> channel direction is useful for MOS TX' s and 4 can reduce

puncht hrough. 5 I'll. Method of LATID with channel orientated in the <100>

or 6 <010>direction 7 whipeedproedugrbogicfeeidtly acoinbishicd beBith@mddfymgmet hod
to forma doped 8 region in a sem conductor device. The doped region

pref er apl yb $nadk ROMECS: (R wgﬂé@hd]dér%g hiPBptil iifhograpifid sRish kSthBRBk Relaker ably a
S or Dregion in a high voltage transistor such as a 10 LDMOS transistor. 1

121 arge. il BavH F&‘a?fe%? st Sk Bl GO EhRaS iRl ?’%fée%ﬁ S Do
Channel ( e om B gastp g ﬂ%ﬁ@f&lw%{%éﬁ%ﬁ Tisere el Ie%haéﬁ'&ﬁ& fate
having g 1changé gfcggc?clr;fcég d%lgrregci;[elcz?uge the mobility of the carriers in channel will be

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

7 imperfection 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

f1  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 channel 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




16 (direction fromsubstrate center to primary notch/flat). 17 Figure 2A
shows a FET with a channel direction 202 in a <100> 18 direction. 19
Figure 2B shows a FET with a channel direction 204 in a <t 10> 20
direction. 21 Devices with both channel directions can be fornmed on the
same wafer. 15 1 Gate, Source/ Drain and Channel 2 Next, a gate (G is
formed over the silicon substrate; the gate having a 3 width and a | ength;
a channel under the gate. 4 The channel (C) has a channel direction (202
204) parallel with the 5 direction of the gate width. The channel direction
is the direction of current flow direction. 6 The channel direction is

pr ef er abl y ahoitand IdQOFEDS witQ t0feratt yhirmk] disceeisi canbe Torm8d bartgesadagl e
inmplant with Twist to form Source and Drain 9 W inplant ions into the
silicomsufgtrate to formdoped regions 10 adjacent to the gate. The
orientation of the channel region in the Si crystal structure 11 (channel
directign < 100>) in C%’Q%ﬁ%di@@ N EfhotREadiRl §i%ecROPsSistil for MGS W $ind

i nplant™ 12 process (describe e?omb produces doped regions that have a
nore graded (gradual), .13 j.unction. The orientation and inplant process
createsgnDFﬁlgﬂ%ﬁﬁgP%ﬁg%g}Lions. The ions are 14 preferably inplanted

al ong the <110> direction to nmaxi m ze channeling. The channeling

5 II1. Method of LATID 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  ina FET and is more preferably a S or D region in a high voltage transistor such as a

10 LDMOS transistor.

i1 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 [110] reference direction

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

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

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.
5




15 of ions creates a nore graded junction. Channeling is when inplanted
ions are not slowed 16 by collisions with silicon atons. It is controlled
by three different techniques: wafer tilt, 17 screen oxide |layer or

pr canor phi zati on. This enbodi nent preferably does not use these 18

techni ques to reduce channeling. 19 20 Wen inplenented on a HY MOS Tx,
the graded junction of the LDD 21 increases the drain breakdown voltage.
16 2 Figure 1 B shows a schematic view of a twist and tilted ion inplant 3
according to the prior art for use in understand the terns "twi st" and
"tilt". 4 Tilt is the angle between the wafer surface and the ion beam 5
Twi st is the angl e bet Gags, SoarveDhatrabng|Clrannednt ai ni ng the ion beam 6
and the vertical plane perpendicular to the reference direction (prinary

noteh dj recton). 7 Syagl b RLERtn BleatRet bl LiRBi AR ANIAS o PRaRppY |1

figure 3A the |nplantat|0n eferably conprises a W St
inplant_with bout, 4 e fromthe <110> reference direction
10 (notth) V&t tg?ﬂﬁﬁgy§@t%&wgﬂgéw giggﬁﬁ% atilt angle between 40 and 50
degrees (fromthe | r mal e substra fac and nore
preferably a tilt ang|é%%FNW@dd€@%@%§CVrmﬂ edTﬁ”%ﬁ%?@bﬁ@ﬁ‘FUW Bce of +/ -
5 degrees. 13 For a (001) wafer ? with a notch of <110> ) direction, a
i npl ant$ 14diggctinn af 48 gﬂﬁelwld@nﬁhwf@laﬂw directionds ihe dycaivper curnt Sohstieaian. at a

<0 -1 -1> (or <011 >) direction
6  The channel direction is preferably about [100] or [010] 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

{1 (channel direction < [00>) 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 channeling 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




15 (or [I 10] group direction). This direction increases the channeling. 16
17 The 45 tilt and 45 twist single inplant is preferably perforned by 18

i npl anting 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 degrees and nore
preferably about 45 degrees and a twi st 20 angle of between 40 and 50
degrees and nore preferably 45 degrees. 21 This 45 degree tw st and 45
degree tilt inplant preferably forns a 22 (symetric) LDD. 17 1 FET with a
Source (S) and Drain (D) and gate (G with a 2 channel direction of <100>
3 Figure 3B shows a top down view of a FET with a Source (S) and Drain 4
(D) andigate (G with a channel direction of <100> and a reference
direction < 110> (also 5 for the primary notch). 6 7 For a 45 degree

tw st igplant and a 45F%§€H§¢sﬂd\ﬂsta, sch&ifaticOnsw 8f £rvlisRhamediondmprho the S/ D
regi on al ong dlrectlon Direction Bis parallel to the <011 > (or <0 -1

-1>) 0. thsﬁmcﬁ@ﬁ fI)IOLESB ERicphaRatk feXnd QWlié?’ ahaPigherred enbodi nment

t he inﬁ?an?lng Into fur er conprises an quadra inplant. The

auear | T ant | oot o,y nlanis, o epeny o da shetor
tilt Twist is the angle between the vertical plane containing the ion beam

6  and the vertical plane perpendicular to the reference direction (primary notch direction).

7  Single 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 planc 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 1ELS
19 at tilt 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




13 angl e between 40 and 50 degrees and a tw st angles of between 40 and 50
degrees 14 Figure 3Cillustrates the enbodinent's quad inplant. The 4
inmplants at 15 45, 135, 225, and 315 degrees. 16 In the quadra inplant,

the inplanted ions are aligned inthe [ O,-1,-1 ] , 17
[1,0,-1],[0,1,-1],[-1,0,-1] or<110> directions. (the negative signs
represent bars over the 18 |I's, e.g.- | is equivalent to 1) This naxim zes

channeling. 18 | d osed shaped (or annual shaped) channel region 2
Referring to figure 4A and figure 4B, an enbodi nent is shown where 3 the
transi stor has a channel region with a "closed shape" so that S/ D region on

the inside 4 of the cK&MeithacSbartexi$) aadddadm @ )daped gate(G)omitha r oundi ng
the outside of the channel 5 region. 6 Figure 4A shows a top down vi ew of

an enbogdi nent of a cl osghnhes dreetohrgrsigpi-or (e. 9., W th annul ar shaped
channel region). Figure 4A and 4B show field 8 oxide regions 402, LDD

regi ons, 406 414, source, /dr egl 407. 41 ( fi n own |n
figure #A) and gate 41%lg ﬁ@%ﬂy gﬂ e B lilgs mc?r@% agd%ﬂ 8
enbodi ment’ s i npl ant process. The "cIo e sha ans t hat tg? |ve

r egi on ‘has{IWgnd getey Sy vidia ﬁg‘amel @‘h‘?ft‘mrﬁg Wari Iar FFBre HHEIgRT 9?1&
surrounded by the LDD 406 The 12 channel is preferably annul ar shaped and
is nored prélffél‘r@amwaﬂsfé@'tchhgul 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 accofding to an enbodi rent of the invention. Figure 4B

7 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
{1 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 [E15 fons/sg-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 <1 10> directions. (the negative signs represent bars over the

I8 1's, e.g-lisequivalentto 1) This maximizes channeling.

18




15 shows a gate dielectric layer 412 under the gate 410 and source/drain
regi ons 407 415. 16 The enbodi nents of the annul ar channel Tx can be a
normal voltage Tx 17 or a offset LDMOS or a Non-offset LDMOS. 18 Quadra

| mpl ant nmethod for closed (e.g., annular) channel 19 region 20 For the

cl osed shaped doped region, for exanple as shown in figure 4A, 21
preferably a quadra inplant is perforned. 19 1 2 HV LDMOS TX with of fset
transi stor and non-offset 3 transistors 4 The channel orientations and

i npl ant enbodi nents of the invention on 5 can be used to form HV LDMOS TX
with offset transistor and non-offset transistors. 6 Figure 7 shows an
exanpl g of an of fset LDN¥dlshagdet(ortearmel shaped) thanhelsegdop- wel | for the
LDNMOS TX. 8 In the offset LDMOS TX (figure 7), only the N-LDD is forned

o 1370 T it %gme%fw Blyigiprg sbeen,
e L i e e S
channel é’lf ngof t%g chF':lrngt%erggiorfl grgd a? geitgnedt dolﬁgcl}%ic];k)%u oulgci'j ing the outszde of the channel

5 region.

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

7  shaped transistor (e.g., with annular shaped channel region). Figure 4A and 4B show field

8  oxide regions 402, LDD regions 406 414, source /drain regions 407 415 (see fig 4B-not

9 shown in figure 4A) and gate 410. The LDD regions are preferably formed by the

10  embodiment’s implant process. The “closed shape™ means that the active region has no

11 beginning or end. The channel under the gate 410 is surrounded by the LDD 406. The

12 channel is preferably annular shaped and is more 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

[5 shows a gate dielectric layer 412 under the gate 410 and source/drain regions 407 415.

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

17  oraoffset LDMOS or a Non-offset LDMOS.

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

21 preferably a quadra implant is performed.

19




14 The process to formthe OFFset LDMOS TX is as follows: 15 a form p-epi

on substrate 16 formp-well 17 i _i form(poly) gate 18 G form N-LDD (using
enbodi ments' channeling maxim zing ion inplant) 19 ~ form spacers on gate
20 J7 formsource (S) and drain (D) using a standard 1/1 . 21 20

Currently, the offset LDMOS Tx operates at a voltage between about { 2 18V
and 60 V. In conparison a normal voltage Tx operates between about IV to
18V. 3 4 non-offset LDMOS TX 5 Figure 8 shows an exanple of a non-offset
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 wafer

al i gnnment and drain inplant process, a good graded junction 8 can be
obt ai ned. The breakdown voltage decreases with the enbodi nent because of
the 9 graded junction. 10 Process for non-offset LDMOS TX | 1 The process
to formthe figure 8, nYVLiOMOSt TX WilBCoffsel teansistor dmivson-offset

3 transistors

4 The channel orientations and implant embodiments of the invention on
5  can be 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 In the offset LDMOS TX (figure 7), ounly 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
[1  the N+ drain are simultaneously formed in the same implant step using the embodiment’s

12 ion implant 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 {1 form p-epi on substrate

16 {1 form p-well

17 i1 form {poly) gate

8 [ form N-LDD (using embodiments’ channeling maximizing ion implant)
19 {1 form spacers on gate

20 1 form source (S) and drain (D) using a standard I/T.

21
20




12 form p-epi on substrate 13 » formp-well 14 Cformpoly gate 15t i form
N-LDD (usi ng enbodi nents' channeling max ion inplant) 16 [1 form spacers
17 form N+ source and drain using invention's nmaxim zing channeling ion
inplant. 18 Currently, the non-offset LDMOS Tx operates at a voltage
between 19 about 12V and 25 V. In conparison a normal voltage Tx operates
bet ween about IV to 20 18V. 21 21 | IV. EXAMPLES 2 The fol |l ow ng
non-limting exanples represent preferred fornms and best 3 nodes
contenplated by the inventor for practice of his invention, as well as
illustrating the 4 results obtained through its use. 5 Hi gh Voltage LDMOS
transi stor were fabrica@teehtlysihegisdid.RMasdaraperdostat ansitgt detween ebduat i on
shown in figure 1 and an enbodi ments orientation shown in figure 7 2A
(e.g., xhamehnd 40 V.]&QQBm%iaﬁ%tai hal WBRadONSoyRites heiPbanbest 1t tot e/
conditions shown in 8 the table belowto formthe N-LDD. 9 TABLE:
conparisgson of enbodi nent and standard LDD inplants paranmeter 45 tilt and
45twi st inplant 30 tilt and O tw st inplant

4 non-offset LDMOS TX

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

6 use a lot of diffusion to get a 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

i1 The process to form the figure 8, non-offset LDMOS TX is as follows:
12 {1 form p-epi on substrate

13 (1 form p-well

14 {1 form poly gate

15 1 form N-LDD (using embodiments’ channeling max ion implant}

16 {3 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 I8V,

21
21




dose 1E12 atons/sqg-cm 1E12 atons/sqg-cm energy 80 Kev 80 Kev Junction depth
0.75 m0.5 m Breakdown 16.2 V 14.0 V voltage 10 11 As shown in the table
above, the enbodinent's 45 tilt and 45twist 12 LDD inplant had a deeper
junction depth and a hi gher breakdown voltage. 13 The LDD i nplant on the
enbodi nent' 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 pl ot of the phosphorus concentration of the graded 18 junction N
LDD of the enbodinment in a normal V MOS TX conpared to a conventional 19
Ph profjle. Ty boron gxxMpiEsti on of about 1E18 is the concentration of

t he p-mel}.l(See 20 e.g., figure 7 and 8. ) 22 1 V. Ending 2 In sunmary, a
new set, of |ayout and i n i on ' [ t Lrent s
of thiézinvention. A pgg%gggaﬁgg@%b@§§&§§§gﬁ@§sg%gﬁggggga§¥u§ﬁ?§§§ﬁﬂ%ge4

i rove the j i . .ai i {
Cgﬁ be %Js ea'lojdgsn(%tnlte?n%lé%erd Egyht%e I?rR[gng)l; foSr/pPacttlge gpﬁzsalmqfferrl]tlicg{l asb \I;vc ?lésg ﬁl\{\lﬁra 1(1)1|g ttlr? e. It

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). Phions 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 |E12 atoms/sq-cm 1E12 atoms/sq-cm
energy 80 Kev 80 Kev
Junction depth 0.75um 0.5 um
Breakdown 162V 40V
voltage
10
i1 As shown in the table above, the embodiment’s 45° tilt and 45°twist

12 LDD implant had a deeper junction depth and a higher breakdown voltage.

13 The LDD implant on the embodiment’s transistor 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 Ph profile. The boron concentration of about 1EI8 is the concentration of the p-well. (See

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




5 for DMOS and HVNMOS and ot her high voltage transistor and normal MOS
Transistors. 6 The enbodi nents' inplant process can be perforned on any
wafer so 7 that the ions enter the wafer in the [ 110] direction. The
enbodi nents are not dependents on 8 any configuration of wafer notches
and/or flats. The orientation of notches and flat change 9 with wafer
technol ogy. 10 G ven the variety of enbodi nents of the present invention
just 11 described, the above description and illustrations show not be
taken as limting the scope 12 of the present invention defined by the
claims. 13 While the invention has been particularly shown and descri bed
with 14 refegyence to kh@npreferred enbodi nents thereof, it wll be
understood by those skilled in 15 the art that various changes in form and

detal| s may be made wi Lhoyt, JenAl 080f LoM: e, g%zg,éafd%' Thdin @4 SGRRE 07 Lhe

invention. It is inten over varl o 1 oNns

arrangenent s oce res, and the sco of th Ialns therefore
shoul d e g QE‘EE\‘?H@& njeniion tpufpr‘?tsc‘e“rls)g? ‘éste§f3fs C%é{s 0? 51% &Mt8npass al |
such nDdlflcatlons and simlar 19 arrangenents pr o edures 20 3 What

i s cl ai4redimpseverthe Nﬂﬁ%’t"rﬂidh“olfﬁpa%rsﬂaatf’loéalrbl?lg}%rﬁgﬂioﬁ”é‘g‘iogtﬁ%e frpag be use

sem conduct or device; conprising the steps of : a) providing a {001 }
si li cor sufos DM©®B and HVNMOS and other high voltage transistor and normal MOS Transistors.

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 technology.
[0 Given the variety of embodiments of the present invention just
11 described, the above description and illustrations show not be taken as limiting the scope
12 of the present invention defined by the claims.
13 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
I5  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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b) formng a gate over said silicon substrate; said gate having a w dth and
a length; a channel under the gate; said channel having a channel
direction parallel with the direction of said gate wi dth; said channel
direction is [ 100] or [010] direction; c) inmplanting ions into said
silicon substrate to forma doped region adjacent to said gate; the

i nplantation of ions conprises a large angle tilt inplant wth a tw st of
bet ween about 40 and 50 degrees and a tilt angle of 40 and 50 degrees. 2.
The nethod of claim|l wherein said doped region is a N LDD in an offset
LDMOS FET. 3. The nethod of claim1 wherein said ions being inplanted about
along the [I 10] directions of the silicon substrate. 4. The nethod of

cl ai m{ynuhieeRimedRe i nplanting of said ions is performed in one inplant
step at an about 45 degree twist inplant and a tilt angle of about 45
degrees. 5. The nethod of claim| wherein said silicon substrate has a

not ch/ || at, & l?O(POf{fag‘l‘%&l].lOIng ﬁﬁﬁédqggmnsaﬁ a@em-l:,ﬁﬁdd%ﬁ)tr h%c@fcoﬁllpﬁ&ﬁ% fhewherein the

i npl anting of 1on ions furt conprises: said licon substrate has a

not ch/ f 1 at s&ps af <110> dlrectlon the inplantation conprises an inplant with
a 45 tilt and 45 tmns(mﬁ d %16 enter the substrate aligned at a <0 -1
-1> directi ﬁ”ﬂﬂ@?éﬁ d |on ‘increases the channeling. 7. The

met hod of cd)gbmhihg ngﬁffee)w& SRl aﬂlmhanmiateh &sd gate Amvingd @wvidhanpea wingth; @ doped

region on the inside of said channe d.a s con ed re r roundi ng
the outside of @@F@fdﬁﬁﬁﬁ@?émgSa@ﬁ@aW§$H6H“%ﬁCEW§5ﬁPT& qﬁpgﬁgﬂ ®channe
has an annul ar ghaps, ¥t it AtdOREY s£i8Sh&MePrkAh 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 of claim | wherein said ions being implanted about along the [110] directions of

the silicon substrate,

4, The method of claim [ 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 of claim 1 wherein said silicon substrate has a notch/flat at a [110] direction.
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i nside of said channel region and a second doped regi on surrounding the
outside of said channel; and the inplanting of said ions further conprises
a quadra inplant 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 nmethod of claiml| wherein said channel has an annul ar shape with a
doped region on the inside of said channel and a second doped region
surroundi ng the outside of said channel region; and the inplanting of said
ions further conprises a quadra inplant with the ion beans aligned with
the <110> directi W thin plus/m.nus 2 degrees. 10. The met.hod of claiml
whi ch Puf PHBet Pﬁefaa@és PoE ”htge ol ng\ﬂf“ﬁ%@@ %I?‘Fe’i‘(‘rog}ﬂr@%%' FAFUER and doped
regi ons. @&k had BRoBINAEA 20f | Ghalimctiowherein a LDMOS device is fornmed. 12.
The nethod of claiml which further conprises form ng a second qate over

I

said silicon substhedinglantsipe ceyapige agyHpRaH 0 b At 4 g 284 Iteqigeh: a
second chan opg_ | gat &;..88 nek ghamagl,having. a second
channel ?{rlgc eisg%%%ger%%ﬁ%fﬁ\% ?(ﬂ 1tﬁe ﬁlrcrcggﬂtl %{%ﬁ%? Wi Et h ofn Sgai d s%cond
gat e; saictarsetiond channel direction is parallel or perpendicular with the
<110> direction. 26

7. The method of claim I 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.

8. The method of 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 of claim I 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 a quadra implant with the

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

10. The method of claim 1 which further includes forming a High Vt NMOS FET from said

gate and doped regions.
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11. The method of claim 1 wherein a LDMOS device is formed.

2. The method of claim 1 which further comprises forming 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.
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