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
transistor scaling to snaller dinension, the inventor have found 18 that
hi gh VT NMOS transistor is facing a problemwi th voltage limtation.
Thermal cycle 19 was |imted because of the consideration of |ogic device
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3 PROCESS
4
5 Background of Invention

6 1) Field of the Invention

7 This invention relates generally to fabrication of semiconductor devices
§  particularly to the fabrication of implanted doped regions in a semiconductor device that
9  has a graded junction
10
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 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 agonal exist along the [I1 1] direction with the [] brackets being
used t? denote a specific 11 direction. However, many directions in a
crystall are equivalent, depending on the arbitrary 12 choice of
orientation of the axes. Such equivalent directions are denoted with < >
brackefs 13 and, for Bsaisilme selids suph agimaseerygalking silicpre thaaseres whichi ce

[ 100], [010!, and [001] are all 14 crystallographically equivalent and are
<100> di r @eake vhdhe Blidaee sphiédly adiangast inarpstipdic fashiog oThid ferbeliomrangenaeght | ve
side of the origin, as arbitrarily defined, they also are identified with a
16 (-) 4ovaetontshe aspestdl 15 @llabghtticceThadregdrlattiscidivagscdntal@Or foluthe @hf2hlis and [
001 ] for <100> directions. 17 Unless specifically stated or shown in the
f ol | owbng releaeniafitd ONhé nttehiasticRRRY iGatdeQRL Qelgk&eﬁ S Houthht 86kiapThE NCl udes
both positive and negative integers. 19 28 | anes in a crystal also can be

det er mynedi¥itldhs & $RktQhrd BHRSsddH Q36 5 three infebeks wile Lamd p:?@fio%kﬁp ed to
define a set of parallel planes and each set of three integers In ) 22

par ent s dodfhbl of RRAFH e A0S, IR dele bR iBRGoRn ikl §REL BPS: MBNY
planes in a lattice 2
8  multiples of the basic vectors. For example, in cubic lattices, such as silicon which has a
9  diamond crystal lattice, the body diagonal has the components of 1a, b, and Ic 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
[3  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

I8  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} plane, the equival ent pl anes
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
specifically stated othermﬁse 9 Ceneral termnology is: Ofor a certain

pl ane; { } for rﬁgp | apes; &-% for a certain direction; < > for
a group ofereRiEa, thﬂﬂd“-‘féo B e alart planst wsseRotat by | mpaicpEiRecst o
forning d%ped regions in 13 substrates. The depth to which an ion becones

i npl anted PECIH’(‘QJ%&M@F shrgrtiand kil ixparpendicular 4o eplangyith fieddéniishlathreed
distribution in an anorphous target is roughly a Gaussian 15 distribution
char acBer iitegerbik,lanhdang, ifkatbwna disectine or aplges ofandiba stianddndwedend at i on,

known 16 as the straggle. In a single crystal target, the range and
stragghe fempeadigiluerduniepiaartan bayuiokly dk#rdlinkl ef@odt chlartidéh For tamaf®ERhous
material, due to a phenonena known as channeling. 18 Hi gher ion energy,

hi gher ssi lpigedot @ERAIRE WushetBNich BE { B9 WMidhe Ohe @chwa@&l@pgh%l@'ﬁdoﬁx@r@ on 19
the silicon all tend to dechannel inplants. In any event, range and

straggke qgds, (‘;1 )ave %H& (%ﬁ? TR Gk g@s%iﬂi@&ltﬂﬂg,'tﬁ'fgcﬁétgl'pcfz%% in Tl oiGDing! 01 de.

~and phot oresi’s yeen erm ne
7 description in this application includes both positive 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 fon 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 cvent, 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 foll ows:
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. 104 1 2 3 4 Summary of the Invention 5 1t is an object of
an enbodi nent the present invention to provide a 6 device and nethod for

fabricating a transi st with a graded ed re |o 7 1t bj ect of
an errbildl ment the pres m?rﬁv‘?slﬁ‘faﬁBW “(S%g?“‘g\?? werp tCH Yratuge W&F@B%VSNDS devi ce
that has a higher br eakdown voltag

2 US 5,970,300(Buynoski) shows an a 1gnment of a FET on a wafer.

3 US 6,566,204( Wang, et al.) teaches the use of mask shadowing and
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 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/,

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

10



10 Sone enbodi nents of the invention conprise inplanting 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 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 ment'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 nethod of
fabrication of doped regions in a 20 sem conductor device; conprising the
steps of : 21 a) providing a {001 } silicon substrate; 5 1 b) formng a
gate over said silicon substrate; said gate having a wdth and a length; 2
a chanrel under the gate; said channel having a channel direction parallel
3 with the direction of said gate width; said channel direction is [ 100]
or [01G] 4 direction; 5 c) inplanting ions into said silicon substrate to
forma doped region adjacent to said 6 gate; the inplantation of ions
conpriges a large angle tilt i Sphairywfthe Imventicgd 7 of between about 40
and 50 degrees and a tilt angle of 40 and 50 degrees. 8 Another aspect of

the entgodi ment is wherieissaldhjd0pRM dnf@dRRent trcBhrdlent invention to provide a
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 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 < [00>) 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.
I5 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;




9 LDD in an offset LDMOS FET. 10 Anot her aspect of the enbodinent is where
said ions being inplanted | 1 about along the [110] directions of the
silicon substrate. 12 Anot her aspect of the enbodinment is where the
inmplanting of said ions 13 is performed in one inplant step at an about 45
degree twist inplant and a tilt angle of 14 about 45 degrees. 15 Anot her
aspect of the enbodinent is where said silicon substrate has a notch/fl at
at a 16 [110] direction. 17 Another aspect of the enbodinment is where the
inmplanting of ion further 18 conprises: said silicon substrate has a
notch/flat at a <110> direction, the inplantation 19 conprises an inplant
wth 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 channelin 6 |
Anot hell aspect PoforE EgAfo "'t*“réﬁ‘fj siligoppidsisateaanl gatmhiyEs %‘é@t}hﬁ*ﬂdﬁﬁwg{

shape with a doped reglon on the inside of said channel and a second doped
regi on23 surroundi Aghare! gudesitfegad; ssidichianhidravaig.a chapesd tiivestioappedit! of t he
enbodi ment is where said channel has an annular 5 shape with a doped

regi on3on the insi déthabe diaictor hfsanktate egitigna@ntlaact écanidn daped] or¢@icdn 6
surroundi ng the outside of said channel; and the inplanting of said ions
furthes conprises difedioguadra 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 weeg 40 and PR 5EHESShs into said silicon substrate to form a doped region adjacent to said

6 gate; the implantation of ions comprises a large angle tilt 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 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 1s where the implanting of ion further
18 comprises: said silicon substrate has a notch/flat at a <11(> 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.




9 Anot her aspect of the enbodinent 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
inmplanting of said ions further 12 conprises a quadra inplant with the ion
beans aligned with the <110> 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 advantages and features are
of representative 20 enbodinents only, and are not exhaustive and/or

excl usive. They are presented onl assi s ndi ng the

i nventilon. It should b nﬂﬂﬂéﬁ%?%8 hfﬁg@O% tﬁ?’eﬁﬁ?gkglwgiﬁﬁggﬁgﬁTP%e of
all the in entlo s defined by the clains, to be considered limtations on
72 14ne ?Pﬁ/‘é’ﬂgﬁéﬂp%%}@f‘ ph & 1851d% plesaid hinpre! 2nst 2 y5cand daned rgieh

equi valents to the clains. For 2 instance, sone of these advantages may be
mut ual By corepadng theoytsidewi stidehamiey cannot be 3 sinultaneously present in
a single enbodinent. Simlarly, sone advantages are applicable 4 to one
aspect 4of the inventi omnothedaspaatphithecamiiodinmant otwierssaidttanhdhaogreannakr t ai n
aspects of 5 the claimed invention have not been di scussed herein.

Howevers, nbapdeh @degedsbgiuh 8n BR inside of said channel region and a second doped region

6 surrounding the outside of said channel; and the implanting of said ions 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
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 orlentation 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




6 drawn regardi ng 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 consi dered

di apositive in determ ning equival ence. Additional features and 9

advant ages of the invention will becone apparent in the follow ng
description, fromthe 10 drawings, and fromthe clains. 11 8 2 3 Brief
Description of the Drawings 4 The features and advantages 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 mﬁth t he present invention mﬁll be nore clearly understood from

the 7 foI g rd pti o ken unct i on accopgpanyi ng
i i ngs .tﬂﬁ PR AR O R SRS Rl o o RERCER
correspondi elenen , ions and portions and.. 9 in 10 Flgure I A
o ot O GG BTG Mot & AR T g S BP 8Hic 5 Ot WAHGSE singbey
process known to the inventor. 12 Figure |B shows a schematic view of a
twi st and StlwliaéﬁptiSB'rprP%?m !ar@tSIngi@s@l%@@ﬂ@itn@nmériymmﬁraﬁwmtaﬁeﬁ afe@pplipsblei n
understand the terns "twist" and "tilt". 14 Figure 2A shows a FET wth a
channel dite et 4spert 20 theiinveatient, @0 inapplidiblede pihers. Botermbmgedtoinaspandaddi mnent
of the invention.

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

6  drawn regarding those discussed herein relative to those not discussed herein other than for
7  purposes of space and reducing repetition. Thus, this surnmary 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

16 drawings, and from the claims.

11




16 Figure 2B shows a FET with a channel direction 204 in a <110> 17
direction according to an enbodi nent of the invention. 18 Figure 3Ais a
top down view of a wafer 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. 91 | Figure 3Bis a top down view of a wafer show ng the
channel 2 orientation <010> in a 45 degree tw 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 exanple enbodi nent of
the invention. 6 Figure 4A shows a top down view of a enbodi mrent of a

cl osed shaped 7 transistor according to an enbodi nent of the invention. 8
Fi gure ;4B shows a cross sectional view of the closed FET shown in 9 figure
4A al ong the axis 4B according to an enbodi nent of the invention. 10 Figure
5 shows a plot of the phosphorus concentration of the graded 11 junction
N- LDD of the enbodinent in a normal V MOS TX conpared to a conventi ona

12 Ph profile. 13 Figure 6 %gpéﬁ)bothfa %ang§rd.0 degree channel 102 104

FET and the 14 enbodi nents'>4% FaFPROLAAEYTERSel 202 204 FETs forned
fer.

on a W% er The features and advantages of a semiconductor device according to the

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”.

i4 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.




15 Figure 7 shows an exanple of an offset LDMOS TX according to an 16
enbodi nent of the invention. The channel for the LDNMOS TX is preferably a
p-well. 17 Figure 8 shows an exanple of a non-offset LDMOS TX formed using
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 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 drawing and nore particularly to
Fig IA there is 7 shown a structure over which the present invention is
an inprovenent. 8 Figure | Ais 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 dlrectlon 10 bet ource and drain or drain and

source.! The channel di F'8EEG35hiSALOR FRWHYIFEE ASHRIF SROwie st ws bet ween
t he source and drain or drain and source, In current 8 inch P-type 12
waf er techiisnisgion <PHE matOricgeedvishiddredegnepdii igiptast tdcordingsloghown in figure
A, 13 In manufacturing the FET with the source (S) and drain (D) separated
14 by the galtodint®) obihd il@uiiog a channel (C) thereunder, the notch pernits
alignment of the 15 wafer relative to the exposure masks so that the gate
w dth and the channel FigagtiC illGsttdaraaumdenn vickl ofteyupdimad it lacerding to an
perpendi cular with [110] crystal direction.
5 example 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
0  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
11 junction N- LDD of the embodiment in a normal V MOS TX compared to a conventional
12 Phprofile.
13 Figure 6 shows both a standard 0 degree channel 102 104 FET and the
14 embodiments’ 45 degree angled channel 202 204 FETSs formed on a wafer.
I5 Figure 7 shows an example of an offset LDMOS TX according to an
16  embeodiment 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

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

19

10




17 18 Problem of voltage limtation on H Vt NMOS 19 As the transistor
scaling to smaller dinension, our high t NMOS 20 transistor is facing a
problemwi th voltage limtation. Thermal cycle was |inmted because 21 of
the consideration of logic device in the wafer. 11 2 Currently for high
voltage transistor, we need to use high tilt 3 inplantation and long tine
diffusion in order to nmake the lateral junction of the LDD nore 4 graded.
For exanple a lateral diffusion nmetal oxide sem conductor {LDMOS} was used
5 for high voltage usage. However the LDD regions of the LDMOS need | ong
time (several 6 hours) diffusion to get a graded junction which can
sustain high voltage. For sub-mcron 7 technol ogy, because of the thermal
cycl e becone nore critical. Lower thermal cycle was 8 needed because of
the transistor dimension. In this case, LDMOS is not popular for snmall 9
di nrensi on high voltage transistor. There are mainly two high voltage

transi 8tors in the 10 foundry for sub-micron transistors, offset transistor
and non-offset transistor. Ofset 11 transistor use asynmetrical structure
t o get 3hi gher br eakdowetailkkdtIxgeriptNanefatht Peéfedrdd Rnbediteftsuse hi gher tilt
angle for lateral doped drain (LDD) inplantation to increase the 13
breakdown voltage. 14 15 Overvi ew of enbodi nents of the invention 16

4 IL INTRODUCTION - CURRENT INDUSTRY CHANNEL
5 DIRECTTON WITH RESPECT TO THE CRYSTAL DIRECTION
6 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 1s a top down view of a wafer having a transistor, The wafer
9 s {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
It current flows between the source and drain or drain and source. In current § inch P-type
12 wafer technology, the notch is along the <1 10> 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
18  Problem of voltage limitation on Hi Vt NMOS
19 As the transistor scaling to smaller dimension, our high Vit 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




17 In this exanpl e enbodi nent, a special |ayout 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 ii | W inplant ions
intothe {0 01} 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 inplant 4 process (describe bel ow) produces doped regions that have
a nore graded (gradual) 5 junction. The orientation and inplant process
created nore channeling of ions. The 6 channeling of ions creates a nore
graded (less abrupt) junction. 7 Enbodinments of the invention include open
and cl 8sed shaped 8 t ranengy frrdrigineblthgpbansistgi wascedAn uexkiippli# of a cl osed
shaped Tx is shown in figure 4A. 9 Qther enbodi nents include 45 degree
twi st 8 45mgegtaéien tuid long tipk diffisionGh beder eninalch e titeralliOndting bothe IqIagha: t W St
and tilt inplants. 11 12 Wth the enbodi nents of the invention, we can

i mprove bieakd ondR cxadndply @ld@ardi BfisiblY rct2ABSEUS t@ficolMat ®r P BRRSK ) WiiGkion LDD
can be obtained without using long 14 diffusion tine.

5  for high voltage usage. However the LDD regions of the LDMOS need long time (several
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 (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




15 In accordance with the present invention, a standard {001 } silicon
wafer 16 with a primary notch of <1 10> direction is used and, before
exposure to an inmage by a 17 |ithographic exposure apparatus, the relative
rel ati onship 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) fromthe normal relationship in the sane pl ane.
Thus, the [I 10] 20 crystal direction is aligned approxi mtely 45 degrees
to the gate width and will be aligned 21 parallel with channel |ength
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
waf er hol der of an optjcal lithographi ystem so .t he mask holder . 3 and
t he ma?er hol der are i%%émP%P%PP%WEﬂ%8%8§12&@%8&Pﬁﬁgﬁﬁy><%Wt PtG &8 gr ees
45) from 4 their normal relatjonship using the <001> crystal direction.
%he)ta?ge@dﬁ?mﬁﬁ%ﬂWéﬁﬁgﬁﬁﬁ¥mnﬁuoBOiﬂﬁﬁﬁénﬁgﬁé%ﬁé@ﬁVEQSU@ flaslurpecause t he
mobility of the carriers in channel will be 6 optinmum when the channel and
[110] érydehanneliditsetiqron | Fe peareltination wHdwibe darge ahgle tilbars vt tmplant
i nperfection of the lithographic apparatus wafer and nmask hol ders, the
change4napracssy(de®riby belowpptodhices epadbregiogs et lohangere fladed @omiual) ng
fabrication steps, such as plasma or 9 anisotropic etching, oxidation,

chem cal yaptiondeipasichiation agptpleE bRgeRRecatk At éahBlingaT fons1Bhdoer f or med
wi t hout any nodification of the wafer hol ders, because the exposed surface

of 116t heh&idelif©Bf WAS @attOa HBRSLaRUILESKRTptI RABIJS I n the <001> direction.
12 Referring to figure 6, on the sane wafer, 'both standard O degree and the

L3 embodiment ' 45 degsfg gl et HRANARkoFTRacA a LRLRfapPT examl e,

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 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.

13




14 shows both standard O degree channel 102 104 FET and the enbodi nents' 45
degree 15 angl ed channel 202 204 FETs fornmed on a wafer (source/drain

regi ons not shown). 16 Anot her aspect of the present invention is a novel
FET with its gate 17 fornmed 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 forned. Figure 6 shows annual FETs 602 and 612. FET 612
i s has the enbodi mrents 21 channel <100> direction. FET 602 has the <110>
channel directions. Any conbination of 14 | annular and linear FETs with
di fferent channel directions can be forned on the sane 2 wafer. 3 The

enbodi nent's <100> cha direction is TX' s and . 4 can

r educquunc ht hr ough. S[H“]’ISI45 dmenoipnge ‘SLPA Fﬁfbrﬁ %CHO%W%ES%PY e ModtiEdgi n t he
<100> or 6 <010>direction 7 A preferred enbodi nent of the invention is a
met hod 2t o homatkeoldpen thegvafagiolisr pirnopdisn lbemubicorysigadodae mibehdéped

region preferably is a source or drain region 9 in a FET and is nore
pr ef er &bl ynd 8 weafethaldgiagnniamelatidviship of eppragieaednfigivsiivr degteeh (45S) om0 LDMOS
transistor. | | A feature of the process is that a nore graded junction is
for med4by thdienorhdl febiti@gshan@igohe RDO BNEryREIRGRSSon. The target of the relationship
5  change is exactly 45 degree, because 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
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 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




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 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 <110> 20 direction. 21
Devices with both channel directions can be forned on the sane wafer. 15 1
Gate, Source/Drain and Channel 2 Next, a gate (G is fornmed 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 aof el direction is the direction
o cur Hencont G O Finbtietoc Aafnd ARG s Pl PtBr el ur 3805 bout
100] or, [010] crystal direction. 7 8 Large Angle inplant with Twist to
form Sur t&nd Drain 9 W inplant ions into the silicon substrate to form
doped regions 10 adjacent to the gate. The orientation of the channel
regiondin the Si cr ystﬁheﬂsmbqsiéﬁftméq@l@ thanagl iétectinrie ueilid MordMOSOEY "siand
conmbination wth the large angle tilt and tw st inplant

4 can reduce punchthrough.

5 1. 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 1naFET and is more preferably a S or D region in a high voltage transistor such as a

10 LDMOS transistor.

il 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 in a <100>

18  direction.

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

20 direction.

21 Devices with both channel directions can be formed on the same wafer.
15




12 process (describe bel ow) produces doped regions that have a nore graded
(gradual ) 13 junction. The orientation and inplant process creates nore
channeling of ions. The ions are 14 preferably inplanted along the <110>
direction to maxim ze channeling. The channeling 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

techni ques: wafer tilt, 17 screen oxide |layer or preanorphization. This
enbodi ment preferably does not use these 18 techniques to reduce
channeling. 19 20 Wen inplenented on a HV 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 tw.s tilted ion | an 3 according to the prior
art foﬁ use in unders\t,éﬂ%’ ta%é”'ic@{ a’“tm‘ébggaﬁﬂ "tilt". 4 Tilt is the angle
bet ween the wafer surface and the ion beam 5 Twist is the angle between
the veEtical plane corffainigate ((Hes foomedbeamthetilannd stbstratee theigagl hapingne
perpendi cular to the reference direction (primary notch direction). 7

Si ngl e3l nptidttanat 1gt; blcharaRbudler theiggte. 8 As shown in figure 3A, the

i npl antation of ions preferably conprises a 9 tilt/twist inplant with a

tw st of about 45 degrie il {diends il dcelinteans 0l Haghl Ak WnRot ch) of
the crystal substrate and a tilt angle between 4 degrees (fromthe

11 norgel plans oqfth gsfe WHBS ARl (iRSRIn RPCk IRLBoPL AT B Ny &irddioh, angl e

of 45 degrees wt

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

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 channeling of ions. The ions are
14 preferably implanted along the <1 10> direction to maximize channeling. The channeling
15  ofions creates a more graded junction. Channeling is when implanted 1ons 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




12 preferred tolerance of +/- 5 degrees. 13 For a (001) wafer (e.g., wth a
notch of <1 10> ) direction, a inplant 14 with a 45 tilt and 45 tw st, the
ions enter the substrate at a <0 -1 -1> (or <011 >) direction 15 (or [I
10] group direction). This direction increases the channeling. 16 17 The
45 tilt and 45 tw st single inplant is preferably perfornmed by 18
i nplanting Ph ions at an energy between 40 and 400 and a dose between | 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 forms a 22 (symetric) LDD. 17 | | FET
with a.Source (S) and Drain (D) and gate (G wth a 2 channel direction of
<100> 3 Fi gure 3B shows a top down view of a FET with a Source (S) and
Drain 4 (D) and gat eOF(,G) with a channel direction of <100> and a reference
directfon < 110> (al sdi2yedBrshpwe asehemsy visot alif)twis andtiltgsh iop implagfegr ee
tw st inplant and a 45 degree tilt, the ions are inplanted 8 into the S/D
regi on 3al oweprdingée the prosut foir uee in wdeBtand thsderals| “evist andEltx011 > (or <0 -1
_1>)

4 Tilt is the angle between the wafer surface and the ion beam.

5 Twist is the angle between the vertical plane containing the ion beam
6 and the vertical plane perpendicular to the reference direction (primary notch direction).
7  Single 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 at a <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 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 forms a

22 (symmetric) LDD.
17




9 "quadra" inplant for open shaped tx 10 In a preferred enbodi nent the
inplanting of ions into further conprises 1 | an quadra inplant. The
gquadra inplant is perfornmed by 4 inplants of Ph ions at an 12 energy

bet ween 40 and 400 Kev and a dose between IE12 and IEl5 ions/sg-cmat tilt
13 angl e between 40 and 50 degrees and a tw st angles of between 40 and 50
degrees 14 Figure 3C illustrates 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 17 [1,0,- 1], [0O,1,-1] ,
[-1,0,-1 ] or <110> directions. (the negative signs represent bars over the
18 i's, e.g.-1is equivalent to 1) This maxim zes channeling. 18 1 d osed

shaped, (or annual shap channel regLon Referring to fjgure 4A and
figurel4B, an enbodi nﬁh”é A rﬁﬁg$)ea” Drsig @éﬂg’i%ﬁ'tﬁrfc’ﬂ%ﬂbachannel
region with a "closed shape" so that S/D region on the inside 4 of the
channel region and a se@amaelrdipretiongl 5H0&Urroundi ng the outside of the
channel 5 region. 6 Figure 4A shows a top down view of an enbodi nent of a

cl osed37 shaped transifmgae 386hGws a Wptdbvanned af a BPRREE LARAAEKR) LRODA -
Figure 4A and 4B show field 8 oxide regions 402, LDD regions 406 414,

sourceq/d (%M %%é @SwitDd cithhrel (B8&idn & ABoNAd DreRRAWE dtrBefon QU] R4k, and
gate 410. e L regions are preferably forned by the 10 enbodi nent's

i npl ang p%ﬁ%ﬁéﬁﬂnﬂ@ﬁuﬁ&bpsed shape” means that the active region has no

6

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

8  into the $/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
1l 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 [E12 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,-17,

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

18 1’s, c.g.-1isequivalentto 1) This maximizes channeling.

18




11 beginning or end. The channel under the gate 410 is surrounded by the
LDD 406. The 12 channel is preferably annul ar shaped and is nore preferably
rectangul ar or square shaped. 13 Figure 4B shows a cross sectional view of
the cl osed FET shown in 14 figure 4A along the axis 4B according to an
enbodi mrent of the invention. Figure 4B 15 shows a gate dielectric |ayer
412 under the gate 410 and source/drain regions 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 | nplant nethod 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 perfornmed. 19 { 2

HV L TX with offsq&ltr nﬁéftg{ and non-gffﬁﬁt é transistors 4 The
channel* orientations an@sf ReddrpaanHahslargd) RRANAISOIYH on 5 can be
used to formHV LDMOS TX with offset transi stor and non-of fset transistors.

6 Figuee 7 shows an exRufptiegof figne dAfmetfighfdMBS al ¥mbddigeahiaghedn whcra 7
di ffused p-well for the LDNMOS TX. 8 In the offset LDMOS TX (figure 7),

only the hd#Rsistorhes dEhnkgir&Gon Sith A€ cRMIOMLFERD tat |PD rkdTBh 8Athedhsidel 10] to
maxi m ze the ion channeling.
4 of the channel region and a second doped region surrounding the outside 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 LI 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
15 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




10 In the non- offset LDMOS TX (figure 8), preferably the N+ source and 11
the N+ drain are sinmultaneously forned in the sane inplant step using the
enbodinment's 12 ion inplant at [I 10] to maxim ze the ion channeling. 13
Process for offset LDMOS TX (figure 7) 14 The process to formthe OFFset
LDMOS TX is as follows: 15 O form p-epi on substrate 16 0 formp-well 17 O
form(poly) gate 18 » form N-LDD (using enbodi nents' channel i ng maxi m zi ng
ion inplant) 19 0 form spacers on gate 20 » form source (S) and drain (D)
using a standard 1/1 . 21 20 ;2g 1 Currently, the offset LDMOS Tx
operates at a voltage between about 2 18V and 60 V. In conparison a nornal
vol tage 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 | ot
of diffusion to get a snmooth and graded junction between the N+ and p-
well. 7 Wth the enbodi nent's wafer alignment and drain inplant process, a

d ded j ti
goo grza ed junction HV LDMOS TX with offsef fransistor and non-offset

3 transistors

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 channelisa
7 diffused p-well for the LDNMOS TX.
8 In the offset LDMOS TX (figure 7), only the N-LDD is formed using
O  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 00 form p-epi on substrate

16 U form p-well

17 [ form (poly) gate

18 0O form N-LDD (using embodiments’ channeling maximizing ion implant)
19 [ form spacers on gate

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

21
20




8 can be obtained. 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, non-offset LDMOS TX is as follows: 12 [1
formp-epi on substrate 13 Uformp-well 14 ~ formpoly gate 15 U form
N-LDD (using enbodi nents' channeling max ion inplant) 16 U form spacers 17
form N+ source and drain using invention's maxim 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 nornmal voltage Tx operates
bet ween about IV to 20 18V. 21 21 | 1V. EXAVMPLES 2 The foll ow ng
non-limting exanples represent preferred forns and best 3 nbdes
contenplated by the inventor for practice of his invention, as well as
illustdating the 4 rdsurengydbe aifseeaDMPD hylopitatss asevolBgtbegvetotoage LDMOS
transi stor were fabricated using the standard 6 transistor orientation
shown En fig§umé 60 Vard ceanpaisbodinnemnt solrge 8ixtopetatss betvasan about fil Vgun 8V,

3
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 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

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

[3 1 form p-well

14 00 form poly gate

15 [} 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
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7 2A (e.g., channel in <100> direction). Ph ions were inplanted at the
conditions shown in 8 the table belowto formthe N-LDD. 9 TABLE:
conpari son of enbodi ment and standard LDD inplants paranmeter 45 tilt and
45twi st inplant 30 tilt and O twist inplant dose IE12 atons/sg-cm | E12
atons/sg-cm -energy 80 Kev 80 Kev Junction depth 0.75 mO0.5 m Breakdown
16.2 V 14.0 V voltage 10 | | As shown in the table above, the
enbodiment's 45 tilt and 45twist 12 LDD inplant had a deeper junction
depth and a hi gher breakdown voltage. 13 The LDD inplant 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 inportan cially on the HV transistor. 16 17 Figure 5
shows j plotﬁaé t he ph%gﬁhﬁfﬁggconcentration of the graded 18 junction N
LDD of the enbodinment in a normal V MOS TX conpared to a conventional 19
Ph prof2il e. The bor on EerfoBowmatnoodindfingbautpldbt@ciat pleéerediaentandtbean of
the p-well. (See 20 e.g., figure 7 and 8. ) 22

3 modes 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 | 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/sq-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 mmplant had a deeper junction depth and a higher breakdown voltage.

I3 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 1E18 is the concentration of the p-well. (See

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




| V. Ending 2 In summary, a new set of |ayout and inplantation nethods was
given in 3 the enbodinents of this invention. A purpose is to use crystal
structure of silicon to 4 inprove the junction or the LDD or S/D to obtain
hi gh breakdown voltage. It can he used 5 for DMOS and HVNMOS and ot her
hi gh vol tage transistor and normal MOS Transistors. 6 The enbodi nents'

i npl ant process can be perfornmed on any wafer so 7 that the ions enter the
wafer in the [ 110] direction. The enbodi ments are not dependents on 8 any
configuration of wafer notches and/or flats. The orientation of notches and
flat change 9 with wafer technology. 10 G ven the variety of enbodi nents
of the present invention just 11 described, the above description and
iIIustFationg,shOM/not QF taken as limting the scope 12 of the present

i nvention defi'ned by Hﬂkl%gajns. 13 Wiile the invention has been
particularly shown and described with 14 reference to the preferred

enbodi Aent s t hereof, iloswhinaryhe newderdtlamdt dy impbostiok inctteds was given trhe art
that various changes in formand details nay be nmade w thout departing from
the 16 sphadmboalinderscafikisddvehtien. ip@nbiednto dsk chstal sthendeds diicohaver vari ous
nodi fications and simlar 17 arrangenents and procedures, and the scope of

t he appengeagrovt @icTendibe befRT OIS BOYIH th6btaihGi RGOS EntvORaR! RAGKESS used
interpretation so as to enconpass all such nodifications and simlar 19

ar r angenment,sHoess AHdIPeIMIRSand2Rhédigh voltage transistor and normal MOS Transistors.
6 The embodiments’ implant process can be performed on any wafer so
7 that the lons 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.
10 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
15  the art that various changes in form and details may be made without departing from the
16  spirit and scope of the invention. Ilt 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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What is clainmed is: 1. A nmethod of fabrication of doped regions in a
sem conduct or 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 |l ength; 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; c) inplanting ions into
said silicon substrate to forma doped regi on adjacent to said gate; the
i npl antation of ions conprises a large angle tilt inplant with a tw st of
bet ween about 40 and 50 degrees and a tilt angle of 40 and 50 degrees. 2.
The nmethod of claim| wherein said doped region is a N LDD in an offset
LDNCS\EEE: 3 lﬁ?q nmet hod of claim|l wherein said ions being inplanted about
al ong t T i directions of the silicon substrate. 4. The nethod of
claiml wherein the inplanting of said ions is perfornmed in one inplant
step a a 45 degr.e inmplant, and a tilt angl e of about 45
degr eeL A gleth?ﬁé#h’@f RSN Cg)lpﬁ(wfﬁg?“ﬁﬁb? FHeslrgfosdvicepipnabiiztit e has a
notch/flatggds ;[ 110] direction. 24 6. The method of claiml wherein the
inplanting of ions further conprises: said silicon substrate has a
not ch/ f 1 at ahprogiding a1 G801distlson isesiratche |nplantat|on conprises an inplant
with a 45 ¢ r the suybstrate igned at a
S0 T35 Bl e W Sho 8Pl QL8R gl Wb B RN B

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,;

¢) 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 | wherein said doped region is a N- LDD in an offset LDMOS FET.

3. The method of claim I 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 | wherein said silicon substrate has a notch/flat at a [110] direction.
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channeling. 7. The nethod of claim| 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. 8. The nethod of claim1l
wherein said channel has an annul ar shape with a doped region on the

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 nethod of claim!| wherein said channel has an annul ar shape with a
doped ¢-€icarction afivéaimi Inghetein dife igwiattichahives fuwthdr @ngesendidsipiedh r egi on

surround out si of .said_channel region; and the inplanting of said
i ons fur%hﬁ’%@t%ﬁ%ﬁ‘r@%@ﬁ%a&aaﬂ#?ﬁi W5tk with the ion beans aligned with

the <110> directi ahe whflhitaidq deatprisaus idplagwers 45 1Q.and Be tw®t Hadmefog! ai m 1
which further includes formng a Hi%h Vi NMOS FET fromsaid gate and doped
regi ons. <3¢ tg‘i?“bﬁﬁée A8 at dF Vel almdrediioar wherehy thendbisciipnipersases theor med.  12.
The met hgghnQfling! ai m I which further conprises formng a second gate over
said silicon sSubstrate; said second gate having a wwdth and a length; a
second channel under the second gate; said second channel having a second

channel, ’lq{.ern?e%c;aocﬂ“ cpz:%lhall Vlf}(’?c!reiw stani ctllgg'\rle(lj Lgsea%tainglr;'lap ghape 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
nside 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 | 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 | which further includes forming a High Vt NMOS FET from said

gate and doped regions.
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wi dt h of said second gate; said second channel direction is parallel or
perpendi cular with the <110> direction. 13. The nethod of claim1 wherein
the inplanting of ions further conprises: the inplantation conprises an
inplant with a 45 tilt and 45 twist and the ions enter the substrate
aligned at a <0 -1 -1> direction whereby the direction increases the
channeling. 26 1/8 CHANNEL DI RECTION <110> 102 GATE S C WAFER {001}
Notch in <110> "reference NOICH direction” FIGJRE 1A PRI OR ART

11. The method of claim | wherein a LDMOS device is formed.

12. 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.

I3. The method of claim | wherein the implanting of ions further comprises:

the implantation comprises an implant with a 45 tilt and 45 twist and the ions
enter the substrate aligned at a <0 -1 -1> direction whereby the direction increases the

channeling.
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