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1 2 A SEM CONDUCTOR DEVI CE LAYOUT AND CHANNELI NG

| MPLANT 3 PROCESS 4 5 Background of Invention 6 1)
Field of the Invention 7 This invention rel ates
generally to fabrication of sem conductor devices 8
particularly to the fabrication of inplanted doped
regions in a sem conductor device that 9 has a graded
junction 10 11 12 2) Description of the Related Art
13 14 Wth higher levels of integrated circuits on
sem conductor chips and the 15 need for faster
transistors in these circuits, the FET transistor nust
maxi m ze all aspects of 16 sem conductor physics to
fabricate transistors in these circuits with faster

sW ASEMECOPOIICTOR DEAVICELANVOGT AND CELANNELING IMPLANT
smal | er di nension, the inventor have found 18 that
high Vt NMOS transi stor is pRrotrprgsa problemw th
voltage [imtation. Thermal cycle 19 was limted
because of the consideration of |ogic device in the

waf er. An aspect of t rﬁascképodnlavoq%i,e%@iogddr ess issue. 1
1) Field of the Invention

This invention relates generally to fabrication of semiconductor devices
particularly to the fabrication of implanted doped regions in a semiconductor device that

has a graded junction

2) Description of the Related Art

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

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

invention address issue.
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1 2 1In crystalline solids, such as nonocrystalline
silicon, the atons which 3 make up the solid are
spatially arranged in a periodic fashion. This
periodi c arrangenent of 4 atonms in a crystal is
called a lattice. The crystal lattice always contains
a volume which is 5 representative of the entire
lattice and it is regularly repeated throughout the
crystal. The 6 directions in a lattice are expressed
as a set of three integers with the sanme rel ationship
as 7 the conponents of a vector in that direction.
The three vector conponents are given in 8 nultiples
of the basic vectors. For exanple, in cubic lattices,
such as sil i donrysfallile sbids, suchs adicaptystaltiny siliabn, the atoms which
lattice, the body diagonal has the conponents of |a,

hfake ap thd soliaBet shiiSly aHAnghidagAnRko@Y itshiod! PG pbi6did ddddgement of
direction with the Bj brackets being used to denote a

88l ih :a(érysgal- is@a_fl&?;li {8, Tﬁ’é’@zgﬁl’ latfiBé! éﬂv&gg gdr‘nttt)é.ig@ac‘ Vé)lﬂm? é)vhich is

crystal are equival ent, depehding on th Itrary
i ' ' - o .Such ui val ent

FRRLERle AL DAL LAl 1E0 SRRy Sy PLIBLERY i e
?l)fa Oln(sz" {Ibag:_%}‘clscte §%§%%%g%%laggée%q%l tltmrl%gerinct:eugtélrscwﬂtl?altelsgr%e relationship as
g{ystallagra hi cal | y equi val ent and are <100> o

CROEOBFYS Olg) Yietor ihibakdigrchart hsrilreqiveqtorgogpongms e ghyen in
the negative side of the origin, as arbitrarily
aadtimesof thhkapicalesioraFer ¢xampld, it ebialiattisess sucheas(siljcopwehich has a
the specific negative integer, such as [100], [ 010],
diathond O6yktd] lattime, the 00dy ding@mt haortbe coriponthnts @€ $a, 1b, and 1c¢ and this
specifically stated or shown in the follow ng

diagaral prisodongnthé hiild | dip@ition atithahe [Jerddkets biilzalsed to denote a specific
di rection includes both positive and negative

URERBAI Howekd, mdhyRliRBEShsIif a dryafaY Sle@ljuRhRBt, 885nBfg on the arbitrary
determned with a set of three integers h, 21 k,” and

dhoidd&orREBLYS ?fjthﬁ1 &b oRivifht Qise RARAIE AbnRLANES < > brackets
t of rs N ()

and each se ree intege
and, for example, crystal directions in the cubic lattice [100], [010], and [001] are all

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

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

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

crystal direction includes both positive and negative integers.

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

parentheses identify a specific plane. As in the case of directions, many planes in a lattice
2
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case of directions, many planes in a lattice 2 1 are
equi val ent and the indices of' such equival ent planes
are denoted by { } parentheses. 2 For cubic lattices,
direction [k,l,mM is perpendicular to a plane with the
identical three 3 integers (k,l,m. Thus, if either a
direction or a plane of a cubic lattice is known, its

4 perpendi cul ar counterpart can be quickly determ ned

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

equi val ent symmetry such as {100} plane, the

arpuiquiiakent angll thevislices ef ULDEYvivalediPlanes Bre(d@Bdtkd by 10@prentheses.
(010), and (001). Like the crystal direction, the
toyatbid lapican direetidnt{R,Lidlis pswpérglicularde s pranpivitd mhé iderititaBthree
application includes both positive and negative

lirfé 3, NTRSS i fGiGBeLditdcEiah bya pladt 60a QIRETMCE & kn%wn 1ts
General terminology is: Ofor a certain plane; }f

gex?E&H&ll&]fcouﬂ-tgrth%ﬁﬁ Be q{llci(lgfd%ferxﬂln%g %ﬁbﬁ‘t C‘Alcﬁﬁ%'i)h.%r example for

or a group of direction

Efaggsegfséﬁﬁlvglr ﬁthégqgi%t{ tch ta%{(ﬁ){% aaﬁlgi ’%ﬁ@ uné%?@ g?anes ellre (I]UOO) (010),

strat'es

?ﬂ%@gwbéagaf? B 3R o <Rtk eGP e gt s ollowing

rou a Gaussian 15 distribution characterized by a
%PU%HB\AHS aepligaon mshes both Pesiyagdaregativeintgesrapnless
known 16 as the straggle. In a single crystal target,
ﬂﬁ@ﬁkaﬁggwﬁﬁ9ﬂ§WW@ggle for a given inmplant may be 17
different than that in anorphous nmaterial, due to a
phenonena knéhmaat&mhﬁmh%bﬁmq.)ﬂBabhghephhmn{enbfggmmpof
hi gher silicon tenperature, and the growth of silicon
dianes; (1§ foray@iairodirecliOn;t he foi h beAP olbiredtiond to
dechannel inplants. In any event, range and straggle
data for various

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

materials including silicon, silicon dioxide, and photoresist have been determined.
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20 materials including silicon, silicon dioxide, and
phot oresi st have been determned. 21 3 | The nore

rel evant technical art in the patent literature is as
follows: 2 US 5,970, 300(Buynoski) shows an ali gnnment
of a FET on a wafer. 3 US 6, 566, 204( Wang, et al.)
teaches the use of mask shadow ng and 4 angl ed
implantation in fabricating asyimetrical field-effect
transistors. 5 US 6,599, 804(Bul ucea, et al.)shows a
fabrication of field-effect 6 transistor for

al l eviating short-channel effects. 7 US 4,728, 617(Wo,
et al.) showslt® meschedvast teflabiedl edtin thy matdOBEETure & asifoliows:
graded source and drain regions using a high tilt 1/1.
T Ho R 2H0(Btyrexski) sisoves anedignient oa FBTPsoy @dfepr ocess and
device. 1041 2 3 4 Summary of the Invention 5 It

i's an obj ect 108 6366,20MONaAE L all) RE1cREARE DSe dIIYRRERRBWIL and
provide a 6 device and nethod for fabricating a

tah @88 181 tatidd iR fﬁ)rgfaﬁﬁ%e%t}&%%aq ROl Fect tridsistRs. 2N

obj ect of an enbodi e he present 1nvention to
provide a highs ¢ 599 804(Buluces, et al.)shows a fabrication of field-effect

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

However, there is a need for an improved process and device.
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8 voltage MOS device that has a hi gher breakdown
voltage. 9 10 Sone enbodi nents of the invention
conprise inplanting ions into said 11 silicon
substrate to form doped regi ons adjacent to said gate.
The orientation of the channel 12 region in the §
crystal structure (channel direction < 100>) in
conmbination with the large 13 angle tilt and tw st

i mpl ant process that increases channeling (described
bel ow) produces 14 doped regions that have a nore
graded (gradual) junction. 15 Wth the enbodi nent's
(a) transistor with a channel direction at < 100> 16
and (b) the 45 tilt and 45 twi st inplant, the

i mpl anted ions enter the substrate at the <I 1 17 0>
direction. This direction increases the channeling of
the ion to create a graded junction. 18 19 An

enbodi nent is a nethod of fabrication of doped regions

in a 20 sem conduct okugfYhGSr thOTMREehEdNY the steps of
: 21 a) providing a {001 } Silicon substrate; b)
e

: 5
formng a gate;;opef, &pbesll iy S -
havi ng a mﬁdthmang%% Fengt%;(ﬁgﬂgﬁgﬁ§ﬁh%:Fﬁﬁégﬁgwgénvmwa
: ' nnel . having a.channel directign paralle

iU TR R R Y AR R T ot
direction is [100] .or é 1q%? 4 direction; 5 c). , .
i npl anting i o‘L§ anpbgeek '?Qadl Ahqdiment dhagueveat Bveion de proxide a high
doped rggion_adjacent,to said 6 gate; the
ivﬁgﬁw idsricehat bessa ighgsbrepkdown valtags. angl e ti |l t
inmplant with a tw st

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

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

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

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

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

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

of 40 and 50 degrees. 8 Another aspect of the

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

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

enbodi nent is where said ions being inplanted 1| 1

about along the [110] directions of the silicon

substrate. 12 Anot her aspect of the enbodinent is

where the inplanting of said ions 13 is performed in

one inplant step at an about 45 degree tw st inplant

and a_tilt angle of 14 about 45 degrees. 15 Another

aspect) Brminge gl seif silicen sybstratesaidigaté havinga width and a length;
substrate has a notch/flat at a 16 [110] direction.

17 Anot her chapelc tinddfr thehgite iwhid dharmnt havéngvhelraendl ldéection parallel
inmplanting of ion further 18 conprises: said silicon

subst r at ewitashadiretichbf dait gas wadtis saQPehahied @irk@idn i 160] or [010]
i mpl antation 19 conprises an inplant with a 45 tilt

and 45 twyséctigRd the ions enter the substrate aligned

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

incre e ¢ (WEaToReE S t .1 he,. .
embod e ige A LGy ARl AR o R R Reibhacent o said
shape wit oped_region..on the .inside of id . .
c hagnel a %F‘%atg%g“ gﬁn atgodlpogdoqsecﬁ EHSS aslﬂfg‘e@ag%ﬁwgmtp}?gt with a twist
out si de of .said channel. 4 Another aspect of the

embodi ment! BEVEREALAY ‘gd PdWaressesiad a &l anglenf 4P and; S0 degrees.
shape with a doped region on the inside of said o
channel regi dH0HiFd agpegieridheicrabnsimentdg where said doped region is a N-
surroundi ng the outside of said channel; and the

L3 aran (ietdiDMEISIFEBns furt her conpri ses

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

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

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

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

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

i nsi de of said channel and a second doped region 11
surroundi ng the outside of said channel region; and
the inplanting of said ions further 12 conprises a
quadra inplant with the ion beans aligned with the
<110> direction within 13 plus/mnus 2 degrees. 14
The ori ent at i Awtkendsiepiiide epbalimsst is whaeegidwbammel has an annular
channeling of ions. 15 The channeling of ions creates
ahapevethyr duped régicrcdr tha inside dfkeid chamilebaming @dor@dopedMgion
MOS Tx, the graded junction of the LDD 17 increases
sieouhdaignhbowaiie ommivcahage. 18 19 The above and

bel ow advant ages and features are of representative

20 enbodi ment g, Yspedits (RE Snﬁ‘&ﬁiﬁ@?ﬁ{l%%ﬁ%ﬂf‘é%d%ﬂ%%{ lrl]as an annular

excl usi ve. They are presented on assl s

; t@rvxtﬁﬂlg&jdg?g réﬁ?fﬁ" (B‘Et‘ﬁg EHshﬁrl)f s%lih cﬁarl]n%%l %gg)ﬁlaﬁ{i] %Eer:c%tng (c)lgped region

representative o

i nvent.i ons def.i.ned by the claips, to be consjdered _
PR O S sty aft Moty SiRaa iy Fhger comprises
clai s, or Iigltations on. equi valents to the clains.
EGPag? iRRt Be tebvanales Alibew Adlantagand deydageses with a range of
mutual |y contradictory, in that they cannot be 3
${-rudegkisscud lyilipmakedistweon 49 avdfgldsgrsabodi ment .
Simlarly, some advantages are applicable 4 to one
aspect of t heAnotheenspectinf thmembaotpphtiicahére daol diahwed] $as an annular
Furt hernore, certain aspects of
shape with a doped region on the inside of said channel and a second doped region
surrounding the outside of said channel region; and the implanting of said ions further
comprises a quadra implant with the ion beams aligned with the <110> direction within
plus/minus 2 degrees.

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

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

increases the drain breakdown voltage.

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

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



10

11

5 the clainmed invention have not been di scussed
herei n. However, no inference should be 6 drawn
regardi ng those discussed herein relative to those not
di scussed herein other than for 7 purposes of space
and reducing repetition. Thus, this sunmary of
features and advantages 8 should not be considered

di spositive in determ ning equival ence. Additiona
features and 9 advantages of the invention will becone
apparent in the follow ng description, fromthe 10
drawi ngs, and fromthe clains. 11 8 1 2 3 Brief
Desiovénpivh an definet vy thy dwinzgsr Mmititeonk oAty edc@f @ the claims. For
advant ages of a sem conductor device according to the

Inspn€s 8bine ol MREE ddvan@pét hay b8utudRY BbltSdR{ord iPTREBRS cannot be
of fabricating such a sem conductor 6 device in

SRR 0 S S e 8T s o

clearly un escri

' ' i: it h the.acconpanyi drawi ngs in
PRSP LOD A bR SRR K s o
R R Bl he SR Gen oA oG Bt aikgnce should be

aving a transistor according to | 1 a process known
BHES3ring Abase disgyssed bgrpia relatvesiaghese aotdipamsadiheroin ether than for
of a twist and tilted ion inplant 13 according to the
pripgses &f space endizduting apdttiert. dids, tthie stremeny oftfedtets amhadivantages
it
should not be considered dispositive in determining equivalence. Additional features and

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

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

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

down view of a wafer show ng the channel 19

orientation in a 45 degree twi st and 45 degree tilt

i mpl ant according to an enbodi nent of 20 the

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

degree twi st and 45 degree tilt inplant according to

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

according 5 to an enbodi nent of the invention. 6

Fi gure 4A shows a thypefdeseripti@nofathe Drewiadi nent of a
closed 7 shaped transistor according to an enbodi nent

of the inventTlerdeatBreFgludyadiBeshvdusecdicon@fitorsiedice Qé'b@kding to the
view of the closed FET shown in 9 figure 4A along the
axdsent 4 eaticodtti ghélcails 8D HEICBR IV fMrichites dubl § 8hRBnductor
10 Figure 5 shows a plot of the phosphorus

adevieeintacadri e Hitt e pll%e{i‘/l@ ?rl\/%fgnt}rc;ln WHNGS 1&181% c?%rlg Q?%e%to&p from the

enbodi ment in a nornma TX conpare
SR e S B LS B i
reference numerals designate similar or corresponding elements, regions and portions and
in which:

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

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

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

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

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

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

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

the source andtac A TR g 4 agwizdjg' & é%%f}srﬁe tBlnet
P
TRAEREBEPTER M o B e R AR E A N b ppegeetipp an

WTC{;JHQESPECT TO THE CRYSTAL DI RECTION 6 Referring now
WSgVeH®Ior e particularly to Fig 1A, there

is 7 shown a structure over which the present

i nvention i s Faguré Bigrildustnatenia.to@d@ivyuiesy dfa qumdampbint evanding

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

t6 @A njbodibhent of eierigdendibfiect i on 102 i s <110>. The
channel direction is the direction 10 between source

and drain or pﬁg@é?A%ﬂgwQ%ﬁ:&owm%wcd"f%%@dod%é&%tfa%[bsed

is the direction 1 current fl ows between the source

h
e S i S
ure | A

rlrg;u? actur ﬁ%l&lﬁ%ﬁgéi%% ) ﬁrfolts gechpp 1&,@% thg slpsest BER shown in
f( g?l)re 22pa?ctnagttgg axis 4B according to an embodiment of the invention.

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

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

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

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

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

10



10

11

12

13

14

15

16

17

18

19

20

21

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

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

di mensi on, our high Vi NMOS 20 transistor is facing a
problemw th voltage |imtation. Thermal cycle was
limted because 21 of the consideration of logic
device in the wafer. 11 1 2 Currently for high
voltage transistor, we need to use high tilt 3

i nmpl antation and long time diffusion in order to nmake
the lateral junction of the LDD nore 4 graded. For
exanple a la uct or
TLONES) s e o F e R e (e
LDD regions of the LDMOS need long tine (several 6

SustEl n'hi gh AR GBLHON SICORRENT R ORI CR e
Cover ¢ nEREEHON Wi RESRCRTE TRE B S ﬁ@kEcmN

transi stor dinension. In this case, LDMOS is not

popul ar for dJkadgrring o ieghediewing apd mak pagieularly to Fig 1A, there is
transi stor. There are mainly two high voltage

shams i stroctsrei avet Which Ghd pasedt ynvémiondsiim mipeocament.

transi stors, offset transistor and non-of f set

transistor. ®fifiget A idl tdy &Va GEWIof HSRF@IY tar’draiéﬁl;tor The wafer
structure to get higher breakdown voltage. n- of f set

12(091 § UThSIERINHE QiREERerot sl 18091 ge &féﬁnél i eE@In i[9 8R&Mrection

drain (LDD) inplantation to increase

between source and drain or drain and source. The channel direction is the direction

current flows between the source and drain or drain and source. In current 8 inch P-type
wafer technology, the notch is along the <110> direction as shown in figure 1A.

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

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

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

of the consideration of logic device in the wafer.

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

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

hi gher 20 channel i ng effect through speci al

i npl antation angle and rotation. Accordingly the
layout 21 for this inplantation was optimzed in
order to get a nore graded junction. 12 1 W inplant
ions into the {0 0 11 silicon substrate to form doped
regions 2 adjacent to the gate. The orientation of
the channel r@gieafly Fd hidlevoPags iilisdr, St haket h8e Bi gh tilt
(channel direction < 100>) in conbi nation with t

liBpIdaBOIhRI lbﬁé tim8QdnkWnsh okdPkAbke e &rté}%ljﬁﬁcﬁlon of the LDD more
(describe bel ow) produces doped reglons

@d qfo?g%é‘lgﬁ %Qéfgll c%ffus?oﬁ H’l%&ltl R%e sem gono uI & gﬁ@ll\}f@w was used

I ant ess creates nore cnanne

L 8 5 I e e

nclu n and cl osed shaped 8 transi stors and_doped

%‘br?)o(ﬂgf“ toe8eh ApTadediungtion mca cahsystain igh veltaggolipr sub-micron
ure 4A. 9 O her enbodi ments include 45 degree

f welogy, hecayeagpfdee thetnal ichigle aecsne @oiveritieatbloelv ershermall Gycle was

i nclude quadra twist and tilt inplants. 11

needed because of the transistor dimension. In this case, LDMOS is not popular for small

dimension high voltage transistor. There are mainly two high voltage transistors in the
foundry for sub-micron transistors, offset transistor and non-offset transistor. Offset
transistor use asymmetrical structure to get higher breakdown voltage. Non-offset
structure use higher tilt angle for lateral doped drain (LDD) implantation to increase the

breakdown voltage.

Overview of embodiments of the invention

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

for this implantation was optimized in order to get a more graded junction.
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12 Wth the enbodi nents of the invention, we can

i nprove breakdown 13 voltage of HV transistor. Mre
graded junction LDD can be obtained without using |ong
14 diffusion time. 15 In accordance with the present
invention, a standard {001 } silicon wafer 16 with a
primary notch of <1 10> direction is used and, before
exposure to an inage by a 17 |ithographi c exposure
apparatus, the relative relationship between the nask
and the {001 } 18 silicon wafer is changed so that

the relationship, in the sane plane, is approximately
forty- 19 fi We depjreiaeny(in® tHedv 64) silicamsibiseatn or foain doped regions
relationship in the sane plane. Thus, the [110] 20
edjysnato e gaet Tierorieatadbn ghthd chpmebixpiovatethy 4 brydabstagsure
to the gate width and will be aligned 21 paralle

Whidhet QaBORK <4 B0gY th initeedtion Rvid 8 1Y ind3paill shaapdt '11%91ant
to the gate. 13 1 This 45 degree change is preferably

?&%Whés@ﬁﬁ@b@&v%%@ﬁfes I4f Y 1895 th4t Hal€a ﬁfb’f‘g gﬁgé@%a(ﬁﬁl)

he wafer hol der” 'of an optica |thograp yste

4are

i“*‘*?“*é“a ifﬁs ﬁ.ﬂ%ﬂg OHa%gﬁoﬁlM oS Elsal§ i 02l e iompsyne

I g rel a 2 Shl usi ng.t he <001>
8}}83%1? érfg ?lésc(ir? .2 Hﬁ’f& & 68 es%zf TR UREH% i onshi p 5
change is exactly. 45 d%gree because .t he nDb|I|t¥
the carri ers HRPodHBsHRe! the mvep@orengyds premanp elosedhghaped
channel and [110] crystal direction are parallel.
enssiers an@ldeped se@pnsghn exgmplepndiefclased ghapest Tx Feshown in figure 4A.
| ithographi c apparatus wafer and nask hol ders, the
Otten gmbneiynentriyclud 4ydegree2%i0T 4§ Hegrddtild gyl ees. dhtaergenbodiment
The remai ning fabrication steps, such as plasma or 9
mnlwleiquadra owist aldithgimplasitglat i on, chem cal vapor
deposition, sputtering and planization, are 10
performed w thout any nodification of the wafer
hol ders, because the exposed surface of

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

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

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

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

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

45 degree angl ed channel FETs can be formed. For

exanpl e, Figure 6 14 shows both standard O degree

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

the present invention is a novel FET with its gate 17
formed perpendicular to the <100> crystal direction so

t hat the chariffes 4ildgrechehapger ialpkaftrablyGemintishdal 18y either modifying
direction with a voltage applied to the gate. 19 In

dirat rhoddep ecthe afaférhelder es@ndpticAMeRbdr@hic &kl @ the mask holder
shaped FETs are 20 forned. Figure 6 shows annual FETs

E{%%ggﬂzge}fgrélﬁl(liegﬁ% 1|§: é%elg%éﬁ Jf'?a Qﬁ% @{de%PeaeQ ) from

a2 A UL BRSO Ffﬁ%‘i‘”e& i%ﬂw A T—

rnmed o h 2 waf The nbodlnent s <100>
Sﬁ%ﬁ & e’&ﬁ?‘f‘%‘?% s Eec@wrtﬁﬁ mrogfl the gurgiessip chapnglill be
reduce puneht hrough. 5 I1l. Method of LATID with

CRERHE Whenitan¢henael and (1108 C%@bélrf&tlon greqrnalisk Hosisy groducrto slight
A preferred enbodi nent of the invention is a nethod to
fropeifeatiooplettic ligogeghionpparatas sefireod dush oldagheceanghimay vary
doped region preferably is a source or drain region 9
by +a 2T thadb depremahenger Eherandiying fbrioktida step@) R6h bpldsma or
hi gh vol tage transi stor such as a
anisotropic etching, oxidation, chemical vapor deposition, sputtering and planization, are
performed without any modification of the wafer holders, because the exposed surface of
the silicon wafer to these processes remains in the <001> direction.

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

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

In another aspect of the present invention, annular shaped FETs are

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

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

14
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10 LDMOS transistor. 11 A feature of the process is
that a nore graded junction is fornmed by the 12 |arge
angl ed i npl ant process. 13 {001] silicon substrate
havi ng [110] reference direction 14 Referring to
figure 2A and 2b, an orientation of the channel (C) of
an 15 FET is shown. We provide a {001 } silicon
substrate having [I 10] reference direction 16
(direction fromsubstrate center to primary
notch/flat). 17 Figure 2A shows a FET with a channe
direction 202 in a <100> 18 direction. 19 Figure 2B
showlsr adfETaniBTs vaittchiffiereat cldihneg direativn? 0dn barfoeamesd dDhe same
20 direction. 21 Devices with both channel directions
cgaiferbe formed on the same wafer. 15 1 Gate,

Source/ Drai n and Channel 2 Next, a gate (G is forned

over the siligRRn,HRshdRte]0bDeHak8RAYINY ueefulﬁfg%@shrx’s and

and a length; a channel under the gate, 4 The c

gﬁiﬁgg%ﬂggggﬁgﬂgh‘direction (202 204) parallel with

of the gate wdth. The channel .
direction is the direction of current flow direction.

Cor8ft Cryor aMatro B L rmbwRh Sh G olteBisied iRt o on,
Twi st to<BfJ>rHin%%H(rn$e and Drain

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

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

large angled implant process.

{001} silicon substrate having [110] reference direction

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

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

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

Devices with both channel directions can be formed on the same wafer.
15
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9 W inplant ions into the silicon substrate to form
doped regions 10 adjacent to the gate. The orientation
of the channel region in the Si crystal structure 11
(channel direction < 100>) in conbination with the
large angle tilt and tw st inplant 12 process
(descri be bel ow) produces doped regi ons that have a
nore graded (gradual) 13 junction. The orientation and
i mpl ant process creates nore channeling of ions. The
ions are 14 preferably inplanted along the <110>
direction to nmaxi mze channeling. The channeling 15
of ions creat@atea SauwreejbDeaiachridiGhtannel Channeling is
when inplanted ions are not slowed 16 by collisions

with siliconalons,,d (‘G\ngc‘fo%% F\?Jr ltt%gsﬂ%/on sﬂﬁ&xeate CPe gate having a

di fferent techni'ques: Screen oxi

%ﬁ@ngglgéggnnﬁg effgkoﬂg ThIS enbodi nent preferably

0es ‘no hege §ACques to reduce

Che or aded | UAEERENEDR ) HE ASPEM<bArs<40n GHbEX ) Rl afih he

br eakdown volta% 16 1 2 Figure | B shows a schematic
dirgsijog ot Hetaatesyidtndhe changgl divsatiomis It%mdlrecgomf:@xr@nh@ow direction,
t he %rlor art for use in understand the terns "tw st”

dhel cherriet directioid prefesabishaboan §l (9] be[0leeorystakdivaafiar.

surface and the ion beam 5 Twist is the angle between

the vertical plane containing the ion beam 6 and the
vertical plane perpendicular to the reference

direction (primary notch direction). 7 Single |nplant

at 45 tilt akargd Angletimplant with Twist to form Source and Drain

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

techniques to reduce channeling.

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

increases the drain breakdown voltage.

16
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8 As shown in figure 3A, the inplantation of ions
preferably conprises a 9 tilt/twst inplant with a
tw st of about 45 degree fromthe <110> reference
direction 10 (notch) of the crystal substrate and a
tilt angle between 40 and 50 degrees (fromthe 11
normal plane of the substrate surface) and nore
preferably a tilt angle of 45 degrees with a 12
preferred tol erance of -H 5 degrees. 13 For a (001)
wafer (e.g., with a notch of <110>) direction, a
inplant 14 with a 45 tilt and 45 twist, the ions enter
the substrate at a <0 -1 -1> (or <011 >) direction 15
(or [110] group direction). This direction increases
the channel i IRigurd 6B sAoivsThechdmatit {ieward td it b SlkedShp Exlllﬁant
inplant is preferably perforned by 18 inplanting Ph

h&dBdiat tARe gﬂ&r VoPGlR %Hdé}gtaﬁ'@ﬁlle 108:s aﬂgigta Aesgie
between 1E12 and 1E15 19 at tilt angl e between 40 and

o0, Seor ges._ands ke, ekl v AU AR 501, R0, 2

twist 20 angle o edre

referably 4 es. 2 e tw st an
Segr ee tilt 5%53%‘?‘ P@Féﬁgﬁeg}t#eoﬁﬂgggﬁa@c%%f i) beam
17 1 FET with Sour ce and Drain (D) and gate

%D hgiverical playe prmgpdipular fodhe reéﬂﬁe%e diregfipn (Brimagupaiciadrection).
shows a top down view of a FET with a Source (S) and
Binglelmplapit 454t apd 45 tOpt with a channel direction of

<100> and a reference direction < 110> (also 5 for
the prinmary retshéwyn in figure 3A, the implantation of ions preferably comprises a

tilt/twist implant with a twist of about 45 degree from the <110> reference direction
(notch) of the crystal substrate and a tilt angle between 40 and 50 degrees (from the
normal plane of the substrate surface) and more preferably a tilt angle of 45 degrees with a
preferred tolerance of +/- 5 degrees.

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

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

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

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

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

(symmetric) LDD.
17
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6 7 For a 45 degree twi st inplant and a 45 degree
tilt, the ions are inplanted 8 into the S/ D region
along direction B. Direction Bis parallel to the <O

| > (or <0 -1 -1>) 9 "quadra"” inplant for open shaped
tx 10 In a preferred enbodi nent the inplanting of ions
into further conprises 11 an quadra inplant. The
quadra inplant is perfornmed by 4 inplants of Ph ions
at an 12 energy between 40 and 400 Kev and a dose
between 1E12 and | Ely ions/sg-cmat tilt 13 angle
bet ween 40 and 50 degrees and a tw st angles of'

bet ween 40 arftE bwithey Sessca 4S)amm Dealdq D) dnesyatat(€ witlea
enbodi nment's quad inplant. The 4 inplants at 15 45,
135, 225, andcBdmnelafirextton d6<i100% he quadra I mpl ant ,
the inplanted ions are aligned in the [ O, -I] , 17

[1,0,-1],[0O, ]F'l 3B shods 5 ilc%) RhAde of‘ aE %E% %ou(rte (§) and Drain

negati ve si represen ars over
nnelln

t to 1 zes, C 1

@&%@%&% %%W%ﬁﬂW%%%%&dﬁH\ﬁ%@%%@wqm>@w
E ef errin (% gure 4A and figure 4B, an enbodinent is

SHrPTHA V@O }the transistor has a channel region
with a "closed shape" so that S/ D region on the inside
4 of the channel region and a second doped regi on
surroundi ng the outside of the channel 5 region. 6
Fi gure 4A shdwsa 45 tdegrecowist imipeant aid @45 éspbedtilneind iond ara implanted
cl osed shaped 7 transistor (e.g., wth annul ar shaped

ARG HRS)/D E§HbPAIng FirHbE B DHAUG B i Sl fa1fX i e FETH Qo1 <0 -1 -1>) |

“quadra” implant for open shaped tx

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

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

In the quadra implant, the implanted ions are aligned in the [ 0,-1,-1],
[1,0,-1], [0,1,-1], [-1,0,-1] or <110> directions. (the negative signs represent bars over the

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

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

of the inventi ' shgw a gate dieleciric

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

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

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

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

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

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

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

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

preferably rectangular or square shaped.

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

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

or a offset LDMOS or a Non-offset LDMOS.

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

region

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

preferably a quadra implant is performed.
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7 diffused p-well for the LDNMOS TX. 8 In the offset
LDMOS TX (figure 7), only the NNLDD is forned using 9
the enmbodinent's ion inplant at [110] to nmaxim ze the
ion channeling. 10 In the non- offset LDMOS TX (figure
8), preferably the N+ source and 11 the N+ drain are
simul taneously fornmed in the sanme inplant step using
the enmbodinent's 12 ion inplant at [110] to maxim ze
the ion channeling. 13 Process for offset LDMOS TX
(figure 7) 14 The process to formthe OFFset LDMOS TX
is as follows: 15 ~ form p-epi on substrate 16 L form
p-well 17 C form (poly) gate 18 -1 form N-LDD (using
enbodi nents' channeling maxim zing ion inplant) 19 7
form spacers on gate 20 » formsource (S) and drain
(D) using a sH¥NOBMOS TX. with bffset transistontand, néheffset
of fset LDMOS Tx operates at a voltage between about 2
18V and 60 V. grhAsfEepari son a nornmal vol tage Tx

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

i - t
t% Bé 5 UE ::’[g;g {c@ar?gg?ggen Atns gr)l(dairrrl%lae}lt %Inbgdinm%rqts%fff[hseemvention on

can be used to form HV LDMOS TX with offset transistor and non-offset transistors.

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

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

In the non- offset LDMOS TX (figure 8), preferably the N+ source and
the N+ drain are simultaneously formed in the same implant step using the embodiment’s

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

Process for offset LDMOS TX (figure 7)

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

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

20



6 use a lot of diffusion to get a snooth and graded
junction between the N+ and p- well. 7 Wth the
enbodi ment' s wafer alignnment and drain inplant
process, a good graded junction 8 can be obtained.
The breakdown vol tage decreases with the enbodi nent
because of the 9 graded junction. 10 Process for
non-of fset LDMOS TX 11 The process to formthe figure
8, non-offset LDMOS TX is as follows: 12 ~ form p-ep
on substrate 13 » formp-well 14 E form poly gate 15
N form N-LDD (using enbodi nents' channeling nax ion
1 inplant) 16 Curfently) thpatfest$.DIMOS dixmphtatsscil k oeltardetween about
drain using invention's maxi m zing channeling ion
2 il andte) V. I8 céparesoh laynorhileonade-1f bsegited B enTbout 1V to 18V,
operates at a voltage between 19 about 12V and 25 V.
3 In conparison a nornmal voltage Tx operates between
about I1Vto 20 18VvV. 21 21 | |IV. EXAMPLES 2 The
following non-limting exanples represent preferred

4 forms and besjon-3FsededosteNP! ated by the inventor

for practice of his invention, as well as illustrating
4 r I obt ai ned throu us
5 the esult igure Ihows an examp?e otl anon- offset LDMOS TX. Usually we

6  usealot 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 O form p-epi on substrate
13 O form p-well
14 O form poly gate
15 00 form N-LDD (using embodiments’ channeling max ion implant)
16 O form spacers
17 form N+ source and drain using invention’s maximizing channeling ion implant.
18 Currently, the non-offset LDMOS Tx operates at a voltage between

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

21
21
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5 H gh Voltage LDMOS transistor were fabricated using

the standard 6 transistor orientation shown in figure

1 and an enbodi ments orientation shown in figure 7 2A

(e.g., channel in <100> direction). Ph ions were

i mpl anted at the conditions shown in 8 the table

below to formthe N-LDD. 9 TABLE: conpari son of

enbodi ment and standard LDD i npl ants paranmeter 45 tilt

and 45twi st inplant 30 tilt and O twi st inplant dose

| El 2 atons/sg-cm 1E 12 atons/s -cm energy 80 Kev 80

Kev Junction depth 0.75 umO0.5 m Breakdown 16.2 V

14. AW vol t dg8AMPLES As shown in the table above,

the enbodinent's 45 tilt and 45twi st 12 LDD i npl ant

had a deeper 1 | Hh [ '

vol tage. 13 %ﬂér*‘é%%@@%&%gA{ﬁnﬁﬂé’%ﬁaﬂ%g@eﬁ%ﬁ?%% forms and s
' ' ti s_14 j.ncrease annel i . :

PERIOE 2 ol SR B0 At T Bl ot s DA Mhstrating the

The, reduce 15.the breakdown voltage. This is

FFeaT P ﬁ]tne‘zg]ﬁ%'@hégwe'on the HV transistor. 16 17

Figure 5 shows a plot of the phosphorus concentration

of the gradedighsVqlinge HIOMAN tranipios verhiabeediestisingrthe tandard

a normal 'V MOS TX conpared to a conventional 19 Ph

FrRBY stproricnidon sharn mdtgent rad irnembddimbus briddi®on showhén figure

concentration of the p-well. (See

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

the table below to form the N-LDD.

TABLE: comparison of embodiment and standard LDD implants

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

energy 80 Kev 80 Kev

Junction depth 0.75um 0.5 um

Breakdown 16.2V 140V

voltage

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

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

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

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

e.g., figure 7 and 8.)
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20 e.g., figure 7 and S. ) 221 V. Ending 2 In

sunmary, a new set of layout and inplantation nethods

was given in 3 the enbodi nents of this invention. A

purpose is to use crystal structure of silicon to 4

i nprove the junction or the LDD or S/D to obtain high

br eakdown voltage, It can be used 5 for DMOS and

HVNMOS and ot her hi gh vol tage transi stor and nor nal

MOS Transistors. 6 The enbodi nents' inplant process

can be perfornmed on any wafer so 7 that the ions enter

the wafer in the [110] direction. The enbodi nents are

not Vdependenttndorg 8 any configuration of wafer

notches and/or flats. The orientation of notches and

flat change ' h g | o

vari ety of erlrl‘g%dg%lﬁr%grgyggg‘? S%tﬁ)cef I%@gggﬁtlm%%\l}gg??%‘ r?t#}ﬁ%y“ as given in

' : ve Jdescription and jllustrati.ons

R SR By i SROE ARG o Bs SRl y B PhaRh o
resent i.nventio fined by the clains. 13 Wijle the

PGEI s A MRS baBA TP SR T oS ol Pedom Soldsseh o be used

?Liﬂé 4 reference to the preferred enbodi nents .
RGP anfl HNHMOSred grs highowdfags, transistes aadk nomwd M@S Tepsistors.

the art that various changes in formand details may

be made wi t hdbe crbpdimenisginiplarhpronsss b bs performedrg any wafer so

scope of the invention. It is intended to cover

that tho imms wp@i fhiecatféran sheglit d0)sdirdctian. Thd émbbdiargenBntc dgfsidents on
procedures, and the scope of the appended clains

ardyasoafigureti shefub dfebgotchls aAg/6of 88 dTHeheichta@@8Siotches and flat change
interpretation so as to enconpass all such

Wik Watg ddchafnsg@nd sinilar 19 arrangenents and
procedur es.

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

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

arrangements and procedures.
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20 23 What is clained is: 1. A sem conductor device
conprised of at |east one field effect transistor
(FI'iT) having, a source, drain and gate with the
source and drain separated by a channel under the
gate, conprising: a {001 } silicon substrate; a gate
having a gate length and a gate width; said gate
having the gate width in the [100 or [010] crystal
(i iQns; a source on one side of said gate and a
Whatlgrcgﬁﬁ%dlgh the other side of gate, with inpurities of
the source and drain being disposed in the. {001 }
silicon substrate; and a channel under the gate
bet ween the source and drain when voltage is applied
L. andA sseiiepndastoysesded eomprised etatileast prer fadlil effeatittahsistoe(FET) having
direction of the gate wdth, whereby the performance
a sourcef dipinennklEghtd Witk fiteesoamd an@ draih schamrtsky € onatetddectayigste,
of claim1l which further conprises said channel has an
comprigihgul ar shape. 3. The sem conductor device of claim!l
whi ch further conprises a second gate over said

si | L,G\g?ﬁ-sslﬂ%’tnrﬁb&i tSai d second gate having a width and

ale ;a second channel under the second gate;
oo o e e Bt P9 R5R e SR SRS e
[100] ngéﬁgn%?%%l dg&g&;lg%cthﬁgnel direction is parallel or
a source on one side of said gate and a drain on the other side of gate, with impurities
of the source and drain being disposed in the {001} silicon substrate; and
a channel under the gate between the source and drain when voltage is applied and

being aligned in a direction parallel with the direction of the gate width, whereby the

performance of the FET is enhanced.
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<11 O direction. 4. The sem conductor device of
claim1 wherein the field effect transistor is a
LDMOS devi ce conprised of said source, said drain,
said gate and said channel. 5. An integrated circuit
with at |east one field effect transistor (FET) having
as i LR u d _drain
2 CoparGidep iR ante pr Sl Wh ERE YRR el Gy hes an
lgéﬁp noncrystalllne silicon substrate having (100)
Ll %110) crystal planes and [100] and [110] crystal
directions; a gate having a length and a width and
bei ng insulated fromthe substrate by a gate
dielectric |ayer, said gate having a gate width in the
3. [ 100he gamip@iddptoe dyatadt daimet wihordy, fuethsrawngeisern woendgaeover said
of the gate wdth and a drain on the other side of the
silicongabseraw; 84ilh second ga@ hahiagraalidheindt kepstHedsdébaeEhnhe @atehe
bet ween the source and drain when voltage is applied

second?d% bail @&:oﬁh 'cEariﬁlgl ﬁﬁl%ﬁé&ﬁﬁd bﬁﬁg@lat{%\%lch@ﬁ Whid legﬁthe direction of

rectlon of the gate e |n egrate

has,. .
width cﬁ{saﬁus &! ‘E‘Jug] seco\gllate %r}nel IF%Ftlg&ﬁsr}?:egg]@eil Of gtfragrg?%}k}f with the

urroundlng the out si de of said channel region. The
<q¢0>aﬁ?@§Wated circuit of claimb5 which further conprises
a second FET over said 1) nonocrystalline silicon
substrate, said second FET conprised of a second gate
over said [O00Ol If nonocrystalline silicon substrate;
4. sai d déeceadicgadwetdraleiivg oé clagn dnchegeh ehandi€ltt bffafidradsistor is a
second gate | ength; a second channel under the second

LDMOSade®ice 3in@riSRICAH8ids0aR8 Said\ @4 daid gﬁﬁ%ﬁﬂ daidchanre!
direction parallel with the direction of width of said

second gate; said second channe

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

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

a gate having a length and a width and being insulated from the substrate by a gate
dielectric layer, said gate having a gate width in the [100] or [010] crystal direction;

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

a channel being formed under the gate between the source and drain when voltage is

applied and being aligned in a direction parallel with the direction of the gate width.
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direction is parallel or perpendicular with the <110>
direction. 8 The integrated circuit of clanm 5
wherein said {00i } tnonocrystalline silicon

6.  SUDBld dtegrdi@bcigcutadfClaid fivhateirathk 1sh@] cthnh@ClidsQvlosRd shape with
The integrated circuit of claim5 wherein the field

either s&idf $®Gice bF 8418 'dgatlf? Euﬂréunﬂldgl tﬁ%tsﬁ@ﬁf Sfd e Ef 8g@dn0f said
source, sald drain, sald gate and said annél, 10.
The integrated circuit of claim5 which farther
conpri ses a second FET over said (001 nonocrystaihne
siljcon substrate, seco ET conprised of a

7. secbMdnissrate Gt ifn ouRE: %HHWB ewg@% g ecosfl fFEd qyer said
substrate; said second gate having a second gate w dth

{001} mpepcaystalbeositicopiudsirangeid seaomkaliﬁflrgw eoraprased off ageded gaweover said
second gate; said second channel "laving a second

{001} mbasungdtalihg dtitérosubpiasta) dakl seedrtdgatdieavitid £edcond gait widttlitahd a
of said second gate; said second channel directionis

second Rafedbd gih; aecHRT MRAA G th¥dkdcBnd Bite: %liﬂ(ps%cé’ﬁd &ﬁhhé? 'Plavmg a second
and a third FET with an annul ar ¢hanne

channegcg%%g\[l)mﬁ‘hﬁ‘h&' \{'ﬁlﬁ [c%%gff&r%ma hVY?tesgﬁf e o%ateg @Llﬁ s@?o%td%hannel

cr s I rec SO th

. .gate width is allgne r oxi lmat el orthogonal to the

airecticig GpiE) S agfo b R S FRBR ST LOT ey, (he [ 2o
crystal direction. 12. The integrated circuit of claim
5 wherein the (001 } monocrystalline silicon
substrate is conprised of a wafer having a <110>

8. r ef Breeintegratied @otvitarf claiorh avisudis saidt{€0 tlembeocryssaltine silicon
primary notch/flat, 13. The seni conductor device of

substrateltak Mnbtchtteit ef [ 1981 dirdct®Q1l} silicon substrate is
conprised of a wafer having a <110> reference
direction froma substrate center to a primary

9. The integrated circuit of claim 5 wherein the field effect transistor is a LDMOS

device comprised of said source, said drain, said gate and said channel.

10. The integrated circuit of claim 5 which further comprises a second FET over said
{001} monocrystalline silicon substrate, said second FET comprised of a second gate over said
{001} monocrystalline silicon substrate; said second gate having a second gate width and a
second gate 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; and

a third FET with an annular channel.
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notch/flat. 14. The sem conductor device of claiml
whi ch further includes second FET having a second
channel with a closed shape with either a second

11. SOUMEEiMEgraed 8RANCL MBS FHECAWAN fle hALe Al tH e ﬁa]g: [100]

sai d second channel. 15. The sem conductor device o

crystal iRLB sovilﬁétctﬂ?] g;ycé w&tﬁ égn :ﬂgnggvl :ei?%l%)a(ﬁlga%égg ggﬁg%)a{%gt\%&ﬂg F]l%O) crystal

rectangul ar shdred c

plane e e iR T T G fhannel . 16 The

sem conductor device of claimI| which further includes
a second FET having a second channel having a cl osed
shape; said second channel has a second channe
12.  di r éb¢ indeprated tinenit efldhim owhertihlhe D0 Bonbmorsystlind silidimesubstrate
sem conductor device of claim21 which further includes
is comprisdwdadydfEr hahiigiangl 18> rsReDOE debainetonvh klbsiate center to a primary
rectangul ar shape; the second channel has a second
notch/f8fiannel direction in the <110> directions. is. A
sem conduct or devi ce conprised of at |east one field
effect transistor (FET) having a source, drain and
gate with the source arid drain separated by a channe
und t he e conprj si.ng; (0001,} silicon )
3. supdhs m‘?gf?ug@f devighprslanl shesein 19d (OGWigEhgie i
said first gate portion having a first gate portion
comprisecheft hwalsahaving ¢ si | Gateéerprnetditsation trom;a silbtenté penser tgapeimary
portion wdth in the [100] or [010] crystal
notch/fikitr ect i ons;

14. The semiconductor device of claim 1 which further includes a second FET having a
second channel with a closed shape with either a second source or a second drain surrounding

the outside of said second channel.

15. The semiconductor device of claim 1 which further includes a second FET having a
rectangular shaped channel with a closed shape with either a second source or a second drain

surrounding the outside of said second channel.

16. The semiconductor device of claim 1 which further includes a second FET having a

second channel having a closed shape; said second channel has a second channel direction in the

<100> or <110> directions.
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a source on one side of said gate and a drain on the
ot her side of the gate, with. inpurities of the
source and drain being disposed in the (001 } silicon

17.  subshé adnficod@ior dblics bf SRANN@/hide@HAs inMNE&T s hshd FEBhaving a
gate portion between the source and drain; the first

C : j j A ' ' I [ g
second[ "?‘8@'%? (kyg&[eagjfgt?nﬂlé%ﬁgﬁe, é]lmer égeg?tlkc{) %@M%é‘g gg%oh? ﬁ}éé/ffn%pdlrectlon in
th <1§E%$orﬁance of the FET is enhanced. 19. The _

€=l seni'tGHYct or device of claim 18 wherein the gate is
conprised of a second gate portion, a second channe

region tinder the second gate portion between the

source and drain; the second channel region aligned
18. in A dinectlidor ¢ei@ewdiprisedof atiledst o fielfl ieffedt tgasistor (FET) having

portion. 20. The sem conduct or device of claim18

a sourcdN@afi dndtdae: Widli ehehasrcd a6l asedseparpel by 2&adhel uhbier the Fate,
sen conductor device of claim1 wherein said channe

comprid@$; an annul ar shape; and said source or said drain
has an annul ar shape. 22. The sem conductor device of

clagﬁmﬁ Si%%%%nbaghg channel has an annul ar shape; and
sai soJrce mi°d gaid drain both have an annul ar shape.

?3, The sem.conductor device of claiml|l wherein said
chafR&F Cﬂ%ﬂé‘?ﬁin %\fu sh$ate RHEN; saiblirskgate PAGigR g\éwag adizgt gate
drai n has an annul ar rectangul ar shape. 29

portion length and a first gate portion width; said first gate portion width in the [100] or [010]

crystal directions;

a source on one side of said gate and a drain on the other side of the gate, with
impurities of the source and drain being disposed in the {001} silicon substrate; and

a first channel region under the first gate portion between the source and drain; the
first channel region aligned in a direction parallel with [100] or [010] crystal directions, whereby

the performance of the FET is enhanced.
19. The semiconductor device of claim 18 wherein the gate is comprised of a second gate
portion;

a second channel region under the second gate portion between the source and drain;

the second channel region aligned in a direction perpendicular with said first gate portion.

20. The semiconductor device of claim 18 wherein the gate has a closed shape.
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21. The semiconductor device of claim 1 wherein said channel has an annular shape; and

said source or said drain has an annular shape.

22. The semiconductor device of claim 1 wherein said channel has an annular shape; and

said source and said drain both have an annular shape.

23. The semiconductor device of claim 1 wherein said channel has an annular shape; and

said source or said drain has an annular rectangular shape.
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