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1 2 A SEM CONDUCTOR DEVI CE LAYOUT AND CHANNELI NG

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

f aArSEMIEONIHASTOROPE VIO Et b ¥ O AN CHANNELINGHIMPLANT
swi tching speed. 17 As the transistor scaling to
smal | er di mension, the i nFRIMDOESkKave found 18 that
high Vt NMOS transistor is facing a problemwth
voltage [imtation. Thermal cycle 19 was limted

because of the consi qglRliRARdQY IhREtGndevi ce in the
waf er. An aspect of this 20 invention address issue.

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 basi dneestadims.sofdy, sehayploaoctysraldinpidicomithg aters which
such as silicon which has a 9 dianond crysta

nhakt tup cle;, solii erdxpeyal i aagogal inhgeribtie fobpofienperi@fic drragement of
1 b, and I ¢ and this 10 di agonal exist along the |

atdnds ih aQkr¥<@ §d QNedh tdtideNBhd dryfibiackiet slwhed a@itdisedvdl@me which is
denote a specific 11 direction. However, nany

A ERALIONST hEAE TN Rahd e @Al bRk ﬂ%@@ﬂﬂt 48 cBRtal. The

e arbitrary 12 choice of orientation of the axes.

d@%&l(ﬁﬁ%’ﬁ Yait%%%e gép e%géd' & rz\%efc;fethx%g ﬂﬁ% Fs \Wtﬁ ﬁle Samhe relationship as

directions |n
t he cubi ¢

b Gutinedgp EphieEdin ?}1 E%Emwav : t@fﬁa V%ﬁ9 J@F@Bf;e& sre ben in
directions, Since these directi al.so

i plfv et hesisTediorpEof HemiG: g wa%lt%% |St‘°rhaﬁslsl‘1§?°“ Shichhas o
defined, they also are identified with a 16 (-)

didneonsiseysital jlatticre Juthode dianprag bes the gempepsnis of bo 1P, ar[d @18@61 this
], and [ 0011 for <100> directions. 17 Unl ess
dspeoilfexcablopg S dt Hd doectmnovith tha [T heckksbeongiused to denote a specific
description in this application, a 18 crystal

dibicttest Howel @ichudedirdatohs ipasifstal ercamadivakegatiepeading on the arbitrary
integers. 19 20 Planes in a crystal also can be

HEtebMm@thioh b 1R 56 S¢h dduieSenk BirQ8I8hSarb dencddd With @ndbrackets
1. They are used to define a set of parallel planes

RGP BGRE LryRfal BREEBnd RURIGIR. faflick [00], [010], and [001] are all

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

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

(-) over the specific negative integer, such as {100], [010], and [001] for <100> directions.
Unless specifically stated or shown in the following description in this application, a

crystal direction includes both positive and negative integers.

Planes in a crystal also can be determined with a set of three integers h,
k, and 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 pl anes
are denoted by { } parentheses. 2 For cubic lattices,
direction [k,l,mM is perpendicular to a plane with the
identical three 3 integers (k,l,m. Thus, if either a
direction or a plane of a cubic lattice is known, its

4 perpendi cul ar counterpart can be quickly deternined
wi t hout cal cul ation. For exanple or es
a@ﬁg]]uwg{e@h@ndsti)ﬁfmhqw oks¥eh eg@v@g@g}larﬁp alﬁ,éienqt%by {} parcntheses
equi val ent pl anes are (100), (010), 6 (001), (100),

Fop i lattivds, (d@djon [Kilkd is h@pmdysxdea'lto dpleewitbthe idenical three
crystal plane in the following 7 descriptionin this
i@ elirn o Mhig) df dithersa diodchioposi planeobmelibivelgate weknown, its
integers unless 8 specifically stated otherw se. 9

pEgREdiBhiart @ulleRRQAY bk Juickly de@immed fithdiittaRhrlen. Ror kxample, for
for a group of 10 planes; [ ] for a certain

p?dn@f&t dAfvalent SynfiRlirPsudh QU1 ) AnreeﬁE QN Falent })lan@‘?—arb‘émm, (010),

ant DYOCGSSGS are |rrporta form ng 0

E3309. | ot L0 ﬁk?%gg?%?ﬂéﬁﬁﬁ&{& %ﬁ%‘ﬁﬂﬂﬁf%‘?@%lfoﬂowmg
energy.. The inplanted. di s but .on

FSF inhR oo TeafieS bish Pnb i heB i OB Hess
characterized by a nmean, known as the range, and a
sgecalifily AR, known 16 as the straggle. In a

single crystal target, the range and straggle for a

gi ven i npl arffeneea} ty@inojqeydpi(f b%éﬁtcentfh@ﬁlafl%a{ Ji far a group of
anor phous material, due to a phenonena known as
;mhmmméhbngpedﬁnﬁkghbn;Kénkengﬂ@ypfﬁkghén&siIicon
tenperature, and the growh of silicon dioxide |ayers

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

Jon 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 gnnent
of a FET on a wafer. 3 US 6, 566, 204( Wang, et al.)
teaches the use of mask shadow ng and 4 angl ed

i mplantation in fabricating asynmetrical field-effect
transistors. 5 US 6,599, 804 (Bulucea, et al.) shows a
fabrication of field-effect 6 transistor for

al | evi at i ng Bisonere ctlaymbleclungabeart & the pegnylitgngugisas follows:
(Wo, et al.) shows a nethod of fabricating a MOSFET

8 W13 Adpobskip stave aardiganeaitof n&filoms: wsfieng a hi gh

tilt 1/1. 9 However, there is a need for an inproved
process and We¢j566,204(0Vdnd, ePal 3 teadhSuhgrae\of afask bieadowing and
Invention 5 It is an object of an enbodi nent the

aRf188 ﬁﬂ%aﬁtﬁﬁ&?&ifﬁ’é}i&ﬁn@ﬁs@iﬂl&@d@} fiflddgkt CeanaR@rdret hod
for fabricating a transistor with a graded doped

region. 71ty 8 s90,s0RBARkeRT: A)udIRAdLERAO! berdE BRen!
invention to provide a hig
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/L

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 <1 1 17 0>
direction. This direction increases the channeling of
the ion to create a graded junction. 18 19 An

enbodi nent is a net hgg,ofar ?,Q,pmeqq,tvb%,pf doped regi ons
in a 20 sem conductor dev conprising the steps of

21 2) e oy} 10l Q0% dnRGPHHASH Bk GiioRd pBlide

form ng a gate OVG Sal I con Su ate; sal

e S Gelod o F R B el B8 Bur a1 o

3 wth the dlrectlon of said gate width; said channe h high
direction i st [PROOPISH Of[@lﬁtﬁ}b(’dﬂ“ﬁﬁt F}?&r?sﬁﬂt ingendipn to provide a hig
implanting ions into said silicon substrate to forma
opeedMOSgicaive duf hesenhighes biakdow velige; t he
i nplantation of ions conprises a large angle tilt
inmplant with a tw st
Some embodiments of the invention comprise implanting 1ons 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 jon 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

about along the [I 10] directions of the silicon
substrate. 12 Another aspect of the enbodinent is

where the inplanting of said ions 13 is perfornmed in

one inplant step at an about 45 degree tw st inplant

and &) tarmingangpiteoat sdid sdison subsBatdegidamé: havgmnwitdiiesnd a length;
aspect of the enbodinent is where said silicon

subst r at e chameh unddrci ddt@tsaid ichanelliGy [nkl0dhadingl datdtion parallel
17 Anot her aspect of the enbodinment is where the

i npl ant i RGthake HiaRtibybE B gatd KiBRNRI BeSicl 8Rédioiid 100TLr [010]
substrate has a notch/flat at a <I 10> direction, the

i mpl ant ayjonio49 conprises an inplant with a 45 tilt

and 45 tmnst and the ions enter the substrate aligned

at e
Cner eg I}qﬁlg%m}‘f a{rﬁtﬁgfifd s‘fﬁdoglgwﬁ%g ?}éorrﬁlgag%% p?ég#léri %iéacent to said
enbodlnent re said..channe an . .
Shape i EFeuPBUBaAT ARG ShHOBH PSS DR fppidnt with  twist
channel and a second doped region 3 surroundi ng éhe
outsi de 6f bauren dwahieind A ApBesepd adifepgicdr 4P pad S0 degrees.
enbodi nent is where said channel has an annular 5
shape with aAudhedspestpiohe enbedimentis wieresridglgpe region is a N-
channel region and a second doped region 6
[dHD imamalifseg LDMODEESI de of said channel ; and the
i mpl anting of said ions further conprises

Another aspect of the embodiment is where said ions being implanted

about along the [110] directions of the silicon substrate.

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

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

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

a <0 -1-1> direction whereby the direction increases the channeling.
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7 a quadra inplant at the tw st angles of about 45,
135, 225 and 315 degrees with a range of 8 5 degrees;
and a tilt angle between 40 and 50 degrees. 9 Anot her
aspect of the enbodi ment is where said channel has an
annul ar 10 shape with a doped region on the inside of
sai d channel and a second doped region | | surrounding
t he outside of said channel region; and the inplanting
of said ions further 12 conprises a quadra inplant
wth the ion beans aligned with the <1 10> direction
within 13 {olatlgrppeasoizhelegbedmentigwirgie sgidichmngt hasran annular
and i npl ant process creates nore channeling of ions.
shipehich € ardetdingomntheiimng: diseidtichsnnal arolrasegoraiddghed region
junction. t6 Wen inplenented on a HY MOS Tx, the
sOfrairkhg B Ghikian opfaid Benh&D 17 increases the drain
breakdown voltage, 18 19 The above and bel ow

advant ages anghifh&alpest tAE EmBEdimeRTiE #BRkahkid\BanéPhas an annular
enbodi nents only, and are not exhaustive and/or

|\ i i iof @3 §k&ndidBped regi
STV L opelatp b PRI RRRN Pkl Rgiofand 3k dged rsion
that they are. not 22 representat.iv f | .1he .
shtoureHs PSP AL a0y ERE" R i mb aghe S ik O pagper compries
limtations on 7.1 the inyention efiped by the
aquafliFamPBAL 3t Pt apRes %ﬂa\f)@ah‘?%\?ﬁ@g S sk i @ range of
For 2 instance, sone of these advantages nmay be
riud dedress; ekt ihenede atyeen 40 a0 degegs.cannot be 3
si mul t aneously present in a single embodinent.
Simlarly, stmshadvzntelgbscabediappl i vhbleesaidichagne has an annular
aspect of the invention, and inapplicable to others.
shifet il 9061ed regiod an theasydcd fSanifchannel 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




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

tickr iawkntigs as defthefifoy g ¢Heims) el lirsitationy ogequivalents tBrtheelaims. For
Description of the Drawi ngs 4 The features and
imthnaatsage 9 dfesaadantiaganductonugely catradicorgdiimthat ey banot be
5 present invention and further details of a process
sBhulfanbiuisBairtdegt BUGhole SEPOEOBHUSIIONS, el deartipes are applicable
accordance with the present invention will be nore

t& br?&aa{sbé(ct YedRNSIa6n f49 _'iﬁa%f)ﬁ‘cab?e th QtHcPMRRGh SRSl Edtal Pipects of

taken in conjunction with the acconpanying draw ngs in

el ientibh RRLHPDER MRS h&ACRLABAL S TARE sffuld be

correspondi ng el enents, regions and portions an In
rel1 A

whi ch: 10 Fjqu [s at d vi ew.of a .wafer

ki g b BByt ool B ot ng gedd FieRbagher than for
to the inventor. 12 Figure B shows a sg% matic vj ew
PYFPOBESLALiSBACCARH MEJUPE dCRCHHOR: #auaﬁ S Sgadad e Hg® £ AHantages
ﬁrior art for use in understand the ternms "tw st" and

sheylil pot 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 <I 10> 17 direction according to

an enbodi ment of the invention. 18 Figure 3Ais a top
down view of a wafer show ng the channel 19

orientation in a 45 degree tw st and 45 degree tilt

i mpl ant according to an enbodi nent of 20 the
invention. 9 1 Figure 3Bis a top down view of a wafer
showi ng the channel 2 orientation <010> in a 45

degree twi st and 45 degree tilt inplant according to

an 3 enbodi ment of the invention. 4 5 Figure 4A
shows a top down view of a enbodi nent of a closed
shaped 6 transi stiriefddesenipfiiongofithe Arawingsdi nent of t he
invention. 7 Figure 4B shows a cross sectional view of
the cl osed FHEk fsfitamn andadv@ntbgguife séhicahdnrgprideeicaxicordiig; to the
according to an enbodi nent of the invention. 9 Figure
pPeseMQEen@ioR hAd filthet fgaiRROS PRREUSITARREMY Alh @BedicokdiRtor
graded 10 junction N- LDD of the enbodinent in a

&910??{1 aclolifRe v%tl?fﬁ@@%s@rﬁ ifsRnBort HIVENLbRNAar 1811%5 tood from the

pro e. 12 Figure 6 shows both a standard degree
annel ' ' 45 .
TR R TR
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 1on 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 Figure 7 shows an exanple of an offset LDMOS TX
according to an 15 enbodi nent of the invention. The
channel for the LDNMOS TX is preferably a p-well. 16
Figure 8 shows an exanple of a non-offset LDMOS TX
formed using 17 the enbodi ment's channel maxim zing

i npl ant process for the source and drain. 18 101 2 3
Det ai | ed Description of the Preferred Enbodi nents 4
11. |1 NTRODUCTI ON - CURRENT | NDUSTRY CHANNEL 5 DI RECTI ON
W TH RESPECT TO THE CRYSTAL DI RECTI ON 6 Referring now
to the drawifiguradl istotop dosmtviioubba wpfer ehdwigg theAhartnkker e
is 7 shown a structure over which the present

ot iBMEISN € 0F-Sn &85 dBREOWERRIN 45 efriegUltémplaAt dcSordinigaP an
down view of a wafer having a transistor. The wafer 9

h%o&nggu%%hempgﬁgQannel direction 102 is < 11 0>. The
Cc

annel direction is the direction 10 between source
and drain or drain and source. The channel direction
is the direction | current fl ows betmeen t he source

and drain or..drai,n and s .

P type. 12 VAHEF 4t“‘e“§ﬂ?{%F‘goé’yCF°"‘{”h‘86‘H8 Lk EPhadeni A cfnredsheped
I I. 0> direction hown rel A 13 In
tﬁ%ﬁﬂ?%%?ﬂﬂﬂﬁdoPﬁ@mgﬁiﬂﬁﬁi tﬂ% %HEch (S) and drain

(D) separated 14 { the gate (G and haV|ng a _chann

(O t her eunddgure #Reshpws & propeertiensl ylepg s elowse ﬁﬁ@hows in

wafer relative to the exposure masks so that the gate
figuct 44 alnog theex sHdnavetrdingrigah 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 s preferably a p-well.

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

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

10
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16 thereunder will be parallel or perpendicular with |
1101 crystal direction. 17 |S Problem of voltage
[imtation on H WVt NMOS 19 As the transistor scaling
to smaller dinmension, our high Vt NMOS 20 transistor
is facing a problemwith voltage |imtation. Thernal
cycle was |imted because 21 of the consideration of
logic device in the wafer. I I 1 2 Currently for high
voltage transistor, we need to use high tilt 3

i nmpl antation and long tinme diffusion in order to nmake
the lateral junction of the LDD nore 4 graded. For
exanple a lateral diffusion nmetal oxide sen conductor
{LDMOS} was used 5 for high voltage usage. However the
LDD regions of the LDMOS need long tine (several 6
hours) diff wetfledties@@pticn O hd PeefetredtEmbodiftieats can
sustai n high voltage. For sub-mcron 7 technol ogy,
because of the thermal cycle becone nore critical.

Lowgr ther mginNTObeVEON 8 (ERRENTOBCRUSTRY CHANNEL
transi stor dinension. In this case, LDMOS is not

popul ar iR GFRIN WiETH Rﬁ%ﬁ%@m@ PAEVORYBFAL DIRECTION
transi stor. There are mainly two high voltage

transistors jn the 10 fo g for sub-mcro

transi st or s, ROFFE8 LMY I8F ‘la}&lméaaﬁ’g I?fBﬁp?ﬂ“F%]@f}Y to Fig 14, there is
transistor. Ofset 11 transistor use asynmetrica
sBowu et el g vhivhghepremnt MRESIN 1y e TEYRYCIEA- of f set

12 structure use higher tilt angle for lateral doped ‘
drain (LDD) Kippkdatiatitgndavn vinwoéasafdrtevingd tangsikd diva waler
vol tage. 14

is {001}. The channel direction 102 is <110>. The channel direction is the direction
between source and drain or drain and source. The channel direction is the direction
current flows between the source and drain or drain and source. In current § inch P-type
wafer technology, the notch is along the <1 10> direction as shown in figure 1A.

In manufacturing the FET with the source (S) and drain (D) separated

by the gate (G) and having a channel (C) thereunder, the notch permits alignment of the

wafer relative to the exposure masks so that the gate width and the channel length

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

Problem of voltage limitation on Hi YVt 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.

i1
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15 Overvi ew of enbodi nents of the invention 16 17 In
this exanpl e enbodi nent, a special |ayout for a high
voltage 18 transistor is introduced. A set of specific
i mpl antation nmethod is given accordingly. A 19 nmain
advantage of this enbodinment is to use the silicon
crystal ogy to get higher 20 channeling effect through
special inplantation angle and rotation. Accordingly
the layout 21 for this inplantation was optim zed in
order to get a nore graded junction. 12 | W inpl ant
ions into the (0 0 1} silicon substrate to form doped
regions 2 adjacent to the gate. The orientation of

t he channel Gegintdn farhigheSee oanstal wes headcto wsehigh tilt
(channel direction < 100>) in conbination with the
ihplhagatiangldlohd tifne afeiston i lordemp) Ablte thé laxraigession of the LDD more
(descri be bel ow) produces doped regions that have a

PRI, 19 ASApIC A1 AGURdiTusion intéDe bkiaB senliBSndREloe '{'LBM(@E}Fh@Msed
e

I npl ant process creates nore channeling of ions.

fgrbkrﬁ glgt%l@gla ﬂ&igg.f H&@%&%}ﬁ?ﬁz@rﬁ%ﬁ%& e BPeR {deg Yohg time (several

Jjunctt on. the invention

i ncl ude open and c] gsed.shaped 8 transistors. an 0

ot 0O e Beps 3 FuST PBER £ MBEh 3 P RN Enf o gfteron
figure 4A. 9 her enbodj nents include 45 deqree
teshrsioey, b&saua%afgé% ermgi SSRSIPRFEC e b U qigle was
include quadra twist and tilt inplants. 11 12 Wth

nepded dbepids rehe artsterimepahin Bis cafe LEAMOP ippewepular for small
breakdown 13 voltage of HV transistor. Mre graded
dimacidndngh Biaga trapestobT héraett miitkydwp higi wifagotigsistors 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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14 diffusion time. 15 In accordance with the present
invention, a standard (001 } silicon wafer 16 wth a
primary notch of <l 10> direction is used and, before
exposure to an image by a 17 |ithographic exposure
apparatus, the relative relationship between the nmask
and the {001 } 18 silicon wafer is changed so that
the relationship, in the same plane, is approxi mately
forty- 19 five degrees (45 degree) fromthe norna
relationship in the sane plane. Thus, the [I 10] 20 '
crystal diréteimplaitdors ingribel {APPE okicomsubbiyata® ey depel regions
to the gate width and will be aligned 21 paralle
alifaidnt chhenek. Tlengichtadbn efthi ohannhiergivolin tigSi tiysiapphicade
to the gate. 13 | This 45 degree change is preferably
(@esMaltaad 0-gid heibifmidhfwiige ladgd dngletasdndnaisd @nplat
t he waf er hol der of an optical |ithographic system so
pEfBssTBE&KBObASE) prod@Rd dbhiel MEhES thRAlIER nRESaraled graduai))
relationshi p of  approxinmately forty-five degrees (45
fr t hej r..no [ j i . <00
R e ) B BRI EIR 5. The

hange i s exactly 45 de becayse the nobility of
el o1 ar e AR (o p @ P DBET i when ¢ he
channel and [110] crystal .direction are paralle].

However , du m*epairn?rgwf the invigplder lag'pidoppegand ﬁf@secl shaped
I'i t hographi c apparatus wafer and mask hol ders, the
tiehsisioes andylopetriggions. Py exampbpasfa cfgsed dpefb b Behewaiydgure 4A.
The remai ning fabrication steps, such as plasm or 9
Calndrsotbodimantsetdhiedf; dagxdedatist dAS dedremtilt amplrdp Grther embodiment
deposition, sputtering and planization, are 10
igudequagd twist halidlt mmplammdi fi cation of the wafer
hol ders, because the exposed surface of | | the

silicon wafer to these processes remains in the <00 |>
direction. 12 Referring to figure 6, on the sane

waf er, both wandantQideH §&naleliR, 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 <1 10> direction is used and, before exposure to an image by a
lithographic exposure apparatus, the relative relationship between the mask and the {001}
silicon wafer is changed so that the relationship, in the same plane, is approximately forty-
five degrees (45 degree) from the normal relationship in the same plane. Thus, the [110]
crystal direction is aligned approximately 45 degrees to the gate width and will be aligned

parallel with channel length direction when voltage is applied to the gate.
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13 enbodi nents' 45 degree angl ed channel FETs can be
fornmed. For exanple, Figure 6 14 shows both standard O
degree channel 102 104 FET and the enbodi nents' 45

degree 15 angl ed channel 202 204 FETs formed on a

waf er (source/drain regions not shown), 16 Another

aspect of the present invention is a novel FET with

its gate 17 forned perpendicular to the <I 00>

crystal direction so that the channel will be parall el

18 with this direction with a voltage applied to the
gate. 19 | n Hno#hédegraspente ioprafdreblpresemtishaiverdithenmodifying
annul ar shaped FETs are 20 fornmed. Figure 6 shows

tiad i bkl holfdeF 1 @ 2v g tho@ik2of Ebtiodidithseriyshse db@m so the mask holder
enbodi nents 21 channel <100> direction. FET 602 has

ahll %eﬂaf%ﬂé?%@ﬁla rHhfi&RhipYPSp dpréﬁi)(na@é? ﬂ}aﬁve‘)&bg&fes il from

annul ar and linear FETs wth differen channe
I.I ect an . f ornme n
i BaPHERRERL B RERAET BB (0 el o e dionse
TX‘ g 4 ca redu hrough. .5 1| .
M G A WPEHOSHaRABPHGY P et SUEes A chae! a1
or 6 <010> dlrectlon 7 A preferred enbodi ment of
opHpam Visw the chanpelad 4! 100 crslahdlisectop et pagilick é‘ioaﬁ\f?rnd%? to slight
sem conduct or device. The doped region preferably is a
impenfegionpf thedithmgraphicompargtus waer BET masldholdersrshechange may vary
preferably a S or Dregion in a high voltage
Hyr+arnsi sf the 48 degreashaagd Thk BMnihg drtsicsti@r stepl, duckas plasma or
feature of the process is that a nore graded junction
anSofr@pisedniy, é:i@tion, 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
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12 large angled i nmpl ant process. 13 (0011 silicon
substrate having [110] reference direction 14
Referring to figure 2A and 2b, an orientation of the
channel (C) of an 15 FET is shown. W provide a tQOO
~ silicon substrate having [I 10] reference direction
16 (direction from substrate center to primary
notch/flat). 17 Figure 2A shows a FET with a channe
direction 202 in a <100> 18 direction. 19 Figure 2B
shows a FET with a channel direction 204 ina <1 | O
agfulah anddinkarFETR Wvibedifferest shiaturel dotdiiook aamts fodnedeat thossne
can be fornmed on the sanme wafer. 15 1 Gate, Source/
Jafgl n and Channel 2 Next, a gate (G is forned over
the silicon substrate; the gate having a 3 width and
a length; a ghapRUineerbhecidahd didetidis GRENTe! MOS) TX’s and
has a channel direction (202 204) parallel with the 5
i ' gate width. The channel direction is
(gﬁgﬁg%#ggfﬁ%ﬁﬁgﬁ'current flow direction. 6 The
channel direction is preferably about [100] or [010]
cr al dir 10n. L ¢ M i St
o APor m Sour A1 ETIEHER GANALE pERL A nthE L1kp &
silicon<ﬁﬂgﬁéra?e to form doped regions 10 adjacent to
the gaté: T%PPRnt ati on of the channel region in the

Si crystal structure .
A preferred embodiment of the invention is a method to form a doped

region in a serniconductor 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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11 (channel direction < 100>) in conbination with the
large angle tilt and twist inplant 12 process
(descri be bel ow) produces doped regions that have a
nore graded (gradual) 13 junction. The orientation and
i npl ant process creates nore channeling of ions. The
ions are 14 preferably inplanted along the <110>
direction to maxi m ze channeling. The channeling 15
of ions creates a nore graded junction. Channeling is
when inplanted ions are not slowed 16 by collisions
wi th sili corGatepn¥ounce/ Dgaivatitd 6haateby t hree

di fferent techniques: wafer tilt, 17 screen oxide

| ayer or pread®raf keijg 1Qﬂnm&'ﬂb§er%@é?l@doﬁ%ﬂbstﬁfeeﬁ%rg@wﬁéwmga
does not use these techni ques to reduce

%H&'hg%ﬂla%hmﬁg; }Lgﬁtenented on a HV MOS Tx,

e grad Junction o DD 21 increases the drain

breakdomn v a Fi.gu

i ow of o vt (91 b T fisrel PP BRI e
the, prior art for se in derstand he ter

diggefionyqf o gatepiety. e Shiel o g ﬁéfevéwmm e BV directon.
surface and the ion beam | e between
Thiechgerd diregtiopliaprefccdny abqw HibOO(] we [Q 18H1<>ft5étéhﬁhlf'6ﬂ@hd t he
vertical plane perpendicular to the reference

direction (primary notch direction). 7 Single Inplant

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

i npl antation of ions preferably conprises a 9

tilt/tw st ilargermdngletimpdantwvith Tovistbo fernd SSerengeand Drain
fromthe <1 10> reference direction

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 L.DD

increases the drain breakdown voltage.
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10 (notch) of the crystal substrate and a tilt angle
bet ween 40 and 50 degrees (fromthe 1 | normal plane
of the substrate surface) and nore preferably a tilt
angl e of 45 degrees with a 12 preferred tol erance of
+/- 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 [l 10] group
direction). This direction increases the channeling.
16 17 The 45 tilt and 45 twist single inplant is
preferably performed by 18 inplanting Ph ions at an
ener gy bet watgurd 0Bahaw406chamdtiavidesd abetishveahtiliedGod #nplant
and I E 15 19 at tilt angle between 40 and 50 degrees

280HdIAR KEthp hEberalh Yscib Quitierdand eQnees “and antwist. 20
angl e of between 40 and 50 degrees and nore preferably

45 degrees. @ jg éﬂhﬁnééba%w&ewfétsu@m £ha tlﬁioelgfl%@antl' 't
i npl ant preferably forms a 22 (symmetric) LDD. 17

a2 channel” dit EerbioR SBgL S, i
a(L%ﬁ-le Vet cd\lé/‘;elgr\{\!c(;%)rp%dytcﬁaé% thgﬁ%grenca) cﬁreg (f%%)rig}ary nq%ﬁibglrwtlon)
and a reference direction <1 10> (also 5 for the

Sraledmplanbachy tiltgnd 45¢8ist 4 45 degree twist inplant and

a 45 degree tilt, the ions are inplanted.
As shown in figure 3A, the implantation of ions preferably comprises a

tilt/twist implant with a twist of about 45 degree from the <I10> 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 1EI2 and 1EILS
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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8 into the S/Dregion along direction B. Direction B

is parallel to the <011 > (or <0 -1 -1>) . 9 "quadra"

i mpl ant for open shaped tx 10 In a preferred

enbodi nent the inplanting of ions into further

conprises | 1 an quadra inplant. The quadra inplant

is perforned by 4 inplants of Ph ions at an 12 energy

bet ween 40 and 400 Kev and a dose between | E 12 and

I E 15 ions/sg-cmat tilt 13 angle between 40 and 50
degrees and a tw st angles of between 40 and 50 .
degrees 14 HREUWEh3CSolres ($)aand Draig (Bheod gatat(Gs withma
implant. The 4 inplants at 15 45, 135, 225, and 315
degrees. 16 thanid dirsgion ofrpf@ht , the inplanted ions

are aligned inthe [ O,-1,-1] , 17 [1,0,-i], [0,1,- |

] » [-1,0,-%.] Okn<$ >, di ti: : YA :

si gns reprei%%gg%%ngégzggfﬁg%fga?gg?é%fgvﬁﬁg?%ﬁ&ﬂs)mm{kmn
qui val e t.o 1), This,. maxi m.z channeling. ,18 |

B SRt rn B iRy SRR R ghEilog < 10> o
Referring to figure 4A and figure 4B, an enbodinent is

b MA@y 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 region

surroundi ng the outside of the channel 5 region. 6

Fi gure 4A sHaons 44 degpe townmpilanant a 45 degvedilimghet ionf arg implanted

cl osed shaped 7 transistor (e.g., wth annul ar shaped

ifRRRED ré%%gh ARhe dirt@ih B, HiRBEUWSB T SlrsliePio tq@_dfcﬁgwogﬁ <081 -1>).

402, LDD fegions 406 414, source /drain regions 407

415 (see fig 4B) and gate 410. The 9 LLD regions are

preferably fqupfla®ymphitFPepeASRapedikp! ant process.
The "cl osed

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,-13, [0,1,-1], [-1,0,-1] or <110> directions. (the negative signs represent bars over the

1’s, e.g.-lisequivalent to ]) This maximizes channeling,
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10 shape" neans that the active region has no

begi nning 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 invention. Figure 4B 15 show a gate dielectric
| ayer 412 under the gate 410. 16 The enbodi ments  of
the annul ar ©lesadahapeddan apaual shared) ¢oerngfdegion 17
or a offset LDMOS or a Non-of fset LDMOS. 18 Quadra

I mpl ant et hedediag tliQse dA(8d GigureatB) th 3bodikANie khow@where
reglon 20 For the cl osed shapeé doped region, for

k&1 885 z?‘&ﬁl\%?el'r bidd ?gﬁ q “é?%sed S%I%R/e@ rsg higk @DX@QOH BRAnside

ant is performed.

O?E‘lan Hag e[ @el’}§ a‘ﬁ? s@&)ﬁd '&gﬂ dorfeéx%g Sur r%lgg%' f3d % B?ttl%e channel

Fentati ons an I npfant e
|nvent|on on 5 can be used to formHV LDNCS TX with
'$¥9%et transi stor and non-offset transistors.

Figure 4A shows a top down view of a embodiment of a closed shaped
transistor (e.g., with annular shaped channel region). Figure 4 shows field oxide regions
402, LDD regions 406 414, source /drain regions 407 415 (see fig 4B) and gate 410. The
LLD regions are preferably formed by the embodiment’s implant process. The “closed
shape” means that the active region has no beginning or end. The channel under the gate
410 is surrounded by the LDD 406. The channel is preferably annular shaped and is more
preferably rectangular or square shaped.

Figure 4B shows a cross sectional view of the closed FET shown in
figure 4A along the axis 4B according to an embodiment of the invention. Figure 4B
show a gate diclectric 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-oftset LDMOS.

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

region

For the closed shaped doped region, for example as shown in figure 4A,
preferably a quadra implant is performed.
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6 Figure 7 shows an exanple of an offset LDMOS TX. The
channel is a 7 diffused p-well for the LDNMOS TX. 8
In the offset LDMOS TX (figure 7), only the NNLDD is
fornmed using 9 the enbodinent's ion inplant at [I 10]
to maxi mze the ion channeling. 10 In the non- offset
LDMOS TX (figure 8), preferably the N+ source and |
the N+ drain are sinultaneously forned in the sane

i mpl ant step using the enbodinent's 12 ion inplant at
[ 10] to maxim ze the ion channeling. 13 Process for
of fset LDMOS TX (figure 7) 14 The process to formthe
OFFset LDMOS TX is as follows: 15 C form p-epi on
substrate 16 E | formp-well 17 E! form (poly) gate 18
i form N HYO-RUGQ S g Xemish @iffaeh transéstan aading-offset
maxi mzing ion inplant) 19 [1 form spacers on gate 20
-1 form soufraaes{sgpraand drain (D) using a standard ||

. 21 20 1 Currently, the offset LDMOS Tx operates at a
vol tage bet waRn AR bricrtatibnS¥ PIEhISR e¥bodithcRQUP R i# &% tion on

a normal voltage Tx operates between about IV to 18V.
cg’n g'e {2438 FJr%eth%sT%‘X 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

jon 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:
1 form p-epi on substrate
01 form p-well
71 form (poly) gate
7 form N-LDD (using embodiments’ channeling maximizing ion implant)
1 form spacers on gate

1 form source (S) and drain (D) using a standard /1.
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5 Figure 8 shows art exanple of a non-offset LDMOS TX
Usually we 6 use a lot of diffusion to get a snooth
and graded junction between the N+ and p- well. 7 Wth

t he enbodi nent's wafer alignnent and drain inplant
process, a good graded junction 8 can be obtained.

The breakdown voltage decreases with the enbodi nent
because of the 9 graded j unction. 10 Process for

non-of fset LDMOS TX | | The process to formthe figure
8, non-offset LDMOS TX is as follows: 12 1 form p-epi
on subst r at €usnily. thepfsey LRMES T4 opprates ahd polfage B‘éttwéell spout
| form N-LDD (using enbodi nents' channeling nax ion
IBNpind 60)V . 1 GortpFropma speaca veltdge Txauperaies bebugcoabeuid V to 18V.
drain using invention's maxi m 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 between

about 1V to n@®o¥fseYLDMOBTN |V. EXAMPLES 2 The

follow ng non-limting exanples represent preferred

forms and beg %?re% S{{g@?in an& ‘?ma?o% tﬂﬁﬁﬂ) ?pg{gﬁald’ we

for practice nven

uts<|31 a lot of diffusion to get a smooth and graded junction between the N+ and p- well.
With the embodiment’s wafer alignment and drain implant process, a good graded junction
can be obtained. The breakdown voltage decreases with the embodiment because of the

graded junction.

Process for non-offset LDMQOS TX

The process to form the figure 8, non-offset LDMOS TX is as follows:
{1 form p-epi on substrate
01 form p-well
71 form poly gate
71 form N-LDD (using embodiments’ channeling max ion implant)
{1 form spacers
form N+ source and drain using invention’s maximizing channeling ion implant.
Currently, the non-offset LDMOS Tx operates at a voltage between
about 12V and 25 V. In comparison a normal voltage Tx operates between about 1V fo

18V.
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4 results obtained through its use. 5 Hi gh Vol tage
LDMOS transi stor were fabricated using the standard 6
transi stor orientation shown in figure 1 and an

enbodi nents orientation shown in figure 7 2A (e.g.,
channel in <100> direction). Ph ions were inplanted at
the conditions shown in 8 the table below to formthe
N-LDD. 9 TABLE: conparison of enbodi ment and standard
LDD i npl ants paraneter45 tilt and 45tw st inpl ant 30
tilt and O twi st inplant dosel E 12 atons/s -cml E 12
at d¥s/ sg- cm lehé Kev80 Kev Junction depth0.75 nD.5
m Br eakdown 16.2 V14.0 V voltage 10 11 As shown in
the tabl e abmespolithigechomiitRntmps tpretenapefdiiibeis and best
12 LDD i nplant had a deeper junction depth and a

tﬂé&@ @6ntgﬁ?@i@g ALY Rl EAGEor pRctlle ANk EMloANis Wl 4shBustrating the
nbodi nent's transi stor orientati on has 14 i ncreased

{gﬂﬁﬁggahggﬂgg&%qgfﬁbat creates a deeper and nore

aded | unct e reduces 15 the br eakdown
voltage Thi qQr
{Ponatior BPYORELATASTIEEAPLG B4R e ve s
phosphor.us con entraglon of .t he (9
transistor orientation shown i figure [ and an embo mcnts orientation shown in figure
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/sg-cim 1E12 atoms/sq-cm

energy 80 Kev 80 Kev

Junction depth 0.75um 0.5 um

Breakdown 162V 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 ton 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. )
22
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18 junction N- LDD of the enbodinent in a normal V MOS
TX conpared to a conventional 19 Ph profile. The
boron concentration of about 1 E 18 is the
concentration of the p-well. (See 20 e.g., figure 7
and 8. ) 221 V. Ending 2 In summary, a new set of

| ayout and i nplantati on nethods was given in 3 the
enbodi ments 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 high breakdown voltage. It
ca¥-be used EMlif%r DMOS and HVNMOS and ot her hi gh

vol tage transi stor and nornmal MOS Transistors. 6 The
enbodi ment s'In surpharyt a pewsess lLant i ipelzharior chedrvdanys given in
wafer so 7 that the ions enter the wafer in the [I 10]
11 Bt i rdhts JNBis BRAdbIBNhEp&ees Ralse depANGRRES: OMsilidn to
any configuration of wafer notches and/or flats. The

iBpofOt gﬁ&'ﬁof?tyr MRt §Iies: oA «f bihin® %'H@akdwavEf?aéé’aft %Em bc used

techno ay, G ven the variety o nbodi nment s

fcgrﬁi\%%t I nd ARG éﬁ]ﬂd 1{1 %ﬂgfh \%?t% r&%gtortagc?n Yﬁ/I%SSTransmtors.

escriptiron an ons OM/not
limting th SCO resent n .
def | ned by {THE CERIANS] ulfR B rP RO ain#es 8%5?%*??%@3&%%& 50
particul arly shown and descri bed w 14 reference t
ﬂtah @eﬁer@feélpqrggf wHBogithedd €] qlwfgp%f"{‘he |etnb%hmen§§étre not dependents on
under stood by those skilled in 15 the art that
amamtﬁugsra@ihangwefer nottlsrndied latet Hiecl osicptatiobel negehss and flat change
W t hout departing fromthe 16 spirit and scope of the
withweafen technolagyi s i nt ended to cover vari ous
nodi fications and simlar 17 arrangenents and
procedur es, Gingh hbeasaeppeembodifentappiogedent limicidon just

t herefore shoul d be
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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| 8 accorded the broadest interpretation so as to
enconpass all such nodifications and simlar 19
arrangenents and procedures. 20 23 What is clained is:
1. A sem conductor device conprising at |east one
field effect transistor (FET) having a source, drain
and gate with the source and drain separated by an
annul ar channel under the gate, conprising: a first
S/ D doped region in a substrate; a second annular S/D
doped region spaced fromsaid first S/D doped region
WMt & cCh@Bdet region in said substrate; a gate over
sai d annul ar channel region; said gate has an annul ar
shape; 2. The sem conductor device of claim| wherein
annul ar channel and said second annular S/ D doped
dﬁ%@féoo@‘éﬁﬂl%%@ﬁﬂﬂ%% ot (14 SR R IBEE} Bing o
ocrystalline.sil |con bstr aid c
Fegi e Rge v BE RerbERan PR Efirihe BRat pR gfamne
crystal dlrectlon 4. The sem conductor device of
cl ai Hider {hseals RORBIYPE ubst rate conprises a f 00 1
nmonocrystalline silicon substrate having [| 10]
r ef er encefit PA Honsd regiominsudsHte center to primary

notch/fl at;
a second annular S/D doped region spaced from said first S/D doped region

by a channel region in said substrate;

a gate over said annular channel region; said gate has an annular shape;

2. The semiconductor device of claim 1 wherein annular channel and said second annular
S/D doped region have a rectangular shape.

3. The semiconductor device of claim 1 wherein said substrate comprises a {001}
monocrystalline silicon substrate;

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

4. The semiconductor device of claim 1 wherein said substrate comprises a {001}
monocrystalline silicon substrate having [110] reference direction from substrate
center to primary notch/flat;

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

crystal direction.
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sai d annul ar channel region aligned with or

perpendi cular with the [I 10] crystal direction. 24
5. The sem conductor device of claiml which further
includes a first LLD region adjacent to said gate and
said first S/D region; and a second LDD regi on having
an annul ar shape adjacent to said second annular SID
region. 6. A nethod for a sem conductor device
conprising at | east one field effect transistor (FET)
havi ng a source, drain and gate with the source and
50Tid fensapduabedevine odolaimnmdidr fuetharinglidasadest t1H2 ragadreadjacent
conprising: a) formng a gate over a substrate; said

gat etafi @le AWl PirsSHBGEioR; ABRULE&Nd IR RELIn KR YiQM annular
in said substrate under said gate; b) formng a first

S/D %g@qdr &Wsaﬁﬁ&c&lcﬁﬁlﬁﬁﬁ%@fégloﬁr SI D doped r egi on
in sal trate sal d second annul ar SI D doped

region spaced fromsaid first SID doped region by a
channel region in said substrate. 7. The nethod of

SR ih P oS ARG CBT O L F SRt G s

shape. 8. The nmethod of claim6 wherein said, substr rate
conpﬁﬁ%Téshaam{:@@fm dinAded e it hqiourcsapfl degip separated by an

substrate; said channel region aligned with or
per pendilawhamehindsr thecale, somayrisingyst al  direction. 9.
The nethod of claim6 wherein said substrate conprises
a {0@pfopmimpriogiteysitcah kibsgate; said gate has an annular shape; a annular
channel region in said substrate under said gate;
b) forming a first $/D doped region and a second annular S/D doped region 1n said

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

doped region by a channel region in said substrate.

7. The method of claim 6 wherein said annular channel region and said second annular
S/D doped region have a rectangular shape.

8. The method of claim 6 wherein said substrate comprises a {001} monocrystalline
silicon substrate;

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

9. The method of claim 6 wherein said substrate comprises a {001} monocrystalline

silicon substrate having [110] reference direction from substrate center to primary

notch/flat;
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silicon substrate having [ 110 reference direction
fromsubstrate center to primary notch/flat; 25 said
annul ar channel region aligned with or perpendicul ar
with the [I 10] crystal direction. 10. The nethod of
claim®6 wherein which further includes a first LLD
region adjacent to said gate and said first SID doped
region; and a second LDD regi on having an annul ar
shape adj acent to said second annul ar SI D doped

region. 11. The nethod claim6 wherein said first SID
doped r egidamnahdclsmnd rsgioo g it amerghdcdepeith the [110]
region formby ions being inplanted about along the |

1 10] directyseuddiredtiont he silicon substrate. 12. The
method claim6 wherein said first S/D doped regi on and
182 1§§E&ﬂ§f c@’eﬂﬂué here WhdBPathet BQ1ABs 4 GFNLDY region adjacent to
i mplanting ions in one inplant step at an about 45

degr 664 Lk %ﬁd i ﬁphﬁpgf D"‘Hk%ea rEdibil; aRPIL&0RE LRIONE %,wﬁiavm% an

degr ees. laim 6 wherein said first

?gprend:g{? geg)e%gﬁcgn%o sa]%a ‘S:et%&gfi zﬂ{hﬂ% §yD §g&d rg@&?d region
| h f b
TR IR L R r?%ﬁé‘@g%ﬁt 5B do{é‘ecﬁléﬁéw@éﬂ&d S 5000 pfipar

angl e between 40 and 50 degrees C nduc{ r

devi 86 SR FFEIhprAbY) 1@&%&@%@}3&%@%%@% s Eid] Qregpions of
(FET) having a source, drain and gate with the source

and theailivosepakated by a channel under the gate,
conpri si ng:

12. The method claim 6 wherein said first S/D doped region and said second annular

S/D doped region form by implanting ions in one implant step at an about 45
degree twist implant and a tilt angle of about 45 degrees.

13. The method claim 6 wherein said first S/D doped region and said second annular 5/D
doped region forin by ions being implanted comprising 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.

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

a first annular S/D doped region in a substrate;
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a first annular S/ D doped region in a substrate; 26 a
second annul ar S/ D doped region spaced fromsaid first
annul ar first annular SID doped region by a channe
region in said substrate; said first and said second
annul ar diffusion have a rectangul ar shape; a gate
over said channel region. 15. The sem conductor device
of claim 14 wherein said substrate conprises a {001 }
nonocrystalline silicon substrate; said channel region
aligned with or perpendicular with the [I 10] crystal
di r ect i ofsecpnd agulariéD slepsdcisaignepased Hewisai! Pt amplapdinsh
wherein said substrate conprises a {00 1

nonocr yst al dnnnler 8 deper regirsby atlenhelvigion n saikijubstrate;
reference direction fromsubstrate center to primary
not ch/ f | at ; sakifid: aldaniekcondginonaadiffgriedhaictahre@nngular shape;
perpendi cular with the [ 110] crystal direction. 17.

A net hod, e lbosmaml BhhsetedddMOS TXx by inplanting the
N-LDD to increase channeling conprising the steps of:
formng p-epi |ayer over substrate; formng a p-well
in said p- epi layer; formng a gate dielectric and a

19.af"hee s%}ﬁeiéonﬁgcitgr cpe'vic%%ifcllaﬁ’x ?ﬁ;wl*?e%ig HR Gbstrate comprises a {001}

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

16. The semiconductor device of claim 14 wherein said substrate comprises a {001}
monocrystalline silicon substrate having [110] reference direction from substrate
center to primary notch/flat;

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

direction.

17. A method to form a Offset LDMOS Tx by implanting the N-LDD to increase
channeling comprising the steps of:
forming p-epi layer over substrate;
forming a p-well in said p- epi layer;
forming a gate dielectric and a gate over said p- epi layer; said gate

having a width and a length; a channel under the gate; said channel having a channel
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having a width and a | ength; a channel under the gate;
sai d channel having a channel 27 direction paralle
with the direction of said gate wi dth; said channel
direction is [100] or [010] direction; formng a drain
N-LDD region on one said of said gate; said N LDD
region formby inplanting ions into said p-epi |ayer;
the inplantation of ions conprises a large angle tilt
inmplant with a twi st of between about 40 and 50
degrees and a tilt angle of 40 and 50 degrees
direstinnmyraisheih heskiregianeot saidicatespieryd sharaskirgtiovisd 100] o
said p-epi layer longer in the direction of a
[6Uhsleqemmt | y fornmed source; forming source and drain
region adjacent to said gate. 18. The nethod claim 17
wherei n said channel has an annul ar shape with a
source or drain region on the inside of said channe

and sai d soubERin®h deHiRNOLIDDGEEBN S bhOsRIbNGId Bife; said N- LDD
out si de of said channel region. 28

region form by implanting ions into said p-epi layer; the implantation of ions comprises a
large angle tilt implant with a twist of between about 40 and 50 degrees and a tilt angle of
40 and 50 degrees.

forming spacers on gate; said spacers extending over said p-epi layer
longer in the direction of a subsequently formed source;

forming source and drain region adjacent to said gate.
18. The method claim 17 wherein said channel has an annular shape with a source or drain

region on the inside of said channel and said source or drain region surrounding the

outside of said channel region.
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