2 A SEM CONDUCTOR DEVI CE LAYOUT AND CHANNELI NG | MPLANT 3 PROCESS 4 5
Background of Invention 6 1) Field of the Invention 7 This invention

rel ates generally to fabrication of sem conductor devices 8 particularly
to the fabrication of inplanted doped regions in a sem conductor device
that 9 has a graded junction 10 11 12 2) Description of the Related Art
13 14 Wth higher levels of integrated circuits on sem conductor chips and
the 15 need for faster transistors in these circuits, the FET transistor
must maxi m ze all aspects of 16 sem conductor physics to fabricate
transistors in these circuits wwth faster switching speed. 17 As the
transistor scaling to snaller dinension, the inventor have found 18 that
hi gh VT NMOS transistor is facing a problemwi th voltage limtation.
Thermal cycle 19 was |imted because of the consideration of Iogic devi ce
in the, wafer i nvention address issue.

crystafline émg88§®iﬁigh%ﬁ¥ie§é%¥9pﬁ&§ﬂ ?EMNEW%tIWWTCh 3 nmake
up the solid are spatially arranged in a periodic fashion. This periodic
arrangénent of 4 atons in a crystaPRQACE®f|ed a lattice. The crystal

| attice al ways contains a volune which is 5 representative of the entire
|attice and it is regularly repeated throughout the crystal. The 6
directfons in a lattice are expaekgedndsf lvestioof three integers with the
sane relationship as 7 the conponents of a vector in that direction. The
three gectpridespanrdavatmne given in 8 multiples of the basic vectors. For
exanple, in cubic lattices, such as silicon which has a

7 This invention relates generally to fabrication of semiconductor devices
§  particularly to the fabrication of implanted doped regions in a semiconductor device that
9  has a graded junction
10
11
12 2) Description of the Related Art
13
14 With higher levels of integrated circuits on semiconductor chips and the
15 need for faster transistors in these circuits, the FET transistor must maximize all aspects of
16 semiconductor physics to fabricate transistors in these circuits with faster switching speed.
17 As the transistor scaling to smaller dimension, the inventor have found
18  that high Vt NMOS transistor is facing a problem with voltage limitation. Thermal cycle
19 was limited because of the consideration of logic device in the wafer. An aspect of this

20  invention address issue.




9 di anond crystal lattice, the body diagonal has the conponents of la, |Db,
and Ic and this 10 diagonal exist along the [I1 I] direction with the []
brackets being used to denote a specific 11 direction. However, many
directions in a crystal are equivalent, depending on the arbitrary 12
choice of orientation of the axes. Such equivalent directions are denoted
wth < > brackets 13 and, for exanple, crystal directions in the cubic

| attice [100], [010], and [001] are all 14 crystall ographically equival ent
and are <100> directions. Since these directions will also 15 be on the
negative side of the origin, as arbitrarily defined, they also are
identified with a 16 (-) over the specific negative integer, such as [ 100
1, [ 0}0 ], and [ 001 ] for <100> directions. 17 Unless specifically
stated’or shown in the follow ng description in this application, a 18
crystal direction includes both positive and negative integers. 19 20

Pl anes2in a crystal all86ERHMSSOUE: 8¥hias spnprypalling silicer, thepteres wWhickger s h,
21 k, and 1. They are used to define a set of parallel planes and each set
of thrée inkedgprke sohid @rospatpdlyparagrdio sesripdie fashion. Bhis pewidid grapement oAs i n
the case of directions, many planes in a lattice 2 1 are equivalent and

t he i ndi cepnofinsuwcysta (uialiad ® hitticp! Biregyanldattiendiveds dptdinga paieotvhriés. 2
For cubic lattices, direction [k,l,n] is perpendicular to a plane with the
i denti sal répreseatalvd otR@ete (akide,afl it id Rigaiarlly frepRhieh @lro@stduf @EtHOA1 Phe @ pl ane
of a cubic lattice is known, its 4 perpendi cul ar counterpart can be quickly

det er mgnedi ¥kt U a fitl e leaixhRBsedRRk s%@ﬂ]e@intéggfs with 1k %ﬁ% xieg%so?%%{_sgl) fant 5

symmetry such as { 100} plane, the equival ent planes are

(001), 7(1 eco#lg%?l@ts oﬁf&y&g%%at &Léﬁﬁoﬁ%&lﬁ#é L%Eoﬁﬁl)ﬁclﬁﬁ%lén?snar% %1{‘1/%1 G yst al

plane in t oW ng escription’int [ on 1 udes both
positiye and.negative integers unless 8 specifically stated otherw se. 9
Gancr ol t GG Bgy* Fele VoSRBY Paf el b GPETate ok S ulls G 10

pl anes; | for a certain direction, < > for a group of directions. 11 12
Con i 31 adtasrgcBstallatectng by il feers SRIFRPTER 0L dBi R SR i

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

11 direction. However, many directions in a crystal are equivalent, depending on the arbitrary
12 choice of orientation of the axes. Such equivalent directions are denoted with < > brackets
[3  and, for example, crystal directions in the cubic lattice [100], [010], and [001] are all

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

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

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

I8  crystal direction includes both positive and negative integers.

19

20 Planes in a crystal also can be determined with a set of three integers h,
21k, and L They are used to define a set of parallel planes and each set of three integers in ()

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




13 substrates. The depth to which an ion becomes inplanted is proportional
toits kinetic 14 energy. The inplanted distribution in an anorphous
target is roughly a Gaussian 15 distribution characterized by a nmean, known
as the range, and a standard deviation, known 16 as the straggle. In a
single crystal target, the range and straggle for a given inplant may be

17 different than that in anorphous naterial, due to a phenonena known as
channel i ng. 18 Hi gher ion energy, higher silicon tenperature, and the
grow h of silicon dioxide layers on 19 the silicon all tend to dechannel
inplants. In any event, range and straggle data for various 20 materials
including silicon, silicon dioxide, and photoresist have been determ ned.
21 3 1 The nore relevant .technjcal art in the patent literature is as

fol lovd:  a @arslegds BinsiRFh e Wb eggNEnttangs pignrted by {4 prierthsifsa waf er .

3 US 6,566, 204( Wang, et aITL teaches the use of mask shadomﬁng and 4

angl ed?i nplastas lagires.slireetinm (8 &l ngpuBsnsidarite aplans with thefiflenticak theensi st ors. 5
US 6, 599, 804(Bul ucea, et al.)shows a fabrication of field-effect 6

t r ansi 8t onntegars &, Iire) iTats, mipidhbor dirchamned pehd eftt @biclattiS: ¥ kA8 nGils7 (Wo, et
al.) shows a nethod of fabricating a MOSFET 8 with graded source and drain
regi ond ugpkmgndiclliglouhickiart chh be QuitliweetmincbeiboitsaRuRgad Fopexaiplé, T oved
process and device. 104 1 2 3 4 Sumary of the Invention 51t is an
obj ect 50f panceshe@divaRAt sykifetBl RSB {100Y YMnkORe EQIIQY bBResare Bl @S \h RS, and
met hod for fabricating a transistor wwth a graded doped regi on.

6 (001), (100), (010), and (001). Like the crystal direction, the crystal plane in the following

7 description in this application includes both positive and negative integers unless
8  specifically stated otherwise.
9 General terminology is: () for a certain plane; { } for a group of
10 planes; [ ] for a certain direction; < > for a group of directions.
11
12 fon implant processes are important to forming doped regions in
13 substrates. The depth to which an ion becomes implanted is proportional to its kinetic
14 energy. The implanted distribution in an amorphous target is roughly a Gaussian
15  distribution characterized by a mean, known as the range, and a standard deviation, known

16 as the straggle. In a single crystal target, the range and straggle for a given implant may be

17 different than that in amorphous material, due to a phenomena known as channeling.

18  Higher ion energy, higher silicon temperature, and the growth of silicon dioxide layers on
19 the silicon all tend to dechannel implants. In any cvent, range and straggle data for various
20 materials including silicon, silicon dioxide, and photoresist have been determined.

21




7 1t is an object of an enbodi nent the present invention to provide a high
8 voltage MOS device that has a hi gher breakdown voltage. 9 10 Sone

enbodi ments of the invention conprise inplanting ions into said 11 silicon
substrate to form doped regions adjacent to said gate. The orientation of
the channel 12 region in the Si crystal structure (channel direction <
100>) in conbination with the large 13 angle tilt and tw st inpl ant
process that increases channeling (described bel ow) produces 14 doped
regions that have a nore graded (gradual) junction. 15 Wth the

enbodi ment's (a) transistor with a channel direction at < 100> 16 and (b)
the 45 tilt and 45 twist inplant, the inplanted ions enter the substrate at
t he <11 17 0> di rect]Lon. This direction increases.the chan eih%%g of the
ion tolcreate a graded JURYEFARvant pehnjenl an infhgpaichlieraiuee 1§ Bl of
fabrication of doped regjons in a_ 20 sem conductor device; conprising the
steps ©f :USzia%()S(g}(@vah@S@“{S@@fh}zn@miieéaﬁﬁé“uwm@f@é; 51b) forning a
gate over said silicon substrate; said gate having a wwdth and a length; 2
a chandel under the gdtef>éare(cHarmel alhéaachey the eloadinebk sliadeeingemdpar al | el
3 wth the direction of said gate width; said channel direction is [ 100]
or [010] adgldd iregitatation & fehrichtim] @phinregidabfisldiaffeot tsmbidioss. | | con substrate to
forma doped region adjacent to said 6 gate; the inplantation of ions
conpri ges a large anglies bisbhd, s04TBLRBEq, B 41 Nstvls W (BiricailoPbf fRed-ween about 40
and 50 degrees and a tilt angle of 40 and 50 degrees. 8 Another aspect of

the enodifBitiod B WESBingahst-dRRES Jregison is a N 9 LDD in an offset LDMOS
FET. 10 Anot her aspect of the enbodinment is where said ions being inplanted

| 1 abgut along the [ 139} ;8% kPRWANG 25 hifs &bt BHR A EvosFET

8  with graded source and drain regions using a high tilt I/,
9 However, there is a need for an improved process and device.

10




12 Anot her aspect of the enbodinment is where the inplanting of said ions

13 is perforned in one inplant step at an about 45 degree tw st inplant and
atilt angle of 14 about 45 degrees. 15 Another aspect of the enbodinent is
where said silicon substrate has a notch/flat at a 16 [110] direction. 17
Anot her aspect of the enbodinent is where the inplanting of ion further 18
conprises: said silicon substrate has a notch/flat at a <110> direction,
the inplantation 19 conprises an inplant with a 45 tilt and 45 tw st and
the ions enter the substrate aligned at 20 a <0 -1 -1> direction whereby
the direction increases the channeling. 6 I Another aspect of the

enbodi nent i s where said channel has an annular 2 shape with a doped
region on the inside of said channel and a second doped region 3
surrouﬁding t he outside of said channel. 4 Another aspect of the enbodi nent
is where said channel has an annular 5 shape with a doped region on the

i nsi de 2of sai d channel regi on and a second doped region 6 surrounding the
outside of said channel; and the inplanting of said ions further conprises
7 a quadra inplant at the tw st angles of about 45, 135, 225 and 315
degrees with a range of 8 +/- 5 degrees; and a tilt angle between 40 and
50 degrees. 9 Another aspect oRuinheuewbed Meehtisars Wwhere said channel has an
annul ar 10 shape with a doped region on the inside of said channel and a

second sdoped regi on | z@;sseeﬁrdb@w@lmgenm&an@cuﬁa{eqﬁes@,ﬁz iaddndok RANBGldc hegi on; and
the inplanting of said ions further 12 conprises a quadra inplant with the

i on_beaims alicgnefnbinb e liha SRS A MhlBldaopbd pigis/ mi nus 2 degrees.
14 The orienfatﬁgﬁ and(%zgrént ?océ%slbrea¥%s TOr & cﬁ%ﬁﬁéling of ions. 15
The channeling of ion r, ‘ oy rad juncti.on. .16, When .i npl enent ed
on a1 Mos T, the. oraded e SRRl ROt st itarien Sl T

br eakd%wn Vo tlalggealglgS device that has a higher breakdown voltage.
9
10 Some embodiments of the invention comprise implanting ions into said

11 silicon substrate to form doped regions adjacent to said gate. The orientation of the channel
12 region in the Si crystal structure (channel direction < [00>) in combination with the large
13 angle tilt and twist implant process that increases channeling (described below) produces
14 doped regions that have a more graded {gradual) junction.

I5 With the embodiment’s (a) transistor with a channel direction at < 100>

16 and (b) the 45 tilt and 45 twist implant, the implanted ions enter the substrate at the <1 1
17 0> direction. This direction increases the channeling of the ion to create a graded junction.
18

19 An embodiment is a method of fabrication of doped regions in a

20 semiconductor device; comprising the steps of

21 a) providing a {001} silicon substrate;




18 19 The above and bel ow advantages and features are of representative

20 enbodi nents only, and are not exhaustive and/or exclusive. They are
presented only to 21 assist in understanding the invention. It should be
understood that they are not 22 representative of all the inventions
defined by the clains, to be considered I[imtations on 7 2 1| the
invention as defined by the clains, or limtations on equivalents to the
claims. For 2 instance, sone of these advantages nay be nutually
contradictory, in that they cannot be 3 sinultaneously present in a single
enbodinment. Simlarly, sone advantages are applicable 4 to one aspect of
the invention, and inapplicable to others. Furthernore, certain aspects of
5 the cl ained |nvent|on have not bheen di scussed herein. However,

i nferehce shoubdiBEIG LV sydsHicAySYREYe Eidstspimareyslinandg lﬁlﬂgfbe to

t hose not discussed herein other than for 7 purposes of space and reducing
repetiion. Thus, ekhannsupmdaryhofald;seit shewedndirgdvdnnegydiectBnghnlibld not be
consi dered diapositive in determ ning equival ence. Additional features and
9 advaft ages of t heithnhedtdcton of $did pee wirkh;apidahentel dinedtibe i [0D0jawi[ O]
description, fromthe 10 drawings, and fromthe clains. 11 8 2 3 Brief
Description of thedsonngs 4 The features and advantages of a

sem conductor device according to the 5 present invention and further

detailg of a pPrpeesmiRk idRRALGA NetoR Yok 3E MrRONEICh &Y, b&Go L
accor dance mnthpﬁﬁg Sr%éent |nve€t|8n mnt ebe nor e eaﬁﬁy %ﬁ%e@g?ggg from

I
the 7gfollow ng dg&gethé’gﬁ A ALY ibik & S dle‘%P W%l%%t ifl 1aﬁg§zﬂgg?@%{ ng

dramnngs i n which erence nune te's
corres 90nd| ng el emspbc%\’ve a%l gnr&dSODgégtréeg rellrsld g?lﬂ angic OIP 48"@11(990 degrees.
8 Another aspect of the embodiment is where said doped region is a N-

9 LDD in an offset LDMOS FET.
10 Another aspect of the embodiment is where said ions being implanted
11 about along the [110] directions of the silicon substrate.
12 Another aspect of the embodiment is where the implanting of said ions
13 is performed in one implant step at an about 45 degree twist implant and a tilt angle of
14 about 45 degrees.
15 Another aspect of the embodiment is where said silicon substrate has a notch/flat at a
16 [110] direction.
17 Another aspect of the embodiment 1s where the implanting of ion further
18 comprises: said silicon substrate has a notch/flat at a <11(> direction, the implantation
19 comprises an implant with a 45 tilt and 45 twist and the ions enter the substrate aligned at

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




10 Figure 1A is a top down view of a wafer having a transistor according to
11 a process known to the inventor. 12 Figure | B shows a schematic view of
atwist and tilted ion inplant 13 according to the prior art for use in
understand the terns "twist” and "tilt". 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 channel direction 204 in
a <110> 17 direction according to an enbodi nent of the invention. 18
Figure 3Ais a top down view of a wafer show ng the channel 19 orientation
in a 45 degree twi st and 45 degree tilt inplant according to an enbodi nent
of 20 the invention. 91 | Figure 3Bis a top down view of a wafer
showi ng the channel 2 grientation.<010> i.n a 45 degree.tw and 45 degree
tilt inplant according %ﬁgﬁwp%QBEWSSFWSWFEBVSFW m%ﬁV%ﬁ?WHi%mﬁmﬁpﬁ fe 3C
illustrates a to own view of a quad_inplant according to an. 5 exanple
enbodi rfentshape ‘E"Hgag‘ﬂﬂﬁé‘rﬁf@@h on gheppgjele of sl diprab and 4 msowgdweéirwrbf a

enbodi nrent of a closed shaped 7 transistor according to an enbodi nent of
t he i nentsuspundgngihgersidgRl sHdakanackr oss sectional view of the closed FET
shown in 9 figure 4A along the axis 4B according to an enbodi nent of the
i nventidon. 10 Fi gure 5 Aghthasaspeglodtheofmbodengnh aspiivoe sisd clamnadnihs at ironlanf t he
graded 11 junction N- LDD of the enbodinment in a normal V MOS TX conpared
to a convehbporih a ddgedrRbeiph 6f tHensidSoFafithen ! F@wsanlatBeadsbpaniagidn 0
degree channel 102 104 FET and the 14 enbodi nents' 45 degree angled

channelg 20240ddifEdR oLRIERAsAA cRar¥Rf, 8hd the implanting of said ions further comprises

7 aquadra implant at the twist angles of about 45, 135, 225 and 315 degrees with a range of
8  +/-5 degrees; and a tilt angle between 40 and 50 degrees.
9 Another aspect of the embodiment is where said channel has an annular
10 shape with a doped region on the inside of said channel and a second doped region
11 surrounding the outside of said channel region; and the implanting of said ions further
12 comprises a quadra implant with the ion beams aligned with the <110> direction within
13 plus/minus 2 degrees.
14 The orlentation and implant process creates more channeling of ions.
15  The channeling of ions creates a more graded junction.

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

17 increases the drain breakdown voltage.

18

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

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




15 Figure 7 shows an exanple of an offset LDMOS TX according to an 16
enbodi nent of the invention. The channel for the LDNMOS TX is preferably a
p-well. 17 Figure 8 shows an exanple of a non-offset LDMOS TX formed using
18 the enbodi nent’'s channel mexi m zing inplant process for the source and
drain. 19 10 2 3 Detailed Description of the Preferred Enbodinents 4 11.

| NTRODUCTI ON - CURRENT | NDUSTRY CHANNEL 5 DI RECTI ON W TH RESPECT TO THE
CRYSTAL DI RECTION 6 Referring now to the drawing and nore particularly to
Fig IA there is 7 shown a structure over which the present invention is
an inprovenent. 8 Figure | Ais a top down view of a wafer having a
transistor. The wafer 9 is {001}. The channel direction 102 is <110>. The
channel, diytecti i.s the directi.on 10.between source and, drain gr drain and
sour ce. Tﬁ%e %ﬁ%ﬁ%@lagg?é]lleegslly (ﬁe 7l sh%rqa}“‘r?aeu@f’f’ %eqm‘ﬁ??e@fﬁatf’glﬁ% BBk Thet ween
the soyrce and drain_.gr drain and source. |n current 8 inch P-type 12

waf er ecﬁ?fg?}%‘@ff)mﬁﬁ)éa'%‘i% AMAZS TR qfﬁﬁtu@iﬂwtr@ﬁliﬂ@& UbiRabe (i8Rt fen fi gure
A 13 _In manufacturing the FET with the source (S) and drain (D) separated
14 by Bhe sgalEneayplyHescRbiiainale ankadwaent Bniledysemsddyantagsears@pplicapler ni t s
alignment of the 15 wafer relative to the exposure masks so that the gate
wi dt h dnd te hee ashest o€ thelivvegtipn, 26d ifapplécahtde othiets| Fisthepaoral deetaingaspects of

perpendi cular with [110] crystal direction. 17 18 Problem of voltage

| i m t ati onhadlaikied VivehlMpGhah® nAsbdeh distusashatiar Hoealet,mg ihferemp@bHoald 6 nensi on,
our high Vt NMOS 20 transistor is facing a problemw th voltage limtation.

The [ Hab c%aedval af%@didgml@se@isb@@am@einzé;amc b 056 ARSI #aERH herdinQithérAHnfoAevi ce
In e war er.

7  purposes of space and reducing repetition. Thus, this surnmary of features and advantages
8  should not be considered dispositive in determining equivalence. Additional features and
9  advantages of the invention will become apparent in the following description, from the

16 drawings, and from the claims.

11




2 Currently for high voltage transistor, we need to use high tilt 3
inplantation and long tinme diffusion in order to nake the lateral junction
of the LDD nore 4 graded. For exanple a lateral diffusion netal oxide

sem conductor {LDMOS} was used 5 for high voltage usage. However the LDD
regions of the LDMOS need long tine (several 6 hours) diffusion to get a
graded junction which can sustain high voltage. For sub-micron 7

t echnol ogy, because of the thermal cycle becone nore critical. Lower
thermal cycle was 8 needed because of the transistor dinmension. In this
case, LDMOS is not popular for small 9 dinmension high voltage transistor.
There are mainly two high voltage transistors in the 10 foundry for

sub-mi gron transistors, offset transistor and non-offset transistor. Ofset
11 transi stor use asymetrical structure to get higher breakdown voltage.
Non- of hset 12 structure use higher tilt angle for |ateral doped drain (LDD)
inplantation to increase the 13 breakdown voltage. 14 15 Overvi ew of
enbodi pents of the invention,. 17.1n thi anpl e enbodi ment, a speci al

| ayout g}eor a hi gh vol tage 15\3?%3?%%?%?" ?fstﬁfﬁ?%l%ed. A set of specific

i npl antation nmethod is_given accordingly. A 19 in advantage of this
enbodi ffent is to use tﬁ%%ﬁ@f%ﬁ?ﬁ?ﬁ%‘%&%&éﬁ sprgicgRuctr §REFe 3 ordimiRdls ng
effect through special inplantation angle and rotation. Accordingly the

| ayout 5 2Presgrt iyangion g Bwihat debils wha pesessil Zeuicpiingoiugle p senaicgetucr nor e
graded junction. 12 ii | We inplant ions into the {O 0 1} silicon

subst r &t e devict or apcduipedt widgiho peeséht adjeattentvill loe mive chpatle unddngtoat fremtiat | on of
the channel region in the Si crystal structure 3 (channel direction <
100>) i7n dolbvingtenpiibit fakéhia chajugaioangtietht addonmpatlihyisitvingdh aMich ldkepr ocess
(descri be bel ow) produces doped regions that have a nore graded (gradual)
5 jUﬂC?LOT}echaﬂee ATh& bl Akdi gt @il bR coRtspPhOGL SREhB Ak LS ndRIdEHGRRRH | Ng Of
i ons. e

9  in which:
10 Figure 1A is a top down view of a wafer having a transistor according to
11 aprocess known to the inventor,
12 Figure 1B shows a schematic view of a twist and tilted ion implant
13 according to the prior art for use in understand the terms “twist” and “tilt”.
i4 Figure 2A shows a FET with a channel direction 202 in a <100>
15  direction according to an embodiment of the invention.
16 Figure 2B shows a FET with a channel direction 204 ina <110>
17 direction according to an embodiment of the invention.
18 Figure 3A is a top down view of a wafer showing the channel
19 orientation in a 45 degree twist and 45 degree tilt implant according to an embodiment of

20  the invention.




6 channeling of ions creates a nore graded (less abrupt) junction. 7

Enbodi nents of the invention include open and cl osed shaped 8 transistors
and doped regions. An exanple of a closed shaped Tx is shown in figure 4A
9 O her enbodi nents include 45 degree twist / 45 degree tilt inplants.

O her enbodi ment 10 include quadra twist and tilt inplants. 11 12 Wth

t he enbodi nents of the invention, we can inprove breakdown 13 voltage of
HV transi stor. Mre graded junction LDD can be obtained w thout using |ong
14 diffusion tinme. 15 In accordance with the present invention, a standard
{001 } silicon wafer 16 with a primary notch of <1 10> direction is used
and, before exposure to an inmage by a 17 |ithographi c exposure appar atus,
the relative rel ati onshi t;&t.ween he mask .and the (001 ) 18 silicon wafer
i s charlged so that the"881Cat SALMR W1 Howind agmie spring thd <bamishr oxi mat el y
forty- 19 five degrees (45 degree) fromthe normal relationship in the sane
pl ane. 2Thuientafjan FP10PO a Ahlegropdwish angi 45edeeresiili igphant gwedingdproxi mat el y 45
degrees to the gate width and will be aligned 21 parallel w th channel

| engt h 3di reshadonenihbthevmlentige is applied to the gate. 13 | This 45 degree
change is preferably acconplished by either nodifying 2 the mask hol der or
t he wafder hol der of anFigpdei3€aiilubtididsegoppdie viepssfarguadihflentmasidinghdar 3
and the wafer holder are in a relationship of approximately forty-five

degrees (4&hmble@Mbodiridh€bf th@kv¥Riiod. €l ati onshi p using the <001> crystal
direction. The target of the relationship 5 change is exactly 45 degree,

becausg the mobility of;i.tRe Calls8iiSy i RaRNEl: WrbhinRe: & j \hen t he
channel and [ 110] crystlgf] dlAr e((:)t iSonépare par al | el bholmngve(?a%ziéggggqp\séﬁi ght 7
i mper f ection of -1t hoar aphi at us wafer and mask hol ders, the
change%crnatyt%{}lglrt){/)r Ecggﬁdﬁnﬁt-o %‘ﬁ)ﬂg’?dﬁ%pﬁ%ﬁlg}&&%@%@change. The remai ni ng
fabrication steps, such as plasnma or 9 anisotropic, etchi xi dati on,
cheni cdl vapor deposi tlip‘éﬂlur,e L@p%f’fvélaicﬁ’és SHHOM éﬂﬁ“g%ftcth%ﬂ?seg?%r S%BWBé‘? f or ned

wi t hout. any nodifjcation of the wafer hol ders, because the exposed surface
of 9 1gure 4A along the axis 4B according to an embodiment of the invention.

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

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

I5 Figure 7 shows an example of an offset LDMOS TX according to an
16  embeodiment of the invention. The channel for the LDNMOS TX is preferably a p-well.
17 Figure 8 shows an example of a non-offset LDMOS TX formed using
18  the embodiment’s channel maximizing implant process for the source and drain.

19

10




11 the silicon wafer to these processes remains in the <001> direction. 12
Referring to figure 6, on the sanme wafer, both standard O degree and the
13 enbodi nents' 45 degree angl ed channel FETs can be fornmed. 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 formed on a wafer
(source/drain regions not shown). 16 Anot her aspect of the present
invention is a novel FET with its gate 17 formed perpendicular to the
<100> crystal direction so that the channel will be parallel 18 with this
direction with a voltage applied to the gate. 19 In another aspect of the
present invention, annular shaped FETs are 20 fornmed. Figure 6 shows
annual FETs 602 and 612. FET 612 is has the enbodi nents 21 channel <100>
di rectilon. FET 602 has the <110> channel directions. Any conbination of 14
| annul ar and linear FETs with different channel directions can be forned
on theZsane 2 wafer. 3 The enbodi nent's <100> channel direction is useful
for MOS TX' s and 4 can reduce punchthrough. 5 I11. Method of LATID with
channeB orientated i nDehdled IBReription & tk0 PPefdied @rbsdimedtspr ef err ed

enbodi nent of the invention is a nethod to forma doped 8 regionin a

sem conduct or device. The doped region preferably is a source or drain
region4 9 inIh FET andNTRODUECTION eCARRENTINDUSTRGUCHANNER hi gh vol t age
transi stor such as a 10 LDMOS transistor. | | A feature of the process is
that asmore gradegREROtIONWITH RESPECIYTOMEHE ERYETAS, PRULEFIHNP! ant
process. 13 {001} silicon substrate having [110] reference direction 14
Referring to figure 2 nd 2b, an orientation of the channel (C) of an 15
FET 1 s Oohown. Ve pr ovititihng gigi & e wOurT atBoHEDY RYTE 1hofreRdt or ence
direct |70n shown a structure over which the present invention is an improvement.

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

21 of'the consideration of logic device in the wafer,

11




16 (direction fromsubstrate center to primary notch/flat). 17 Figure 2A
shows a FET with a channel direction 202 in a <100> 18 direction. 19
Figure 2B shows a FET with a channel direction 204 in a <110> 20
direction. 21 Devices with both channel directions can be fornmed on the
same wafer. 15 1 Gate, Source/Drain and Channel 2 Next, a gate (G is
formed over the silicon substrate; the gate having a 3 width and a | ength;
a channel under the gate. 4 The channel (C) has a channel direction (202
204) parallel with the 5 direction of the gate width. The channel direction
is the direction of current flow direction. 6 The channel direction is
preferably about [ 100] or [010] crystal direction. 7 8 Large Angle
inmplant with Twist to form Source and Drain 9 W inplant ions into the
silicoh substrate to form doped regions 10 adjacent to the gate. The
orientation of the channel region in the Si crystal structure 11 (channel
direct2Zon < 100>) in domsniinfordnghwiditage hensisorgee angl te usé high Gd t wi st
i mplant 12 process (describe bel ow) produces doped regions that have a
mor e gBadedpiagraticald lodBtime diKiiston in Dhdr ar ingled tat (a0malgotttionpF hBt.ID ARES S
creates nore channeling of ions. The ions are 14 preferably inplanted
al ong the grlb@FHick8aHIE @ MtérAl dTBETH ZRtC BANL SrhiBShdudfde { CHRINE! J Giged S Of
ions creates a nore graded junction. Channeling is when inplanted ions are
not sl gwe S| \i. hrh | : : IS Lol | t hree
G or ont PAREAEEhGEBRY o IO R A DIDS B Rk L R
pr eanog phi i Thi s i.ent..preferabl oes not, use.these. 18

. 5 Igéﬁrtsﬂ &?%151-59 'to %eg%%gﬁ%ﬁ%ggncggn Wgﬁi:‘ 1 %uslgun II%%Q volttagg.e%or{ sgb-wrw’bs Tx,

t echni que 0" reauce C e nmplenen
the gr ade?ecjlﬁ{&%tg)i/,%gca%fse ct)fhtﬁe %htc)r[“x)nal cycle become more critical. Lower thermal cycle was
8  needed because of the transistor dimension. In this case, LDMOS is not popular for small
9 dimension high voltage transistor. There are mainly two high voltage transistors in the
10 foundry for sub-micron transistors, offset transistor and non-offset transistor. Offset
11 transistor use asymmetrical structure to get higher breakdown voltage. Non-offset
12 structure use higher tilt angle for lateral doped drain (LDD) implantation to increase the

13 breakdown voltage,

14

15 Overview of embodiments of the invention

16

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

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

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

12




21 increases the drain breakdown voltage. 16 2 Figure 1 B shows a schematic
view of atwist and tilted ion inplant 3 according to the prior art for
use in understand the terns "twist” and "tilt". 4 Tilt is the angle between
the wafer surface and the ion beam 5 Twist is the angle between the
vertical plane containing the ion beam 6 and the vertical plane

perpendi cular 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/twist inplant with a
twi st of about 45 degree fromthe <110> reference direction 10 (notch) of
the crystal substrate and a tilt angle between 40 and 50 degrees (fromthe

11 nornal plane of th ubstrate surfa nd. nor referably a tilt angle
of 15 Gegrbes with a W3 EPErEpFuEY PP hddatipR s B iE kB sy
001 fer.(e.g., wth_a notch of <1 10> directiaon, a inplant 14 with a
25 ti)l aﬁ&lag@lt??/\f@tg?tet [ ‘i’f&ﬁ*?éa“@HPéFhetC#é“@ BER AR Beay crysapstiuptrg > (or <011
>) direction 15 (or [I 10] group direction). This direction increases the
channePi ndchapael dirpctipies 43>y jin gorgfrivativ with e lasgaayizte tilhpidamtstisplprtef er abl y
performed by 18 inplanting Ph ions at an energy between 40 and 400 and a
dose bét weerrebs [ eskc2ibaheow) frodiees d0pat regioht tharigive a beteveededi@ralnd) 50 degr ees
and nore preferably about 45 degrees and a twist 20 angle of between 40
and 505deguetisndrit orieh@tipt &fdempiiny pARedegies sor@dhatidlhgd? ideoriee tw st and
45 degree tilt inplant preferably forns a 22 (symetric) LDD. 17 | | FET

vw'lg 8 a6S0Wh&fe(iB) ofibfs deAtyh ible AAEIGRESaH g Mhéthnd 2 channel direction of
< >

7 Embodiments of the invention include open and closed shaped

8  transistors and doped regions. An example of a closed shaped Tx is shown in figure 4A.
9  Other embodiments include 45 degree twist / 45 degree tilt implants. Other embodiment
10 include quadra twist and tilt implants.
11
12 With the embodiments of the invention, we can improve breakdown
13 voltage of HV transistor. More graded junction LDD can be obtained without using long
14 diffusion time.
15 In accordance with the present invention, a standard {001} silicon wafer

16 with a primary notch of <110> direction is used and, before exposure to an image by a

17 lithographic exposure apparatus, the relative relationship between the mask and the {001}
18 silicon wafer is changed so that the relationship, in the same plane, is approximately forty-
19 five degrees (45 degree) from the normal relationship in the same plane. Thus, the [110]
20 crystal direction is aligned approximately 45 degrees to the gate width and will be aligned

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

13




3 Figure 3B shows a top down view of a FET with a Source (S) and Drain 4
(D) and gate (G with a channel direction of <100> and a reference
direction < 110> (also 5 for the primary notch). 6 7 For a 45 degree

tw st inplant and a 45 degree tilt, the ions are inplanted 8 into the S/D
region along direction B. Direction Bis parallel to the <011 > (or <0 -1
-1>) . 9 "quadra" inplant for open shaped tx 10 In a preferred enbodi nent
the inplanting of ions into further conprises 1 | an quadra inplant. The
gquadra inplant is perfornmed by 4 inplants of Ph ions at an 12 energy

bet ween 40 and 400 Kev and a dose between IE12 and IEl5 ions/sg-cmat tilt
13 angl e between 40 and 50 degrees and a tmﬁst angles of between 40 and 50

degrees 14 Figure 3Cillu rates t he enbo nt's npl ant The 4
inplanﬁs at 15 45, 13?%“ ge@ﬁﬁﬁu§§%“ﬂﬁ F “ﬁ%“? EY8U§HF§ ﬁWﬁBant

the inplanted ions are allgned nth b@% 1 o,- 1], [0,1,-1] ,
[-1,0, 21 [hemasihoider g theotaleshgldey ?ﬁ?@ %@%ﬂtht r@fthgq@fswépwéb meskidirover |t he

18 i's, e.g.-1 is equivalent to 1) This maxim zes channeling. 18 1 C osed
shaped 3( orandtheuedfesivdgedle iohacaedinshipgif appr2xiRetay fartygfiteodepiegs (45° ¥Roand
figure 4B, an enbodi nent is shown where 3 the transistor has a channel

regi on4w ttheiBnorilaD&ediosiapesin dgst@e kbat> S Eal BEGEh. The téagetbngiquan&s& the
channel region and a second doped region surrounding the outside of the

channels 5 he@08exabtik SHER A PeRIOWAE f;hoi)ﬂi?y QPIWQ c;WH@:‘Q’ i f:haﬁﬂele\mcb@' ment of a

closed 7 shaped transistor (e.g., wth annul ar shaped channel Tegion).

Fi gur e g4A gﬂguéﬁyﬁé}% (8he 7 26 S5 EGRRNS, AP ERH RS AR,10 Gl %

source /dr I'n reglions urg and
‘gate 410. f bI nb t
Dot ant piea o hERs 35 eBlaRicRh STl b8 ok Mloc foddefdgmn s no

8 by +- 2% of the 45 degree change. The remaining fabrication steps, such as plasma or

9 anisotropic etching, oxidation, chemical vapor deposition, sputtering and planization, are
10 performed without any modification of the wafer holders, because the exposed surface of
11 the silicon wafer to these processes remains in the <001> direction.

12 Referring to figure 6, on the same wafer, both standard 0 degree and the
13 embodiments’ 45 degree angled channel FETs can be formed. For example, Figure 6
14 shows both standard 0 degree channel 102 104 FET and the embodiments’ 45 degree

15 angled channel 202 204 FETs formed on a wafer (source/drain regions not shown).

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

19 In another aspect of the present invention, annular shaped FETs are
20 formed. Figure 6 shows annual FETs 602 and 612. FET 612 is has the embodiments

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

14




11 beginning or end. The channel under the gate 410 is surrounded by the
LDD 406. The 12 channel is preferably annul ar shaped and is nore preferably
rectangul ar or square shaped. 13 Figure 4B shows a cross sectional view of
the cl osed FET shown in 14 figure 4A along the axis 4B according to an
enbodi mrent of the invention. Figure 4B 15 shows a gate dielectric |ayer
412 under the gate 410 and source/drain regions 407 415. 16 The enbodi nents
of the annul ar channel Tx can be a normal voltage Tx 17 or a offset LDMOS
or a Non-offset LDMOS. 18 Quadra | nplant nethod for closed (e.g., annular)
channel 19 region 20 For the cl osed shaped doped region, for exanple as
shown in figure 4A, 21 preferably a quadra inplant is perfornmed. 19 { 2

HV L TX with offs ransi st or and n-offset 3 transistors 4 The
channel orﬁngmnéqr’idgﬁlgar:%% %%@?%‘ﬁ}?m&h@%?%mﬂo&ﬁ C"L’rhléeflto féi‘f”it RSYR® 5 can be
used to formHV LDMOS TX with offset transistor and non-offset transistors.
6 Figuﬂe Mdfows an exanpl e of an offset LDMOS TX. The channel is a 7

di ffused p-well for the LDNMOS TX. 8 In the offset LDMOS TX (figure 7),
only tBe N-LDD is fornti asghodigneny’sthe0eplivode!memetion ik oyelul dpl M BXs[and0] to
maxi m ze the ion channeling. 10 In the non- offset LDMOS TX (figure 8),

pr ef er dbl yat haluberpigsbthemighnd 11 the N+ drain are sinultaneously forned in
the sane inplant step using the enbodinment's 12 ion inplant at [I 10] to
maxi m ze the ion channeling. 13 Process for offset LDMOS TX (figure 7) 14
The pradcess tiol. f or m t heletBoldsd L ATHAOSItH Xhasn ch 8rib@iatedis the 408 dror m p- epi on
substrate

o <010>direction

7 A preferred embodiment of the invention is a method to form a doped
8  region in a semiconductor device. The doped region preferably is a source or drain region
9 1naFET and is more preferably a S or D region in a high voltage transistor such as a

10 LDMOS transistor.

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

12 large angled implant process.

13 {001} silicon substrate having [110] reference direction

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

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

18  direction.

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

20 direction.

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




16 O formp-well 17 O form (poly) gate 18 » form N-LDD (using enbodi nents'
channeling maximzing ion inplant) 19 0 form spacers on gate 20 » form
source (S) and drain (D) using a standard 1/1 . 21 20 ;2g 1 Currently,
the offset LDMOS Tx operates at a voltage between about 2 18V and 60 V. In
conparison a normal voltage Tx operates between about IV to 18v. 3 4
non-of fset LDMOS TX 5 Figure 8 shows an exanple of a non-offset LDMOS TX.
Usually we 6 use a lot of diffusion to get a snmooth and graded junction
between the N+ and p- well. 7 Wth the enbodi ment's wafer alignnent and
drain inplant process, a good graded junction 8 can be obtained. The

br eakdown vol t age decreases with the enbodi ment because of the 9 graded
juncti?n. 10 Process f no, off é X | The process to formthe
figure'8, non-offset Laif qnqsBanneb 1 form p-epi on substrate
13 Uformp-well 14 ~ form pon gate 15 U form N-LDD (usi ng enbodi nent s’
channeli ng max ion i np¥eants) gatd @65) b foomad sy derslichn shiostratelhegaurteeingnd drai n
using invention's maxim zing channeling ion inplant. 18 Currently, the
non- of BsetwiliBvabaTongtperchies] aideathé@hicage between 19 about 12V and 25 V.
In conparison a normal voltage Tx operates between about IV to

4 The channel (C) has a channel direction (202 204) parallel with the

5 direction of the gate width. The channel direction is the direction of current flow direction.

6  The channel direction is preferably about [100] or [010] crystal direction.

7
8 Large Angle implant with Twist to form Source and Drain
9 We implant ions into the silicon substrate to form doped regions

10 adjacent to the gate. The orientation of the channel region in the Si crystal structure

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

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

13 junction. The orientation and implant process creates more channeling of ions. The ions are
14 preferably implanted along the <1 10> direction to maximize channeling. The channeling
15  ofions creates a more graded junction. Channeling is when implanted 1ons are not slowed
16 by collisions with silicon atoms. It is controlled by three different techniques: wafer tilt,
17 screen oxide layer or preamorphization. This embodiment preferably does not use these

18  techniques to reduce channeling.

19

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

21 increases the drain breakdown voltage.
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20 18V. 21 21 | V. EXAMPLES 2 The following non-limting exanples
represent preferred forns and best 3 nobdes contenpl ated by the inventor
for practice of his invention, as well as illustrating the 4 results
obtained through its use. 5 High Voltage LDMOS transi stor were fabricated
using the standard 6 transistor 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 nent and standard LDD
inplants paranmeter 45 tilt and 45twist inplant 30 tilt and O tw st inplant
dose | E12 atons/sqg-cm | E12 atons/sqg-cm -energy 80 Kev 80 Kev Junction
dept h 8.75 mO0.5 m Breakdown 16.2 V 14.0 V voltage 10 | | As shown in
the tabl e above, the enbodinment's 45 tilt and 45twist 12 LDD inplant had a
deeper junction depth and a_hi gher breakdown voltage. 13 The LDD inplant on
the enmBodi ment's tran§ﬁ%¥6ﬂBd%P@ﬁPé@PSWUﬁ&§WTi3ﬁﬁ@§é&%é@“@ﬁﬁﬁﬁ@ﬁ@hg of ion
that creates a deeper and nore graded junction. The reduces 15 the
br eakdéwn agedrdimgéo thipriar s far wpoint wdersap deiternisy tont tand “HN .t r ansi stor. 16
17 Figure 5 shows a plot of the phosphorus concentration of the graded 18
junctidn N- LDD of t helbnbthdiangnbetweemthroratal suMaddBd e wampated to a
conventi onal

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

6 and the vertical plane perpendicular to the reference direction (primary notch direction).
7  Single Implant at 45 tilt and 45 twist
8 As shown in figure 3A, the implantation of ions preferably comprises a
9 tilt/twist implant with a twist of about 45 degree from the <110> reference direction
10 (notch) of the crystal substrate and a tilt angle between 40 and 50 degrees (from the
11 normal plane of the substrate surface} and more preferably a tilt angle of 45 degrees with a
12 preferred tolerance of +/- 5 degrees.
13 For a (001) wafer (e.g., with a notch of <110> ) direction, a implant
14 with a 45 tilt and 45 twist, the ions enter the substrate at a <0 -1 -1> (or < 011 >} direction
15 (or [110] group direction). This direction increases the channeling.
16
17 The 45 tilt and 45 twist single implant is preferably performed by
18  implanting Ph ions at an energy between 40 and 400 and a dose between 1E12 and 1E15
19 at tilt angle between 40 and 50 degrees and more preferably about 45 degrees and a twist
20 angle of between 40 and 50 degrees and more preferably 45 degrees.
21 This 45 degree twist and 45 degree tilt implant preferably forms a

22 (symmetric) LDD.
17




19 Ph profile. The boron concentration of about 1E18 is the concentration
of the p-well. (See 20 e.g., figure 7 and 8. ) 221 V. Ending 2 In
sumary, a new set of layout and inplantation nmethods 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 can he used 5 for DMOS and HVNMOS and ot her high

vol tage transistor and normal MOS Transistors. 6 The enbodi mnents' i npl ant
process can be perfornmed on any wafer so 7 that the ions enter the wafer in
the [ 110] direction. The enbodi mrents are not dependents on 8 any
configuration of wafer notches and/or flats. The orientation of notches and
flat change 9 with t.echnol ogy..10 G ven the variety of enbodi ments
of thelpresent i nvenr/ia’;oéffvdélagfuﬁgééﬂ ‘Hé‘?f)""l“ﬂefoéﬂﬂ eg"t‘fés(é)i“ﬂf’? 8n and
illustrations show not be taken as limting the scope 12 of the present

i nvent fon defined by tRFBagneg)diecticyr ghrf@0F he i nvention has been
particularly shown and described with 14 reference to the preferred

enbodi gent s thereof, iRigwt BB shewsR e &@0de¥f 4 NS &/itld $dvegk ([SPandBrafhe art
t hat various changes in formand details may be nmade w t hout departing from

the 18 spbyidd @a@a(cgaﬁppa Sfanh QirkeQYRNA<Q00> hdd d SrdrHcRfedidh® PRMGRIsYAr | OUS

nodi fications and si'mlar 17 arrangenents and procedures, and the scope of
t he appen i efore should be 18 accorded the broadest

i nter p?et g@ﬂ%‘?\b%g&sr{olt&gﬁ'enconpass all such nodifications and simlar 19
arrangenents and procedures. 20 23 Wat is clained is: 1. A nethod of
fabrication of doped regions in a sem conductor device; conprising the

st eps 9f:

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

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

9 “quadra” implant for open shaped tx

10 In a preferred embodiment the implanting of ions into further comprises
1l an quadra implant. The quadra implant is performed by 4 implants of Ph ions at an

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

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

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

16 In the quadra implant, the implanted ions are aligned in the [ 0,-1,-17,

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

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

18




a) providing a {001 } silicon substrate; b) formng a gate over said
silicon substrate; said gate having a width and a |l ength; a channel under
the gate; said channel having a channel direction parallel with the
direction of said gate width; said channel direction is [ 100] or [010]
direction; c) inplanting ions into said silicon substrate to forma doped
regi on adjacent to said gate; the inplantation of ions conprises a |large
angle tilt inplant with a twi st of between about 40 and 50 degrees and a
tilt angle of 40 and 50 degrees. 2. The nethod of claiml|l wherein said
doped region is a N LDD in an offset LDMOS FET. 3. The nethod of claim!l
wherein said ions being inplanted about along the [ 110] directions of the
silicon substrate. 4. e method of claiml whereip the inplanting of said
ions i$ performed in o%sﬁﬁﬁhéﬁﬁdjpéﬁ”é?yg} §’ﬂa%‘?f8uf:gﬂ’3"€fer &N t wi st i npl ant
and a tilt angle of about 45 degrees. 5. The nethod of claim1 wherein said
silicol substrate has Refoehghd fisat 4atand flgudldy, afleméodiinent is sRéwidwhdbe met hod
of claiml wherein the inplanting of ions further conprises: said silicon

subst r at e thagandisOhedd Elaaheldégidn with 402 odd P64 QB thdi FEDIrBRbADE lelike
conprises an inplant with a 45 tilt and 45 twist and the ions enter the

substrate j 5 = L 4 I 1 i ncreases
The " chanspl e g P TR el e OIS REPh ARl 20
annul ag st;%ggnwith a doped region on the inside of said channel and a
second dop rregi on surroundi ng the outside of said channel. 8. The met hod
of claim 1l wherein said channel has ap annul ar shape with oped region on
the ifiside of said c é%‘HE?ArSE&W%ﬁ%é’n‘E’Wé‘@%%8?1&“8 8@@8@?%‘9g§ggroundi ng
the outside of said channel; and the inplanting of said ions further
conpr i des SAAnGH HARESTS Zariti thepoy ieshappd ehanagl geeden) o Figabotit and4B shay fgehd and

315 degrees wth a range of +/- 5 degrees; and a tilt angle between 40 and
9

50 degPee$xide regions 402, LDD regions 406 414, source /drain regions 407 415 (see fig 4B-not
shown in figure 4A) and gate 410. The LDD regions are preferably formed by the
10 embodiment’s implant process. The “closed shape” means that the active region has no
11 beginning or end. The channel under the gate 410 is surrounded by the LI 406. The
12 channel is preferably annular shaped and is more preferably rectangular or square shaped.
13 Figure 4B shows a cross sectional view of the closed FET shown in
14 figure 4A along the axis 4B according to an embodiment of the invention. Figure 4B
15 shows a gate dielectric layer 412 under the gate 410 and source/drain regions 407 415.
16 The embodiments of the annular channel Tx can be a normal voltage Tx

17  oraoffset LDMOS or a Non-offset LDMOS.

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

21  preferably a quadra implant is performed.

19




9. The nmethod of claim!| wherein said channel has an annul ar shape with a
doped region on the inside of said channel and a second doped region
surroundi ng the outside of said channel region; and the inplanting of said
ions further conprises a quadra inplant with the ion beans aligned with
the <110> direction within plushninus 2 degrees. 10. The nethod of claim1l
whi ch further includes formng a Hgh Vt NMOS FET fromsaid gate and doped
regions. 25 11. The nethod of claim1 wherein a LDMOS device is fornmed. 12.
The nethod of claiml which further conprises formng a second gate over
said silicon substrate; said second gate having a wwdth and a length; a
second channel under the second gate; said second channel having a second
channel, direction parallel with the direction of wdth of said second

gat e; dai d second channel direction is paral |l el or perpendicular with the
<110> direction. 13. The nethod of claim1 wherein the inplanting of ions

45 twi &t and the i ons. MU DRRYS DXGkiE Phres Yansirten 2B o @SRt 1> gi rect ] on
whereby the direction increases the channeling. 26 1/8 CHANNEL DI RECTI ON
<110> 3102 GATE S C WME@BRIStp091}

4 The channel orientations and implant embodiments of the invention on

5  canbe used to form HV LDMOS TX with offset transistor and non-offset transistors.

6 Figure 7 shows an example of an offset LDMOS TX. The channelisa

7 diffused p-well for the LDNMOS TX.

8 In the offset LDMOS TX (figure 7), only the N-LDD is formed using

O  the embodiment’s ion implant at [110] to maximize the ion channeling.

10 In the non- offset LDMOS TX (figure 8), preferably the N+ source and

11 the N+ drain are simultaneously formed in the same implant step using the embodiment’s

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

13 Process for offset LDMOS TX (figure 7)

14 The process to form the OFFset LDMOS TX is as follows:
15 00 form p-epi on substrate

16 U form p-well

17 T form (poly) gate

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

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

21
20




Notch in <110>
| ON REFERENCE BEAM DI RECTION TILT TWST NOTCH FIGURE 1B PRI OR ART

{100}

"reference NOTCH direction" FlIGJRE 1A PRI OR ART WAFER

pEp 2/8 CHANNEL DI RECTI ON <100> GATE 202 S G WAFER D {100} Notch in
<110> "reference 45 direction"

10
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12

[3

14

15

16

17

18

19

20

21

Currently, the offset LDMOS Tx operates at a voltage between about

18V and 60 V. In comparison a normal voltage Tx operates between about 1V to 18V,

non-offset LDMOS TX

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

use 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.

[

0

Process for non-offset LDMQOS TX

The process to form the figure 8, non-offset LDMOS TX is as follows:
form p-epi on substrate
form p-well
form poly gate
form N-LDD (using embodiments’ channeling max ion implant)

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 to

18V.
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DEGREES NOTCH FI GURE 2A GATE D WAFER {100} 45 204 DEGREES CHANNEL NOTCH
DI RECTI ON <110> Notch in <110> "reference direction" FIGJRE 2B 3/8

| MPLANT W TH 45 DEGREE TW ST WAFER ~- <100> C CHANNEL GATE DI RECTI ON
<100> NOTCH 45 DEGREES | ON | MPLANT DI RECTI ON FI GURE 3A

i IV. EXAMPLES

2 The following non-limiting examples represent preferred forms and best
3 modes contemplated by the inventor for practice of his invention, as well as illustrating the
4 results obtained through its use.

5 High Voltage LDMOS transistor were fabricated using the standard

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

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

9 TABLE: comparison of embodiment and standard LDD implants

parameter 45° tilt and 45°twist implant 30° tilt and 0° twist implant
dose 1E12 atoms/sq-cm 1E12 atoms/sq-cm
energy 80 Kev 80 Kev
Junction depth 0.75um 0.5 pm
Breakdown 162V 140V
voltage
10
11 As shown in the table above, the embodiment’s 45° tilt and 45°twist

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

I3 The LDD implant on the embodiment’s transistor orientation has

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

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

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

20 e.g, figure 7 and 8. )
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NOTCH <110> G C CHANNEL DI RECTI ON <010> DIRECTION B 1 1> lon inpl ant
angle for 45 deg twist and 45 deg tilt FIGURE 3B 4/8 45 TILT & 225 TW ST
45 TILT & 135 45 TILT & 315 TWST TWST G C D NOTCH <110> CHANNEL

DI RECTI O DIRECTION B <100> <0 1 1> lon inplant angle for 45 deg tw st and
45 deg tilt QUADRA | MPLANT FI GURE 3C 5/8 410 414 402 406-

1 V. Ending

2 In summary, a new set of layout and implantation methods was given in
3 the embodiments of this invention. A purpose is to use crystal structure of silicon to

4 improve the junction or the LDD or S/D to obtain high breakdown voltage. It can be used
5  for DMOS and HVNMOS and other high voltage transistor and normal MOS Transistors.

6 The embodiments’ implant process can be performed on any wafer so

7 that the lons enter the wafer in the [110] direction. The embodiments are not dependents on

8  any configuration of wafer notches and/or flats. The orientation of notches and flat change
9  with wafer technology.
10 Given the variety of embodiments of the present invention just
11 described, the above description and illustrations show not be taken as limiting the scope
12 of the present invention defined by the claims.
13 While the invention has been particularly shown and described with
14 reference to the preferred embodiments thereof, it will be understood by those skilled in
15  the art that various changes in form and details may be made without departing from the
16  spirit and scope of the invention. Ilt is intended to cover various modifications and similar
17  arrangements and procedures, and the scope of the appended claims therefore should be
18  accorded the broadest interpretation so as to encompass all such modifications and similar
19 arrangements and procedures.

20
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402 4B 4B 45 DEGREES FIGURE 4A 410 406 402 406 [F407 402 412 414 407
415 FI GURE 4B 6/8 Gaded Junction Plot 10ie mfJ' a Phosphorus for this

I nyt Sort f "~ Phosphor Harns{ 1017 pCr OWm a d Ilk 1016 MAC a-

4BE9b. . .c=4maCld:'.--- Cl ~, Boron U r' 1

What is claimed is:

1. A method of fabrication of doped regions in a semiconductor device; comprising the

steps of

a) providing a {001} silicon substrate;

b) forming a gate over said silicon substrate; said gate having a width and a length; a
channel under the gate; said channel having a channel direction parallel with the
direction of said gate width; said channel direction is [100] or [010] direction,;

¢) implanting ions into said silicon substrate to form a doped region adjacent to said gate;
the implantation of ions comprises a large angle tilt implant with a twist of between

about 40 and 50 degrees and a tilt angle of 40 and 50 degrees.

2. The method of claim | wherein said doped region is a N- LDD in an offset LDMOS FET.

3. The method of claim I wherein said ions being implanted about along the [110] directions of

the silicon substrate.

4. The method of claim | wherein the implanting of said ions is performed in one implant step at

an about 45 degree twist implant and a tilt angle of about 45 degrees.

5. The method of claim | wherein said silicon substrate has a notch/flat at a [110] direction.
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6 Af 0.8 0.91 X FIGIJRE 5 602 104 2ND GATE CHANNEL 7/8 DI RECTI ON <110>
102 2ND GATE GATE 202 CHANNEL DI RECTI ON <100> WAFER {001} 612 204 Notch
in <110> NOTCH "reference direction" FIGJRE 6 DRAIN SOURCE JGATE OXI DE
N+ P-VWELL NLDD P+

6. The method of claim | wherein the implanting of ions 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.

7. The method of claim | wherein said channel has an annular shape with a doped region on the

inside of said channel and a second doped region surrounding the outside of said channel.

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

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

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

and the implanting of said ions further comprises a quadra implant with the

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

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

gate and doped regions.
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P- epi P+ sub OFFSET LDMOS FIGURE 7 { DRAIN 8/ 8 SOURCE GATE OXI DE N+ P-
VELL P+ P- epi P+ sub NON-OFFSET LDMOS FI GURE 8

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

12. The method of claim 1 which further comprises forming a second gate over said silicon
substrate; said second gate having a width and a length; a second channel under the second
gate; said second channel having a second channel direction parallel with the direction of
width of said second gate; said second channel direction is parallel or perpendicular with the

<110> direction.

I3. The method of claim | wherein the implanting of ions further comprises:
the implantation comprises an implant with a 45 tilt and 45 twist and the ions
enter the substrate aligned at a <0 -1 -1> direction whereby the direction increases the

channeling.
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