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Specification 2 3 A PROCESS FOR FABRI CATI NG SEM CONDUCTOR DEVI CES 4
W TH SHALLOALY DOPED REG ONS USI NG DOPANT COMPOUNDS 5 CONTAI NI NG
ELEMENTS OF HHGH SCLID SOLUBI LITY 6 7 BACKGROUND COF THE

| NVENTI ON 8 9 wosmémM3of the Invention 10 The present FPCAESPHQ03R
generally relates to the 11 fabricati on-process of sem conductor
devices, and in 12 particular, the present invention relates to
the 13 fabridation process of senicon8pecdfigatiems with very 14
shal l oWl y doped regions. 15 16 Description of the Prior Art 17 As
the overall di fensions of sem conductor devices 18 are mniaturized and

mede ever smaller, the {oprniinn dip Blerrdfiing ShkAbiDHORG prbgLRas
e.g. those |esg than gre's e e e Dot SoMboRhDS
limting factorg 21 I'n E bt PeFs 36 F1lcH pDEBLOB Y, evi ces,
22 I ncluding gout not limted to netal oxide sem conductor 23
field-effect transistors (MOSFET) and conplenentary nmetal 24 oxi de

sem conductor (CM3S) devi ces. 25 BACKGROURDcORETHBEJINVENITIGN make these vital
CMOS and MOSFET 26  transistors involves the formation of both n-type and

p- 27 type ddbed regi ons where n-type doped regions can be 28 formed by
the ion inplantation of n-type elenents in Goup 29 V A of the Periodic
Tabl e, and p-tybe m%ﬂﬁe%@%o formed by the ign inplantation
of el ements ir&OGr oup ”lrhé present invention generally relates to the
11 fabrication process of semiconductor devices, and in
12 particular, the present Iinvention relates to the
13 fabrication process of semiconductor devices with very
14 shallowly doped regions.
15
16 Description of the Prior Art
17 As the overall dimensions of semiconductor devices
i8 are miniaturized and made ever smaller, the formation of
19 very shallowly doped regions, e.g. those less than a
20 quarter-micron in depth, becomes a major limiting factor
21 in the fabrication process for all miniature devices,
22 including but not limited tc metal oxide semiconductor
23 field-effect transistors (MOSFET) and complementary metal
24 oxide semiconductor (CMCS) devices.
25 The method used to make these wvital CMOS and MOSFET
26 transistors involves the formation of both n-type and p-
27 type doped regions where n-type doped regions can be
* 28 formed by the ion implantation of n-type elements in Group
29 V A of the Periodic Table, and p-type doped regions can be
30 formed by the ion implantation of elements in Group III A

31 of the Periodic Table.



31 of the Periodic Table. WD 97/ 07534

PCT/ US96/ 00732 -2- 1 Technical difficulties currently hanper the
formation 2 of shallowly doped regions. In nost sem conductor 3
fabrication processes, the dopant boron is used to formp- 4__t

regi ons, and WOBA™R4s a very low atomic nunber 5 (Z=5). Pcff'ﬁgml’%al
i on inplantation techni qgues pose 6 several ®oblens in inplanting |l ow Z

dopants. During the 7 i%nﬂii._ngl antation process, a |low Z dopant such, as
boron 8 tendslto chanrkachegdghltecwultias Frrrentty fampes e diormgtion

substrate and fgrns VEer v -undesi , |Jypl antat i 0 r of.J 1
where the concefitra ?on&%& °a’g§’t haggétﬁhe‘g{ﬁ‘%d%gpangﬁea'g%é e%ﬁng'rfg’fs?dgg&é%d
the desired chagnel sgopidaeibd prdbéssédalind G¥phAt AHdrPl st 18el WS tiddm p-
depth seriously-13 degrades device performance. Thus, it is not feasible
to 14 use congenttymml regpbmat atndn beemmohagyat orenypl bow  atbwoic 1 humber
atom c dopant to formshallow y_doped regions, faor very 16 | arge scal e

integrated (VLSP) ci%xRits ofr3fitienal gdon7 implaptaticne greshriqyes sppse
[ its. Al t h th 18 .,technj t ilakl e .t
mhim 2o the chBnnoPeTR oo pRoBHFRe, 1h LG, bC R RS o " R ind, hle
[ 20 t . | ' [ [ 21
G {7 erent et hol 1 bR iRt rsebe’ & Ao ™7 6858t ,Bhcfi 035" pory”
ion inplantatign {&CHNiI@IeRannBY thibERHE 3 ¢ Egﬂlﬂféssmﬂé1%fwthe

probl ens. One problemis that 1t I1s 24 difficul't to manufacture
energy ion inppant@ibsirate andqBopHE Nk , vére undesipabhé, Wy dinplGntaeigy

| ess than 5
10 profile tail where the concentration and depth of the
11 | dopant easily extends beyond the desired channel depth.
12 This inability to control the junction depth seriously
13 degrades device performance. Thus, it is not feasible to
14 use conventional implantation technology to implant a low
15 atomic dopant to form shallowly doped regions for very
16 large scale integrated {(VLSI) circuits or ultra large
17 scale integrated (ULSI) circuits. Although there are
18 techniques currently available to minimize the channeling
19 effect, these technigues require additional processing
20 steps and thus results in higher manufacturing costs. A
21 different method for implantation of boron ions is to use
22 low energy ion implantation techniques, but these
23 techniques pose other problems. One problem is that it is
24 difficult to manufacture low energy ion implantation
25 equipment, i.e. equipment generating energy less than 5
26 Kev. Another problem is that using low energy ion
27 implantation (energy 1less than 5 KeV) can result in

28 sputtering or deposition where the boron ions fail to

29 penetrate the substrate surface.



26 Kev. Anot her problem is that using | ow energy ion 27

i npl antation (energy less than 5 KeV) can result.in 28 sputtering or
deposition where the boron ions fail to 29 penetrate the substrate
surface. WD 97/ 07534

PCT/ US96/ 0073 WVQ%5107534 Several techniques are current | yPHYEPsIE™2
overcone the 2 technical difficulties assoddated with ion inplantation of

3 | ow z dopants and | ow energy jon inplantation. In ope 4 case, the
shal | ow p-rogidn is 1orSEYPRRY AECHRAGUSS @75 GHEESRELEARM GO opeEcons the
BF[err]. Due,to the i aherss . : 0, the. |

atons of the Blg[er]%‘lfI I on pr(‘)i\%?ggtég? 1&?3}9%3%\%%%%%%(3 =) |3n8?i§%ﬁ#$%$ oéf
given ion energy, idwsSz8dopgntb! ane 1bBR LAErBl ABnOfinp13Nta¢ebnD- t IRE one
regi,ons. The 9 BF[err] Tons provide anot her key advantage in that they
reduce 10 the chease] itige edHklova s relytiont he fesmedatueingrabheiwierd lion
This inprovenent is acconplished by the increased 12 crystalline
structural dafagecompeund, Bye.t BF;.heaPuer 43 the ybigheratmass obft Haée on
compound. Furthernore, since 14 fluorine is neither a p-type nor an
n-type dopant, 8t heC@mPOURq y drtighCRMBridUeREt 25PBS| REr §8GC BH: I PRIV ISy & r]

ions do not 16, diyect! tribute to.th trical petf £ th
17" Sem condudt or SHepI e et acion gbiBh EBR o) GEveRuteR Aot gt

generates a new 19 fery ol SR-1onPd® ERatNElkLy! BY ldidys in
silicon, 20 t he ?T?J%ﬁrf’l% at o(r)résg;teno:f_otno i grgte, pgr?\il\%gﬁg%ﬁé :H sthel?ie
substrate is heat egr, AbherproRiderarothelt kap! advaitafe AMOERASE, they raite
subsequent process which requires elevation of

10 the channeling effect and thus the associated problems.

11 This improvement 1is accomplished by the increased
12 crystalline structural damage caused by the heavier
13 fluérine atoms of the ion compound. Furthermore, since
14 fluorine is neither a p-type nor an n-type dopant, the
15 fluorine atoms that are introduced from the BF, ions do not
16 directly contribute to the electrical performance of the
17 semiconductor device.

18 However, the introduction of fluorine generates a new
19 set of problems. Due to their low solubility in silicon,
20 the fluorine atoms tend to migrate, particularly if the
21 substrate is heated. After a BF, ion implantation process,
22 any subsequent process which requires elevation of
23 temperature will tend to cause the implanted fluorine to
24 migrate to the silicon surface, i.e. the silicon-oxide
25 intexface. In some cases, this migration causes the
26 fluorine to coalesce and form a gap or bubble at the
27 interface which in turn causes contact problems such as
28 poor contact reliability, high contact resistance, and

29 unstable electrical performance.



23 tenperature will tend to cause the inplanted fluorine to 24 m grate
to the silicon surface,.i.e. the silicon-oxide 25 | THiSeSHEgeH one
cases, this mgration causes the 26 fluorine toJcoaleﬁ@p gi N1a gap
or bubbl e at the 27 interface which in turn caus s—eem-acpw o] e such
as 28 poor cWQ¥MIS¥eliability, high contact resistance,

unstabl e el ectrical performance. 1 ~-g=or all the above reasons,
BF[err] ion inplantation is not 2 a viable solution for the fabrication

of shallowy doped 3 &R Gid. theRSioreasenes Shsiep mﬂwnétneeohs mothe
t 4 f duct f ab ticul f
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SUVWARY OF THE | NVE ON 10 IS therefore an 0O
invention to 11a pppVigdmiachaleteat Idawweocmsr{éutf&{mﬁs Ei‘éﬁib 3%’ &‘gBEd
12 regi ons in sem conductor devices. i's anot

the present invBntideviaedld requinvirde ahalmivhgd dé;redl ni-vﬁm,ng fér a
dopant in the 15 fabrication of sem conductor devices ere a doped
region 16 s Forn%%P#RQHQiynaPW@PPSéeﬁhﬁédWllbpreﬂmkNQHEhQ#ﬁﬂdiiﬁachltles

depth and an unipform diffusion profile. It is still another
object of the p ese?ﬁéi%ﬁﬂg%ﬁ R to prOV|de a method for introducing a
dopant in the 2 fabrication of sen1conductor devi ces where the contacts
to 21 t he substrate surfaces of the resultant sem conductor
9 SUMMARY OF THE INVENTION
10 It is therefore an object of the present invention to

11 provide a fabrication process for forming shallowly doped
12 regions in semiconductor devices.

13 It is another object of the present invention to
14 provide a method for introducing a dopant in the
15 fabrication of semiconductor devices where a doped region
16 is formed having a well-defined, reproducible shallow-
17 depth and an uniform diffusion profile.

18 It is still another object of the present invention
19 to provide a method for introducing a dopant in the
20 fabrication of semiconductor devices where the contacts to
21 the substrate surfaces of the resultant semiconductor
22 devices have low contact resistance.

23 It is still another advantage of the present
24 invention to provide a method for introducing a dopant in
25 the fabrication of semiconductor devices having shallow-
26 depth regions and minimizing the channeling effect in the
27 implantation process.

28 Briefly, the present invention provides a method for

__?9 manufacturing shallowly doped semiconductor devices. In
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22 devi ces have | ow contact resistance. 23 It is still another
obj ect of the present 24 I nvention to provide a nethod for

i ntroduci ng a dopant in 25 the fabrication of sem conductor devices
havi ng shal | ow- 26 depth regions and m nimzing the channeling effect in
the 27  inpl aNPHPER4process. 28 Briefly, the presentPGHRSIHNNGTSH
provi des a nethod for 29 manuf acturing shal4sw y doped sem conduct or

devices. In WO 97/ 07534 , .
PCT/ US96/ 00732 15- e PRefeFead emRedmsat ndie nathadketinsdudes tdes atieps

2 f: i di bstr at the s trate material 3, _is
Cepresented bye ¢ Y S Bre TR o ehphEEaEe v mg%%susgf?sr%si ilonss
i mpl ant i th b t ' ' o] pr nt e sy
:Elm[)e?.?] :Eg?err]e,§\?\h2{réeaEfe%!ér§ebﬁgeg{L¥5an e e%ﬂoﬁavi%%g h(fégeg%oEubi %i {ﬂ}(?]len

the 7 substrat es mteubstrade)ly @na MB) deplaAeihg! tedesisdirate Sith an ion
electrical effects and can be the sane elenent as the 9 substrate el enent,

Ed (dopant el en®nt)comgrusknireparséitedelmnentheisyimbiod ap1@dect rvtiere E1
acceptor or donor having high 11  solubility limt in the substrate
material, and x® andfSPrEBentsn (AR atlamanth B¥ingf higlpespilvbikityndirEd the

14" Si i con subst rATE R R Rrad LA TG ER TR ARIITRESa Lo ChemLcef opte
o Sl B SRR e pold GRICMERAS, quldTARIRIE. 1" e,
yet another inpj enaiiisytRte deldmentder RN YALSARS! fAldhent ) PEREShY t By
Si[err]Ed[err] or Ce[err]Ed[err] ion

10 element which is an electron acceptor or donor having high
11 solubility limit in the substrate material, and x and y
12 indicate the number of respective El and Ed atoms in the
13 ion compound. For example, in implementing the method, a
14 silicon substrate is implanted with SiB, ion compounds to
15 create a shallowly p-doped region. In another
16 implementation, a silicon substrate is implanted with
17 Ge,Ed, ion compounds. In yet another implementation, a
18 germanium substrate is implanted with SiEd, or Ge,Ed, ion
19 compound.
20 In another embodiment, the ion compound implanted is
21 represented by the symbol E1,E2Ed, where E1 and E2
22 represent two elements having high solubility in the
23 substrate material with minimal detrimental chemical,
24 electrical, or physical effects, and one of the elements
25 can be the same element as that of the substrate material,
26 Ed represents an element which is an electron acceptor or

27 donor in the substrate, and x, y, and 2z indicate the

28 number of respective El, E2, and Ed atoms in the ion



19 conmpound. 20 I n anot her enbodi nent, the ion conpound inplanted
s 21 represented by the synbol El[err]E2[err]Ed[err] where E1 and

E2 22 represent two el ements having high solubility in the 23 substrate
material with mnimal detrinental chemcal, 24 electrical, or physica
effects, and orWO87He el ements 25 can be the sane el ement PERUSYGAO7TIDS
the substrate nmaterial, 26 Ed represents an-e&tenent which is an el ectron

acceptor or 27 _donor in the substrate, and x, y, and z indicate the 28
nunber of respecti vEOFPOURS: AROX ERXAMRIAY ith $iHd.Gosn subspErye) bysimplanted

PCT/ US96/ 00732 -H- 1.. For..e a silicon substrate is
implanted 2 with Si%%%gfgg#%%?PEgFgré?ﬂﬁgﬁk%bnpound. 3 Note that it
is within the seppe of thereresgnt #A | p¥eRkrQdndiSR] Os eLei 0 |
conpounds conprised 5 of EnEd el ements where Eﬁ repr esgﬁgé; I:B{%or%{e r%?egsér&n

elements 6 in variodavehoion diddlased teldineps asaition ROngoRhAE dorfh B -
8 The present invention can also be applied to a 9 previously doped
region to alter & heofoBnEg ¢lendnits Wherer Bgi nepredent extanploe, mbhe ¢lanits

i nvention can be applied 11 to a previously n-doped region where a p-type
dopant ion 12 SomBBufR¥ErvehatmisenfatinfkmudnEfs Nepresentsedheo dipimge

13 the total qptiv§ dogent of the n-doped region, and vice 14 versa. 15
Note that the use of “Ef&™term"ion conmpound” in this 16 speci fication

refers to both FEOSitivel'l‘h@n%r'égg‘ﬁrti VBiWention can also be applied to a

9 previously doped region to alter the doping in that

10 region. For example, the present invention can be applied
11 to a previously n-doped region where a p-type dopant ion
12 compound of the present invention is implemented to change
13 the total active dopant of the n-doped region, and vice
14 versa.

15 Note that the use of the term "ion compound" in this
16 specification refers to both positively and negatively
17 charged ion compounds which may have one or more charges.
18 An advantage of the present invention is that it
19 provides a method for dintroducing a dopant in the
20 fabrication of semiconductor devices that results in
21 shallow-depth doped regions where the fabrication process
22 can be better controlled to produce doped regions having
23 well-defined and reproducible shallow-depth regions with
24 uniform diffusion profiles.

25 Another advantage of the present invention is that it
26 provides a method for introducing a dopant in the
27 fabrication of semiconductor devices where the contacts to
28 the substrate surfaces of the resultant semiconductor

29 devices have low contact resistance.



17 charged i on conpounds whi ch may have one or nore charges. 18 An
advant age of the present invention is that it 19 provides a nethod for
introducing a dopant in the 20 fabrication of sem conductor devices
that results in 21 shal | ow dept h doped regi ons where the fabrication
process 22  W@YHYSMetter controlled to produce doped regi oRETRMNGF23
wel | -defined and reproduci bl e shal |l owdepth r-8gi ons with 24 uni form

di ffusion profiles. 25 _ Anot her advantage of the present invention is
that it 26 prbvides Anoksegordvaniage ofr shaceFRpent igypakion ks that At
fabrication of sem_conductor _devigces re t.he cantacts to 28 t he
substrate surfates BFOHHES e?ul?ﬁﬁﬁod\ggfﬁ%o aﬁ&:to%lucigg ?iev%%pe%n%a\}é’ I 5‘\}3e
contact resistafice. : 04834amsi ; 3 -

PCT/ US96/ 00732 > 7. ff‘bn\égt%%né?hﬁ?m%%?/%drﬁcafgc’g SFVIReS PaT TR SREER
that it 2 prayi defegidniet BAd didinizing0odUEe NGchahnedadpant eff8ct t i 3 the
fabrication of sem conductor devices having shall owdepth 4 regions and
mnimzing the champlantagienhf procesm. the 5 i npl antati on process. 6
These and other objects and advantage of the present 7 i nvention will no
doubt becone dbvious (Ihesengsd obhern obigclisnang arkvantage tofe tdhe pPaesent

having read the, ol ouing 9 fef ailed dgee! | BLLGN Ol the B S e Sikee. or ;

I's an enlarged £ross-felhl PRk Y 84 Gle Arkd astb¥PhGdindREH YRV 1A 10wing

9 detailed description of the preferred embodiments.

10
11 ' IN TH NGS
12 Fig. 1 is an enlarged cross-sectional view of =

i3 typical MOSFET device,

14
15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
16 The present invention provides a method for

17 fabricating semiconductor devices having shallowly doped
18 regions which is necessary for miniaturization of
© 19 semiconductor devices.
20 Fig. 1 shows a cross-sectional view of a typical
21 MOSFET device composed of a silicon substrate 21, with a
22 p-type transistor 10 and an n-type transistor 12 formed
23 thereon. Transistors 10 and 12 are isolated from each
24 other by an oxide strip 14 which preferably is a silicon
v 25 dioxide strip. For those ordinarily skilled in the art,
26 it is well known that a great number of transistors
27 separated by isolation oxide regions may be formed on a

28 silicon substrate.



14 15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 16 The
present invention provides a nethod for 17 fabricating sem conduct or
devi ces having shallowy doped 18 regions which is necessary for

m niaturization of 19 sem conduct or devices. 20 Fig. 1 shows a
cross-sectionalWQPHRSY a typical 21  MOSFET device conposedpgpug“gpp?con
substrate 21, with a 22 p-type transistor 168and an n-type transistor 12
fornmed 23 t her_eon. nS| tors, 10 and 12 are isolated fromeach 24

other by an oxide strip T whPERCHLRFLPR | e?%“?a stpeuRpe oon  ghR&i de-type
strip. For tho Ort@a?x@ibl:é‘rs%lflqﬁsltgag:ge dﬁ%tdov%q f 5£u:|:'§s. thégﬁ senq:at
a great nunber of transistors separated by 150l atron oxide Tée

be formed on a 28  isiveh€98nsURBEtEGEEh the \WRthHdR7234 the present invention
PCT/ US96/ 00732 1 The description herein focuses on the p-type
2 transistor to ildppdtieat ecd ha-nypel teahsistorad tbe weEbent Fhe p-type
I nvention, although the nethods of the present invention 4 applies to
n-type transistors tragsister 10 ingdudesypcpSiopead spvirseoredipn ndléudes 27,
p- doped source region, 16 and 27, 6 and_drain reglon 18 and 29,

separated by a c¢han JidFegionyg1s apd %%UFEB"" afeerbY F5 chaaned regien
drain region, 18 8 ,.and h 0] 20 ALe forned on a
I irght |y 8 dopgld sﬁ [ corﬁguggprgg% %fgigH‘T e C %n%éf regl Ay TeoTy

i nsul ated by an g nsghat 259 4Ry Hhe’ Sratheq0¥85 56N Y0 Gkl foxﬁx@ﬁdHﬁtéVﬁ%}?}:}i‘if

(gate electrode) 25 fornmed on top of the 12 I nsul ating | ayer 23. e

gate el ectrode 26 i dlopedr @iddedn substrate 21. The channel region 20 is
10 insulated by an insulating layer 23 and covered by a
11 conductive layer (gate electrode) 25 formed on top of the
12 insulating layer 23. The gate electrode 25 is surrounded
13 by spacers 17 and 19 which are used as masks for the
14 formation of the heavily doped source and drain regions.
is The regions directly underneath the spacers are lightly
16 doped source and drain regions 27 and 29. Two surface
17 layers 36 and 38 are formed on top of the source and drain
i8 regions 16 and 18 respectively to serve as contacts for
19 electrical connection to other circuits (not shown).
20 The present invention teaches three general criteria
21 in sélecting the composition of an ion compound to be
22 implanted into the substrate to create a shallowly doped
23 region. The ion compound generally consists of the dopant
24 and one or more complementary elements. The first
25 criterion is that the dopant must have a sufficiently high
26 level of solid solubility in the substrate material; the
27 second criterion is that the ion compound must be’heavy;
28 and the third criterion is that the complementary element

28 or elements must have high solubility in the substrate



13 by spacers 17 and 19 which are used as masks forlg T <p@ fon of
the heavily doped source and drain regions. 15 The-‘: S%%&Eééé E?@

underneath the spacers are lightly 16 doped sourcd._and egi ong 27
and 29. Two surface 17 | ayers 36 and 38 are forned on top_of the squrce
and drain 18 WO8HIEME 16 and 18 respectively to serve as coRCAfR%:2 19
el ectrical connection to other circuits (not-8hown). 20 The present

i nvention teaches three,gener criteria 21 in selectjng_the ¢conpositjon
of an ion corrp&undmf*ﬁeﬁég§2 ana‘i nﬁ?’&ﬁigd nok o baxs s%‘g??‘ﬁ h& Erf[sggﬁlﬁai'
shal | oM y doped 23, LedLon. o T; ﬂagﬁc%qngggggtggneral |y consists of the

e

dopant 24 and on€ or noré —conplenentary enents. The first 25

criterion is that the dopant nust have a sufficiently high 26 | evel of
solid solubility in the substrate material; the 27 second criterion is
that the ion canpopOE8ANEUSHIGE SEIFKY .SOAMBIIARY the third criterion is that

the conpl enentary el enent 29 or el ent_s must have high solubility in the
substrate 15 mat er i alThe gpyeseriu| tpvRRtinn caasdes maflabricatiehcprocess
chem cal, or nechanjcal effects. 3 4 ANT H GH SOLID SQLUBIL]TY 5

The present infent F"Bﬁcl’e‘é%’%% aé"'?&ﬁf‘gﬁa‘fl’jg(;n tyngementsl Riprticalaplgnomencn

ol ubi 11ty SFect FREEH g5 RRERECRMERENEE oo SORYELE uBRY Bifppmens

solubility. Speciftically, ypes o _ |
a single atom @r agypak! off ePemEnt® MoKy A d HinleCaEohNbe 8sSphie of

substrate of a 10 Selected type of material, eachtype of these "alien

11 at ons I ntroguced ictimpoiuhd, sayet riaite-ddased daltiod asodalhid i $ubstrate of a
10 selected type of material, each type of these ’alien’
11 atoms introduced into the substrate has a solid solubility
12 limit in the substrate, i.e. a maximum concentration of
13 that element which the substrate can accommodate. When
14 the concentration of these ’‘alien’ atoms exceeds the solid
15 solubility 1limit of the substrate, micro structural
16 defects are formed. These defects then adversely affect
17 the projected electrical properties of the doped regions
18 of the semiconductor device which in turn adversely impact
19 device performance and reliability.
20 In order to form a p-type region, a dopant is
21 selected from Group IIIA of the Periodic table which
22 includes boron (B), aluminum (Al), gallium ({(Ga), and
23 indium (In), with boron being the preferred choice. The
24 dopant is introduced into a substrate which can be a
25 diamond substrate, a silicon substrate or a germanium
26 substrate (or other Group IVA elements) where silicon is
27 the most common substrate material. To form a n-type

28 region, a dopant is selected from Group VA of the Periodic

29 Table which includes phosphorus (P}, antimony (Sb), and
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12 limt in the substrate, i.e. a maxi mum concentration of 13 t hat

el ement which the substrate can accommbdate. Wen 14 the concentration of
these "alien' atons exceeds the solid 15 solubility limt of the substrate,
mcro structural 16 defects are forned. These defects then adversely affect
17 the projectW@9%P®4rical properties of the doped regions fgr&squ%gsz

sem conduct or device which in turn adversel y-¥hpact 19 devi ce perfornmance
and reliability. 20 , In order, to forma p-type region,, a,dqpant js
21 sel ect ed fr o GRFEE ABE t nasty | BAPEPhORIS. RRCHES9PH 4| EA0opoF B
(B), alum num (Al), o & nd 23 indium (In), with boron being the
preferred choi czg\l. ﬂxﬁzf%(?pa%i?%% ntroduced into a substrate which can be

a 25 di anond supstrate, 1a selb60ingWdRint @h acEstdiivd Mizh tubSpratent or
other Goup I VA elenents) where silicon is 27 the nost common substrate
mat eri al . To 4 or meventioppe 2Be depanh, asellepbed |imuste| ciodesl faonms&ddip
VA of the Periodic 29 Table which includes phosphorus (P), antinony (Sb),
and WO 97/ 07334 solubility higher than the desired dopipg: coggshbeialion

-10- 1 arsenic_ (As) wi th phosphorus and arsenic being the 2

preferred choi ces. _11?"9’1 of | Hgel¥MATy A dopdfit PHPHCH dance THEt hsPhid
AR TP S MG i
dopant in thg SHldaliGed by Narithls dnethodi! Ubbhe! ¥uchf methog®! RITEERY
in any substrate can be 8 determ ned by various nethods. One such
method is to 9 implant the substrate with several gradually different
10 concentration levels of that element and to look £for
11 indications such as segregation, precipitation, defect
12 formation including wvoids, and second phase formation,
13 where concentration levels begin to exceed the solid
14 solubility limit of the substrate.
15 For p-type doping, boron exhibits relatively the
16 highest solid solubility level in a silicon substrate and
17 it is therefore the preferred choice for p-type doping.
18 For n-type doping, arsenic and phosphorus exhibit
18 relatively high solid solubility levels. Because high
20 solubility levels can accommodate higher concentrations of
21 the respective elements in the silicon substrate, these
22 elements are the preferred choices for doping.
23
24 MASS OF THE ION COMPOUND FOR IMPLANTATION
25 As a dopant, the boron atom itself is a very light
26 atom, and it is difficult to form a shallow region by
27 using boron atoms alone as a dopant. 1In order to create
28 a shallowly doped region, the weight of ions implanted

29 into the substrate is increased by using boron compounds.



9 I npl ant the substrate with several gradually different 10

concentration |evels of that elenent and to | ook for 11 I ndi cati ons such
as segregation, precipitation, defect 12 formati on including voids, and
second phase formation, 13 where concentration |levels begin to exceed the

solid 14 soM®P73# |init of the substrate. 15 For BCTYPWOBRI ng,
boron exhibits relatively the 16 hi ghest sdalii-d solubility level in a
silicon substrate and 17 it is therefore the preferred choice for p-type

doping. 18 Fdér HoFybke ¥ nfrouny hiergyd pheayRsrusPieshi bPych gs
el atively hi i lubility levels, . B hiigh 20 _.sol ubilit
el o oS R e PR bR A0 188, bt Yhe

el ements in theg sily t 2 fer
chot ces for dop ng= 23 TAtS Bk Ber TR P N o L RR A el 28
As a dopant, the bQoigRtéi ofbiése!dudls & e Borongltodt ThkOBRmaNgrikciple
difficult to forma shallow region by 27 usi ng boron atons al one as a
dopant. I n ord&er apptiestto 28-tyre steglingwl y doped regi on, the wei ght of

ions inplanted 29 into the substrate is increased by using boron
conpounds. WD 97/ 075Bke most commonly used compound for forming shallow

PCT/ US96/ 00732 -11- 1 .For th t , h . bi ect.
Such as 2 for off EBHHBRRGT HRG PR RISty LAPVEREAGR: REBOERR &5 the

ggb strate will ghot gh! %%ﬁ#oﬁﬁd%?ﬁ&é. RHQ H}goéﬂ;? gt%‘n% Qéeaaédec% lt:iog &ease

ject such as a borbn atom e same principle appli1es to n-type

dopi ng. 9 the weight of the implanted ions thus reducing the depth
10 of the doped regions. Howéver. since fluorine has =z
11 relatively low solid solubility in the silicon substrate,
12 as soon as the fluorine concentration exceeds its solid
13 solubility limit in relation to the substrate material,
14 the problems associated with micro structural defects
15 occur. The defects caused by these alien atoms lead to
16 problems such as segregation, precipitation, diffusion to
17 surface, dislocation and bubbles as described above. The
18 ©present invention teaches a method to select the

19 complementary element or elements forming ion compounds

20 which avoid the above described problems.

21
22 HIGH SOLID SOLUBILITY OF THE COMPLEMENTARY ELEMENT (S)
23 In accordance with the present invention, in forming

24 the ion compound with the selected dopant element, one or
25 more complementary elements having high solid solubilities
26 in the substrate with minimal or no detrimental
27 electrical, chemical, or mechanical effects are selected.

28



6 The nost commonly used conpound for form ng shallow 7 p regions
I n the conventional fabrication process is the 8 BF[ err] conmpound where
the fluorine atons are added to increase 9 t he wei ght of the inplanted

i ons thus reducing the depth 10 of the doped regions. However, since
fluorine has A¥Q977534e| atively |ow solid solubility in the sT¢TERR00732
substrate, 12 as soon as the fluorine concdatration exceeds its solid 13

solubility limt inrelation to the substrate material,_ 14 he probl.ens
associ ated with nicro stfucPurhl SYePeRte 22 %gd'ﬁ".n ‘ﬁfé dBP ct%e%‘éﬂg‘gﬁ by

these alien at s |e&a0 t &ihfeonPhObl SSSIUH A9 BERLEPR TN Al QCLRNLRLEON.

diffusion to 1 urface, i sl ocati on an |'es as scri bed above.

18 present jnvepibfiratleLaiiRe they®APOUrhé Osané! Aeteri £E. 19 Germanium
conpl ementary elenment or elenments formng ion conpounds 20 which avoid

t he above descgi bestgniobiretieiyra?2e @2th thé&Hs S0 ddh SElARitureY a0d thbs have
COVPLEMENTARY ELEMENT (S) 23 I n accordance with the present
i nvention, in $ormmigited tsed idosodubpdddhy wht B slidicohesubdtdapant Two
el ement, one or 25 nor e coggl enentary , el enments havi nqphi gh soljd

r

solubilities 26 OtheX hgle@gRtsy otdn WiR &G ni®ad orPbly bRYiINGehigh 27

electrical, chem cal or. .rechani | effects _ar | ected. 28 VWO 97/ Q7534
PCT/ US06/ 00732 - 180 ubi ity 1fis i Tac II"elcez“nn\c:néls’f"%a?’g ‘s‘?‘?‘?'con";“r(%e)r“‘é’ﬁ'&' 3¢

germani um 2 §Ce)is wAtHIGORBARe oSO d t31) PRELEAY 1Avadtidh #c5icbhe?B13

substrate since they are the same material . Ger mani um
o the atomic concentrations of the elements introduced into
10 the substrate such that the concentration of each element
11 is below the solid solubility of that element in the
12 substrate.
13 Tc meet the three criteria, in one implementation,
14 the source and drain p-type regions can be formed by using
15 boron compounds containing elements identical to that of
16 the substrate material. For example, for a silicon
17 substrate, the shallow p-type regions are formed by using
18 ion compound Si,B, where x and y are the atomic ratios of
19 the silicon atoms and the boron atoms in the ion compound.
20 This ion compound meets the first criterion by using
21 boron, a doping element with high solubility in silicon,
22 meets the second criterion by using a boron compound to
23 increase the mass of the ion, and meets the third
24 criterion because silicon in silicon substrate has
25 unlimited solubility.
26 In ancther implementation, the doped source and drain
27 p-type regions can be formed by using germanium-boron
28 compounds. For example, for a silicon substrate, the

29 shallow p-type regions are formed by using ion compound



4 atons integrate with the silicon structure and thus have 5 unlimted
solid solubility in a silicon substrate. Two 6 other elenents, tin
(sn) and lead (Pb), having high 7 solubility in silicon, can also be

used. Furthernore. it 8 is within the nethods of the present invention
to control 9 WPEE%34ni c concentrations of the el ements int i Y0973% 0 10
t-he substrate such that the concentration of~¥ach el enent 11 is below the

solid solubility o

f. that | t ] th bstrate, 13 T t
the three critéri aGeré]vagﬁgrg%rae’h‘énrﬁ zﬁﬁ'eeo%,%‘elﬂggmiﬁre:‘%%’cﬁ%é’far’&i‘edF&Fﬁaﬁnf'%pe

regi ons can be  or %?@?g)é) uta'ﬁagtﬁg boP&ﬁ0&&9&30:&’}9ﬁ:r%gﬁitogm;;&;?pﬂﬁo%ﬁm”&ﬁis

I dentical to that o e substrate material. e, for"a
silicon 17  supst ighe colpbuiahbts Prhe PELFR0I 3T eHion By TREiRY BekoA, 18
ion conmpound Si[err]B[err|] where x and y are the atom c ratios of 19 t he
silicon atons and dopibgrehemé¢mirevitth tHighi splabipbtydin 2411 cbn,S meeBs the
conpound neets the first criterion by using 21 boron, a dopi ng el enent

wi t h- hi gh sol ul§i | i ®pcPRdsicrissnior2 by msing tsheboxemndowpdrrd i b Bpcusasg a
boron conpound to 23 increase, the mass of the _ion, and neets the
third 24  criteri BR%8p&Ea 9ni capd Peetsi FheohbizdpSrikpEionabegsuse
unlimted sol ub; it 26 | n anot her | ene on,, th oped, source

and drain 27  'p-t PPEPE BN R AW b or rﬁ?aldggyus‘ls n%’%ie? mant u l"(L:'jlaor ghldecn
conpounds.  Fqf exaERkearfOr &nlisl GOSN Hmadian? htontNakd P VEDs: YR
regions are formed by using ion conpound WO 07/ 07534

PCT/ US96/ 00732 ¢ 13continuous solid solution with silicon atoms.
10 Furthermore, germanium has similar electrical, physical,
11 and chemical properties as silicon. Because of the high
12 solubility, no segregation of germanium occurs in
13 subsequent processing steps. Thus, there is no migration
14 of germanium atoms to the substrate surface when
15 temperature of the substrate is elevated, and contacts or
ie any thin films formed on the substrate surfaces are not
17 detrimentally affected as the case with using BF, ions.
18 An alternate set of preferred ion compounds for
19 doping a shallow p-type region are ternary boron con{pounds
20 including atoms of the substrate material and an element
21 that forms a solid solution with the substrate material,
22 e.g. germanium. A ternary boron compound such as Si,Ge,B,
23 would be suitable for this application to form shallow p-
24 type regions in a silicon substrate.

25 The present invention applies to the creation of n-
26 type regions as well. For n-type regions, phosphorus (P}
27 and arsenic (As) are the preferred dopant. In creating n-
28 doped regions, ion compounds such as Si/P,, Ge,P,, SiGepP,,

29 or SiAs, GeAs,, SiGeAs, can be used.



1 Ge[err]B[err] where x and y are the atomc ratios of the germanium 2
aton(s) and the boron aton(s) in the ion conpound. This 3 I on conpound
neets the first criterion by using boron, a 4 dopi ng el enent with high
solubility in silicon, neets the 5 second criterion by using a boron
compound to | NNQ¥HIB4G  nmss of the ion, and neets the thi rRETPSIEIBN
because 7 germanium atons are readily -3otuble in the silicon 8
substrate. This is because gernmanium atons can forma 9 cont i nuous

solid solutidn w tHithihhe;ghove Qegrribesl methodsekhereontpatmticufPRas
simlar electrical [,cal ndechem cal properties as silicon.
Because of thebhi gﬂquyﬂtgegl EB%%???/Q gﬁ?o Segre § i oo gFs g%??ragﬁ%ﬁ’ﬁrlely
occurs in 13 3 SubSRILEHS %@CQ&&@&:Sé@pﬁace@w&thweréuféefﬁg?pﬁroﬂ{ kgg 14
of germanium atons to the substrate surface when 15 t erature of
the substrate is ecbeyrdmticaneftestasct stis phdor ary,t his. fbdify f«paedren
the substrate surfaces are not 17 detrinentally affected as the case with
using BF[err] Ponsby 18he migratfmalflaioxine sd¢omsf pritdeser dd non niarpedbds
for 19 dopi gg a shal | ow p-type region are ternary boron conpounds 20

i ncl udi ng at onB of PRI J&t iyt EhePERent aimvent g eetase theps isrpe a

solid solution,wth, t subst.rate material, ,22 e.d.. germanium, A ternary
bor on corrpound7suc@%%%?erﬂﬁeﬁe[ﬂ%ﬁ]agfggr ]Slé‘f}conwﬁ%ddgﬁegﬁfnﬁﬁb}‘@ £5PMEhi s
appl i cat i on t ogf or {Rehldeamultn?éne LRSIAY U RuZed! 11 00N substrate. 25
The present invention applies to the creation of n § type regions as

well. For n-tgpe regi e @pPreseher UsntEhtfdn abri=disC (88) @bRpblifd

preferred dopant. |In creating n- 28 doped regions, ion conpounds such as
Si[err] Pl err]10Ge[wariffions] wigirecmteGalwmn r¢dfimour]d QShtainS (g | A8[ abEd,

Ge[err]As[errl Siéerré Ce[err]As[err] can_ be used.
1 lements that can be easily diffused from the substrate.

12 One such element is hydrogen which has 1low solid
13 solubility in a silicon or germanium substrate, but it can
14 be usged to associate with a dopant as part of the ion
15 compound, e.g. SiBH,. After implant';ation of such ion
16 compound, the hydrogen atoms diffuse from the substrate,
17 leaving silicon atoms and boron atoms in the substrate.

18 Although the above description is directed toward
i9 MOSFET devices, the present invention can easily be
20 applied to bipolar junction transistors and all other

21 semiconductor devices requiring shallowly doped regions.

22
23 IMPLANTATION METHODS
24 The present invention is not limited by implantation

25 methods. It may use conventional implantation methods or
26 it may use novel implantation methods.

27 Among the boron dopant compounds of Si,B,, several of
28 these compounds, e.g. SiB,, SiB,, and SiB;, are available

29 commercially, where each compound is able to generate Si.B,



WO 97/ 07534 PCT/ US96/ 00732 -14- 1
Wth the above described nethod, the contacts to the 2 substrate surfaces
of the doped regions are securely 3 bonded to the silicon surfaces w thout
suffering fromthe 4 segregation effect of the prior art, i.e. _bein
separated 5 bW@¥&@4grating fluorine atons. There is no ni gFQPP8If1E?32
problemw th the present invention because t#8re is no 7 migration when

i npl anted silicon and/ or gernmanium atonms 8 integrate.with the substrate
stPucture. o | 1 205 SomiSuABE T FRel fednitRpEiths | FhReS coRBIGRRSL0

variations whepe tQﬁi%jE’” is0 oL SUEBQh@&”SEo%QP Qémg%ﬁ ]‘%empe SRR Syl diat

can be easily diffused from strate. suc enent 1S
hydrogen which hasmokgNérix®lgréskiire,Sahiibéhn the iibnd z8d kaaNifplSRESRNEAIM
substrate, but it can 14 be used to associate with a dopant as part of
the ion 15 canpothed, silicorb gurgtrter tioHferm) 2 sAaltowi pptype atégionfby
such ion 16 conpound, the hydrogen atons diffuse fromthe substrate, 17

| eaving silicoft at bhe ERHlYBMEh PIOSESSi-n the substrate. 18 Al t hough

t he above description is directed towarcii 19 I\%F T devices, ,the present
invention can®easily Be B8 aPPHRAPE 0 HF pdASUNGT orP? r aRFEE or¥i%hd

ol other 21 7eSTLARBHNELBLe GRNIC R BRI 0B LAY od0R] T eRhII P2

23 | MPLANTATI'ON present 1Tnventionis not I'rnit

i npl antation 23  pBiROgS. p1dded™ih USSR WitRah LEBLAR! BlinBNcBBALOGS OF
26 It may use novel inplantation methods. 27 Anong~ the boron

dopant conpounds othérées) |detemperataral isfePdratdd@ne thenhedtdsro®. tthe
SiBlerr], SiB[err], and SiBlerr], are avail able

10 furnace. Depending on the vapor pressure, the boron
11 compound SiB, begins to evaporate at a certain
12 temperature, and the evaporated compound is directed to
i3 effuse to form a collimated molecular beam. The beam is
14 ionized, accelerated, and applied to an unmasked area in
15 the silicon substrate. Shallow p-type regions are thus
16 formed with boron dopant sources from the powder
17 compounds.
18 Other reaction products ionized to generate ion
19 compounds for implantation may be used as well. For
20 example, compounds containing boron that may be used
21 include B,H,, (CH/O,),B,, compounds containing silicon that
22 may be used include 8iH,, Si,G\H,, Si,CH(O,, (CH),8i, (0O,CH,),,
23 etc., and compounds containing germanium that may be used
24 include Ge,B,, GeH,, Ge,CH,, Ge,CHO,, (C.H,),Ge (OLCH,), etc.
25 Organosilicon compounds in various states (solid, liquid,
26 or gas) may also be used, including 8i,CHB,, Si,CHO,B,,
27 Si HNB, Si,CHNB, etc., and organometallic compounds in
28 various states (solid, liquid, or gas} may also be used,

29 including Ge,B,C/H,, etc. Note that the subscripts refer to



e

29 commercially, where each conpound is able to gereT’l'fl;ﬁe‘S Eﬂ- gEer
WO 97/ 07534 PCTUs96R L 15
i on conmpounds in various atomc ratios. These conpounds 2 exist in solid
powder form at room tenperature under 3 at nospheri c press n be
ionized and i MRAYMTR4 in 4 the silicon substrate to form?@@?’%ﬁ type
rregion by 5 the follow ng process. 6 -16A Si[err] B[err] conpound

i | aced t t | | i th | |
o 11 co. when® etk Siapet 82 bre. FARRLRIED afEm (e 1 12" B A Ry
connected 9  phergiferd 16, t BPRSK ALY €a i B-eipuatied n%@%nae%% fg&i@xta%alo

fur nace. Dependi ng on the vapor pressure, the boron conpound
Si[err]B[err] 3begfnsm &ocompaymnd atentaiining axerdlament? frome@reupt ave, ofnd
t he evaporated conpound is directed to 13 effuse to forma collinmated
mol ecul ar beamt Thke Remiqdicl Fableoand eene mampcuns: eontakuing Hn derensn
unmasked area in 15 the silicon substrate., Shallow p-type regions are
thus 16  fornBd WF‘?‘H G%%‘PR)nII%R)p%%tt he; Rpriadiq rothie,héndy udeitype ion

conpounds. 18 reaction, ducts _ioni zed enerate ion 19
conpounds for Frrpl‘é‘?l’f‘%? 41 mty b3t ‘ﬁ’s%ﬁr s WEReT 2l éf(?mg mpoun%

conpounds como?i nl?ﬁerr%{ ﬁeﬂ@ﬁiell?@ ?chg'éuP v?&'&@%hé[séf#ﬁfé ble

(derr]Herr]gerr conmpounds contarning silicon t

be used include Siiedrsd dgdundScbataislsy rddiedlenlent from Group Va of the
Si[err]Cerr]Herr]qerr], (Cerr]Herr]) [err]Si[err] (Jerr]Cerr]Herr])
[err], 23 et e. aemmmdmmﬂsecorﬁmmxaygam,mmmthmuhdsusad 2é

i ncl ude Gel[err] B[err] Ce[err]Herr], Gelerr](err]Herr],
Ce[err]C[err] MPer r$ﬂ_1@fqtqed from SJ.H4 ‘and BH; source compounds, and Ge,B, ion

err]H err err er err H err rr etc
(Orcggano]si I[ico]n [cL %?ﬂ‘é‘% FPoL ate |Ig ‘}‘ Rcinith and”> BH,; source

compounds.

may

13 In addition to the conventional method described
14 - above for generation of ion compounds, a physical
15 sputtering method can also be used. Other ion formation
16 and implantation methods, including plasma ion
17 implantation, electron bombardment ionization, and other
18 types of ion source/accelerator combinations, can be used
19 to form and accelerate the ions necessary to accomplish
20 the metﬂods disclosed herein.

21 The present invention has an additional advantage in
22 that it minimizes the channeling effect. When an ion
23 compound is implanted into the substrate, separation of
24  the dopant element and the complementary element (s} occurs
25 and atoms of each element travel into the substrate to
26 different projected ranges. Table 1 illustrates selected
27 ion compounds, the elements in each of the compound, the
28 implantation energy, the xrespective energy ratio in

29 accordance to the mass of the compound, the corresponding

’Mm&deﬁBmmmn
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26 or gas) may al so be used, including Si[err] (g feeft:
Si[err]Cerr]Herr]derr]B[err], 27 Si[err]H err]N[KS$ r‘h&S EN
Si[errJerr]Herr]Blerr], etc., and organonetallicl conp®ERHACEDh 28
vari ous states ésolid, liquid, or gas) may al so be et—29"1 nCIudlnz(i
Ge[err]B[err] OF@PYEIPLr ], etc. Note that the subscripts ref &CF 0R3%16- 1
the nunber of the respective aton(s) in that-Ionpound. 2 Ceneral ly

speaki ng, a p-type ion conpound_ is generated 3 from a conpound cont ai ni ng
an el enent from G SBETEYVALSF skeh phEmpepnddihe PERIEChRY BARIS Spsligqatoms

containing an ¢ ement 5 ferl%%%o‘i% Lyl é’&bétthrgxa-.'geri o%i)xc &ern%elb agﬁ% H_a

m

n-type ion 6 conpoun isTsimlarly “generated “fro one
containing an & emytyf oW GoRpBuhda i8f P8 aRBEE0EhEs TaDLE18cona Rt rate
conpound containing an el enent from Group Va of the 9 Peri odi c Tabl e.

For exanpl e, Sif er ijsBher rdo i ke, CoppOUPEEje8teferifige @FNassLRsbr I 026 A),
SiH err] and BH err] source conpounds, and Ge[err]B[err] ion 11 conpounds
can be generat&d Mmeder@ihafere |tabice BH[ disr Eartber ceh#i? the mrpjecdsd ta8nge
In addition to the conventi onal thod described 14 above for

generation of 6 ioRf RAFBUNRSE a) physTha PRBsical eféerhg afet Harl d8RI8F so
be used. Qher, ion forrrg n ant at,i o

' 16 d L pl hods,,.,
including  pl dsma PP tfé}orarf%loﬁgé}iiﬁlﬂgpﬁo&ﬁ P‘gnggﬁﬁb%%lor?é’af'c°? atoms
| oni zation, ang ot RRlL8e i 52011 QRe SOLRESAALE Ghehal f51 SRS 1314 Pﬂéﬁkzo

can be used 19 to formand accelerate the 1ons necessary to acconplis
the methods di scl oge@ hefiginels?l The bdih Paesmst therebli Ofamast aBravel

addi ti onal advantage in 22 that it mnimzes the channeling effect.

When an ion 230 cdéipougt tive ichanaefedof nthe tdnyssabld inat strisspareamisonedl .
11 Similarly with implantation of boron-germanium compounds
12 using 20 Kev, the projected range of germanium (190 A) is
13 farth(_er than the projected range of boron (127 A) and the
14 channeling effect is similarly minimized. On the other
15 hand, for boron-fluoride compounds implanted using 20 Kev,
16 the projected range of fluoride (187 A) is not farther
17 than the projected range of boron (201 A), and the

18 channeling effect is only reduced to a certain extent.

19
20 Implant Energy Projected
21 Species Element Energy Ratio Energy
22 Range
23
24 BF, B 20 11/48 4.48 201
25 F 19/49 7.75 87
26
27 SiB B 20 11/39 5.64 236
28 Si 28/39 14.35 246
29
30 GeB B 20 11/85 2.6 127
31 Ge 74/85 17.4 190
32
33 Table 1

- 34
35 In summary, this invention teaches a method for

36 manufacturing semiconductor devices with shallowly doped

37 regions. The method includes the steps of: (a) providing

This Sheet Has Been RTlaoed

DA



24  the dopant elenent and the conplenentary el enent (s) occurs 25 and
atons of each elenent travel into the substrate to 26 different projected
ranges. Table 1 illustrates selected 27 i on conpounds, the elenents in
each of the conmpound, the 28 i mpl antation energy, the respective
energy ratio WPAMBM zccordance to the mass of the conpoundCTUgEs00732
correspondi ng -17- 1 energy for each atd®- and the projected range of
the atons 2 of that eJement in_the sugstrate. For exanpl e, when a 3

Siferr]Blerr] ion GonPBRRTRES i MheFst eGBe niRterdal CBEf s‘ﬂ}f_st lsé‘fr’étﬁazleus’rl%g
20 Kev, the projec f.s)licon An. .5 e ri to. .t

which is farltohtcaﬁr trﬁ%%rtéﬁggg?gj e te%ﬁgaﬁé’éﬁgl )Eosf’ b%rrntﬁ)n.(%?z ,&)a%t .eethé

physi cal effects of soieckPagfin 7TregPbR] @EERUak 2088 BbmPbUAG OPeptiBntien AL
the silicon atons 8 disrupt the crystalline structure when 1nplanted and
block 9  the ahanmbessymbdh&BdonwhepetEd repebpentsai dlettebnlécceptor

t hrough the channels of the crystalline structure as well. 11 Simlarly

with inplantati®on oF 8oron, g mepresebbapuukienedt with igidl0 skdubilbey in

proj ected range of %er mani um (190 A) is 13 farther than the projected

range of boron § 12¥DPR) subgtxafee Materdpinand isap i?Pf'ébf— $%¥“esieﬂa'elﬂgmiyaslthat |
inimzed. On.gh 1 hand, f b - rigde co nds i ante
Using 20 Kev, 16 OnSibr SRRETHFS DRSETIALY IBR Hetd 8y SRF Foe Besr e
17 than the pyoj gebRe 5ANG9e0: O Mhp izl lg\)%aaﬂetﬁﬁpiémeneme,' '

effect is only reduced to a certain extent.

| npl ant fsner gyibstrate is a RiQjiRGnCduBitratPLERS theFh BAERbmpoERE B
Ratio Energy Range
10 5i.E4,. In another implementation, the substrate is a

11  silicon substrate, and the combination dopant is Ge,Ed,.
12 In another embodiment where there is more than one
13 complementary element, the substrate is a silicon
14 substrate, the ion compound is Si,Ge,Ed, where x, y, and z
1s indicate the ratio of the respective atoms in the ion
16 compound. In all of these implementations, a p-type
17 region is formed if Ed is selected from one of the p-type
18 dopants, and a n-type region is formed if Ed is selected
19 from one of the n-type dopants.

20 Although the discussion herein uses silicon
21 substrates as examples, the present invention equally
22 applies to germanium substrates, substrates of the III-V
23 group (implanting GaAs substrates with ion compounds
24 having corresponding dopant elements), and substrates of
25 the II-VI group (implanting CdTe substrates with ion
26 compounds having corresponding dopant elements).

27 This invention also discloses a method for implanting
28 a compound into a substrate. The method includes the

29 steps of (a) selecting the compound containing elements



22 23 24 BF2 B 20 11/ 49 4.48 201 25

F 19/ 49 7.75 187 26 27 Si B B

20 11/ 39 5.64 236 28 S

28/ 39 14. 35 246 29 30 GeB B 20 11/ 85
2.6 127 W3 97/07534 Ge 74/ 85 PCT/USHER0732
190 32 33 Table 1 34-3%- In summary, this

i nvention teaches nmet hod .for 36, . manufacturing sem conductor devices
with shal | ow yldopgﬁvéﬁg g‘r‘ggi 883.“1 'ﬁ?g Gy ilg’clﬁbeess? /¢ pSuRFLtratsy

pr ovi di ng 97 4 1. - ot ot .

PCT/ US96/ 007327, 1679482 a1, (B) enersizing, apd, OREET) PR ST st Rt e
is 2 represested(by iMerssitioly EBe icMiked RbmpBRhaniatl) thReadbstrate to

source/drain region with an ion conpound represented by 4 the synbol

El [err] Ed] err] 4 wheneatdmiepeassnitraion dor eachcofpthe Slematsioticat I3
represents an elenent with hsiggh solubility in 6 the substrate materi al
and ean be theSsanbedpuriaif ighselybiligy diaisupEithe aeppective, element
and y are the respective 8 atgns in the ion conpound. I n one

i npl ement ati on® t h&PotRe SBWREYZASE - s a silicon substrate, and the ion

conpound is 10, Siferrifdlgidiher hIeROPt Hr | IRLEEUA L tnbCpresent
substrate is a
8 invention can be implemented by the method of plasma ion
S implantation for introducing a compound into a substrate.
10 The method includes the steps of: {a) selecting one or
11 more source materials containing elements for composing
12 the ion compound where each element of the ion compound
13 has high solid solubility; (b} introducing the selected
14 source materials in a gaseous state into a plasma
15 generating chamber for generating the desired ion compound
16 in plasma form; (c) ionizing and energizing the plasma
17 compound; and (d) implanting the selected ion compound
18 into the substrate to form a doped region where the atomic
13 concentration level for each of the dopant element and the
20 complementary elements in the substrate does not exceed
21 the corresponding solid solubility limit of the respective
22 element in the substrate material.
23 In addition to the ion compounds described above, a
24 series of ion compounds including, but not limited to,
25  compounds such as Sn,Ed,, PbEd,, or in combination with
26 silicon and/or germanium, can also be used to create the
27 shallowly doped regions. The non-dopant element{(s} in
28 these compounds is{are) highly soluble in the silicon

29 substrate.



11 silicon substrate, and the conbination dopant is Ge[err]Ed[err]. 12

I n anot her enbodi nent where there is nore than one 13 conpl enentary
el enent, the substrate is a silicon 14 substrate, the ion conpound is
Si[err]CGe[err]Ed[err] where x, y, and z 15 indicate the ratio of the
respective at oM@97#758he ion 16  conpound. In all of thesePCT/USI6/00732

I npl enmentations, a p-type 17 region is for2led if Ed is selected fromone

of the p-type 18 dopants, and_a n-type regionis fornmed if Ed_is selected
19 fromone & the n-t¥fe gﬂﬁ’&%?tgﬁn m%t%"ﬂfst hétrgrribele ARWEUs TN
herein wuses J i upst A : e pPLES LN |
equal |y 22 a?pl i %%gggéag%%aﬁléu%a‘gﬁ%sﬁ%at gs@su stlrc%tgés g? ?ﬁ%%l%ﬁgia%{'
group (inplanty ng {@aAShe URSE | atRSse WtbBhniQiles CEER0GAES1¥4be NPEHINIRA to
correspondi ng dopant el enents), and substrates of 25 the I'l-VI group
(implanting CdEe sudesticasesughtds ivdpolér tranpbsioiss havitegratcedesppacht iwn
dopant el enents). 27 This invention also discloses a nethod for

i mpl anting 28 5 a dogdcundGahso dewigiesyratee. the rBtIvdd sewicdnducter
steps of (a) selecting the coppound containing el enents WO 97/07534

PCT/ US96/ 00732 81 SHdvRE-RPgREMEt P 01 98iCeEy | AtFhe sefBctadddbibn r iR 2
material; (b) erqi.zin and iponizing the .co und; .and, 3 C) .
introducing the' io 'r?é‘c’fqé‘éﬁﬁﬁun@h‘? rﬁ%easf te}‘slﬁﬁrg‘(r%éfzg 6 3ls°aﬁ£%i‘b$ﬂk?:le to
concentration for gaghiehtiba ekeaﬁakﬁswa&%ﬁcﬂoxﬁﬁ'%félfoxsso'axgh other

solubility Iimt of the respective el enent In the substrate.

| n anot her netpod thoes nPf adidicudn, céniporEmIenNvh8nevenV &hizlaBwlgn dsped

i npl emented by the nmethod of plasna ion
10 regions are involved. More specifically, the present
11 invention can be applied to p-well, n-well, or twin well
12 implantation; threshold implantation to adjust a
13 transistor’s threshold woltage; poly implantation to
14 define poly grain size and its sheet registance, doping
15 level and doping type; 1lightly doped drain (LDD)
16 implantation to define the depth and concentration of LDD
17 devices; junction implantation to define the depth and
18 concentration of the source/drain junction regions; and
19 implantation for PNP and NPN bipolar transistors.
20 Although the present invention has been described in
21 terms of the presently preferred embodiment, it is to be
22 understood that such disclosure is not to be interpreted
23 as limiting. Various alterations and modifications will
24 no doubt become apparent to those skilled in the art after
25 reading the above disclosure. Accordingly, it is intended
26 that the appended claims be interpreted as covering all
27 alterations and modifications as fall within the true
28 spirit and scope of the invention.

What I claim is:



"ﬂ ,ﬁu ,uﬁluuutrOdUCing a conpound into a substrate. 10 The
nethod ps of (a) selecting one or 11 nore source

materi al s contalnlng él enents for conposing 12 the i on conpound where
each el enment of the ion conmpound 13 has high solid solubiljfy.
introduci ng t RO¥M¥¥ted 14 source mterials in a gaseE%é"sgggéé
into a plasma 15 generating chanber for géherating the desired ion
conmpound 16 in plasma form (c) ionizin energi zing the plasm 17
conpound; and (d) inplanting the selected npound 18 into the
substrate to forma doped gﬂgﬁ c, 19 nc I o, eve
for each of thg degantgﬁleﬁgﬁ{ é%éa@%gﬂ% %ne%? §§ e?gﬁeﬁ%s ?ﬁ t%e
substrate doesznotsaicRefiuetor aEeleermewmhew@seﬁﬁbbﬂdaetebl iétﬁbfrrdda fonof
t he respective 22 el enent in the substrate material. 23 In
addition to the i on sugpimates cfescseledtedomstenidll, comprisimgf tihen steps
conpounds including, but not limted to, 25 conpounds such as
Sn[err]Ed[err]4 F&Qéﬁr]Ed[err] or in conbination W th 26 silicon and/or

germani um can_al so be ysed to create t ggglomd d re
The non-dopantselenent Pﬁofédln?hﬁsﬁ s C& &Ft E%ﬁ bl e

_ doj )
in the sili Con529 Sulgt rats%_?.ﬁctlxgpg Ogr? ¥bmpound, i clugérsx%r e or more

PCT/ US96/ 00732 -20- 1 ion* nmet hods ove

are 2 applicabl e;dsing o dedb bpade filefyt GBI onkOokhASPe SKELMEbS ond Br! he
art, these techniques can easily be applied to 4 devi ces such as bipol ar

transi stors, i8tegiate conplenianary elemgnts, ©Ghas dopewtCcedemente andt the
[11-V seniconductors,
9 complementary elements each having high solid solubility
10 in the material of the substrate; and
11 c) implanting the selected ion compound into the
12 substrate to form a doped region where the atomic
13 concentration level for each of the dopant element and the
14 complementary elements in the substrate does not exceed

15 the corresponding solid solubility limit of the respective

16 element in the substrate material.

1 2. A method as recited in claim 1 wherein said substrate
2 material is composed of an element selected from the group

3 of elements consisting of silicon, and germanium.

1 3. A method as recited in c¢laim 1 wherein said substrate

2 material is diamond.

1 4. A method as recited in claim 1 wherein said dopant

2 element is a p-type dopant element.



6 sili ' devices, etc. In addi ¢+om
transi stﬂm"fml,milmmﬁml nvention is also applicabl TH® §h&#g€ iB(?gPli on of
di ffused eapacii oms, sresl stors and ot her 9 types o ci MERLA npo ts
whenever shal | ow doped 10 regions are invol ved. More specifi ly,
t he present 11”°9¥hﬁﬁﬁni on can be applied to p-well, n-meII,P%#ﬁﬂﬁﬁbﬁg%ell
12  inplantation; threshold inplantatiom22to adjust a 13
transistor's threshol d_ vol ;opoly.. inplantation to 14, defjne pol
grain size and? tsgsheeF F‘séﬁ%%aﬁ%ef&d{%ﬁ%&ﬂffﬂ%v%! Wg%ﬁedm it ngp'tltolﬂrpﬁé;
Lightly doped, drabBant Pibmdft ik phapiéhé ) dorddafdderddye t%?tg*}c&:y of
concentration of LDD 17 devi ces; junction inplantation to define the
depth and 18 3conegemeatsorcalisiishéngoust ebdiran) j abahimin, egadbhiumANnkd
i npl antation for PNP and NPN bi pol ar transistors. 20 Al t hough the
present inventid4on Badibwen described in 21 terms of the presently
preferred enbodinent, it is to be 22 under st ood that such disclosure is
not to be interpreted 23 as limting. Various alterations and
nodi fications wll 24 no doubt becone appare fo those skilled in the
art after 25 Zreafliing ehgeﬁﬂﬁgeaﬁigﬁ?ﬁgﬂfe%nﬁﬁ Wi gt ,r?%ni§?ﬁqn4§ﬁi§§
that the appended ] be. i e o] | all 27 alterations
de gg%"%ﬂ: %st{h; ﬁ:{-ﬁﬂﬂ ’@te g°§§§g SEEENE:

and nodifications tru spirit and scope of the

26

i nvention. What | claimis: WO 97/ 07534
PCT/ US96/ 00732 -21- CLAIMS 1 1. A method for creating a doped
region in a1 7. A method as recited in claim 6 wherein said n-type

2 dopant element is an element selected from the group of
3 elements consisting of nitrogen, phosphorus, antimony, and
4

arsenic.

1 8. A method as recited in claim 1 wherein the one or
2 more complementary elements are one or more different
3 elements selected from the group of elements consisting of
4 silicon, germanium, tin, and lead.

1 9. A method as recited in claim 1 wherein the ion

2 compound further includes one or more atoms of hydrogen.

1 10. A method as recited in claim 2 wherein said substrate

2 material is diamond.

1 11. A method as recited in claim 10 wherein said dopant

2 element is a p-type dopant element.

1 12. A method as recited in claim 11 wherein said p-type

2 dopant element is an element selected from the group of

Wi



semJﬂmmluﬂmnﬂﬁm' where the semiconductor is formed on 3 a
substra material, conprising the steps 4 of: 5 a)
provi di nd a‘su bsttat®e f a selected materi al; 6 b) sel ecting an

i on conpound including one or nore 7 atons of a dopant el epent and_one or
nore atons of W43 nore conpl enentary el enents, the doggm" nt
and the 9 conpl enentary el enents each havr‘ﬁé hi gh soI id solubility 10

in the materi al he substrate; and | anti ng.the

sel ected ion c&n‘poﬁﬁlam?ﬂ?% tcr?élsf‘ftmgubﬁ é:t°§°nro a}‘t’)‘}‘ﬁ @583‘& um, o AR
where the atgm cjl3jymconcentration |evel for each of the dopant el ement
and the 14 conpl enentary elenents in the substrate does not exceed 15
the corresponding solid solubility Iimt of the respective 16 el enent in
the substrate material. 1 2. A nmethod as recited in claim1l wherein
said substratel? 1Butehiméthed cposeided iancdhdmen? sbereindsaidnddpent
group 3 of elenments consisting of silicon, and germanium 1 3. A
method as reci 2ed Ehe®ent g ahardivpessopantbelemert? mterial s

di anond. 1 4. A nethod as recited in clai m 1 wherel n said dopant 2
elenment is a p-type dopant el enent. -22- . A nethod as recited in

claim4 wherein sa P-4V 0 I I e I ji
t he group of 3r1e| e%gnt SAC@%%}?{DS?I%%@?&[)OI’OE‘E ﬁﬁ%ang% gggfrﬁ?ﬁmgggﬁ}fgg
indium 1 6.2 AgBBhROUcBSMERE| {€0ahNelemént loatuald Sehdl lbagtoup of

3 elements consisting of nitrogen, phosphorus, antimony, and

4 arsenic.

1 15. A method as recited in claim 14 wherein the one or
2 more complementary elements are one or more elements
3 selected from the group of elements consisting of silicon,

4 germanium, tin, and lead.

1 16. A method as recited in claim 15 wherein the ion

2 compound further includes one or more atoms of hydrogen.

1 17. A method as recited in claim 1 wherein the method is
2 applied to form p-well, n-well, and twin-well on the

3 substrate.

1 18. A method as recited in claim 1 wherein the method is

2 applied to adjust threshold voltage of the semiconductor.

1 19. A method as recited in claim 1 wherein the method is
2 applied to poly implantation to define poly grain size,

3 sheet resistance, doping level and doping type.



2 el erreT[“lmummnuiﬂmmﬂopant element. 1 7. A nethod as recited in
claimé ype 2 dopant elenment is an el enent selected from
the group of 3“el®™nént$ consisting of nitrogen, phosphorus, antinony, and 4
arsenic. 1 8. Anethod as recited in claim1l wherein the one or 2 nore
conpl enent ar YW EMEFs are one or nore different 3 el ements BEIEEOVME rom
t.he group of elenents consisting of 4 silicod4-germanium tin, and lead. 1

9. A net hod it ' laiml i,n the.i d.furth
nel udes. one. of moPg at SASHERYR BYE e% 0 LAtk HOE v AR, B1E RIS RS m
I wherein saidysubghtal€a? HR! & | Aorpdutiyd the 1z ggbggd Sf the

recited in claim 10 wherein said dopant 2 elenent Is a p-ty pant
element. 1 12. 3A neéhdedfs Txliet.ed in claim1ll wherein said p-type 2 dopant

el enment is an elenent selected fromthe group of WO 97/ 07534
PCT/ US96/ 00732 -23- 1 elenments consisting of boron, alumnum gallium
and 2 I ndium 1 13. A nethod as recited in claim12 wherein said

dopant 2 el efent2ts o Betbpdeagomrmitesd dreflain 1 wherein saidsmhasrate
recited in claim 13 wherejn_,said n-type dopant element is an el enent

sel ected from €he TPbEp* ot 35 2 &?g%.oém on i ﬁbeofqﬁ‘ﬁ 0§ERYPpIRE pikdfus,
antinony, and 4 BLSEhife Thpleld: A nmethod as recited in claim14 wherein
t he one or )

1 22, A method as recited in claim 1 wherein the method is

2 applied to form lightly doped drain devices.

1 23. A plasma ion implantation method for creating a doped
2 region in a semiconductor device where the semiconductor
3 is formed on a substrate of a selected material,
4 comprising the steps of:
5 a) providing a substrate of a selected materxrial;
6 b} selecting one or more source materials for
7 composing an ion compound including one or more atoms of
8 a dopant element and one or more atoms of one or more
S complementary elements, the dopant element and the
10 complementary elements each having high solubility in said
11 substrate material;
12 c) introducing the selected source materials in a
13 gaseous state into a plasma generating chamber to create
14 the ion compound;
15 d) ionizing the ion compound;
16 e) implanting the ion compound into the substrate
17 to form a doped region, where the atomic concentration

18 level for each of the dopant element and the complementary



2 nor e c| ﬂ jlrlwrents are one or nore elenents 3 selected from
t he group sting of silicon, 4 germani um tin, and | ead.
1 16. A nethod as recited in claim15 wherein the ion 2 conpound
further includes one or nore atons of hydrogen. 1 17. A nethod as
recited in cl K0P Merein the nmethod is 2 applied to fornFPTHRI08732
n-well, and twin-well on the 3 substrate. -B5- 18. A nethod as recited in

claiml wherein the nethod is_2 applied to adjust threshold voltage qf
the seni conductor . $18TeRes Zﬁnrret‘m)% a§“g8&5?:?'éﬁ i fO8Faj Mt whEXSES heé)he

method is 2 gppl 'gsgrégp&giv%gj MDOPIM Abbopt 05 4P1 h B POLE A Nr8LESer e

sheet resistance, dopin prng type.
PCT/ US96/ 00732 3- 24eldmen2Oin thdRiubadratel petEpfai N claim 1l wherein said

substrate 2 material is a conmpound fromthe 111-V group of the 3
Periodic Table. 1 21. A nmethod as recited in claim1 wherein said
substrate 2 material 1s a_ conpound fromthe 11-VI group of the 3

Periodic Tabl el 1 2422 A mefhashdags reeited iinclddiadml wRRer wharebe neaidd
is 2 applied_to formlightly dgoped,drain devjces. 1 23. A_plasnpa_ion
i npl ant ati on nét hoﬁ“‘%ﬁ?r '?ee’a’ﬁ%ﬁﬁlggdbﬁe?@“eﬁeﬁgoﬁni??'%“%?&&ﬁﬂﬁﬁflo#rom
devi ce where the sggico or i me S tr .

sel ect ed nate?ial?ﬂh aggﬁérig?nge%%%eé€%p593?§{%¥fhg %H§a)§{f%ﬁé§h d%ﬁﬁia
substrate of agsel getgghimierial;

1 25. A method as recited in ¢laim 23 wherein said

2 substrate material is diamond.

1 26. A method as recited in claim 23 wherein said dopant

2 element is a p-type dopant element.

1 27. A method as recited in claim 26 wherein said p-type
2 dopant element is an element selected from the group of
3 elements consisting of borxon, aluminum, gallium, and

4 indium.

1 28. A method as recited in claim 23 wherein said dopant

2 element is an n-type dopant element.

1 29. A method as recited in claim 28 wherein said n-type
- 2 dopant element is an element selected from the group of
3 elements consisting of nitrogen, phosphorus, antimony, and

4 arsenic.



"on compout INNSIRMBIMIRML " vove”ac oom o 5% Gophrt LT gﬂgﬁéﬁ@qg o

nore atoms of 6ne"or® mote *9 conpl ementary elenents fhﬁ~
element and the 10 . conplenentary el enents each having hi ?E‘gﬁ’g;‘?*@ ngty

in said 11 NBAPRL material; 12 c) I nt roduci ng

source materials in a 13 gaseous state mtbz% pl asma generatl ng chanber
to create 14 he n Ggo i Z& N onpou

16 e) JErrpl:Jao(r)ltlEl\Agr$(r1&|1ggofﬁéc(J)rﬁf)%ﬁcﬁ I nt ol{a% g%b‘g &g oefgérjm

a doped regi on,2 Whefda-d h@o@wﬁ@@w%é@d@ dfe ohéVQJr frﬁtsr@aamfeéréﬂ@
dopant el enent and the conpl enentary WO 97/ 07534

PCT/ US96/ 00732 3 25-elementisesebésted if rorhehe syt aifeel eloasts ronsiextagdof
the 2 corresponding solid solubility |imt of the respective 3  elenent
in the substrat®e nmiddicen, germagiumA tivpt lAed 1g8d.recited in claim 23
wherein said 2 substrate material is conposed of an el enent sel ected
from3 t he group of eI enent s consi sting of silicon, and 4

germanium 1 %L S cja % wher. ei said
substrate mater I %Is dg od'i‘ as 5 c"ﬁgﬁetll?odc Y e% t EFSFTR &}}ﬁ 233°n
wherein said doj)antco%npo 'd%ﬁ?%éf ﬁupma@se AR 818 B ms bf Mlroghn.
met hod as recited in Claim?2 erein saild p-type 2 dopant el enrent i s an
el ement selected fromthe group of
1 32. A method as recited in claim 23 wherein the source
2 materials are one or more materials selected from the
3 group of compounds consisting of SiB,, SiB,, 8iB,, BH,,
4  {(CH0,) B, SiH, si,CGH, Si,CHO, (CH,),Si, (0,CH,),, Si,CHBE,,
5 Si,CHO0B, SiHNB, Si,CHNB, Ge.BCH, GeB, GeH, GelH,
6 Ge(CH(O,, and (CH,),Ge (0CH,),

1 33. A method as recited in <c¢laim 24 wherxein said

2 substrate material is diamond.

1 34. A method as recited in claim 33 wherein said dopant

2 element is a p-type dopant element.

1 35. A method as recited in claim 34 wherein said p-type
2 dopant element is an element selected from the group of
3 elements consisting of boron, aluminum, gallium, and

4 indium.

1 36. A method as recited in claim 35 wherein said dopant

2 element is an n-type dopant element.

This Sheet Has B
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3 el errennumgmmgmmc]m \bor on, alunminum gallium and 4 indium 1
28. A neths " n claim23 wherein said dopant 2 elenent is an
n-type dopant elenent. 1 29. A nmethod as recited in claim 28 wherein said
n-type 2 dopant_el ement is an el enent selected fromthe group of 3

el enents consi ???EF%& ni trogen, phosphorus, antinony, and A FCTPBONT3E

-26- 1 30. A nethod as recited in claim22%herein the one or 2 nore
conpl ement ary %_I e gts r e.or nore different .3 ment s sel,ected from

|
the group of el emsméts c n@?gg??\ga%frﬁclt RS ,alﬂbr?ﬁgﬁ’ FELRi 3198 FERR.
I 31. A d i i i 2 i i
TeL0d BBphAE! benedk C18! Bh2d1WNERE! Dol DI e dom LRIV of

further includes one or nore atons 0 ydr ogen.

recited in claiam 23lehents redriid sTAUGCEE Zni TR, 2bRo R0, ¥ntiRbAy, and
materials selected fromthe 3 group of conpounds consisting of Si %[err],

SiBlerr], SiB drr]arBgsie]Herr], 4 (derr]Herr]gerr])[err]Blerr],
SiJerr]Herr], Si[err]Cerr]Herr], Si[err]Cerr]Herr]derr],
(Jerr]Herr])[err]Si[err](dJerr]Cerr]Herr])[err],

g!e Ei??ﬁi??i N{lii?%E{-i?%}@e@?ﬁ?%ﬁ%ﬂ%é f%i%ﬂj%{]e\; $reds the one or
err err err rr e e rr
Golor ] Ol or ] FPor r PoEE PAFFRBEREY) plonertierofe " (oF oy cFHT9TRY

Ce[err] (Jerr] g er sbibetéd )it khelgrods of AleMBhbetcomsist ity belsiliedd al m
23 wherein said 2 substrate nmaterial is dianond. 1 34. 7 A nethod as

recited in cl aidm 3gewnhanium, Saird cmghliead. elenent is a p-type dopant
elenent. 1 35. A nmethod as recited in claim34 wherein said p-type 2
dopant elenent is an elenent selected fromthe group of 3 el enent s

consi sting of horo um n alliu and
9 li 99. a)L metﬁg}i a% rec:r.rt]:ed in claim 38 wherein the ion

2 compound further includes one or more atoms of hydrogen.

1 40. A method as recited in claim 39 wherein the source
2 materials are one or more materials selected from the
3 group of compounds consisting of SiB,, SiB,, SiB, BH,,
4 (CH(O,)B,, SiH, Si,CH,, Si,CHO, (CH,),Si,(0,CH,), Si,CHBE,,
5 8i,CH0B, SiHNB, Si,CHNB, Ge,B,CH, GeB,, GeH, GelH,,

6 Ge,CH0,, and (C.H,),Ge,(O,CH,},.

1 41. A method as recited in claim 23 wherein the source

2 materials are BH; and SiH,.

1 42. A method as recited in claim 23 wherein the source

g 2 materials are BH; and GeH,.

1 43. A method as recited in claim 23 wherein the method is
2 applied to form p-well, n-well, and twin-well on the

3 substrate.



4 I ndi uqunmumm"wamod as recited in claim35 wherein said dopant 2
el enent is el enent . WO 97/ 07534

PCT/ US96/ 00732¢-2%- M 37. *A method as recited in claim36 wherein said
n-type 2 dopant el enent is an el enent selected fromthe gr f

el enent s consivg??ws'gf ni trogen, phosphorus, antinony, and 49@'5]%%0@.”1 38.
A method as recited in claim37 wherein the-8fe or 2 nore conpl enentary

el enents are one or,  nor | .enent ted from the oup el enent s
consi sting of srll i 331’1, g ‘gee&r?ayma%mge?lg%?&a%d cﬁggﬂ. 5? @%re,&nrrg;ﬁolae Pa 18
recited in claim 38 phersi fo LN deRN t2re8ABLY NEbItld & ithe! HERFcORRorTOr €
atons of hydrogen. E 40. A nethod as recited in cl/aim 39 wherein the source
2 materials are one or nore materials selected fromthe 3 group of
conpounds consisting of SiB[err], SiB[err], SiBlerr], Blerr]Herr], 4

(C err] H err] Oierr Bp[ erd]mitthad asSreertédiisy claisi 22 rwhelfedny theemethod is
Siferr]Cerr]H err]C{err%, . . . ) i
(Clerr]H err]) [Perr EBPLERH ] ol BPLY CLEBPE 3R RG4OD [t rdefine poly grain size,
Si[err]Cerr]H_err err 5 Si[er ert]Heerr rr]Bferr],

Si[err]H err] NPerr %E%S{r’}‘?s’sﬁaéﬁ%'cf{@k%‘ﬁ[ i\%ﬁﬁl[%'lﬂ‘%pé}’ﬂ[ %Yple
Ce[err]B(err]Herr], Ge[err]B[err], Ge[err]Herr], Ge[err](Jerr]Herr], 6
Ge[err]Cerr]Herr]Jerr], and

(derr]Herr])herrhee[ ekr ddiasd | Qser kbbfeed ] Jdrer idlait 423 AwvRBEODY 3nig
recited in claim23 wherein the source 2 materials are BH err] and

SiH err]. 1 422 A sebhtrates matetied iis & momp28ndhfremnthdieI BIAN caradip of
materials are BH err] and GeHerr]. 1 43. A nethod as recited in claim23
wherei n the meBhodths Bemigpdiedakdef-ormp-well, n-well, and twin-well on
the 3 substrate.

1 47. A method as recited in claim 23 wherein said
2 substrate material is a compound from the II-VI group of

3 the Periodic Table.

1 48, A method as recited in claim 23 wherein the method is

2 applied to form lightly doped drain devices.

1 49. A semiconductor device having shallowly doped regions

2 formed on a substrate, comprising:

3 a substrate of a selected substrate material;

4 one or more shallowly doped regions in the substrate,
5 said shallowly doped regions being formed by implantation
6 of an ion compound including one or more atoms of a dopant
7 element and one or more atoms of one or more complementary
8 elements, the dopant element and the complementary

9 elements each having high solid solubility in the material
10 of the substrate, the ion compound being implanted into

11 the substrate such that the atomic concentration level for



. V\D o7 075ﬁmm mmlmumlsmmn claim 23 wherein the net Egg/ IUS9S/ ggglglzedz'?o :
adj ust thré&shdl d vdlt age*of the sem conductor. 1 45. A nethod as recited in

claim 23 wherein the nethod is 2 applied to poly inplantatio
poly grain si %97 8¥Heet resistance, doping |evel and dopi ngng/g’«g&%fJnEG

nmethod as recited in cI aim 23 wherein said 2‘75ﬂj'bstrate material is a
corrpound fromthe LLI f 3 o r|od| 47. A_net

recited in cl altlm 25 V\/Iku’e'r‘> gﬁsalocf’a‘fl @é‘ %’t eaﬁat i a‘?omp]lege(?&ﬁprguﬁge??ﬁ
the 11-VI group of 13 the Bebkefife T@EE ndt AicdBHOERS LB Boﬂ&' m

23 wherein the method is 2 applied to formlightly doped drain devices.

49. A sem conduct osodevitethaviigitshabt ovtye dapasacegivens e2eehiedifn ahe
substrate, conprising: 3 a substrate of a selected substrate
material; 4 4 sobstyateomaterddl.owl y doped regions in the substrate, 5
said shallowly doped regions being forned by inplantation 6 of an ion
conmpound i ncluding one or nore atons of a dopant 7 elenent and one or nore

f | h dth
ol ementary 3 o Bhen & eSBCHEGro AERTES 4 s TaR ih AR de REEsRLS
10 of the substyat %alhhsuw@r&%mw%gg ?9 aaawgaaeef'&&%ﬁe%éx&esém@é&éate

such that the atom ¢ concentration |eve
3 from the group of elements consisting of silicon, and

4 germanium.

1 51. A semiconductor device as recited in claim 49 wherein

2 said substrate material is diamond.

1 52. A semiconductor device as recited in claim 49 wherein

2 said dopant element is a p-type dopant element.

1 53. A semiconductor device as recited in claim 52 wherein
2 said p-type dopant element is an element selected from the
3 group of elements consisting of boron, aluminum, gallium,

4 and indium.

1 54. A semiconductor device as recited in claim 49 wherein

2 said dopant element is an n-type dopant element.

’ 1 55. A semiconductor device as recited in claim 54 wherein
2 said n-type dopant element is an element selected from the
3 group of elements consisting of nitrogen, phosphorus,

4 antimony, and arsenic.
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substrate doe$ nbt 'exceed the corresponding solid 3  sklubi REPLACED nit  Jof
the respective elenent in the 4 substrate material. 1

50. A
seni conduct or WRV%¥S4as recited in claim49 wherein 2 sai crgag?f’f"g?%
material is conposed of an el ement selected=3%- fromthe group of elenents
consisting of silicon, . and .4 ermanium 1 51, sem conduct or._devi ce
as recited in clai %1949 %\/{Feermelicr?nggc_gg’éi%e_‘?u esFfaf%cﬁ’é%ﬁnaﬁﬂmdf%m&elf
52. A seniconguct ghe dgykCRrasoraCichnphlehent @i 49MBRES1 Brd onddbd dRRANt
elenment is a p-type dopant elenent. 1 53. A sem conductor device as
recited in clagm 5differeitn Slematisd Pelemeediopast. hengpbups ofn «lletistits
selected fromthe 3 group of elenents consisting of boron, alum num
gallium 4 aAd isdpshsting o4 silhconni germarium, ddn,cendsleadited in
claim49 wherein 2 sai d dopant elenent is an n-type dopant elenent. 1
55. A sem conductor device as recited in claim54 wherein 2 said n-type
dopant el enent _is el enent. sel.ected fromthe 3 roup of elepents .
conelsting of it rB0en & TSEHRIRGEST ASAER AR Foc 1R Bafe L Mibrptn,
56. A sem CO”QUCteﬁ?d%hC‘éogk?oﬁE&' fﬁgtlﬁé'rr gkﬁam&& WOEL €6 fore! BROREE o

nore conpl enentary el enents e one or no
3 hydrogen.

1 58. A semiconductor device as recited in claim 50 wherein

2 said substrate material is diamond.

1 59. A semiconductor device as recited in c¢laim 58 wherein

2 said dopant element is a p-type dopant element.

1 60. A semiconductor device as recited in claim 59 wherein
2 said p-type dopant element is an element selected from the
3 group of elements consisting of boron, aluminum, gallium,

4 and indium.

1 61. A semiconductor device as recited in claim 60 wherein

2 said dopant element is an n-type dopant element.

1 62. A semiconductor device as recited in c¢laim 61 wherein
2 said n-type dopant element is an element selected from the
3 group of elements consisting of nitrogen, phosphorus,

4 antimony, and arsenic.
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dlffe m| mlm ected fromthe group of elenments 4 consi sting
of silico w mﬂmlﬂm and lead. 1 57. A sem conductor device as
recited in*cl &l n 49 wler ein 2 the ion conpound further includes one or
nore atons of h%;‘ir ogen. 1 58. A sem conductor device as recited in
cl ai m 49 vx/nerE"h’Q said substrate material is dianond. 1 PGYUS96/RI7
sem conduct or device as recited i n cl ai m 58 “#lerein 2 sai d dopant el ement

i's a p-type dopant lenent. 1 sem conduct or device as recited j
cl ai m 59 wher eiln 26(‘% af‘osedmt‘g?ﬁéi“&5ﬁ§n?e‘é+%‘?r€rﬁ rie§15ﬁ e’r‘ér‘éﬂ“‘bé?e\%@ﬂe’f‘? om

the 3 group gf eLageRLs Qﬂﬁd&té% 1et?n%lh‘% g@h@ﬂ%al '6:5:‘%1 e ge

indium 1 A "sem con UCt or devi as rec erein

sai d dopant el @”En’élbﬁeﬁﬂs rkémeaoaaaﬁ ﬁk@@t&z df efdnents TRHLI8RGHGIOF
device as recited in claim®6l wherein 2 sald n-type dopant elenent Ts an

el ement sel ectad fsdinitbe, Sgexrmgpoiam,oftiel, eeedt eadnsi sting of nitrogen,
phosphorus, 4 anti nony, and arsenic. WO 97/ 07534

PCT/,US96/ 00732 -31- 1 63. A sem conductor device as recited in claim62
wherein 2 the one or pore conpl emsntgﬁ% el enent s arﬁ one or, nore 3

el ements sel eced Pfom %h%e“&cﬁ?ﬁuﬁfwgl HES a(ﬁ)ﬁ?F%FF gifclaim €3) vherein

germani um ti n, anghl eac(j>n 3 device_as recited in

d
claim 63 wherefn 2 ne i or?mggili oun&ingcoqnlé Fﬁdggeoﬁé’ SO%Fo 13- WS R of

3 hydrogen. 5 hydrogen.

1 65. A semiconductor device as recited in claim 49 wherein
2 the semiconductor device is a p-well, n-well, or twin-

3 well.

1 66. A semiconductor device as recited in claim 49 wherein
2 the ion compound is applied to adjust threshold voltage of

3 the semiconductor.

1
1 67. A semiconductor device as recited in claim 49 wherein
2 the ion compound is applied to poly implantation to define
3 poly grain size, sheet resistance, doping level and doping
4 type.
1 68. A semiconductor device as recited in claim 49 wherein
2 said substrate material is a compound from the III-V group
’ 3 of the Periodic Table.

1 69. A semiconductor device as recited in claim 49 wherein
2 said substrate material is a compound from the TI-VI group

3 of the Periodic Table.



1 IMHWM mul ice as recited in claim49 wherein 2 the

emnt conduct well, n-well, or twin- 3 well. 1 66. A
serm conduct or deV| ceas’retited in claim49 wherein 2 the ion corrpound is
applied to adj‘g %;shol d voltage of 3 the sem conductor. 1

sem conductor device as recited in claim49 wherein 2 the FSWW@}nd i's
applied to poly inplantation to define 3 p0$3f grai n size, sheet

resi stance, dopj ng vel phg 4 .t A sem conduct or
devi ce as reci lPied |—}ndacl A %}Q%Q%%?g?% ge v{gﬁl ﬁss‘iﬁ%}‘tttegt &P Rt 49 whegein
conpound from the ldde ¥tk B8RSt 0] P i e .

sem conduct or devi ce eas er ecited E% cﬁe;’:i%%gé erlgig-f&gk, d%é?d s%bléjt r%Y%ce'

material is a conpound fromthe II1-VI group 3 of the Periodic Table.
WD 97/ 07534 PCT/ US96/ 00732 -32- 1
70. A sem conductor device as recited in claim49 wherein 2 t he

sem conduct or device fornms lightly doped drain device.



