§
SCANNI NG ENERGY | MPLANTATI ON FI ELD OF THE | NVENTI ON The i nventi on ré%%l%%’!9 .
to the general field of ion inplanta- tion during integrated circuit PO
franuf acture with particular refer- ence to the control of dopant o
concentration. BACKGROUND COF THE | NVENTI ON For many years now, ion
-inpl.antati en has been used to great effect for the controlled doping of
sem conductors. The material to be inplanfed is first ionized, an ion
current is extracted fromthe ion sourcé arfd the ions are accel erated by
the applica- tion of high voltage to forma beam that strikes the
target (normally a semi conduSCONNIEGCENERAEr BURLANTARIIED. Depending on
their arrival energy, the ions will penetrate sone distance bel ow the
surface of the target before comng to rest, usually in.interstitial
positions within the sem conductor lattice where they are inactive. This is
normal Iy followed by a rapid thernal -2- anneal (RTA) step during which
t he i npl anted donor and/or accep- tor ions migrate to nearby substitutional
|l ocations in the lattice and becone active there. Referring now to FIG 1

we show there a schematic plot ghpegnepnihAt tRveNtfiN .| TPl anted speci es)
as a function of depth
The invention relates to ‘the general field of ion iﬁplanta—
" tion during integrated circuit manufacture with particular refer-

ence to the control of dopant concentration.

BACKGROUND OF THE INVENTION

For many years now, ion implantation haé been used to great
effect for the controlled_dopihg of semiconductoré; The material
to be implanted is first ionized, an ion current is extracted
from the ion source and the ions are accelerated by the applica-
tion of high volfage to form a beam that strikes the target
knormally a semiconductor wafer) wherever intended. Depending on
their arrival energy, the ions will penetrate some distance below
the surface of the target before doming to rest, wusually in
interstitial positions within the semiconductor 1lattice where

they are inactive. This is normally followed by a rapid thermal



(bel ow the sem conductor surface). Curve 11 represents the form obtained
frominplanting a single ion species all of whomarrive at the surface
with the sane enerqgy. Exactly how far any given ion penetrates will vary,
dependi ng on exactly where the incomng ion enters the lattice. For

exanple, an ion that collides head- on with a |attice atommay be reflected
back fromthe surface or it may be defl&cted sideways and follow a path
that is nore nearly parallel to the sem conductor surface than normal to
it. Alternatively, an ion arriving between two lattice atons nay, in sone

cases, fanfdeals¢RTA)Nstdpidirfing aitiiche &henifblantedoabhdr Candfor® accep—
substantlal di stance before comng to equilibrium Thus, as seen in curve

11, the toncehonsat i vhgpatdi e t heeanbys substiitotionahy ehdéainidns orin  the

i npl antation, has the shape of a_ distribution curve that peaks at a depth
cor r espohBFhice oandcbaeeme tarfe v thexeaccel eration vol tage that was applied
to the beam '~ For the purpose of optim zing the electrical performance of
devices . the idealized concentration profile (obtai nabl e by sinulation)

st notton ReFeEELSE b | GHTERE 301 bl BBERoen redheralt mantot
devi ce %ga% ;f-&ﬁem'{s@d %%mgd !pe@?e%% bs® af | Aln oMot &8 NS red

depth a Ing to ze eyo
(below the semiconductor surface). Curve 11 represents the form

obtained from implanting a single ion species all of whom arrive
at the surface with the same energy. Exactly how far any given
ion penetrates will vary, depending on-exactly where the incoming
ion enters the lattice. For example, an ion that collides head-
on with a lattice atom may be reflected back ffom the surface orxr
~ it may be deflected sideways and follow a path that is more
nearly parallel to the semiconductor surface than normal to it.
Alternatively, an ion arrivihg between two lattice atoms may, in
some caSeS, find itself in an intra-lattice channel and continue

for a substantial distance before coming to equilibrium.

| Thus, as seen in curve 11, the concentration profile that
results from conventional ion implantation- has the shape of é
distribution curve that peaks _at a depth corresponding to the
magnitude of the acceleration voltage that was applied to the
beam. For the purpose of optimizing the electrical performance
of devices the idealized concentration profile (obtainable by

simulation) is, in general, different from the actual impianta—



A straignt profile of this sort cannot be obtained from one inplantation.
FIG 2 illustrates the individual inplantation profiles that are typically
achieved in the formation of an NPN bipolar tran- sistor. Curve 21 is flat
as it represents the profile of the bulk NNtype sem conductor nmateri al
Itself. A layer " of P-type material was then inplanted (to formthe base
region) and had a profile correspondi ng Bo-curve 22. Finally, the
emtter region was formed and had a profile corresponding to curve 23. At
any given depth, the contributions to the conductivity-fromall the various
i mpl ant s tatord halistapibutadsh Wurve.t h MoandeRafip@nthes ancRldll RéirveNefor a
anot her. Thus, the final concentration profile has the appearance shown
in FIG Xasfiiculest cewiod imdight theeaso euthimed weidmsiggddldhley 12easheng
zero as the actual P-N junctions (between 31 and 32 or 32 and 33) are

appr oachedtat Puhh taiddie dasized Hepsbnandt then ofsl limd o eexion beyostant .
until the junction was reached and then would i mmedi atedly change to the

opposi te ‘to Sanpt y 1 ofyothdst AeFkr oPannRE 4 ke QhtddneddyAnem PRet he
device f |.catjqn art if concentration profiles could be tailored into any
desired ?%ﬁﬂléﬁﬁﬁﬁﬁo Ularly flat -4- profiles.

FIG. 2 illﬁstxates the individual implantation profiles that
are typically achieved in the formation of an NPN. bipolar tran-
sistor. Curve 21 is flat as it represents the profile of the
bulk N-type semiconductor matérial itself. | A layer of P—type
material was then implanted (to form the base region) and had a
profile corresponding to curve 22. Finally, the emitter region

was formed and had a profile corresponding to curve 23.

At any given depth, thé contributions to the conductivity
from all the various implants at that depth add up, with N and P
dopants cancellinq_ one another. Thus, the final concentration
profile has the appearance shown in FIG. 3,'with net conductivity
due to either species gradually reaching zero as the actual P-N
‘junctions (between 31 and 32 or 32 and 33) are approached. In an
ideal deviée the concentrations would remain constant until the
junction was reached énd then would immmediatedly change to the
opposite conductivity type. It would therefore be a distinct
advance in the device fabrication art if concentration profiles

could be tailored into any desired form, particularly flat



After searching the prior art, we were unable to find any references that
teach the formation of custom profiles through ion inplantation.

References that we found to be of interest include d avish (USP

5,481, 116 Jan 1996 and USP 5, 672,879 Sep 1997) who di scl oses systens and
met hods for generating tinme varying magnetic fields. These systens are
used, inter alia, for nmagnetically scanning _an ion beam and an ion :

i npl antati on system Wi senberger (USP 4,831,270 May 1989) describes an ion
i mplantation system that is well suited to treating a |arge nunber

of waf er profitlea.tine w thout being subject to charge buil dup problens.

SUMMARY OF THE | NVENTION It has been an object of the present invention to

provi de a process whereby concentration profiles due to ion inplantation
can be tailored to specific shapes. A further object of_ the invention
has beer to ASESYi dsearehire nthutdHPH @3, e WedWereovnahle nptantind Any
that is flgt; -5-_Yet another object has been to, provide F?l%qugio s in

whi ch doP&heTeBReEntRati okeachelibe JRTMaON PhhCUBEORNPFRALLEDNE <§Hﬂé. A
still fugggegmggégggtggg.beeﬁééé%%négg(1H%EPC%%nggnhnE£efbe of interest

include Glavish (USP 5,481,116 Jan 1996 and USP 5,672,879 Sep
1997) who discloses systems and methods for generating time
varying magnetic fields. These systems are used, inter alia, for

magnetically scanning an ion beam and an ion implantation system.

Weisenbérger (USP 4,831,270 May 1989) describes an ion
implantation system that is well suited to treating a large
number of wafers at a time without being subject to charge

buildup problems.

SUMMARY OF THE INVENTION

- It has been an object of the present invention to provide'a :
process whereby concentration profiles due to ion implantation

can be tailored to specific shapes.

A further object of the invention has been to provide a

concentration profile (due to ion implantation) that is flat;



ment abl e with only minor nodification of existing ion inplanters and with
little or no increase in the cost of ion inplantation. These objects have
been achieved by first providing a set of nonQ energetic doping

concentration profiles which, when superim posed, generate the desired

.concentration profile. The ion current, accelerating voltage, and dose
needed to generate each nmenber of the set_ is then conputed and fed as input
to software that controls the operationof the inplanter. The

various profiles fromthe set are then inplemented while the ion beam

remai ns stati gaar gnothereoyjochehias ivted R ¢roviad PROHLhEtHéns et WwXh
The beamis then noved to the next intended | ocation and the process is

r epeat eddopanan abheenbdtattornoshaters consdlantr okibhti Bot heheejunstion's

i npl ement ed over the entire surface scanned by the beam and then the

process Pdgeepeated for the remai ning nenbers of the set. -6- BRI EF

DESCRI PTION OF THE DRAWNGS FIG 1 illustrates a typical concentration vs.

depth profile that results from conventional ion inplantation. FIG 2 shows
Lise a conventianal

concentration,profiles_for, the three.layers that,hco
NP bi pol ar t PangFat 5, 2ugFebr PRI na Bekel (FBrG SAEA: Profeds e mste
overl apppRftable with only minor modification of existing ion implanters

and with little or no increasé in the cost of ion implantation.

These objects have been achieved by first providing a set of
monQ-energetic doping concentretion profiles which, when superim-—
posed, generate the desired concentration profile. The ion
current, accelerating voltage, and dose needed tb generate each

. member of the set is then computed and fed as input to software
that controls the operation of the implanter. The various
profiles from the set are then implemented while the ion beam
remains stationary, thereby generating the desired profile at
that spot. The beem is then moved to the next intended location
and the process is repeafed. In an alternative embodiment, each
profile in the set is implemented over the entire surface scanned
by the beam and then the process 1is repeated for the remaining

members of the set._



portlons of the profiles of FIG 2 have been algebraically sunned FIG 4
is a diagram of a.conventional -ion accelerator as nodified to serve the
needs of the present invention. FIGs. 5 and 6 illustrate how nmultiple
nono-energetic pro- files may be conbined to produce specific profiles of
particul ar shapes (such as flat). DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS
The present invention describes a process éhwkereby a specific predeterm ned
concentration profile can be inplenented by neans -7- of ion
inplantation. In FIG 4 we show a conventional ion beam generator which

has been nodified to serBRIEFNOEBERUPTION OMEris aseWIngsyyention. |on
source 39 is a glow discharge chanber that includes ions of the species

that is to be inplanted. - These include donors such as arsenic and _
phosphorus, acceptors such as al um num galliunr i ndium and boron, as
wel | ions nedd&t flodllnsdziates pukppiesl cemtentrafiiarcors.(deptbpprafihe
silicon Igst dur silicidation), germanium hydrogen, oxygen, and

ni t rogen. t sarfé'oékFP&(‘,’FB ippah isR +'B?11%‘Hiﬁ@@‘by means of gate-

el ectrode 41, blassed about 20 kV negative, relative to the ion source, by

FIG. 2 shows concentration profiles for the three layers

that comprise a conventional NPN bipolar transistor.

FIG. 3 shows the resulting profiles after overlapping.

portions of the profiles of FIG. 2 have been algebraically

summed.

FIG. 4 is a diagram of a conventional ion accelerator as

. modified to serve the needs of the present invention.

FIGs. 5 and 6 illustrate how multiple mono~energetic pro-
files may be combined to produce specific profiles of particuiar

shapes (such as flat).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention describes a process whereby a specific

predetermined concentration profile can be impleﬁented by means



power supply 40. The extracted 1ions pass through analyzing magnet 42
which is adjusted to provide a magnetic field that focusses only ions of a
presel ected atom c weight at the center of aperture 43. Thus, only ions of
t he chosen mass enter accelerating tube 45 where they are energized to
the desired |level frompower supply 44 which is capable of providing
vol t ages between about 10kV-and 5 MV. The nagnitude of the ion current
after it enmerges on the far side of 45 is; typically between about 1 [err]A
and 100 - mA. The beamis refocussed by focussing coil 46 after which it
passes through el ectrostatic beamgate 47 where it is deflected to one

si de for WhdOuigEdentptiepar akPngFEGt 4Ariye i & copuepsiopalt héon begm
beam €. tinue in straight [ine to be caught trap.48 i ch
al so ser egéggﬁ%% a%@%?hregFSrB?ﬁﬂ i_%ébéﬁﬁfﬁFéeﬁﬁF%e Y% ﬁdnﬁgﬁﬁangg the
scanni ng é?EHrO nd 50 respectively, allow the position of the beam
at targe t§ g§§?ﬁégagd as needed. Magnetic coils could also be used for

neam steering. Central to our nodification of the standard accel erator
system descri bed thus far is control conputer 71. This device is connected

to pover supphynd@ou@ckhdd ik HBy16@"Misthdrlte PHamdereenh@nNiREPIHES {60 -

to power supply 44 to control the accel eration _
of the species that is to be implanted. These include donors

such as arsenic and phosphdrus, acceptors such as aluminum,

' gallium, indium, and boron, as well ions needed for specific
puréoses, such as silicon (to replenish silicon lost during
silibidation), germanium, hydrogen, oxygen, and nitrogen. Said
ions are ektracted from the ion source'by means of gaée electrode
41, biassed about 20 kV negative, relative to the ion source, by
power supply'.40. The ex;racted ions pass through analyzing
mégnet 42 which is adjusted to provide 'a magnetic field that
focusses only ions of a preseiected atomic weight at the center
of_aperture 43.

Thus, only ions of the chosen mass enter accelerating tube
45 where they a:e' energized to the desired level from power
supply 44 which is capable of providing voltages between about
10kv and 5 MV. The magnitude of the ion current after it emerges
on the far side of_45 is typically between about 1 pA and 100 mA.
The beam is refocussed by focussing coil 46 after which it basses.
through electrostatic beam gate 47 where it is deflected to one

side for the purpose of separating out any neutral species in the



voltage to focussing coil 46, so that it can maintain the focus as the
energy of the ion beam changes, to Y and X plates 49 and 50 (or nmgnetic
coils) so that it can control where and how the beamis scanned as well as
to mai ntain the scanning anplitude when the energy of the ion beam changes,
and to dose nonitor 72 where the accunul ated dose of ions at the target is
nmeasured and conputed by integrating the gurrent over time and dividing by
the charge of the ion species. As was di'sCused in the background section,

t he concentration profile obtained froma conventional ion inpantation run

Is bell ed, e I

provi de pr% i'les gﬁ?nésﬁ%&%t ape %trll]lﬁ'art |t§uggr c&uﬂ'na &FéEe as
exenpl i f 84dchNatdbV8etdesfaf!in Jﬁerﬂﬂréf¥d&3Q$%§§E% B@aﬁo b@ff”“'tYFHﬁE
conventional concentration profiles. Since such- -9- profiles derive from

i ons thak pllenkageahhe&ngangléterdles, W9 vdrd rsexfebsbectmealﬁ_s allow the
nono- energeti.-c concentration profiles. In a manner anal ogous to the

f or mat i oposfitdquar efwahes bgam heats ippargginsidli do obenukchapgedsase neadsi. a
cl ose approximation to any specific concentration profile can be achi eved
by conbi Maghe§icutoipsecoohd-zbhso due iused dlod esanmTgpeealiihg, between about 2
and 1,000 individual profiles need to be conbined to achi eve
Central to our modification 'of the standard accelerator
system.described thus far is control computer 71. This device is
connected to power supply 40 so that it may control the extracted
ion beam current, to power supply 44 to control the aqceleration
voltage to focussing coil 46, so that it can maintain the focus
as the energy of the ion beam changes, to ¥ and X.plates 49 and
50 (or magnetic coils) so that it can control where and how the
beam is scanned as well as to maintain the scanning amplitude
when the energy of the ion beam changes, and to dose monitor 72
'where the accumulated dose of ions at the target is measured and

computed by integqgting the current over time and dividing by the

charge of the ion species.

As was discused in the backgféund section, the concentration
profile obtained from a conventional ion impantation run is bell
shaped, as exemplified in curve 11 of FIG. 1. In order to
provide profiles having some other_ shépe (in particular a flat
profile as exemplified in curve_12-of FIG. 1), it is necessary to

combine multiple conventional concentration profiles. Since such



satifactory specific profiles. This is illustrated in FIG 5 where
specific profile 52 is closely approximated by conbi ni ng 4 nono-energetic
profiles 53-56 of the sane conductivity type with one nono-energetic
profile 57 of the opposite type. . The latter is needed to cancel the
contribution made by the tail-end of curve 56. As can be seen, profile
58, which is the sumof all the nono-endrgetic profiles, fits curve 52
quite well. Typical- ly, flat profiles of this type will extend to a depth
bet ween about 0.1 and 2 microns, The accelerating voltage, ion current, and

dose neegggfg?gseag 108n9§8@6£83£i€?%€2§§gﬁh Y hgeggmgogag%gg;g;hggﬁél%y

proprietary algorithis bu hey co . have been genera

using trirdlreandoCtheh b8 ROABLEALISEL Y tdbrddHtAlion pRegandsess of how the

nono-energetic profiles are selected, once they are known they will be used

to drive the control software in conputer 71 (FIG 4). - 10 - In a first

enbodi nent of the invention, the full specific concentration profile is

gener at ed whi fma t hemannebeanalegomsstai nek dtoxmaftiioad olfoc sguamreowatves by

surface of the sem conductor (nornmally a wafer of a material such as

si | i con, ther supegmpogitiennefirsehtiele sisinmmayesmmai ¢hOsSi ppesaxéaablior,

al um num
to any specific concentration profile can be achieved by combin-
ing multiple monc—energetic profiles. Typically, between about 2
and.- 1,000 individual profiles need to be combined to achieve
satifactory specific profiles. This is illustrated in FIG. §
where Specific profile 52 is closely approximated by combining 4
mono—-energetic profiles 53-56 of the same conductivity type with
one mono-—energetic profile 57 of the opposite type. The latter
is needed to cancel the contribution made by the tail-end of
curve 56. As can be seen, profile 58, which is the sum of all
the mono-energetic profiles, fits curve 52 quite well. Typical-
ly, flat profiles of this type will extend to a depth between

about 0.1 and 2 mtcrons,

The acceleratiﬁg voltage, ion current, and dose needed for
each mono-energetic implant have been computed using proprietary
algorithms but they c¢ould also have been generated by hand by
using trial and error in combination with simulation. Regardless
of how the mono-energetic profiles are selected, once they are
kncwn they will be used to drive the control software in computer

71 (FIG. 4).



gal I'ium arsenide or any of the 3-5 or 2-6 sem conductors. This is

achi eved by successively changing the ion current, voltage, and dose (under
conputer control) until all the required nono- energetic profiles have been
i mpl enented. Only then is the ion heamnoved to a différent |ocation on the
sem conduct-or surface where the entire sequence is repeated. The advant ages
of inple- nenting the specific profile_ipn this manner are that it can

i nplant different profiles in different areas of the wafer, while the

di sadvantages are that the wite tine will be long. In a second enbodi nent

of the inventigna O¥iksd %ungahemgm%fen g%&erpéfgd,gﬁcggs ﬁhf%@ggggﬁc

before the ion beamis noved to 1ts next | ocation.

| ocat i oncontRt:deddn | Broghiadet ¢4, §8LePLEEA Iwvhi Rl Ut il | beas! 2EhbDEs

.position and another, not yet inplenented, nono-energetic profile 1s 1nple-
ment ed ataigled ladca | dixedt Rbsahéong ompead esurfidd ajf thke Feml@coAdsedsEi C
profiles have been included. The advantages of inple- nenting the specific
‘profile ithagnadlyadnewades t pAt 2i t mpkeviaks sudhas i milldeoati ogerpahiunj me
with good praofile contral, while the disadvantages are that the same

i npl ant aForH ot BESSRide  peSiligeRugeHRkHbUIS HlHcaRaf Garbider| alusimam

il lustrate w the concentration profile or PN transi stor that is

cl oser tgaﬁﬁ Y &5 S0 Pﬁea§¥a?g ofhe 3-5 or 2-6 semiconductors.  This

is achieved by successively changing the ion current, voltage,
and dose (under computer control) until éll the requiréd mnono-—
energetic profiles have been implemented. Only then is the ion
beam moved to a different location on the semiconductor surface
where the entire sequence is repeated. The advantages of impleQ
menting the. specific profile in this manner afe that it can
implant different profiles in different areas of the wafer, while

the disadvantages are that the write time will be long.

In a second embodimént of the invention, only a single.mono-.
energetic profile_is implemented before the ion beam is moved to
its next location. Once all intended locations have been im-
Planted, the beam is returned to its starting position and
another, not yet implemented, méno—energetic profile is imple-
mented at all locations, this being repeated until all the mono-
energetic profiles have been included. The advantages of imple-
menting the specific profile in this manner are that it provides
a fast implantation cycie time;with good profile control, while

the disadvantages are that the same implantation profile must be



the art profiles seen in FIG 3, can be achieved. Profiles 21 and 23
have not been changed but, to achieve a near-flat profile for the P-type
base region, three nono-energetic profiles, 63, 64, and 65, have been used
in place of the single conventional profile 22 seen in FIG 2. The
resulting profile 68 is seen to bé alnost flat. Wile the invention has
been particularly shown and de- scribed mitq reference to the preferred
enbodi ments thereof, it wll be understood]by'those skilled in the art that
various changes in formand details nmay be nade w thout departing fromthe

spirit and scope of . th venti_on - 12 - CLAIMS 1. A process - for
|nplant|M§:a §%§°Pﬁh° : §Bﬁl@8585ctor body according to a specific
concentration profile, conprising the steps of: (a) providing an ion
inplantation system having an ion current 5 and an accel erating

vol tage, that rpr Oguees Gaﬂre' 991888Pht6D) noW Ot‘(&i?iélﬁx@erﬁlfatt%heg%ﬁgiég‘ kot

controlling the ion inplan- tation system conputing a s
nDNO- enelzge NP d2RIN3A s&ORCERREALEONCDASEL | €5 ¥ Clieat ThatlRBEei MBREEE. of

generate said specific concen-
the art profiles seen in FIG. 3, can be achieved. Profiles 21
and 23 have not been changed but, to achieve a near—-flat profile
for the P-type base region, three mono-energetic profiles, 63,
64, and 65, have been used in place of the single conventional

profile 22 seen in FIG. 2. The resulting profile 68 is seen to

be almost flat.

While the invention has been particularly shown and de-
scribed with reference to the preferred embodiﬁents thereof, it
will be understood by those skilled in the art that various
changes in form and details 'may be made - without departing from

the spirit and scope of the invention.



10 traﬂmm,lm' conputing the ion current, accelerating voltage,
and dose l'Uﬂ"e‘”We each nono-energetic doping concentration in the
set; (e) unhdet dont'rob of the software, successively inplenenting 15

each of the nono-energetic concentration profiles in the set, thereby

I npl ementing the specific concentration profile; and (f) then noving the

I on beamto an uninplanted area of the seym conductor and repeating steps

(e) and (f) untrl-thgapegecific concentration profile has been inplanted
wherever so intended in 20 t he sem conductor. 2. The process of claim
1 whereinlthe Aonpregesent fox bibwplstiaiwutiahs] iper v] Asamdcd88uator 3. bodghe
process of claim1l wherein the accelerating voltage i's - 13 - between

about 5 affc8r8HBIK\LO4. 2 sperifieccpnagntaadiion prafdliein chopubsing atke
bet ween about 10[err] and 10[err] ions/sq. cm 5. The process of claim
1 wher ei nStfBS €pécific concentration 5 profileis approximtely flat to

3m e(rj:ip,?]ht KgS \Aﬁﬁgg}??guﬁ%g?\%_ch?fgr:‘é-%éi{x{toaq:sionts' sysUcl_?n,pL%%?%S g.Il (1:!:3 | g?.ulrer_lt
5 and an accelerating voltage, that produces an ion beam;
(b) providing a software program for controlling the ion implan-
tation system; | |
(c) computing a set of mono-energetic ddping concentrétion
profiles which, when superimposed, generate said specific concen-
10 tration profile;
(d) computihg the ion current, accelerating voltage, and dose
needed to generate each mono—energetic doping concentration in
‘the set;
(e) under control of the software, successively implementing
15 each of the mono-energetic concentration profiles in the set,
“thereby implementing the specific boncentration profile; and
(f) then moving the ion beam to an unimplanted area of the
semiconductor and reﬁeating steps (e) and (£) until the specific
concentration profile has been implanted wherever so intended in

20 the semiconductor.

2. The process of claim 1 wherein the ion current is"between

about 0.1 pA and 500 mA.

3. - The proceés of claim 1 wherein the accelerating voltage is



dopi ng concentration profiles which, when superinposed, generate a specific

concentra et ween about 2 and 1,000. 10 7. The process
cl ai n”mmmm'""m#mmm conductor body is selected fromthe group

cons sting*of¢sitioon,s germanium gallium arsenide, silicon-gernmani um

silicon carbi de, alun1nun1galI|un1arsen|de all 3-5 sem conductors, and al

2-6 sem conductors. 8. The process of_cl,aim1 wherein the ions are

sel ected from 15 the group consisting of donors, acceptors, silicon,

germani um hydrogen, oxygen, and nitrogen. 9. A process for inplanting

ions in betweem abodtcboandb®ggo@aewyding to a specific concentration

profile, conprising the steps of: - 14 - (a) providing an ion

i npl antation system having an ion current and an accel erating voltage,

t hat produces an ion beam of |esser area than the sem conductor body; (b)

provi di n§-a sEhewarecprsgphineiaim cchiwhsnging thise dosesi apeanbetween tahdwn

systenjmﬁgﬁ set_of nono-energetic doping concentration profiles
whi ch ﬁﬁ qu%é?é'bsﬁ n&™at'e sai d specific concen- tration profile;
(d) conputing the ion current, accelerating voltage, and dose
5. The process of claim 1 wherein the specific concentration
5 profile is approximately flat to a depthlbetween about 0.1 and 2

"microns.

6. The process of claim 1 wherein the number of mono-energetic
doping concentration profiles which, when superimposed, generate

a specific concentration profile is between about 2 and 1,000.

10 7. The process of c¢laim 1 wherein the semiconductor body is
selected from the group consisting of silicon, germanium, gallium
arsenide, silicon-germanium, silicon carbide, aluminum gallium

arsenide all 3-5 semiconductors, and all 2-6 semiconductors.

8. ' The process of claim 1 wherein the ions are selected from
15 the group consisting of donors, acceptors, silicon, germanium,

hydrogen, oxygen, and .nitrogen.

9. A process for implanting ions in a semiconductor body
according to a specific concentration profile, comprising the

steps of:



needed to generate each nono-energetic. doping concentration in the
set (e) 'mﬂﬂ "ﬂjmmmll"m the software, selecting fromthe set a particul ar
mono- ener on profile that has not been previously sel ected
and then inplemént 'ng® sai d particular pro- 15 file; (f) then nmoving the
il on beamto an area of the sem conductor where said particular
nono- energetic concentration profile hags not been previously inplenented;
(g) repeating-steps (e) and (f) until the particular nono- 20 energetic
concentration profile has been inplenented wherever so intended in the.
seni condu€®dr ; pERViding rapekon nipphaadation evptemndhayingnan|ien |current
nono- energetlc profiles have been sel ected and i npl enent ed wherever_ so
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tration prof|I t he sem conductor. - 15 - 10.

ever sp i ed
The proce?geﬁf ?%l % %ﬁﬂﬂ%99§Q4k9ﬁ(ﬂ? drrent is between about 0.1 [err]A
e T e e s Dl ST S
doses aretaaggﬂegps@g@ut :
(c) computing a set of mono—energetic doping concentration
profiles which, when superimpbsed,'generate said specific concen-—
tration profile; | | |
(d) computing the ion current, accelerating voltage, and dose
10 needed to generate each mono-energetic doping concentration in
the set; |
(e) wunder control of the software, selecting from the set a
_ particular mono—energetic concentration profile that has not been
previously selected and then implementing said particular pro-
15 file;
(£) then moving the ion beam to an.afea of the semiconductor
where said particular mono—-energetic concentration profile has
not been previously implemented;
(g) repeating steps (e) and (£f) until the particulaf mono—
20 energetic concentration profile has been implemented wherever so
intended in the semiconducfor; ana
{({h) repeating steps (e), (£f), and (g) wuntil all monoéenergetic
profiles have been selected and implemented wherever so intended
in the semiconductor, thereby implementing the sﬁecific concen—

25 tration profile wherever so intended in the semiconductor.



10[err] and 10[err]-t+onsisq. cm 13. The process of claim9 wherein the
speC|f$ﬂn1 roflle Is approximately flat to a depth between
about ﬂm"mﬂﬁlg . 14. The process of claim9 wherein the
‘nunber &f fonb doplng concentration profiles which, when

superi nposed, generate a specific concentration profile is betmeen about 2
and 3,000. 15. The process of claim9 wherein the sem conductor body is
sel ected fromthe group consisting of sitbi<con, germanium gallium15
arseni de, ~'silicon- gernanlun1 silicon carbide, aluninunlgalIiun1arsenide
all 3-5 S m conductors, and_a 2-6 sen1conduc 16. The process, of

claim9 relﬁeth8r98ﬁ§sa95 §é?é€t%d Yherfihd &GB cGHETEPENgSoPehEReR s,
accept ors, S|I|cqnyggggangaglmgydrogen, oxygen, and nitrogen.

11. The process of claim 9 wherein the accelerating voltage is

between about 5 and 5,000 kV.

S 12. The process of claim 9 wherein the doses are between about

10°. and 10® ions/sq. cm.

13. The process of claim 9 wherein the specific concentration
profile is approximately flat to a depth between about 0.1 and 2

microns.

10 14. The process of claim 9 wherein the number of mono-energetic
doping concentration profileé which, when superimposed, generate
a specific concentration profile is between about'z.and 3,000.
15. The process of claim 9 wherein the semiconductor body is
selected from the group consisting of silicon, germanium, gallium

15 arsenide, silicon—-germanium, silicon carbide, aluminum gallium

arsenide all 3-5 semiconductors, and all 2-6 semiconductors.

16. The process of claim 9 wherein the ions are selected from
the group consisting of donors, acceptors, silicon germanium,

hydrogen, oxygen, and nitrogen.



