2255226 Bl CMOS PROCESS FOR COUNTER ‘DQPED COLLECTOR BACKGROUND OF THE

I N\VENTION 1. Field of the Invention. The inhvention2285apgs to the field of
Bi CMOS processing and, in particular, 5 the formation of a collector
regign for a bipolar transistor forrred as part of & Bi CMOS process. 2.

Prior Art. Some unique e r Lan of bi pol ar
transistors as part of %Fﬂ &i%ﬁﬁ;{oﬂmmdg@ﬁ rocessi ng. One of °
these problens 10 associated with the collector regl on of bi pol ar
transi st or s RACRRIKISYRION MIINVENIIIN- ot ion. In the prior art, it is

comon to use a rf ﬁﬁ%‘ﬁliﬁﬂhﬁ'gpﬁwd substrate region (e.g., 1E16-4E16) for

the collector regl'o ‘ormthe base region in the collector

region and final I fneeﬁtsUnf?eial%é‘s 'thb!Rid 6EBICMOB hrbbBesdiis &nd S8 Jggel.cdlar.a

highly 15 doped col l'ector region is used, the col | ector- base etion
regi on i § nahedormation of acaliecior esgion forfa bxbdlar Fransistoe farimiexd aspait gfiaspeed

el ectrons in an npn transistor that causes inpact ionization. Holes

gener at ed byBleM@&PfP@eﬁszat ion due to this electric field cause a negative
base current andof seg:m n%ny hi gh gain. The correspondi ng probl em occurs
for pnp transistadfs I n Bi CMOS processi ng, it is conmmon to use a

Peail Y donee b Safe A RAGREAII o ol oA pa
an epi t axi al of Redl-gxidevsenfiveiducis (MQAB) prosessinl. bOheast thesk probletdswi | | be
seen wi-th the present invention, bipolar transistors are formed in a
o 10 associated with the collector region of bipolar transistors is addressed in this
application.
In the prior art, it is common to use a relatively low doped substrate region
(e.g., 1E16-4E16) for the collector region and then to form the base region in the
collector region and finally, to form the emitter region in the base region. If a highly

15 doped collector region is used, the collector-base depletion region is narrow with a
high electric field. This results in high speed electrons in an npn transistor that
causes impact ionizétion. Holes generated by impact ionization due to this electric .
field cause a negative base current and a seemingly high gain. The corresponding
problem occurs for pnp transistors.

20 In BiCMOS processing, it is common to ﬁse a heavily doped buried region to
separate the bulk substrate from the more lightly doped collector region. Typically
the collector region is formed in an ebitaxial layer grown over the highly doped
buried region. .

As will be seen with the present invention, bipolar transistors are formed in a

25 relatively highly doped well (1E17) which wells are also used as host regions for
field-effect transistors. This eliminates the special processing needed to fabricate

collector regions independently of the host regions for the field-effect transistors.



25 relatively highly doped well (1E17) which wells are al so used as host
‘regions for field-effect transistors. This elimnates the speci al
processing needed to fabricate collector regions independently of the host
regions for the field-effect transistors. The resultant collector regkgﬁ
has relatively | ow resistance with reduced base to collector capacitance.”
The foll own'Flgp resullantcallector iregion has retatively low resist@ncdwith reddissl baseld?, 388;
4,602, 269; 4,927,776; 4,933, 295; 4,957,874; and 4,965,216 2 SUMVARY OF
THE | NVEI\FFI@“GNP&G?B?W?QCG the present invention there is pr ovided, in the

fabrication of n t.ed cir t @% Ee o]

f or rried iln a subap%ﬁos | |Qﬂ?9(??“§?‘f'?‘lfvg | R 1\5’F§ gWgN gqﬁﬁésﬁvemnt
compr i si ng 4 862 268P4,007.77670 A 9K 4l e, aﬁd%@@%gonduw vity type into
said first conductivity'type substrate fegi’'on using at |east two different

energy levels, the |lower energy |level inplanting said second conductivity
type ions onto said substrate region to forma base region, the higher



energy |l evel inplanting said second conductivity type ions deeper into said
substrate region, so as to forma nore lightly doped first conductivity
typetsubstrate region bel ow said base region; and form ng an em tter region
in'3aid base region. Also according to the present invention there is
provided, in the fabrication of a BiCMOS integrated circuit where an npn

bi polar transistor is fornmed in an n-type substrate region, the inprovenent
conprising_ih e of; i h“q%&gg boron ions into said n-type substrate
regi on usi ‘ ' ~erertt energy levels, the | ower energy |evel

I npl anting boron ions into said n- type substrate region.so as to-forma
base region, the hi gyl eyel i LNQ s ) .l Qns .deeper into said
n-type substrate r%%?%r%dgg‘%s}%% %’grem %%rgé ié‘lgﬁqd’e%r{d'gggdtgﬁ%g%e Wibstrate
regi on bel pRovifgdhasinr cghen: fabricakivmg o @i Bi&MOSegilotegraked base
region. -3gircuilt @hbeel. a CRYPbEar dePhRSistdr USRd fdimdde P! l£ctor

region to reduce the actLve_doplng negr t he . .
substrate region of first conductivity type, the

improvement comprising the steps of:

implanting ions of a second conductivity type
into said first conductivity type substrate region using
at least two different energy levels, the lower energy
level implanting said second conductivity type ions onto
said. substrate region to form a base region, the higher
energy 1level implanting said second conductivity type
ions deeper into said substrate region, so as to form a
more lightly doped first conductivity type substrate
region below said base region; and

forming an emitter region in said base region.

Also according to the present invention there is
provided, in the fabrication of a BiCMOS integrated
circuit where an npn bipolar transistor is formed in an
n-type substrate region, the imprbvement comprising the
steps of:

\_/ implanting boron ions into said n-type substrate
region using at least two different energy levels, the
lower enérgy level implanting boron ions into said n-
type substrate region so as to form a base region, the
higher energy level implanting boron ions deeper into
said n-type substrate region so as to form a more
lightly doped n-type substrate region below said base
region; and

" forming an emitter region in said base region.



col | ector-base junction. This substantially reduces inpact ionization
while maintaining a | ow resistance coll ector region. Mor eover, since
nore highly doped substrate regions are used for the collector regions, _
these regions are formed sinultaneously wth the formation of hogy
regions for the field-effect transistors.. This elimnates the need for

any special processing for the collector regi ons. BRI EF DESCRI PTI ON OF
THE DRAWNGS Figyre 1 f; Cross s&ctioa eIeva.tlon view qf a portion of a
substrate illust ﬁdg | SPYRFRE 0x A8 INGyi M PGS | iWbn th®xi de

| ayer couellegtpm tnecgnsomf to tﬂ'mimrbsthat eactive dopll“rg gnear? thé ustrates

t he subs Fiaure f a ms S g
|nplantd%§g%ggggr bgg éu§°EﬁFE§traté§E egggggg %t H%%ﬁ%?%?after an
addi ti onampmtkux@nandteoohuwglseepnamt@mim far dew om'eca‘lsi:apmg'a li con

| ayer anéoﬂyéeeara%gfomp' ARoRlecRarS! eBint more. hidlye dbiddustrates

t he substrate of e 3 after the ponS|I|con layer 1S patterned. Figure
5 il lustfabstrake ﬁﬂ%’t?%? cage Fgede TPn i the £alleckor nnegiRnFayer is
formed owreskhe x%dﬁ&ir{@t earki gtﬂdrnfed| | g3inbaAtanedusBubswiehe afthdi gure 5

after thfo%ﬂ%i?.to{nc’pl Cﬁ" n@ Oreglons - for the field-effect
" transistors. This eliminates: the need for any special
processing for the collectqr_regiqns.



15 the silicon nitride |ayer used to form spacers. Figure 7 illustrates
‘the substrate of Figure 6 after salicide formation. Figure 8 is a graph
illustrating the various doping levels for the transistor of Figure 7.
DETAWLED DESCRI PTI ON OF THE | NVENTI ON. A process for form ng a bipolar
transistor as part of a Bi CMOS process is described. More particularly, the
i nvention |s ghh : ] b ‘ 4| ector region. In the follow ng

description, nut ' et forth, such as 5 specific
conductivity typesm @lrepl wbﬁgghamowapelevanwﬂ&v of @ pUrivh efadublpaguah
under st andi ng of the present invention. |1, however, be obvious to .one
skilled int hﬂusiraﬁngmawellmlqbomderregbnsanmsﬂmnmxm layacbovmg/\poﬂnous of-
these details, I1n other instances, well-known processing such as: cleanlng
steps, etc. dPBSHBSr&8scribed in order not to obscure the invention.

an n-vel |5 10 ‘J'ffl tyle g FRGE RS petire Bl Y fer £ %ﬁ##ﬁé%ﬁb@m

invention maygd Waﬂ@%@?ﬁpﬁnp transistor is fabricated using the

count er doplng tec I ques o e present invention in a p-type well or
substrate region. Figuied®illshates tv sulsstvate of Fi Wﬁﬁiel 2 atier &N/adbitibhalmasking and
portion of substrate 10 is 15 illustrated ich includes an n-type well
12. The regi oxchingwsiep, after the wrmgtioneaf g polysiticory layer and during aniiend oxi de
regions 18 and 20. Two additional field oxide regions 14 and 16 are

di sposed bet RIRKoR 8APons 18 and 20. A silicon dioxide | ayer 22 covers
the_subsygate. Figure 4 illustrates the substrate of Figure 3 after the polysilicon layer is
patterned.

Figure 5 illustrateé the substrate of Figure 4 after a silicon nitride layer is
formed over the substrate. _ _ _
Figure 6 illustrates the substrate of Figure 5 afier the anisotropic etching of
15 the silicon nitride layer used to form spacers. _
-Figure 7 illustrates the substrate of Figure 6 after salicide formation.
Figure 8 is a graph illustrating the various doping levels for the transistor of

Figure 7.



In the currently preferred enbodi nent, the substrate conprises a 20
nmonocrystalline silicon substrate; n-wells are forned during the "front
end" process . Sone of the.n-wells are used as host regions for p-channel
transistors, others of the wells (such as well 12 of Figure 1) are used q§;
col | ector regions for npn transistors. The n-wells are doped to a level o
1 E17 with ._The fleld OX|deureg|ons are formed using

wel | - known 79791515 28N si|icon dioxide |ayer 22 Is

ﬁe?xvmge's?r’.eﬁelm‘ﬁ ﬁ’&’s%E B@Q@@ﬁg%o"'sﬁ'%ﬁé"sg%ﬁﬁéPaﬁr"?ﬁs%'@ag Aro%ess ol | 1
Some of t hefedcAbES MUIE p%lrtfzﬂrléu@gg'ré i?r(rer‘it#?ﬁr iEbI pgfeﬁﬁtb%eé’ﬁntéf‘g?r;%@%ﬂ{egg f et

transi stors. \WWere steps are onl'y transi s i-on,

t he porti orregioh. tihdhe mmmmg desamiption, mumerbus specifié details 56 sbSfofths sidtas
covered with 5 photoresist to protect them Those steps used sol ely for
the fabPi catResHi °&°"§H§"‘ﬂi¥é¥ﬂes oping: levels, e s*ncqrgeweprnwecaemmmu In this

o esent 1 nAHEPERnHE orhE elren el Jn il nBieBlibg ool o pna i
egi on for Atae aftRafipelaratertimionfof 125 i bRciaRt kot 1hEHE Beis, SufollEP

col | ector rrngtmoeﬁ Q{rett-hmvtrrli provessing suth ab itfeaninig Stepkyete! ﬁf@ﬁét%s&ﬁb@&'irﬂent
prior to the steps shown in Figure 2, a first layer of polysilicon and its
rel at ed prdzrdgsnntglomusethe Iuvmﬂonparts of the substrate in connection

wtht formati f the field-effect tr stors. Referring to Figure 2,
the suag)t rate of ipwing gescripfion dpsgribgs 4 Qt‘?’"@“"" of an npn transistor inan

n-well. It will be obvious to one skilled in the art that the present invention may be

used where a pnp 'trén_sist_or is fabi_i’cg_ted_ using the counter doping techniques of
the present invention in a p-type ,\rl,.ell'or substrate region.
In the cross sectional elevatiqrr view of Figure 1, a portion of substrate 10 is
15 illustrated which inclu'd_és an n-type well 12; The region or well 12 is disposed
generally between the field okidé re-g,ior"rs“ 18 and 20. Two additional field oxide
regions 14 and 16 are disposed béiwéen the regions 18 and 20.. A silicon dioxide
layer 22 covers the substrate. |
in the currently preferred embodiment, the substrate comprises a
20  monocrystalline silicon substrate; rr-wells are formed during the “front end" process. \J
Some of the n-wells are used és hbst regions for p-channel transistors, others of
the wells (such as well 12 of Fighrq 1) aré used as collector regions for npn
transistors. The n-wells are doped to a level of 1 E1:'_7 with phosphorus dopant.
The field oxide regioné are formeﬂ Using vrrell-known local oxidation processing;
25 the silicon dioxide layer 22isa grown Iayer with a thickness of approximately
~ 250A.



15 photoresist 24 has been patterned to expose the oxide |ayer 22 between
the field oxide regions 14 and 16...1n the currently preferred enmbodi nent,
threg ion inplantation steps are nom/used to forma base region and to
counwer dope the well 12 (collector reglon) as will be explained. A
relatively high dose of boron (2.5 El Is used to formthe region 26 at

ioed. Ong of 1 LZZZ*'."Efdﬁ*ﬁﬁ“'%“@?‘ﬁ?ﬁ%@@*‘*y?"%@ b 10 R bRl b iy

and the secondn tiie weli2y Someé ofthego stopefard aﬁo%seﬁhéﬁ he RabHeAticHST theWeRAt S

are used to counter dope the n-well close to the junction between the -
region 26.and effect transistors. mhergstapsngeused only fqnmmlaottans:smr ltabnﬂ:atum,ltbed-
in conj unction with Figures 3 and 8. nt doses are in "

s
o ey a§°§1fﬂﬂﬁn°f & stbatrate ponizining Reletiask Mondeioss aragevored Wit

LSSE.V‘ES and oREROtHsiSEicl dofich i, ¥haHPRabs feodlon(thr el BRrPAltT ake sot o

with a |ayer @ﬁe&?irﬁﬁé#ﬁfr@h}é A6t daschBEN in(tAR APIEANG SNk tRey BldCWERRRowh in
the currently preferred enbodi nent, of approxinmately 3000A." This |ayer is

doped wi't h an the aetran mpéomr., since thlecptaserumuenpbmmayohm ased withEnyGnet ofaan
energy level of 1 0Okev. Commonl y used anneal i ng steps occur for
the processing 'é'@&yc‘?fd\!'%'&kﬂ@‘%’% QM@sfﬂf@FQFSQFf ect transistor's causes the

hereby for i ng_an 1R AGHSN pEhefedfal HoWFER falR 3 Roly BBion Bt Ydfe,

I s i s s .

processing is _ reglon eak
In the currently preferred embodiment, prior to the steps shown in Figure 2, a first

layer of polysilicon and its related processing occurs in other parts of the substrate
in connection with the formation of the 'fiéld-effect transistors.
Referring to Figure 2, the substrate of Figure 1 is illustrated after a
15  photoresist 24 has been patternéd to expose the oxide layer 22 between the field
oxide regions 14 and 16. In the currently preferred embodiment, three ion
implantation steps are now used to form a base region and to couhter dope the
well 12 (collector region) as will be explained.
A relatively high dose of boron (2.5 E1 3) is used to form the region 26 at an
'\/ 20  energy level of 12kev. Additionally, two other boron implants are used. One of
| these is at an energy level of 90kev implant dose of 2 E12 and the second at |
170kev implant dose of 2 E12. These latter two implants are used to counter dope
the n-well 12 close to the junction between the region 26 and the well 12. The
| grading of this junclibh will be described in conjunction with Figures 3 and 8. (The
25 - implant doses are in "per cm2".)
| Now as shown in Figure 3, after the photoresist layer 24 is removed, an

opening 28 is etched through the layer 22 using ordinary masking and etching

}



10 doping | evel of approximately E20° Directly bel ow region 30, the active
base -region 32 is doped to a level of El 8 |Inmmediately bel ow the region
32, the original n-well 12 doping is counter doped with boron. Thus,

di rectly bel ow the base region, the counter doped regi on is doped to 4
approxi mately E16 as shown in Figure 8; the dopant |evel increases with

di stance f rieghhigaes."Folléwinghis| thetsubsrateds coberetitwittih Iaydrof pblyefystdikne
n-well, as shown in Figure 8. Wiile In the currently preferred enbodi nent,

two hi gh ensiliepn tpmlxsﬂncpn)atoaaﬂtydmeesdndm gutrentiepreférrad embpdimanteoker gy
I npl ant, one hi gh ener. rrpl ant and one. Io ener r%)l ant may be used. As
shown in Fi wrexmateu sThis laygr is §" @ﬁ%% Rjani, 2 REMBRber 20

o ot "Spas R o Fﬂéaﬁ%ﬁleﬁe&"%?emiab@ﬂe b ey om0t
phot ol i thogr aphi egﬁmﬁm e aﬁﬁ@almg%ﬁs%aﬂrt:@:rmetd?béemdssédcww warer -

Now the entire substrat’e 1s covered wth a layer of silicon nitride 36 of

appr oxi nat efhe fRfid@Aett transistdiscauayethedisenic dory fearh the layer 3nits berdiffised
silicon nitride 25 plasnma etch which substantially renpves the |ayer

except for ithe ptgaregigndibereby ﬂwmsrpaaapﬁmmerorﬁgm%rTquesuﬂRng

t ech f A K h

Fesul t ot r ofiPRing AEifes SREE fe"varbes BBEfid Anft aRpBAi bk st DoaiAGAAS e
steep sl oPegn 6&&%&@;&0@%&6 ﬁ@ﬁa;@rms rritfe? rbGiBh b Erdb'iib& hﬁms@ﬁeaﬂ

| ayer of po y5|l ese spacer e formed on Other polysilicon nmenbers

on the sobsdbping levelloldippmxitately B20. Direcity below regioh 30)¢hédaoliver base -.
- transistors. (These spacers are t ically used in the formation of - g
fi eI d- ef f ecregienid2ds dppegm)eﬂg\@l p?/ gﬂ.m ynmedlately below the reguon 32, the original

n-well 12 doping is.counter doped with boron. Thus, directly below the base
region, the counter doped region is dopeq to approximately E16 as shown in
Figure 8; the dopant' level increases with distance from the emitter until it reaches
15 the E17 level of the n-well, as shown in Figure 8. |
While in the currently preferred embodlment two hsgh energy boron
implants are used and one re!atlvely low energy nmplant, one high energy implant
and one low energy implant may be used.
As shown in Fagure 4, the polysmcon layer 31 is etched to form the member
20 31a which extends from the field oxide region 14, over the region 30 te a point o
spaced-apart from the field oxide region 16. Ordinary photolithographic techniques
are used to pattern this polysilicon layer. . _ |
Now the entire substrate is-oovered with a layer of silicon r)ittic_!_e 36 of
approximately 2500A thick. The layer 36 is subject _fo an anisotropic silicon nitride
25 plasma etch which substantially removes the layer except for spacers 36a adjecent
. tothe poiysilicon member 31a. T_his technique for forming spacers is known in the

prior art. The spacers results from the anisotropic characteristics of the etchant and

¢



5 doped drain regions). At this point in the processing, a thin oxide
region is grown on the second |ayer of polysil.icon. This additionally hel ps
to drive in the emtter dopant, therefore the region 30 in Figure 6 is

showg: somewhat |.arger th he region, 30 of Figure 5. Wen the source and
drai n region efﬂpegﬁipﬂ?-s ' ] Qflcéf‘mcmem grsstabrigated from the secomd ant ed

T6' and 20  anfYBoPLBENEHRh. bl abhdkis prd el i nbP Babisict MeBafidha ™ o

enabl e r egi ofhgEutistralt® ifcRIdR!thods bt essdsated tﬁé*ﬁ&ﬂéﬁtrﬁnssiiﬁrﬁrf.éww is

a contact region for contacting the well/collector region. when

the source aspacbrsiave typicallyusedrin tire fomatiom otfieltiieffedt délices té providelightly ar e
i mpl anted with boron, 15 a portion of region 26 is |left exposed allow ng

t he bor o i oeped dsainiregions).ed i nto region 38 forming a contact to the base
region. Finall y.ai1 irpown, lp Figure 7, a s%l ici.dqe is fornmed over, the
diffusion in the ftN§PRintintheprogessing, athinoxide region is gipwh,anibe sgeend

pol ysi licon AN Vel o : l%si 44 : ' I

pol yS1 11 con. W5y e buRar Sni il p8ReA5 A I PE RS, ool ol
Addi ti onal | ytherregfion 301in ngd?@@qsfsﬁoﬁh_%ow \dr§erthanthe regdibn 30 SVFigLROS..
contact to the emtter region 30. Note the spacer 36a prevents the Salicide
on region 42 fromwWher thetsouycd aad deaib #egiGiis for thel dr-channel figid-gffexs traasistons

processing and other “"rear end" processin commnli{zused is not shown. This
processi H hake ireplantaskwith, arseniq, dbe pprionos the prwelbie betwesn thenfield oxideys, i n

supry at | ?gg%nts% altjn(y .‘961 aing%le ﬂéesn e field 8%&%'9%%%’395% 1 beavrgll_eﬁ ce)xpose_d-
| to enable region 40 to be formed. As will be seen in Figure 7, this regionis a
contact region for coniacting the Welllcolleclor region. Similarly, when the source
~ and drain regions for the p-channel field-effect transistors are implanted with bbron,
15 a portion of region 26 is left exposed allowing the boron ions to be implanted into
region 38 forming a contact to the base fegion.'

Finally as shown in Figure 7, a salicide is formed over the diffusion in the
field-effect transistbrs. over region 38 and 40, over polysilicon members 31a and
over other polysilicon members. This allows better contact to be made to the base

20 region and emitter region. Additionally, a contact is made to the polysilicon
— member 31a providing contact to the emitter region 30. Note thie spacer 36a
prevents the salicide on region 42 from contaciing the member 31a.

Additionally, passivation processing and other "rear end” processing
commonly used is not shown. This processing however, does not effect the

25 present inveﬁtion. |



generally formthe region 26 and a high energy level, to forma nore
lightly doped 5 n-type region 34 imedi ately below the intrinSic base .
regi'on 26. This counter doping permts the remaining n-well 12 (collector _
region) to be nore highly doped, hence providing a | ower resistance N
coll ector. The counter doping provides a reduced electric field at the
col |l ector base junction thereby substantially reducing the problens
associated with inpact ionization. This additionally reduces the 10
base-to-col | ector capacitance. CLAIMS 1. In the fabrication of a Bi CMOS
integrated circuit where a bipolar transistor is formed in a

Corpr 1 he e vy e G b S
said first %&}gﬁiedrwoﬁm,érfbéﬁﬁ J6'8d b ﬁi} %gﬁ‘ggrleﬁ.' f&g[og‘h d fidre Iiéfé‘%ﬁb{)&?.r ent

ener gy Iev% nergy | evel™- ting sald second Ctivity

type i &1s gype fatich 34imhictiftely dwlow thedintrinisic bass Fegio® 260 This Buhtegher
energy level inplanting said second conductivity type ions deeper into said
substr at e depjngpermits dlse remaining rewell 12 (coliéatorregigridofber more bighle dopedy

type substrate region below said base region; .and formng an emtter region
in sai d baBenge:prayjgding a lower resistance collector. The counter doping provides a

reduced electric field at the collector base junction thereby substantially reducing
the problems associated with impact ionization. This additionally reduces the

&/

10  base-to-collector capacitance.

lo



2. The inprovenent defined by claim1 wherein said formation of said
em tter region conprises the step of form ng a polysilicon |ayer over said—

base region and in contact with at | east one portion of S’j!ﬂ'ﬁmm |
dopiseg said polysilicon layer with a first conducfivity t ; ﬁm’(ﬂml
to cause said first conductivity type dopant to diffuse into safd base =+
region to formsaid emtter region in said base region. 3. The inprovenent
defined by claim 1l wherein two higher93§f0y i npl ants are used to formsaid
nore |ightly doped first conductant r%%rsubstrat'-é-' regi on near said base
region. 4. In the fabrication of a BiCMOS integrated circuit where an npn

bi pol ar transistor js foffreghn fdbriéa€LoRURE rat 8iCP@IsONi ntBgrhEREOVeNent
conprising the steps of: 11 J ant i boron ions into said ™ n-type
substrate SFIHUsREER 12a NIRRT f?’g?%ﬁ%s fAer g¥=| e%@Fg‘,edt hé™ ofer
ener gy | evedubstidatd i ngedinswn opnsai ntixrsti ccondugpivitpst tape,r eghen so as
}[ﬁt Lorm a tﬁl eror\?eq{\é)r'ﬂt é‘%appigggg %ﬂ%r %X;:eb%v%lf:' npl ant'l ng boron |o_ns_ deeper
. - implanting ions of a second conductivity type

into said first conductivity type substrate region usj,ng

at least two different energy levels, the lower energy’

level implanting said second conductivity type ions onto

said substrate region to form a base region, the higher

energy level implanting said second conductivity type

ions deeper into said substrate region, so as to form a

more lightly doped first conductivity type substrate

region below said base region; and

forming an emitter region‘ in said base region.

2. The improvement defined by claim 1 wherein
said formation of said emitter region comprises the step
of forming a polysilicoh.layer over said base region and
in contact with at least one portion of said base
region, doping said polysiliéon layer with a first
conductivity type dopant so as to cause said first

_ conductivity type dopant to diffuse into said base
region to form said emitter region in said base region.

3. The improvement defined by claim 1 wherein
two higher energy implants are used to form said more
lightly doped first conductant type ' substrate region
near said base region.

4. In the fabrication of a BiCMOS integrated
circuit where an npn bipolar transistor is formed in an
n-type substrate region, the improvement comprising the

\

steps of:



said n-type

formation of said enmtter region conprises the *st &ps “of" formng a

pol ysi |
portion

to formsaid eniipRlaptingnbey %l’d’nﬁa@%gﬁw 5 tyRe ShhgEsREReNt

i con | ayer over said base region and in contact wth at |east one

r reglon I n

substrate region so as to ,forma nor e l“‘ﬁhtlE Boped n- type
in said

substrate region bel ow said base region; and uﬂ“““ﬂ“
sai d base region. 5. The inprovenent deflned

ety

S

of said base region, doping said polysilicon layer with an n- type
dopant so as to cause said n-type dopant to diffuse into said base region

defi ned f@grdxalt mgi?gh%relnealsa wag%ﬂff&:g&@t_ energy !ra;&m,s dhe useld t7
rjovemnen erin cl.al erel n_sal WO | er r |np ant s
P URF oRBEaoY chaYel oitsan ity cpBxph, dont” ThESS'sS" HY

The i np
occur

type substrate reglon.so as to form a base region, the
higher energy level iﬁplanting-boron ions deeper into
said n-type . substrate region- so as to form a more
lightly doped n-type substrate reglon below said base
region; and

- forming an emitter region in said base region.

5. The 1mprovement defined by claim 4 wherein

said formatlon of said emitter region comprises the -

steps of forming a polysilicon layer over said base

region and in contact with at least one portion of said

base region, doping said po;ysilican 1ayer with an n-

type dopant so as to cause said n-type dopant to diffuse |

into said base region to form said emitter region in
said base region. ' ' '

6. The improvement defined by claim 4 wherein
two of said higher energy implants are used.

7. The improvement defined by claim 6 wherein

said two higher energy 'implants occur at the energy
levels of 90ev and greater. '
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