METHOD OF~ MANUFACTURI NG A HETERQJUNCTI ON BI CMOS EGRATED C;FCUI 2‘ L %I 2(9'(]
the Invention This inbention relates, in gener lm
(ICs), and nore particularly, to met hods of ring ICs haV|ng

bi pol ar transi stors. Background of the Inventlg}Em:ﬂ y

Met al - Oxi de- Sem conductor (Bi CMOS) I Cs are use defB"MeRE?BBZ
applications. Mst of these Bi Cl\/%ﬁ nction bipolar transistors
with limted electri cal&g@iﬁ Mﬁﬁ?@%@ﬂﬁ@ﬁ i band gap

engi neering, reseatBhEE JW@EI%MW@MFEP& i pol ar transistors
(HBTs) with electrical performance 15 characteristics that are superior to
t hose of honpjunction bipolar transistors. However, the integration of
these HBTs with conventional CMOS manufacturing processes is conplicated.
Accordingly, a need exists for a method of manufacturing heterojunction

Bi CMOS | Cs where the manufact ecific to the HBT are nodul ar
and conpatible with a w de ranlél r}?tﬁc]glgélé% |onal CMOS manuf act uri ng

processes. 20 2 7 SEP 201 ., t - 11/109 QLCSI(X n%jG APR cgfm?

Descr i pt i orilta$ invRBtioy klijtergin arneral. do riearaih W‘F‘l“s A APOTG REEY Y fr om a
-e-ding of the follow ng detailed description, taken in conjunction with
t he agaehpdfinnufacawingdCs heningbipolarwhnsi$torsFI G 1 il lustrates a
cross-sectional view of a CMOS portion of a heterojunction 5 BICMOS ICin

accordance with an enbodi nent of the invention; FIG 2 illustrates a
cross-sectional view of an HBT portion of the heterojunction
1Q Background of the Invention

Bipolar Complimentary Metal-Oxide-Semiconductor (BiCMOS) ICs are used in a
wide range of applications. Most of these BiICMOS ICs use homojunction bipolar transistors
with limited electrical performance characteristics. Using band gap engineering, researchers
have developed heterojunction bipolar transistors (HBTs) with electrical performance
15 characteristics that are superior to those of homojunction bipolar transistors. However, the

integration of these HBTs with conventional CMOS manufacturing processes is complicated.
~ Accordingly, a need exists for a method of manufacturing heterojunction BiICMOS ICs where
the manufacturing steps specific to the HBT are modular and compatible with a wide range of

conventional CMOS manufacturing processes.
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BiCMXS I Cin accordance with an enbodi ment of theinvention;, FIG 32 T SEP 20
ilfustrates a flow chart of a nethod of manufact u,@v@mhétggphuﬁcéi on
BiCMOS I C in accordance with an enbodi nent of the=t - nt @5
illustrates a cross-sectional view of the HBT p m t h ' tion
Bi CMOS IC before perform ng an HBT nodule in thce“'2 @of@(ﬁﬁ-\um
accordance with an enbodi nent of the invention, FIG 5 illustrates a .
cross-sectional view of thBrigidrespapttancf ths Diayengset er oj unction BiCMOS IC
after performng the HBT nodule in the nethod of FIG 3 in accordance with

an 15 enbogidr&iventbn Wil benbart imders®b® fr@nid rardingaefetheafollowing defailsdhnal
view of the CMOS portion of the heterojunction BiCMOS | C before performng

the HB&@%@%H&]&%PQJ]%)@%BQQ with tfd £LcomphdyidE&aniaTomredihwhiein enbodi ment  of

the i nv ustrates a cross-sectional view of the CMOS

portion of the heterojunction 0 Bi CMOS of M nodul e
in the net OP l‘i'fﬁa{cﬁ 3 ﬁméﬁ'é‘ﬂd:%aﬂﬁc‘ge‘\?/\ﬁ ?#gaﬁMc;ﬁn‘Bgﬁ{okeé\?ag% t%rﬁjzmi&_{ﬁv%ent i on;
FIG 8 illustrates a flow chart of the HBT nodule in the nethod of FIG 3

i n5 ackiCMQRAJE iniacdordance wibdheathodisrent pEEMYAEIPBN; and 2 7 SEP- 2001

MO /09995 | PEAIUS 18 APR 2002 FIGs. 9 through 15 illustrate .
cross-sect iggal2 yewatedfa tross-sdBfomdnidvornfain HBI pettionopfuthet hesarompens | C
during various steps of the BBT nodule of FIG 8 in accordance wth an

enbodigrent -he. 19 -an ERbodintdt bEtht Ynv@ados; arity of illustration,
the draw n%gﬁ?téﬁ?cedgpqlal%%strg{le tﬁel_ general 5 manner of construction, and

el ements i h awi ng fi.qures arg not o ' : t 1 terSfufitfon

( Addi ti onal Iri?(tj ﬁngﬁ%sgﬂrﬁgraeﬂg?"e ﬂﬁr?'epjgfhs%%i ﬁéﬁpg#gﬁ?gmaur es j((l\jjenot e the
sane , _ .

’ BiCMOS IC in accordance with an embodiment of the invention;

P

10 FIG. 4 illustrates a cross-sectional view of the HBT portion of the heterojunction
BiCMOS IC before performing an HBT module in the method of FIG. 3 in accordance with

an embodiment of the invention;

FIG. 5 illustrates a cross-sectional view of the HBT portion of the heterojunction
BiCMOS IC after performing the HBT module in the method of FIG. 3 in accordance with an

15 embodiment of the invention;
FIG. 6 illustrates a cross-sectional view of the CMOS portion of the heterojunction
BiCMOS IC before performing the HBT module in the method of FIG. 3 in accordance with
an embodiment of the invention;
FIG. 7 illustrates a cross-sectional view of the CMOS portion of the heterojunction
20 BiCMOS IC after performing the HBT module in the method of FIG. 3 in accordance with an

embodiment of the invention;

FIG. 8 illustrates a flow chart of the HBT module in the method of FIG. 3 in

/
accordance with an embodiment of the invention; and
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el ements. Moreover, descriptions and details of Il -known feat urisi w-mﬂl
t echni ques such as, flor exanple, pre-depositionwmg]/ ost-etchr= ~"°
cleans are omtted to avoid unnecessarily obscur ﬁn |@|9995
Furthernore, the terns top, bottom over, under,m like i h 62 .
description and in the clains, if any, are used ri pl BVArRErzg S, -
and the terns so used are for the purposes of describing relative '
posi tions 3ngs.ay ethidiighr thangwaty erdsndationsipviepsi oft ehe BT posticanofghe
Det ai |l ed Description of the Drawings 15 FIG 1 illustrates a

Cross1sect: ' ' fteeng t 4 n€doS 1C
00, - PofibfADh PIERIOEIC Bufdi el el of Jp XN ARl UrHIn e i Bordbd 0 &

P- channel %P-NDS transi.stor 130. N-MOS transistor 120 conpri ses, anong
ot her Withaanrqmbodimefyt oftheyp¥entigR.e e ectrode 121, N-type source and drain
regions 122, a channel region 123, and a P-type well 124. P-MOS transistor
130 conpri $es simphisity ant hdarity exft ilinssation, et gpwigDfigures ikystrater Gaegergrdl p-t ype
source and drain regions 132, a channel region 133, and an N-type well

134. Brifh& 6ff consirgdion, A0 eaing i%OthBQM@wiaﬁl_ffﬁg%Yéﬁ sre Gop eecdssdrilpdravagiton 135
| ocated underneath N-type well 134. The type conductivity represents a

first dugk i vi t yhe P~ > L bWk SRS RE HeS s@ns econd
condu?:rfca?%i t@/&{{u\ﬁ)&ea.ny ’On)me23 gaﬁ??eefalle.?lﬁe tnﬁﬁeﬁégaﬁsf q’\?vi Fﬁlteherg(lfi%rrst antﬁl t hat :

het er oj uncti gn Bi | C 100 ¢ rises lurality of .transistor imlar
Lo oslemienins MarERer foseripsions anhdetpilof weli-gnospieatufes gnggecintansy Bk & |1 ApR
2002 Heterojunction BiCMXS I C 100 al so conprises a multi-l|evel interconnect
st r ucfarresampe0 presdsposition ¢oanaipetl pbwetah Jedrisyare oupitedita avaid HAB¢EEIAY 120 and
130. For simolicity, FIG 1 illustrates nerely a first |evel of

nul ti oBsBi@ilg 1he litea o eBlrtidnnuy tHeatedddtopHBdteIn) aver tunder, ail GieldikelifT theO0

further conprises, anong nmany ot her features, a sem conductor substrate 5

%P mcq%yn%aliﬁ e Qindsi #lafly Qb d6od BOHERRPHTe HhiB6les, Ml th teris yb abdd/ e
. HIG 2 I a

regi ons IlTustrates cross-sectional view of an HBT portion

201 Oz]:re ?c?rttﬁé Sﬁrlﬁgs%g 'of Hescribing relative positions and are interchangeable under appropriate

circumstances.

Detailed Description of the Drawings

15 | FIG. 1 illustrates a cross-sectional view of a CMOS portion 101 of a heterojunction

BiCMOS IC 100. Portion 101 comprises an N-channel MOS (N-MOS) transistor 120 and a
P-channel MOS (P-MOS) transistor 130. N-MOS transistor 120 comprises, among.other
features, an N-type gate electrode 121, N-type source and drain regions 122, a channel region
123, and a P-type well 124. P-MOS traﬂsistor 130 comprises, among other features, a P-type
20  gate electrode 131, P-type source and drain regions 132, a channel region 133, and an N-type
well 134. P-MOS transistor 130 can also have a heavily doped N-type region 135 located
underneath N-type well 134. The N-type conductivity represents a first conductivity type, and
the P-type conductivity represents a second conductivity type. One skilled in the art will
understand that heterojunction BiCMOS IC 100 comprises a plurality of transistors similar to

25  transistors 120 and 130.



Bi CMOS | C 100. Portion 201 conprises an HBT 210. HBT 210 conprisep & SEP 200

col I ector regi on 220, " a base regi on 230, and an =,§ilv i 46:4) dn/ ? 3
Col | ector region 220 conprises a plurality of refQms, 2L z;g 3 g
and 225. Base region 230 conprises an intrinsic NS ﬂ an -
extrinsic base region 232. In the preferred enbodi ment, HBT 210 is an NPN:
transi stor such that collector region 220 and enitter region 240 have an
N-type coHstedjimition BiIMOSAE 10aslshaemprissgizomultiBlyvelaigtescomnesfbructure ‘_
conductivity. One skilled in the art wll understand that heteroj unctlon g

Bi C'V% 1R8 FePRid S8sridalR) cHupleltty t@hsitbRNS0INr 0. Fiorisiravlidity, FEY. £10. 15
FI G 44 ﬁcustrat es a fl gw Iéjhar? 300 of a nethod of manufacturing

het er Qj uncti on C.10 S chart
300, giué'é?ﬁ%ﬁﬁff}é't%lr\ﬁré iﬁgflr {) lt|l gﬁ, & (})“\}ggg"cf@: é% %%%ﬁ?e??%%ﬂojeh#%g%?’vnent

t he sem conductor substrate has an epitaxi aI | a er and ayS K s%.% a%Jbstrate
| ocat BICMASCIC 449 furthas sompRges: ABORE Magy;oer | f SRS, NFLBPRTNE SPEFEY 1 ed
enbodi ment, the support substrate and the epi t axi al | ayer have a P-type
cohducso aﬂda/plafulitﬁofeﬁew ogide hegiamspr ekedically inhdagamegivaml édnduct or materi al
such as, for exanple, silicon. As an exanple, the sem conductor substrate

of step 3 #@ %E‘l]ﬁ%@rat%krﬂ Lrdks-SeRtisMpShidvalof ahORBIMpITi6s 201 ofahmlerdjunétitrur i ed
layer for t | polar transistor is forned in the epitaxial |ayer of the

f h
For o OMOSH1G 0> i 20 S plyron R 2HE" 100 20 s ?ﬁ??"“—%‘?‘éﬁgéde
| d f burjed col | ect PGT/ U$01
1 0850rceioni 2R, ¢ heieriepRB P anend %ﬁ@%éf%mw?ﬁ)i é?l%ftcafas@animg%%ﬁﬁf Y pe

( dopant. As an exanple, the buried collector ilon can be simlar, to region
223 (plufality20f regiomBI2 12 202 (FBGE224Rpnd RYi Base rmgn 8&9 e)mmslerSrﬁﬂP“m@Ct%‘hsu st or
—130 (FIG 1) may optionally be fornmed sinultaneously with region 223 (FIG
2o region 231 and an extrinsic base region 232. In the preferred embodiment, HBT 210 is an

NPN transistor such that collector region 220 and emitter region 240 have an N-type
conductivity and such that base region 230 has a P-type conductivity. One skilled in the art
will understand that heterojuhction BiCMOS IC 100 comprises a plurality of transistors
similar to HBT 210.

15 FIG. 3 illustrates a flow chart 300 of a method of manufacturing heterojunction
BiCMOS IC 100 (FIGs. 1 and 2). At a step 310 in flow chart 300, a semiconductor substrate
is provided. In the preferred embodiment, the semiconductor substrate has an epitaxial layer
and a support substrate located under and supporting the epitaxial layer. Also in the preferred
embodiment, the support substrate and the epitaxial layer have a P-type conductivity and are

20  each comprised of the same semiconductor material such aé, for example, silicon. As an
example, the semiconductor substrate of step 310 can be similar to substrate 160 in FIGs. 1
and 2.

A buried layer for the bipolar transistor is formed in the epitaxial layer of the
semiconductor substrate. The buried layer can be formed before or after the formation of the

25  epitaxial layer over the support substrate. The buried fayer is used for a buried collector

4

AR EESR T LT ¥



5 Next, at a step 320 {n flow chart 300, electrically insulative Ze |%E|F; 0
are formed in the epitaxial layer of the seni corptéivysu@slr/éﬁg %
electrically insulative regions can include field 0OXi [ y

e regions forned by .
processes such as, for exanple, LOCalized Oxi daE@Ij@Siﬁ]f%@g% .
i 0C

pol ysi licon-buffered LOCCS, Polysilicon Encapsu alized OXi dation-.
(PELOX), or shallow trench isolation. Izgrt,ﬂgr n&e, t,he (%I ctrical g%(e :
i nsul aegigs in the BBToans is preferably e vide doped gt An NstPeAPBINY STt o t he

field oxide regions. As an exanple, the electricall \ﬂ_ I nsul ative regions

f or me cthel budietcdleetor B2Ebnocn bb einsilaritd egian@23 6FEs 2) it HBL,2 H0AEIY.20)i Regioagi ons
150 (FIGs. 1 and 2). Subsequently, at a step 330 n flow chart 300, N-type
wel |'s aserf®r a8 PLMOS eardRid: %0 b1d. aY Bfay 8ptidafly e foredditntlamesushs witat e, and
at a step 340°in flow chart 300, P-type wells are 15 forned in the

epi taxi al the sem conductor substrate. The N-type.-and P-type wells
can bf?B?h%W?}ml antation and/or diffusion processes. As an exanple,
the N-type wells of step 330 can_be simlar to N-type well_ 134 gFIG 1) in
P- §OS t r and¥ext.cit asstep 339 i, floyy chagh300, plectripall insulaiyq &ams apefomadin g e
simlar to P-type well 124 (FIG 1) in NMOS transistor 120 (FIG 1).

Fur t hepharisl, layegobthe? 2énicBbdBetd?) substrato| | Besoelectisaly ipdat{ve| ©2I0pF 9a8r HBT
210 20 (FIG 2) can be sinultaneously formed with N-type well 134 (FIG 1)
durin gnéﬁd“eo%éé Qxide¥egioRk ForhiRd blyprbdeSsed shichnds, forlsddfipdd, A0 Cdlized Oxidativaquence

of steps 330 and 340 can be reversed. Then, at a step 350 in flow chart

300, te..ele C [ 0 |1 ax] ke O obiled .
( sem cg’ﬁdﬁkf?ﬂ‘ @Qggﬁat@?ysﬁﬁm{] ﬁ’é‘%ﬁ‘%‘éf %@Fgff ?n@gﬂpﬁﬂnﬁm%lﬂ%&gcat e el ectrodes
._are conprised of as-deposited rphous sil.icon ich js_subs tly

*anneamad#tm@@@)ﬁbwéﬁlp@%trqn?@%q'?#qoeo nﬁ!clﬂm@ﬁ' \iﬁé‘% ﬁ?e.d"ﬁ%ﬁy é@ﬂ%ﬁg, the
"~gate el ectrodes can be forned by 2 7 SEP 2001 0999.5 WRJIUS is APR 2002

deéposidgiony canl mykude gleep rithople dsalatinnpinoadditen te she figld xidaiREIoBs: ATRMNg t he

| ayer of silicon, ‘

example, the electrically insulative regions formed during step 320 can be similar to

electrically insulative regioné 150 (FIGs. 1 and 2).
Subsequently, at a step 330 in flow chart 300, N-type wells are formed in the epitaxial
layer of the semiconductor substrate, and at a step 340 in flow chart 300, P-type wells are
15 formed in the epitaxial layer of the semiconductor substrate. The N-type and P-type wells can
be formed by implantation and/or diffusion processes. As an example, the N-type wells of
step 330 can be similar to N-type well 134 (FIG. 1) in P-MOS transistor 130 (FIG. 1), and the
P-type wells of step 340 can be similar to P-type well 124 (FIG. 1) in N-MOS transistor 120
(FIG. 1). Furthermore, region 222 (FIG. 2) in collector region 220 (FIG. 2) for HBT 210
20 (FIG. 2) can be simultaneously formed with N-type well 134 (FIG. 1) during step 330. One
skilled in the art will understand that the sequence of .stcps 330 and 340 can be reversed.
Then, at a step 350 in flow chart 300, gate electrodes can be formed over the epitaxial
layer of the semiconductor substrate. In the preferred embodiment, the gate electrodes are
comprised of as-deposited amorphous silicon, which is subsequently annealed into

25  polycrystalline silicon (polysilicon). For example, the gate electrodes can be formed by
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?oang ;he :ayer ofhsilicon,land o?iszirg t he ¥e mi ni ng portions Q;?tSEP 2001
ayer of silicon. The ‘annealing of the layer o g salt pe,’ r
during the gate oxidation or during other subsequef®® a?e%ﬁeﬁ?u?ﬁ
steps so that a dedicated or specific gate ann t reguinmgsg. an
exanple, a first portion of the gate el ectrodem SESgCMeZQOfI ar
to gate electrode 131 (FI.G 1) in BP-MOS transi stof..: i1 d a
secondlepetiinhA 1@ferﬂ1]ém6éﬂcé a rélzqupégggnbpatéepggg QEB{Cgén%qBéE%&moﬁél}hctB@ gat e

el ectrode 121 (FIG 1) in NNMOS transistor 120 (FIG 1). At a st 360,

N- t y pelopimgrtbe layadofisiticon, aedpwidizing be ransipmginerions of ghe ayerof silicpa, t he

10 sem conductor substrate. The source and drain regions can be fornmed by

|l anhaddliRp GFR¢ Gdyer o difistsi @R Hor peefosmes durivig die @imoxitiation dreduidngygkersour ce
and drain regions of step 360 can be simlar to Ntype source and drain

regions, 122 (FEl LK L1Sk: LRed.r egi on
250 (srscagyn hidiiiphpetlEst®s] IALT BB 8Pyl sald andedl et FRpiva, PO/

Nt d drai eqgi 122 (FIG ., 1) duri t 360 t, at
St 55" Fom SHATBIP Acal BOTIEN S, ot eHEodeR O U (R v OF TRRAT L e, ®
at | east .one protective layer is forned over the MOS transjstaors and ot her

non- Helectrpder 13 biEIGH 1) tim @-HOSMESsis@roi0o@lGt hk 38 ra sesprd pertoReol thizgalg, o
doped, deposited, grown, and/or etched. The protective |ayer or |ayers are

used E&c%&&,%tsteyﬁor&ﬂb@@mrtb igalletotd €21 BIIGMDPi B-MQ@S wapsistrrnidli on of
the portions of the HBT. The protective |layer or layers are 20 renoved at

t he eg%cgf t he HBT nodul e. Although portions of the HBT nay be fornmed prior
‘to st 'RJ the HBT nodule of step 370 is designed to be largely

dotalts of At isepEE: Noaet B SreA e BEan G oo e B Ry BERS, "2
-cross-sectional view of HBT portion 201 of heterojunction 25 Bi | C 100
bi® or eemiceriductarsybstiate. I soptegland drain fegipnswonbg fenegd by implaptatiqn angior; 7 gpp
200 diffusion processes. As an example, the N-type source and drain regions of step 360 can be
similar to N-type source and drain regions 122 (FIG. 1) in N-MOS transistor 120 (FIG. 1).
Furthermore, region 221 (FIG. 2) in HBT 210 (FIG. 2) can also be formed simultaneously
with N-type source and drain regions 122 (FIG. 1) during step 360.
15 Next, at a step 370, an HBT module is performed. At the beginning of the HBT
module, at least one protective layer is formed over the MOS transistors and other non-HBT
portions of the BICMOS IC before the portions of the HBT are doped, deposited, grown,
and/or etched. The protective layer or layers are used to protect the non-HBT portions of the
BiCMOS IC during formation of the portions of the HBT. The protective layer or layer§ are
20 removed at the end of the HBT module.
Although portions of the HBT may be formed prior to step 370, the HBT module of
step 370 is designed to be largely independent of the CMOS processing that occurs before the

HBT module. The details of this HBT module are described hereinafter.

FIG. 4 illustrates a cross-sectional view of HBT portion 201 of heterojunction

*

25 BiCMOS IC 100 before performing the HBT module of step 370 in FIG. 3, and FIG. 5
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01/0-9995 P ' 2002 illustrates a cross-sectional view of HBT porﬁi?nSEf@]ZU@‘f
het eroj unction Bi CMOS 1 C 100 after performing the HBT nodul e of“s ep 370

in FIG 3. FIG 6 illustrates a cross-sectional Vi@ por i 0]
"BEA A Ig@fg)gséé

of heterojunction BiCMOS | C 100 before perfornfj _

370 in FIG 3, and FIG 7 illustrates a cross-Set/fsia v]ﬁv&p%g
portion 101 of 5 heterojunction BiCMOS IC 100 after perforffing th T
nodul ¢ @krafet @R rsEQedtivnkl Gew 3f BB psiaspadi obhdtdrGRincoraBICMOSdkel Gkaftdred i n
the art will understand that the condition or .configuration of CMOS

porti ogﬁé}{%gig g}ealgggmlé ﬁgﬁeginaggg.}. Y180 G165, B Gliskiee 4 icAlsS-sadtionbl ¥ib® of FI BT

modul & e e of step 370 is nodular and is

conpatible with i de r.ange qf. turi rqge turning
fo i EMS parion ua reserinwion St IC 390 Bl e PR mgh e, Lo ne
are fornmed in the epitaxial |ayer of the sem conductor substrate after

per f ostep rBjOtineFIARB, anddiliGe7 dllustintep a30ss-seaBonsd (yieye ob fAMEP pastiondPb 0 of

step 380 can be forned by inplantation and/or diffusion processes. As an

exﬂiﬁph&ercﬁd‘ﬂ’ctiﬁ’n BIORICDIT ¢60 aist péi‘fahﬂngelgé HBY @bdult 6Pst8B070 eaRIGe3.sByi | ar to
P-type source and drain regions 132 (FIG 1) in P-MOS transistor 130 (FIG

15 1@%@%&%@%@ Pl odeNSlIBNY ahd U ot TRBREnl | i treabilision ok G 3,

t he source and draln regions are efore perform ng the HBT

nodul e and before_farmn e. P-type source d.drain.reqi t he

Bty peondiirten ah NS RonTeny | Oris o Wb et Bt 3pf i RABRE s 10 o
and after formng the N-type source and drain regions, In 20 _gnot_ er
enbodiBamodifle.t AecordingtyathetHB R gnoduternfstept378 inmogplar andjissompatiblesyifta and

( drain regions can both be fornmed after performng the HBT nodule, and in a
“f ur t hgfdeqaRRUTMOSahanufdtauriigpidoesdens i ng met hod, the N-type and P-type

- source and drain regions can both be formed before performng the |-IBT

ul e. Adgli H?;E E 3h f @afi 300, Phgpd\SoukdepmdaditinRefippe sour ce
?r?g dr ai ndlgéétgl 0 Hcglr? S”eg‘ris‘gﬁ?g‘g’iﬁi‘ ﬁB‘gny of the errb(;)di ment s desc?i bed 25

her ei 0 The. speci £l 6, 3PHSRCS BL hERRalAGr (WThR%P GeRbimiRg Ao tyPe

module of step 370. The source and drain regions of step 380 can be formed by implantation

and/or diffusion processes. As an example, the P-type source and drain rcgioﬁs of step 380
can be similar to P-type source and drain regions 132 (FIG. 1) in P-MOS transistor 130 (FIG.
15 1)

In the embodiment of the manufacturing method illustrated in FIG. 3, the N-type
source and drain regions are formed before performing the HBT module and before forming
the P-type source and drain regions, and the P-type source and drain regions are formed after
performing the HBT module and after forming the N-type source and drain regions. In

20  another embodiment of the manufacturing method, the N-type and P-type source and drain
regions can both be formed after performing the HBT module, and in a further embodiment of
the manufacturing method, the N-type and P-type source and drain regions can both be
formed before performing the HBT module. Additionally, the sequence of forming the N-
type and P-type source and drain regions can be reversed in any of the embodiments described

25  herein. The specific sequence of steps for forming the N-type and P-type source and drain
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AAAC7Nrnr-n 27 SEP 20 PUWu |' 09 9 95 LFEAU 18 APR regions is degenddhtl
upon the diffusion | enfths of the particular dop gnd A 9 r935 and
tenperature of the processing steps occurring af 8¢ n e and

g typ
P-type source and drain regions. Then, at a s f gl Raff2300 in
IPEANIS. A5AP

FIG 3, a multi-level interconnect structure i r and i s
electrically coupled to the NNMOS transi stors, the P-MOS transistors, and

t he HBIsionsSsedepafdint @Pod fife! diffBsion Rt mtthapaﬁiea&na@pam, used chndl hiee time
mul ti-Ilével interconnect structure can include netal |ayers conprised of

| d, I d . . \ !
21 o B8Pl % Phos g Bt MORPLRE orer EXRIMEN b B Pl ROrRIRET

| ayers_ conprised of titanium and/ or tungsten. As an exanple, the

nul ti -4r&PEF8IANS- i nt er connect structure of step 390 can be simlar to
multi-level interconnect structure 140 (FIGs. | and 2). A self-aligned
silicide (Skhenhcitdsteppdoafdtw amrn30inf@6. promwisleyel wear¢onpect stUeHEdISbet ween
steps 380 and 390. FIG 8 illustrates a flow chart of the HBT nodul e of

St 6P F4nddbhvet Shd Beld@fbalty G8upl&d tof the AUBHDS] Barisiskdis lth@ PEMOSOSansRes, iandal
views of HBT portion 201 in heterojunction BiCMOS IC 15 100 during vari ous

st eps ,of T ule.i I S, Il e |1 et il HBT
oo SRoRR G Sicp 004 incflcs grinapiggdSh, OGRS Ctn e hBfitgRlthidtbopfice J57

el ectrodes and the sem conductor _subsftcr te where the prot %?tive Ita er has
a hol &trestprsssanginglude mgtynlaysrs cREprisethol 8oidy CPRRET IR ARd/Qr WYBKISH: e g
earlier, the protective layer or layers are used to protect the CMOS

por t | @hs neuiti-lexeh éntervonndeBFirpaurei canSushert inelug CMesten gid plugsprdoliffasiPen 20
of various portions of the HBT. For exanple, at a step 805 of FIG 8,

“pr ot ephirkike 1AyRYecompfiseddepeiidiad aEsr tud@steOol KSidn example) ¢helnadtilodts and
.the epitaxial |ayer of the sem conductor substrate. In the preferred

ﬁg@gfgﬁa&me&wrura N &RpPis BHT bY Sirif¥ &b SmAtiSeAE RABHRHect | dtrubitfe PAGt ecti ve
(FIGs. 1 and 2). A self-aligned silicide (salicide) process, among other processes, will be
formed between steps 380 and 390.
FIG. 8 illustrates a flow chart of the HBT module of step 370 in FIG. 3, and FIGs. 9
through 15 illﬁstrate cross-sectional views of HBT portion 201 in heterojunction BiCMOS IC
15 100 during various steps of the HBT module in FIG. 8. As indicated earlier, during the HBT
module of FIG. 8, at least one protective layer is formed over the gate electrodes and the
semiconductor substrate where the protective layer has a hole exposing a porti‘on of the
semiconductor substrate. As explained: earlier, the protective layer or layers are used to
protect the CMOS portions and other non-HBT portions of the BiICMOS IC during formation
20  of various portions of the HBT.
For example, at a step 805 of FIG. 8, protective layers are deposited over the
polysilicon gate electrodes and the epitaxial layer of the semiconductor substrate. In the
preferred embodiment, two or three protective layers are deposited. If two protective layers

are deposited, a 10 to 200 nanometer (nm) layer comprised of tetra-ethyl-ortho-silicate

25 (TEOS)or ano?hcr oxide can be deposited first, and a 10 to 200 nm layer comprised of silicon
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are deposited, a 10 to 200 nanometer (nm |ayer cenprised of 2 1 SEP 2

tetia-ethyl-ortho-sili‘cate 25 (TEQS) or another oxide can. be deposited -

first, and a 10 to 200 nm | ayer conprised of sili THE O qw/ 937?95)

2( MJSO 1/09995 nitride (SiN) or anorphous sili &RE can b¥ dépbsTtred

over the layer conprised of TECS. In the two -"1-*'.‘4. ayf; %rpapdtngzt

using SiN, the layer conprised of TECS serves as @ =Sufd | §e bétvx?éen'

t he owarity(SiN) baymorphonpsilised(adi) GinNveategosited avactde layeneprgerised 6k THSS: on

| ayer, and the layer conprised of SiN serves as a hydrogen diffusion

barr | fif tl\qL{(v'og&oécévélép&eéiﬁWhh&R'dsﬁ&é'ﬁN, EHeOWid? cBIpEisESof THOS Iseives acanpr i sed
al's

of Si 0 serves as an etch stop "to protect the CMOS ar.d ot her non- HBT

portion nder.| yi n he | ayer, conprised; o ' . r jve

" ayer DERETJAYSHORIVGE, the, SxerBing layer CompiRed S{T%‘ﬂ bh, b2 unbiBihd BB cRicttib Ve
mask, and the | ayer conprised of TECS serves as an_etch sto .Oéf.three

pr ot etayen eandather Byerr eordpiisdi efe §iN semgs tas dyArageR “%%‘?T%’F’Fgeé Wwe a
silicon-rich 10 nitride (SiRN) can be deposited first; a 10 to 50 nm | ayer
cogrpr htrequeht JpTaRiad proanth tphedess. ORfiediayarannipeisetbpbSilN also sarees asiaa dietysop
conprised of SiIRNor SIiN, and a 10 to 50 nmlayer conprised of a--Si can
be defb%bﬁ@%@@ﬁo hiad| RN of AT bsREn® linddigg BB fayek bbth@iibel of SIE. ant  wi ||

under st'an at ot her conbinations of protecCtive |ayers such as can al so be
used. Al so in step 805 .a mask |ayer havi hol es. &; . Onaed OveE the
pr ot e®FiY8 Hrﬁtﬁﬁq’?aayq5dmll??él"ﬁ%rhé’§’ f %Zherrfa;g?(r ﬁ%g@rsg%%g?é Sglrgrtic?ns of the

underlying protective layers. In the preferred enbodinent, the mask | ayer
is colililp‘?lﬁ,ngthéflabﬁﬁmlﬁp@%eﬂélfm%e@siaﬁPﬁ§i°héf°é’s a cross- sectional view of
HBT portion 201 after step 805 (FIG 8). HBT portion 201 in FIG 9

i ncl udes dif €S pragetive MErs @re Sepositegier 1®GR50 amdayerreesiprised, of siboan-Aeli ng a
~'hole 904 fornmed during step 805 (FIG 8). 20 Returning to FIG 8, at a

08P AitHie @RI tXiP8e Gepaiited iffrst APIRRY 6! nbd [:9egborhrescdfEEEOS ortdnetherns k
| ayer, through the portions of the protective |ayers exposed by the hol es

it nt h%gﬁi&éégé%ﬁnbét ﬁ%&r%%cﬁﬂfeég}gér (Pa% gorﬂﬁﬁéeido&ssiﬁk b SiNePirldax 1@ ko I5eM A 1ayeeler | yi ng
comprised of a-Si can be deposited over the layer comprised of TEOS. One skilled in the art
will understand that other combinations of protective layers such as can also be used.

Also in step 805, a mask layer having holes can be formed over the protective layers.

15 The holes in the mask layer expose portions of the .underlying protective layers. In the
preferred embodiment, the mask layer is comprised of photoresist. FIG. 9 illustrates a cross-
sectibnal view of HBT portion 201 after step 805 (FIG. 8). HBT portion 201 in FIG. 9
includes a TEOS layer 901, a SiN layer 902, and a mask layer 903 having a hole 904 formed
during step 805 (FIG. 8).

20 Returning to FIG. 8, at a step 810, an N-type dopant is implanted through the holes in
the mask layer, through the portions of the protective layers exposed by the holes in the mask
layer, and into the portions of the epitaxial layer underlying the holes in the mask layer. The
N-type dopant forms N-type regions in these portions of the epitaxial layer where the N-type

regions are part of the collector regions in the HBTs of the IC. As an example, phosphorous

25  can be used for the N-type dopant.
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N-type dopant forms N-type regions in these portigns of the epita@iEJSE%QQQ
where the N-type regibns are part of the collector regrens in the |IBTs of
the I C. As an exanpl e, phosphorous 25 can be usedﬁﬁi, i O b 9
Al ACNIr fl SHEET . Subsequently, at. a step 815 o AR IR pg@tl he
protective layers are renoved to formholes in tHe™fd ti l'ayers and
to expose the tind-riving portions of the epitaxial |ayer. Each of the
renoved porSubgstfuenfly,tdoe spp@i6of Fi& 8, pyrions af thelprotattixt loyers artremeved toone of
the buried collector regions. The mask | ayer al so previously defined the
N-typ | | et iePlal @y L9 Rfonk eTaKe ¢pidiial ons of
t he pﬁ8ﬁ§3&0f°3§“| fggedggteé#%o?g -ag{jitg%égésfoﬂ?ﬁi@ Tﬁl-%l'?gygg regi ons iﬁ t he
epitaxial layer,. Also in,step 81 the N-type regqi,Q r | tep
570" aivtenEan ol e SOuvELBORRE d e prEgeDeror g Y e ool R
3) are annealed. In the enbodi nent where two protective |layers are used, a
r eact itheburied cellettontggipnec ¥he mask lsyestadsopseioudy defingddhe N-§YRe TeBIPMAR EE i n t he
top protective |layer, as defined by the holes in the mask | ayer, to expose
the upAsGAMARY. TaElfoE|shofenioved patibaiofthe prtddtive ldyassarre selfiaigned hetheask

| ayer is renoved, and the N-type regions and the N-type source and drain

regio I . ntly, a dilute hydrofluoric acid is

pr ef e@%?%q?éﬁ%%péﬁk{aﬁggﬁgl es in the bottomprotective |ayer, as
defined by the hol in e top .protective |layer,q.t0 3 erlying
portions oPAlhil ¥FP gi%i IQFLI‘?’SYPFEFEQ ns ﬁ‘Wé‘FgdePg,g %%ReSIPa%Wgﬁrt}pgfsp gf:htgl y

defines the holes in the top protective |ayer an indi rectLgdjdefi nﬁs t he
hol es andh dtaire raginnsoierped derns step BeY &FIG. B) are amepledy 4 the erbedipegwhere
sectional view of HBT portion 201 after step 815 (FIG 8). HBT portion 201
i N Fl Gvo phbtedtive |laybes ateagiedna Radtifeoioneching progesst ie prafeablyrned tg)ctanteal so

- includes a hole 1001 in layers 901 and 902 formed during step 815 (FIG

8lg . Zﬂolgietirp kY fb? Bteklife 1aJer, 3k (@findd BPhSBRBles il the Mask Babor, tatexpost g 820, a
sem conduct or ayer is formed over the protective |layers and the epitaxi.al
| ayer. The.sen conducto | I ' ' wRMsPmduct or
ot or PRSP RA D ot Plysichve YRR, TRGE (¥ msi e SithoR

epitaxia erred

N-type regions and the N-type source and drain regions are annealed. Subsequently, a dilute
~ hydrofluoric acid is preferably used to etch the holes in the bottom protective layer, as defined .
by the holes in the top protective layer, to expose the underlying portions of the epitaxial

15 layer. Therefore, the mask layer directly defines the holes in the top protective layer and
indirectly defines the holes in the bottom protective layer. FIG. 10 illustrates a cross-
sectional view of HBT portion 201 after step 815 (FIG. 8). HBT portion 201 in FIG. 10
includes region 224 formed during step 810 (FIG. 8) and also includes a hole 1001 in layers
901 and 902 formed during step 815 (FIG. 8).

20 Returning to FIG. 8, after steps 805, 810, and 815, at a step 820, a semiconductor
layer is formed over the protective layers and the epitaxial layer. The semiconductor layer is
comprised of a different semiconductor material than the epitaxial layer. ‘In the preferred
embodiment, the semiconductor layer has a thickness of approximately 50 to 200 nm and is
comprised of silicon germanium carbon. The semiconductor layer can have approximately

25 0.0 to 1.0 percent carbon by weight, but preferably has approximately 0.2 percent carbon by
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. preferre enbo

enbodi nent, the sem conductor |ayer has a thi ckne§s of approxi mat €} yj FER @004
200-nmand is conprised of silicon germani um carbon._The;seni conduc -;0@5

| ayer can have approximately 25 0.0 to 1.0 percentca{one Y wel ngf?', but
preferably has approximately 0.2 percent carbon by 10432 SEP 2004 ! PEA 18
APR Z30Z. weight. The use of silicon germani um c3p@R 4 43t he sepicon or -
| ayer reduces the spreading of the base profil e? ASERDY zigumgug#ﬁ o
sel ec.tvl’éf%ty iRl gdut 86 sitiebi %@ﬁﬁﬁnilﬂrﬁ'l &lborr @OitIRN serficeductort gep reaiuees e
enbodi ment, the portions of the sem conductor |ayer |located directly over

t he previ qusl XRosed rtions,of th |t axl l'ine
or 5 SpaitEat GFORe PR RE oY O Rh RRe el BBl SRRSO

| ayer that are not |ocated directly over, the_previqusl eﬁoseg?ffé?rtions
of t haegipht adsain theypreferrad embpdimant. ghe partipas & thy serHeonductorIaYsh omi ¢
structure. In a different enbodi ment, the epitaxial growth process of step
820 caiirebiy 65&dtiicopreainnsialexpbsed pdriipes ok dicoemtakial taysr dave igcystalling19r and
the N-type source and drain regions 10 forned during step 360 (FIG 3).
Fog e)é?ﬂgiﬁ’ at S dnGEPSTRhE RrHHRT A8 sBhRoARMNaRr thak&e Rt locaredof t he

epitaxtal growmh process can be used as the anneal. In this enbodi nent,

the separate anneal process of ste 15 cgn he Wes gl . g a step
825 ofjprfi?tgf Qer af“el B%g’touglﬁee’éﬁoéﬁ‘i rﬁ%ﬁ?'lisy O?ntsrgl §§ ilt%/){eﬁll g};ﬁ? t|n{s\¢%f tglrttrlrgfj “over

t he sem conductor |ayer. For exanple, a 10 to 100 nm | ayer conprised of
TEOCS pelyanstaHie or amogpliogeatoRi¢@pEiiteed over the sem conductor |ayer, and
then a 10 to 100 nm | ayer conprised of a-Si can deposited over the |ayer
conpri sed of aldiffSeniTambodiyent, dengpiiasiall gofwih-Bocese o 8sp820 canhg wsedel®k over
( the layer conprised of TECS and protects the | ayer conprised of TEGS from

-bei ng,ifl f‘fh%dNQg%Sd' RYichs FORARAMBING M8 F0VaAd Ble KltgRniougeepamat dsin rdgiorishe
ment, two electrically insulative |ayers are used. 20

Then, .at te f I ' JRVh Sl@cderical ly
[ l;ulgul Wg ﬁpggégg%\/@e@é'ﬁ?é%%gﬁ?qﬁz’?éraqﬁ%s téf@eféésw ex osig%g I;Jn erlyi rfg
port! an(sé pcgrtiénh gf tellle%(lza}tzrvlciglaglrloe\lfth process can be used as the anneal. In this embodiment,

the separate anneal process of step 815 can be eliminated.

Next, at a step 825 of FIG. 8, at least one electrically insulative layer is formed over
the semiconductor layer. For example, a 10 to 100 nm layer comprised of TEOS or another

15 oxide is deposited over the semiconductor layer, and then a 10 to 100 nm layer comprised of
a-Si can deposited over the layer comprised of TEOS. The layer comprised of a-Si serves as
a hard mask over the layer comprised of TEOS and protects the layer comprised of TEOS
from being thinned during a subsequent pre-emitter cleaning process. In the preferred
embodiment, two electrically insulative layers are used.

20 Then, at a step 830 of FIG. 8, a mask layer is formed over the electrically insulative
layers where the mask layer has holes exposing underlying portions of the electrically
insulative layers. These underlying portions of the electrically insulative layers are located
over the holes in the protective layers formed in step 815 and are also located over the N-type
regions formed in step 810. In the preferred embodiment, the mask layer is comprised of

25 photoresist. FIG. 11 illustrates a cross-sectional view of HBT portion 201 after step 830
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i nsul ative | ayers. These underlying portions of the electrically i ngusEFi bl
| ayers afe located ovéer the holes in the protecti Nensy for, i ep
815 and are also |located over the N-type regi oﬁcme@nlsg 8 0§fn
the preferred enbodi nent, the nmask |layer is conprised.of 25 B% y St .
FIG 11 illustrates a cross-sectional view of le od &0 t tep
830 11 near-p. 1F. n' r. ¢ 7 SE P 20( PCB *$0 99 PEA/ U 18 APR 70 2

(FIG . $HBHBPortn 20 Lini FIGCNE indlddésnec sendesndacoe dayeo AdOL fermedaduzing1101
forme uring step 820 (FIG 8), a TECS | ayer 1102 and an a-Si |ayer 1103

d
forme ' N ' 2 .34.05
For modteBaPP FEICE e EEOS Hopic 10 R B LSy 08 foed A B B3NS B ki
8, an N-type dopant is jnplant t hrou .5 th j\n the mask | ayer,
t hr oud®d pBtask layer E‘I‘)“th‘?émglaé’@i]erf&]élHﬁW?cﬁ‘sm%tSFW?:ibgtﬁ'sé)EXposed by the hol es
in the mask | ayer, and through the underlying portions of the s%m' conduct or
|l ayer to Rerumihg tyFGr &gt artep 833 pEFIGh e an yW-tipe siopentos dmpfantadothggyieha i al
| ayer. These N-type regions are portions of collector regions for HBTs in
the hefeaiolsUinthé %sﬁﬂg@mx‘oﬁ‘glﬁpértﬁ)hﬁ ofitteCeledtidatiyrinchlitivedayers krpdsed dlyy
I npl anted collector (SIC) regions. In the preferred enbodi nent, 10 these

N- LY DR is%?ﬁqcf%ﬁslé lggegtseﬁ@ tﬁ%}l%%ﬂﬂ%&f@%% PB@\&L LY thdQBsskohbadtof Ageot Y Pe

regi ons or red previ g step an exanpl e, phosphorous can

be used as the N-type  dopant. Subsequently,. at st ey .84 F ,
por t i fome IST‘YR%@SQ“%&‘E Frlec‘éff)df:{]y‘?‘ﬁﬁ?ﬁ&{"igﬁz the, Faé‘laﬁaé’er'r 2%%7333%%6 erg?iror[ﬁghol es
in the electrically insulative | ayers where the ho| es expose ‘:_lmdeugyi ng 15
por t | ampogionshy edintton mpiansdor FEs in thedheinsaiunetigneBiGMOASH- aud iy akPep 830
( defines the renoved portions or holes in the electrically i nsul ative
"\l ayergfertBaie dtbslectiaolgimphated ctlevne ¢SIQ)regionss My theopetédradeernbedinenty pe
-.-regions during step 835. Accordingly, the holes in the electrically

jgsul tﬁeéev%{gﬁey eliod SreSBbdeid 4AEGrd ndrb G8vily B¥pcAUMbY theo NeeNekione
regi ons. .

formed previously during step 810. As an example, phosphorous can be used as the N-type

dopant.

Subsequently, at a step 840 of FIG. 8, portions of the electrically insulative layers are

removed to form holes in the electrically insulative layers where the holes expose underlying
15  portions of the semiconductor layer. The mask layer formed during step 830 defines the
removed portions or holes in the electrically insulative layers. This mask layer was also used
previously to define the N-type regions during step 835. Accordingly, the holes in the
electrically insulative layers are self-aligned to these previously formed N-type regions. One
skilled in the art will understand that the sequence of the implantation in step 835 and the
20 removal of the portions of the electrically insulative layer in step 840 can be reversed.

Also in step 840, the mask layer formed previously during step 830 is removed. In the
preferred embodiment where two electrically insulative layers are used, the top electrically
insulative layer is etched, as defined by the mask layer, to expose underlying portions of the
bottom electrically insulative layer. Then, the mask layer is removed. Next, the bottom

25  electrically insulative layer is etched, as defined by the holes in the top electrically insulative
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skilled in the art will understand that the sequence of -t he |rrpl antzat éiEP ?1
step 835 and the 20 rénpval of the portions of the eFdeRiQa | 0959@5 ve
| ayer in step 840 can be reversed. Also in step fetask | ayer forned
previously during step 830 is renoved. |In the prdrdcMZURsND ﬁ\m@a

two electrically insulative |ayers are used, the top e ectrlqiggnalprr‘ = f

I nsul ative layer is etched, as defined by the mask | ayer, to expose |
under | lyydﬂgtop@rpbse)nﬁde@rsuﬂghﬁ)mmt ¢fant etraiconducalr | lyyer.n Sieadfore teayask laféren, the
mask | ayer is renoved. Next, the bottom 25 electrically insulative |ayer is

ot ohe e St T8 BB el Bl E el il hisipay @isenR 11
hol es TRIFSORAIE et EerriPaly iy i foutr VA0 b U Rlas e eteiopalehids 1 e

holes in the bottomelectri cal |y insulative layer. FIG 12 illustrates a

cr oss-HBE posival 201 after sfep 34BTFHGr8)i dHB2 portiocnt 21 iotH. d20n¢lpdes regipn 2287
portion 201 in FIG 12 includes region 225 5 formed during step 835 (FIG
8) sanqomnddcdhiRing 26p 835 (FRY.9)aind 11t dd 1 3 Qi3efsarlOR dnd Ut O3 Gorsiied purifd StepFl G

8). Returning to FIG 8, at a step 845, an electrically conductive layer is
formeg,g t8€e sem conductor | ayer and the holes in the electrically

i nsul at' ers. In the preferred enbodi ment, the electrically
conductlve | aye hi ckne 0 to 300 m 10.and is
conprised Bft "%&"P% ﬁg(? é @Bﬁslcﬂ ea]génﬁ% g\#lvﬁga-‘@é&g r?w(’ﬁ t}i'gm tu)
or after deposition. As an exarrpl e, arsenic (As can be used to_dope the
si | i cevmicendustor dpyast andcthie] Roles i thec electeically insulatiye tlaysss dn thacprefesgdr i cal |y
~conductive layer that are | ocated directly over the previously exposed
sem cembodiinent, iryeddctivally ebfduicyivi Biver 128 aclfickimess of approximate vl 00 w30k omi ¢
structure, and portions of the electrically conductive |ayer that are

| prat gl ¢ E(gfillgﬁs\éd QfA-thieesificort R€ chh BR! doped RHhAtdepSsitiy §inssi) &redfepl y have

~a pol ycryst I ne or amorphous atom c structure.
deposition. As an example, arsenic (As) can be used to dope the silicon in the electrically

conductive layer. Portions of the electrically conductive layer that are located directly over
the previously exposed semiconductor layer preferably have an epitaxial or crystalline atomic
structure, and portions of the electrically conductive layer that are located directly over the

15  electrically insulative layers preferably have a polycrystalline or amorphous atomic structure.
Subsequently, during steps 850 and 855, an emitter region is formed in the electrically
conductive layer. In step 850, a mask layer is formed over portions of the electrically
conductive layer that are located in the holes of the electrically insulative layers. In the
preferred embodiment, the mask layer is comprised of photoresist. FIG. 13 illustrates a cross-
20  sectional view of HBT portion 201 after step 850 (FIG. 8). HBT portion 201 in FIG. 13
includes an electrically conductive layer 1301 formed during step 845 (FIG. 8) and a mask
layer 1302 formed during step 850 (FIG. 8). Returning to FIG. 8, at step 855, the exposed
portions of the electrically conductive layer are removed or etched to expose underlying
portions of the electrically insulative layers. The mask layer protects the portions of the

25  electrically conductive layer underlying the mask layer from the etchant, and these portions of

13
AMENNEDN QHFEET



Subsequently, during steps 850 and 855, an enitter region is forngd/i SEP A
el-ectrically conducti Ve | ayer. In step 850, a maskal=y&xis formed over
portions of the electrically conductive |layer th 3 Slatkd O19t9@§

& {5 e

holes of the electrically insulative layers. In the
the mask layer is conprised of photoresist. Fl
sectional view of HBT portion 201 after step 850 ( ~8). HBT portion 201
i n Fl ¢he el@tri¢allyl cotdsctve lgleeat nsaids|eynivarregions foe tHed§BTs in3ba heteiofngtigar i ng
step 845 (FIG 8) and a nmask |layer 1302 formed during step 850 (FIG 8).
Ret ur @'i@ﬂldf I€! Gin the @%fe%ksrénﬁy%'ésménh,ea 2eARAESon PRAANLARSIsed 6 peuarhenerical |y
conductrve |l ayer are renoved or etched to expose underlying portions of
the electrically i .sull ative |layers. The mask | ayer protects the portions of
t he 231"8?“@6&?‘5@“F€"ec8?ﬁfuctive | ayer underlying the mask |ayer fromthe
etchant, and these portions of 13 enaCnir_ r cW_PT 1 7 SEP 2K, 109995 1 ¢
APR X302 t Nexilag@stapcifol of FGnBiachtyne doagitris ipplapied dhrgueh fheexpeseAdgrions  or
the HBTs in the heterojunetion BICMOS IC. In the preferred enbodi nent, a

r eRCt bl gel editudatiydniulativeusyets 4ml ipeat trelerlyinh @ortixine the saziconducton dayer.i He anayer .
Next, at a step 860 of FIG 8, a P-type dopant is inplanted through the
eXpOS?%nﬁt%,tﬁcﬁ*Qﬁ orbofdn NG &t bd Gédlal th@?“t’.ygg d6Bartay BtieS mRskl 1dy8# ormed

under g portions the sem conductor |ayer. an exanple, boron or boron

fluoride can be. used a h - opant. T or  f

pr evi Brﬁg‘loysaléi uﬁ?‘ferg §E°8p§§i5§?%&éﬁg$fﬁ'gg Fé]qp%te b glggl?\‘lt( r#l?%ﬁr%h’fghg&rq{gﬂsaiorﬁ i trllla
portions of the electrically conductive | ayer that ,uriderl I e thgaﬁ’ma?ll;

| ayerelecigemlydeangugtive ferrthak underhie thy gwsk dEEk Agedipelyy B Matk IaYeT A8m t he
portions of the sem conductor |ayer that underlie the 10 remai ning portions
of t hisloesetier Pagpd ymptant vicim ke Ipagtins dfhthepsamicomductst layer ahivaderdigcther
“layer that are not inplanted during step 860 formintrinsic base regions

fior tlegaliRiSporfibs bheRMcticAN$ coductitelag@in TR sHitbey of thy eemichaductordayer
i mpl anted during step 860 form extrinsic base regions for the

that are not implanted during step 860 form intrinsic base regions for the HBTs, and the portions

of the semiconductor layer that are implanted during step 860 form extrinsic base regions for the
HBTs.
The mask layer formed previously during step 850 is used to define the emitter regions
15 during step 855 and is also used to define the transition point between the intrinsic and
extrinsic base regions during step 860. Therefore, the outer portions of the intrinsic base
regions and the inner portions of the extrinsic base regions are self-aligned to the emitter
regions. FIG. 14 illustrates a cross-sectional view of HBT portion 201 after step 860 (FIG. 8).
HBT portion 201 in FIG. 14 includes emitter region 240 formed during step 855 (FIG. 8) and
20  intrinsic base region 231 and extrinsic base regions 232 formed during step 860 (FIG. 8). One
skilled in the art will understand that portions of the electrically insulative layers or layers 1102
and 1103 may be removed during the patterning or formation of emitter region 240.
Returning to FIG. 8, at a step 865, the mask layer formed previously during step 850 is
removed. Then, an optional 10 to 60 nm layer comprised of TEOS or another oxide can be

»

25  deposited. This optional layer can be used to protect the emitter regions and the extrinsic base
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HBTs. The mask | ayer f?rrred previously during stg- 850 is used to Zle?i%%P 2
|

e o o ot mmen T g, ot eP 350 and o e PO TIRMBOCE Y 0791925

transition point between the intrinsic an extrin

step 860. Therefore, the outer portions of the intrinsisoghas resgi d
the inner portions of the extrinsic base regions ar é"é%“e‘l‘-"g)al ﬁg&e@gggm
emtter regions. FIG 14 illustrates a cross-sectional view of HBT portion
201 afregipnsirem tB6etch#tQised durinBThepobsaquent 26moYah ofthe praiget edpysaediab WPt er
region 240 fornmed during step 855 (FIG 8) 20 intrinsic base region 231 and

extri W@ﬁﬁe&’ﬁi}%ﬁoﬁﬁgheﬂﬁgﬁaﬁg(ﬁpr med -during step 860 (FIG 8). One skilled in
the art wll understand that portions of the electrically insulative |ayers

or |ayers 2. .Qa 1103 d |- . ' mat i on
of em 1 or TGBRAD, e e R20 BEPHT e YGRS & BeRRkhRERLAR: Mt B
formed previously during step 850 is ,re_rmve(g’.a Then, e%n 0 tig@cgl 10 to 60
nm | ayenovesher steled, preferplly byrusiigct Fasti o & nlndae pee %‘ﬁg?f’ met, 3
optional layer can be used to protect the emtter regions and the extrinsic
base s layer islformsi EPcover RET@itte0B@RHS,1Be ARFinsic o tegipnarindinosiiensid
etchants used during the subsequent renoval of the protective |ayers that

ver e b RAsiBIHAYE piptdng it B Gidpiceit B0be iFvinsiedisd réplonsduli tg prefered 870 of
FIG 8, portions of the sem conductor |ayer are renoved or etched,

. b PSS b s o gsaet s, o

mask cover regi ons, Intrinsic base
regions, and portions of the extrinsic _ba eqi ons at e.,adlacent to
the i wew pkHBT pegionloafier step %Wea'ﬁpeﬁgr ?[i%{‘ Pg’ﬁb%ﬁ?%m Fﬁhégﬁ@gﬁ&sayer is
conprised of photoresist. FIG 15 illustrates a cross-sectional view of

'HBT pBEOSoly@015¢Hf trat a mask 1870 1502 Gorngyd dwBtg plep 876 {F¥@-18). n The expassd
‘includes TECS | ayer 1501 and a mask | ayer 1502 formed during step 870
(f0 G p&iond Sf €epop@shal TEOS layer are also removed during the patterning of the
sémjconductor layer. This paiterning step defines outer portions of the extrinsic base regions
and does not affect the intrinsic base regidns.
Then, at a step 875 of FIG. 8, the protective layers that were formed previously during
step 805 are removed. In the two protective layer embodiment where the top layer is
15 comprised of SiN, a hot phosphoric wet etchant is used to remove the layer comprised of SiN,
and a dilute hydrofluoric acid etchant is used to remove the layer comprised of TEOS. HG.
5, discussed previously, illustrates a cross-sectional view of HBT portion 201 after step 875
(FIG. 8).
Therefore, an improved method of manufacturing a heterojunction BiCMOS IC is
20  provided to overcome the disadvantages of the prior art. The manufacturing steps specific to
the HBTs in the heterojunction BiCMOS IC are modular and are compatible with, or at least
adaptable to, a wide range of conventional CMOS manufacturing processes. The HBTs can

be manufactured using conventional processing equipment, and the electrical performance of

the HBTs is superior to that of homojunction bipolar transistors.



10 portions of the optional TECS | ayer are al so renoved durin

g the
patterning of the sem conductor |ayer. This patternj Qo5 E}agf/%éfg%&éﬂﬂli
portions of the extrinsic base regions and does nph g i n¥i

base regions. Then, at a step 875 of FIG 8, t rofective layers that
were formed previously during step 805 are re%éA/Uﬁ tl—sle%tﬂpﬁrﬁﬂ[}éti ve
| ayer enbodi ment where the top layer is 15 conprised of SIN, _.a hot,
phosphor i ¢ Aledough dizanverition hag teenodeseritied ovitthesfdrencsrto speali¢ embo@menisNt and a
dilute hydrofluoric acid etchant is used to renove the |ayer conprised of

TECS. i Be urlerstbRE Uy $8ste RKAMUGHShY art thhitSdricts @hafges 'ASE b6 anddeowithouti ew of
HBT portion 201 after step 875 (FIG 8). Therefore, an inproved nethod of

manuf gct ur.i ng _a het ergj unction iC%é i . OWedith t he
di sadaﬁ?ﬁ'{é@gegmﬂ? n‘t‘ehsé"rgtr(?rosrc opg Pt FékFhle rréfr?gf ac rdra%lﬁrgreép{gps s%rgl(l:s?yia%ﬁét) g@ t he
HBTs in the heterojunction Bi CMOS | C are nodul ar aFd ar e on*ﬁ,%tgi .lgl e Wth,

or at fortukareinzsuelhah Berexapiples thy pecifig sgadusiviey ipanthe,gmi MUPR%t uri ng
processes. The. HBTs can be manufactured using conventional processing

eqdli pambhihe atdtictshacttescie poaldep éo fapilitatn ce widerstanding®yshe inveotpen at argo t hat
of honojunction bipolar transistors. r~C~"Mo 1/ 09 ~9 ~~~~ WFA US 18
APR 20, AL LRAEER iR the ¥k R aseRRRN AleakktidiRg exdmples, feprai0da FIG. 8peci fi c
enbodi ments, 1t wll be understood by those skilled in the art that

vari ous changes be Wi u depagid SPFd :sgope of
the i APeRft Pedﬁc?m’ﬁg?)\éfoﬁ% £ %ﬁ%@s 1t trlfgah%’rrcg r s'o‘ﬁ)sé gje{}gﬂtg %g?éa%h% %ﬁ({ldntﬁg(raginﬁgs uch

as, for exanple, the specific con ‘u}j]gti vVity 't%)peséﬂﬁt he cherqacal aver
conpodER SbhbetwsehFrmaviig the BATtONS of e PIRIEII VA AYeRT Y\ EBGVIRS SHEFK 1Pt he
under standing of the invention and are not provided to limt the_scope of
‘the | Ay éntheoaxandses ddilble polysiliesm pgpacitors sarepe Sarmed bervegn steps 330 apd 398 f or ned
- before step 805 in FIG 8, or step 810 in FIG 8 can be performed during
sieeP RFIGO8! WREFraB&NEHaNAESs th1eMOS| tedisistirs tdiebformed beweeeh aleps S50 aud

removi ng the mask | ayer. As further exanples, double polysilicon

capacidyof Spedn PRIt ANVIE thPHtRa teSIrRRE Ak 8¢ bd3ed to manufacture bipolar

ICs that do not contain any MOS transistors. In this bipolar IC embodiment, the protective
layers of step 805 in FIG. 8 can be used to protect passive devices such as resistors and
capacitors. Accordingly, the disclosure of embodiments of the invention is intended to be
15  illustrative of the scope of the invention and is not intended to be limiting. Itis intended that

the scope of the invention shall be limited only to the extent required by the appended claims.
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10 in FIG 3, and grad?d channel s in the MOS transi stor_s__,(_:gé\ be fo2médSEP 200
between steps 350 and '360 in FIG 3. Mreover, the yBSROd descyi @ eefn
can be used to manufacture bipolar 1Cs that do not ‘c¥ -5<€1‘i"n;'a'n§1 N@:@@Qﬁ
transistors. In this bipolar IC enbodinent, the protective |ayers of step
805 in FIG 8 can be used to protect passive devices such_as r{ﬁgi c\@ps and
capacitors. Accordingly, the disclosure of e ol oflghA| ventfon is
i ntended t oCbAINIS illustrative of the scope of*“the invention and is not
intended to be limting. It is intended that the scope of the invention
shall be Ilimted only to the extent required by the appended clains. 16
CLAIMS 10 15 20 5 1. (Anended, replacing claiml as filed) A nethod of

manuf act uri n het er oj uncti on.. Bi iLnteqr clreul t .compri Sing:
o . Aracied aPSacip@blae s e MeBiot O BRPefitufh ARYEhGRERR, °.
protective |ayer over the gate el ectrode and the sem conductor substrate,
the pBiSIMOSivegmigdeircwbcempriangiol e, conprising the steps of; forming an
insulating | ayer over the gate and the sem conductor substrate; form ng an
anor phous doimiaga dagyddctiode bvdrhaemiontadtomybbteater ; and fornming the hole in
the protective layer; formng a sem conductor |ayer (1101) over the
protective fbﬁﬁﬁﬁ% 8 grr&@citﬁit% E&g&? BEYGhOEate LIRUPIde GRATRE seBifcdtiduiof bibis@aeNihe

ria

sem conduct or n the sem conductor substrate; form ng an

electrically insulative |layer. (1102, 1103 [ .sem conductor; doping
a portion of a @5???%8’{33?)’3{&@‘1’18%3{113Ct‘FPé"Pg'glﬂggdég tﬁé{%ﬁ’ substrate;
10 forming an insulating layer over the gate and the semiconductor
substrate;

forming an amorphous silicon layer over the insulating layer; and
forming the hole in the protective layer;
forming a semiconductor layer (1101) over the protective layer, the semiconductor
15 layer comprised of a different semiconductor material than the semiconductor
substrate;
forming an electrically insulative layer (1102, 1103) over the semiconductor;
doping a portion of a collector region in the semiconductor substrate;
self-aligning a hole in the electrically insulative layer to the portion of the collector
20 region,
forming an electrically conductive layer (1301) over the semiconductor layer and the
hole in the electrically insulative layer;
defining an emitter region in the electrically conductive layer; and
self-aligning an extrinsic base region in the semiconductor layer to the emitter region.
25

2. (New claim, entirely replacing claim 2 as filed) The method of claim 1, further

comprising:

' AMENDED SHEET



self-aligning a hole in the electrically insulative | E.e ﬁé?ﬁg\%
the-collector region; 'forming an electrically corldp{éwgt ( r
t he sem conductor layer and the hole in the el ecm n Ba% t@g@r;
defining an emtter region in the electrically co a;s/t ;
self-aligning an extrinsic base region in the sem conductor |ayer to the

emtter region. Newclaim entirely replacing claim2 as filed) The nethod

of scl ai m 1 fofmink RavelCRag SirpconMEINDEDyHS| ih thefsemiconduct0od subs@ate;~-~51  GTE
JPEAA~ 18 APR 2302 forming a well having a first conductivity type in the

sem conductfle, SBSkP&ing { QEodGboBydtRld HRYH AG Suichelslopubeat) vi Ly type

in the sem conddctor su rate; ng source and drai n regi ons having

the first ductivity t i.n th . ; f '
Sour ce. and TOAME, FPY A Api o eings SERBH Bon ik SRR IhD oy e 19

sem conductor substrate. 3. (New claim entirely replacing claim3 as
filed) The net hedmifondicipraubstytes@ddn: forming the source and drain regions
of the first conductivity type occurs before formng the protective |ayer.

15 4. (Newfginahg souide kel Ydraiapeptinaghaling nhet sasord entjuctiiiey rigpchd & cl ai m
3 wherein: formng the source and drain regions of the second conductivity

type occurs aft boctd uB& the extrinsic base region. 5. (New claim
e%ﬁi rely repl ac?%%lﬁgballl% as 2 I | ed) The nethod of claim2 wherein:
3. (New claim, entirely replacing claim 3 as filed) The method of claim 3 wherein:
forming the source and drain regions of the first conductivity type occurs before

forming the protective layer.

15 4. (New claim, entirely replacing claim 4 as filed) The method of claim 3 wherein:
forming the source and drain regions of the second conductivity type occurs after self-

aligning the extrinsic base region.

5. (New claim, entirely replacing claim 5 as filed) The method of claim 2 wherein:
forming the source and drain regions of the first conductivity type occurs after self-

20 aligning the extrinsic base region.
6. (New claim, entirely rcp.lacing claim 6 as filed) The method of claim 5 wherein:
forming the source and drain regions of the second conductivity type occurs after self-

aligning the extrinsic base region.

7. (New claim, entirely replacing claim 7 as filed) The method of claim 1 further comprising;:

18
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form ng the source and.drain regions of the first ,conductivity typz bk
{ d

after self- 20 aligning the extrinsic base region. | i i y

replacing claim6 as filed) The nmethod of claimb5 &Tmiﬁofmgﬁegg

source and drain regions of the second conducti VWC S e | -

aligning the extrinsic base region. 7. (New cl ai yTgpﬁﬁnzﬂ@fai m

7 as filed) The nethod of claim1 further conprising: 18 10 7 SEP 21 POT

| MD 1/ 09 FolbinglaRENYIpbBioARR 0GR ectoo regianginghe swnhieendustor isulpstiate hajere
collector region in the sem conductor substrate before form ng the

sem conduct or | a¥ghing tha\R&li@nBuctdCRydrg the portion of the collector region
further conprises locating the portion of the collector region in the

ot her portiq}rérof. the collector region; and the hole in the protective
layer is s&/ TP gned to the other portion of the collector region. 19

doping the portion of the collector region further comprises locating the
portion of the collector region in the other portion of the collector

10 region; and
the hole in the protective layer is self-aligned to the other portion of the

collector region.



