;e3es*+p&& t) FR)N*6* T*+Q 7A METHOD FOR MAKI NG HI GH GAI N VERTI CAL BI POLAR

JUNCTI ON TRANSI STOR STRUCTURES COWPATI BLE W TH CMOS PROCESS BACKGROUND OF
THE I NVENTION (1) FIELD OF THE | NVENTI ON The present invention relates to
the fabrication of integrated circuit devices on sem conductor substrates,
and nore particularly relates to a nmethod for making bipolar junction

transistors (BJ&iFﬁggkéggbﬁrM@k§ﬁGrﬁ%ﬁgggﬁgkovﬁgmghaglgﬁppiiﬂsistors) t hat

are conpatibl e processes. rove I'pol a ransi stor. results
in increased cu i t o[ETN e y kLt i onal
ol ant sk, (37O BTN RO AR AR MR IR R, B o of
bi pol ar and CMOBrbegBgi stors on the sanme chip requires a considerable
nunber of additional processing steps. Because of their vertical structure,
bi pol ar transistors require a series of separate inplant masks and ion

i npl ant steps for making the emtter, base, and collector. This is because
t he bi pol ar requires nul BRCKEROUNRI 0F IHE INFENTTIONt eps to formthe
col l ector, base, and emtter at different depths in the silicon substrate.
On the other hand, the field effect transistors 1 (FETs), such as used on
dynam ¢ random access nenory (DRAM circuits, are basically surface devices
that are $itApFEELPoOFaBHECANVENIE@ver, for many circuit applications, it
is desirable to be able to fabricate the bipolar transistors and FETs,
commonly referred to as Bi CMOS devi ces, on the sanme substrate Wth reduced
conpl exity. Cn% roblen1in_inte%[atin% bi pol ar transistqors with CMOS

devi ces is the PEWPEEFRBY: 1QXPREELPR FE1atss: tos)her frhEi6REdPRr ©fr ansi st or .

T hi hi_ah 1t i Bet it is.desi le to,f the b
0, 2SN e SRl SHL BRI RLEELS) o ckp desball s Loulotmite bese 2

narrow as po? ibletor
One convepttLan i ransis i wn_ kD Fig. 1. In this
approach %Lg%r?éﬁk§8§%§%%ﬁ %%h?%e%o?%e _#%E§°§u§§%rg glfa gépP%Pﬁlthe
transi st ogygelhignt @randidradnsN(doRed ARLLAXiAL gaggrréﬁe&§ear%wnasNext,
shal l ow tfench isolation (STI) 16 is used to electrically isolate the

devi ce arsapollikerrbheibasesi8that BRLaABLAGathEIUIikhechibs 16, and the STI
is used to separate the base contact 18B fromthe inplanted emtter region
20 to i nppaveekisper.caThy thererett Bipblabaseasbkeakdewrakahtaden
Unfortunately, the need to inplant the base 18 through the STI 16 |imts
how t hi n tiherkbasedcanrigentadeibeocfiushel BJITS whddes sapyitrdngnmphagt ohlr ough
the STI to provide electrical continuity between the intrinsic base region
18 and t hadditiensilcippdantomasgkt 18B. The |low current gain (Beta) (lc/lb)
as a function of the log of the collector current Ic is showm by the curve
2 100 in Fig. 2. The Beta is limted to a maxi num val ue of |ess than 25
because of She limt on the wwdth Wof the base 18 in Fig. 1. Appel et al.,
U S. Pat ef2? NBESEREZEIENACFGTEE| BRIOR ABThod of making a vertical NPN
transistor for use with CMOS | ogi c technol ogy having m ninum feature sizes
of 0.35 mcroneters. The nethod uses a patterned photoresist to separate
the bipolar tr I; cQlle . .emt L npl.ants fabricating the
P- and N—channggihé%gayA%Pgr%%§%6§?%§% hg%gké gﬁggigpﬁvgﬁgﬁlicon nitride

bl ocki ng E@Eﬁ%ig%o¥§egnbﬁh@eggmbh%hﬁ?LEgﬁ%gﬁesegjEgﬁ%id%%gbagsﬁu&BQEaCts

during inplanting to conpensate for e peri pheral base doping. Wl ker
et al., Uo8 aBaieRbnhe. pfold8sihg s¥epsli baeaatrbhed ok itbkbng iasB CMOS in
whi ch the bipolar transistor is used as a silicon controlled rectifier
(SCR) to semuethrel ebiposhat iteadisiehargesejddireCan sdaqage ofhgepElate\l ker
et al. do not address the separation of the emtter and base, or the width
of the basepflenti mpsieednBetian limp$anPastrpsNEorb mhk4ngb@hBl et tEbeng et

al . describes a vertical PNP bipolar transistor in Wich the P type

subst r at ebgepvesnds cohdectblrect Bhisan sNbaekusien thke bipbdarareqdres t he
base, and then a P dopant is inplanted in the Nwell to formthe emtter.
However, THétdprle masking apdoaBrhAasd isieple toekozondbet solilmdlorry to nmake

circuits phaving bipolar junction transistors (BJTs) having high current
gain (Bet se, and emitter at different depths in the silicon

substrate. ©On the other hand, the field effect transistors

1



integrated Wth CMOS devi ces (FETs) while providing a sinple sem conductor

process that reduces manufacturing cost. SUVMMARY OE THE | NVENTI ON A

princi pal object of this invention is to make a high current gain (Beta)

bi pol ar junction transistor by nmaking a thinner bipolar transistor base

which is conpatible with a CMOS process. Another object of this invention

is to achi hi nner base wi dths by utili zi portions of the ned
e Ay 4

atter
pol ysi | i con Tayer ° 8%t 355 8%t AX RBY CgZRR B 2CFESS EFFGE?U#@?AEQ a
olysilic .e _mask tao _faqr vel _hbipal ar_structures. The.patterned
Bolzsilicgﬁlggéﬁfdn§§ﬁé% sﬁg@?ﬁ& %Pﬁ% %F Fgﬁgﬁgtggaseﬁ§g 5%&?&3§ Fﬁplant
masks {0 Feilidtd e HARGLEONRE! fahl OB LR RMLEEAl 3arAhUl t B! 1ab) ective
of this invention i's to use this sequénce of process steps to redice

process cEyiddie aedpEBRviactlr iFdgrgeats. thle %ﬁg%&gén%?caws&@tkh}g obj ect s

of this invention, a nethod for naking a nove I pol ar transistor

st ruct ur e andhiFETs ,S confRatliyd e FlirrBICHES 2RI BeeMdisNdeviseaChibavese This
novel process provides a nmethod for making bipolar transistors with thinner
base w dt sameastbisitandkowe th reldneedasemptakiegt. gain, Wile requiring only
one additional inplant mask over the nore conventional process. The net hod
is described for making an NPN bi polar transistor. By reversing the dopant
polarity, it is also possible to forma PNP bipolar transistor. The nethod
consi sts of pr&viedPprgbdemunt integrafdngubiprdee trapsdfsdoxisl wikh
single-crystal -silicon wafer having a <100> crystall ographic orientation
with resp&ies: gevieesuBst thee Lok FaEEenk RN dkcyAbnabongoRs)i off 8% ) is
formed in_t.he _substrate to electrically isqlate and define device areas for
the FETs ZM®ARE BipSrds toFansTst 8FE1eKEx Pifhe CPTRERTEs 92AasN (Retrd Adr t he
respective .N- channel _.and P:channel FETs are inplante The P wel |

b0 e3ieb 12 15, LU EhE BORE ReNPaFRGHaPs PAASIELG! Tothen. &

i npl ant al'so serv

novel featur f i Sl i is. t se_an i nplan sk to inpl ant deep
N wel | s t%gﬁgf% the %ﬁf@%%p%c %Fg Fﬁcg e 3%%?3d13e§%?gggﬁgas ng the NPN
plpolar tIRnveddtha1MiBesBECLIEERLTY £2LAS10LRY! 3k LhANS $hokil® hormMed
fromtwo adj acent devicé areas, called flrst and secon evice areas. First
wel s of am NHiwperdepadh ar ukaelest foEgids 1p2Dsi sbanegoihegtor contacts
in the first device areas. Second Wlls of a P type dopant are formed in

t he secondutesiretean@ascadivascithet @rbheikitbst cdevectoar cand an Whe

transi stor base regions, separated by the STI regions. N type doped third
wel | s ar e depegl ppitpkaniledayeden 4t he Girbsh .weNextandhahdoseteedchel | s and
under the STl regions 5 to formthe transistor subcollectors. A gate

oxi de is figodedion t(STIJuBst Ast wseletp, edekdyifedflyr ésoflattke thevention is
to deposit and pattern a polysilicon layer to formgate el ectrode masking
el enent s S@Fioch@reagnsi Fhern Fhasebrsgi 88s iso impdpated: thriongh dtbst §5T
regions fromthe epitter regions. The polysilicon is also concurrently

pat t er ned 1% AFEMEROSTECE sy¥Ee9%etec FERdEe e SbfnbrEcoFonkacsuBsSEr at e.
First Iightl ped_drains of an N type .dopant are forned for N channel
FETs and %%C¥hggf?éﬂgﬂffﬁfdeﬁﬁﬁfgﬁrré&ﬁ&ﬁ?.%ﬁe%P,1@@58H& |(ABRER?S8ped

dr ai f P f d. f h EET in th

tranei st of 5 e R e ke R e TR0 < Ve HEA PoYired 8 ¢ he

gate el ecliQdes ARG ALAAHE L%gegqsgr&?&pgg%atﬁgefl 941 1909 10RYY' AY,e! ement s

over the t_ranS| st or “base regl ons. e e Si spacers,
sour ce/ dr alinanses vafsedkabl biPRadePRRlatke @M 1Rd nte%tesfs%y:\lt%haﬁgﬁ_gn%ET&

and concurrently heavily doped source/drain inplants are also used to form
emtters ithridughl RRRSISTIORDRSQ VAR enectihiealheldvitihudepedeRwthe the
source/drain areas are formed for the P channel FETs, and are also used to
f or m heaviintrdagdd base cedtiaat 48 andhehkaseteanisdet baeg ednthetpnowi.de
good | ow ohm c contact for the bipolar transistor. By the nethod of this

i nvention, the gate el ectrode masking el enents are used to separate the
emtters fromthe base contact regions to maxim ze the emtter-to-base

br eakdown vol t &€ 1Pie cHirgendr genos (Beraded Ig/db) hes eofpnetdenusifng
conventional processing. For exanple, a first insulating |layer is deposited
to protecttbgndo8 &&t thearrylerigrackreretdde dés shewn Piekbeosuade openi ngs
are etched, and a first nmetal is deposited and patterned to forma | evel of
~electrical inter connections. 2



BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ects and ot her advantages of the

I nvention will becone apparent in the preferred enbodi nent Wien read in
conjunction Wth the following drawings. Fig. 1 shows a prior-art schematic
cross-sectional view of a portion of a substrate having a bipol ar
transistor in VWich the shallow trench isolation is used to separate the

' | RLact 2,.sh h_of the | ow
gg}ﬁéﬁ[ gglﬁeage?q?gg?'gcﬁunc ?gnagﬁs%ﬁe coPlEgtgr%E%FgrapV?gPetﬁg
pri or - art 1580l Alan! H8NBLELALSBRMREN 1 Fhd e bn ELASyiAchMhOUENAE BIOW

schematic cross-sectional views portions of a bipolar transistor.
drawi ngs depiiet rtige gequence of process steps for |ntegrat|ng a blpolar
transistor into a CMOS structure by the method of this invention. Fig. 13
shows a schenatic cross-sectional view of a full conpleted bipolar
transistor formed by the nethod of this invention. 7 Fig. 14 shows a
graph of the i appeleedt(hilghen). scupaeahtgNon 6EBeBa) 888 ,adieatbsenaof the
col lector current for the
method of making a vertical NPN transistor for use with CMOS
logic technology having minimum feature sizes of 0.35
micrometers. The method uses a patterned photoresist to
separate the bipolar transistor collector and emitter
implants when fabricating the P- and N-channel FETs. After
removing the photoresist, a silicon nitride blocking layer
is used between the collector, emitter, and base contacts
during implanting to compensate for the high peripheral base
doping. Walker et al., U.S. Patent No. 6,130,117, describe
a method for making a BiCMOS in which the bipolar transistor
is used as a silicon controlled rectifier (SCR) to control
electrostatic discharges that can damage the FETs. Walker
et al. do not address the separation of the emitter and
base, or the width of the base for improved Beta. U. S.
Patent No. 6,174,760 Bl to Cheng et al. describes a vertical
PNP bipolar transistor in which the P type substrate serves
as the collector, an N well in the substrate forms the base,

and then a P dopant is implanted in the N well to form the

emitter.

However, there is still a strong need in the
semiconductor industry to make circuits having bipolar

junction transistors (BJTs) having high current gain (Beta)
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bi pol ar transistor of this invention. DESCRI PTI ON OF THE EMBODI MENT A

nmet hod is now described for integrating novel bipolar junction transistors
(BJTs) with CMOS structures. This novel bipolar transistor has inproved
current gain over the nore conventional bipolar transistor and is
integratable into the CMOS structure by using one additional masking and

i npl ant step_over t.he.npor nyenti onal ocess..The _nethod is descri bed

f or nakinéngegfsgﬁgrwﬁggngyé or?VﬁFSFeéggﬁﬁgaﬁﬁNﬁﬁ PraNs %Pgrabﬁéﬁﬁiﬁ of
its el ectrQp; il.| t u [ ' r ' i.Nd.sSpe than a PNP
transistofgﬂﬁg%gggk%xftgg 8%?% %égﬁngggggggdmgﬁhgﬁggggé §|$§%trn the art
that by reversing the dopant polarity, it is also possible to forma PNP

bi pol ar transistor integratable with a CMOS structure. Referring first to
Fig. 3, the nethod begins by providing a substrate 10. The preferred
substrate is a single-crystal-silicon wafer having a <100> crystall ographic
orientation with respect suMMhARYSOPStrERt eNvERfr@aor, and is P doped with
boron (B). Shallow trench isolation (STlI) regions 12 are forned in the
substrate 10 to electrically isolate and define device areas for the

bi pol ar transistors, 8 and device areas for the FETs. The bi pol ar

transi stors aré& pabncéprédobieat afethideinvengiensis &ndmakewhi heghETs are
formed el sewhere on the_substrate (not |abeled). The STl regions 12 can be
made by c&HFERRtogarndBRE2) FEirekapianciiphotsresistopabi malipbasna
etching are used to etch shallow trenches to a depth of about 3000 to 4500
Angst r ons FRARGeEnbiPPeAEH EXaREE SEPE BaSH PRich LeoRoBRAFAPLS BifhaRd x are
planarizegy$¥ ol ishing or by etching back. The bipolar transistor devices
utilize a sPT8EFFEe area having N well's, and an adjacent second device
area having P wells. Only a portion of the bipolar structure is depicted in
the Figs. to sinplify the drawings. Referring to Fig. 4, a first

photoresi st magkothedndp3actoBe TRLANLAFLACHLE! 12080l QHOLILN HELLS,18 11
the first device areas Lo The pre arred I nmplant “1's phosphorus and™1's

i npl ant edpa3% $HAMRsPBy! B 1185 hGaboRthons L& the ?Q‘é%eﬂnfah”m
concentration of between about 10 E 17 and 1.0 E 18 3 atons/cm . The N

well's 18 pogykaniednt Qagedepubeal tbehunran taROrET60A0a80L8088ANgSt T ONE.
The Nwells 18 will serve as the reachthrough and the contact for the
subcol | ecstruefutrke hispal pplysadicohogatEhmaskheof ifbein ABOLAr Bspollatd i S
renoved. Referring to Fig. 5, P wells 24 are forned in the second device
areas 2 sifrigiturest. he Tiret pad tefrnikdr podgstilé chn\\gblksiocAsseseddiphaher esi st
mask 20 is used to protect the first device areas 1. Then a P type dopant,
such as bbipelagy tragsigpoznsesdveaondy¥prst dupBpnthuagkst toalseprrets 22, in
t he second_device areas 2. The P well inplant also serves as the base of
t he NPN bith& Beser grgitacss. frre thraPmadé58se -concentration of the P wells
is between about 1.0 E 17 and 3 1.0 E 18 atons/cm, and the P wells 24 are
formed to a depth of between about 6000 and 18000 Angstrons. The second
phot oresi st 20.,i s then renoved. Referring nowto.Fig. 6, a novel .feature of
this inventionAi§u & Pgrﬁgggg N Ighig %8Fe§3588lﬁécf8r§sﬁn%bﬁ§ bi pol ar
transi st of, [ . N I re for [ n n,ion_i,npl ant
ek o pPoLELrel RETBReckds HUERS A rhuBL o 8RS MoRPdeRih Rre t ype
dopant, agaht@acdLednly bgsvertical arrows 26. The preferred N dopant is
i pl

phosphorus and is inplanted under the first wells 18 and second wells 24
and under the STI regions 12. The deep N wells 28 are fornmed to a nmedi an
dept h of between about 6000 and 20000 Angstrons, and to a maxi num dopant
concentrati on 3n accordance with the objects of this invention, a

method for making a novel bipolar transistor structure,
which is compatible with CMOS processing, is achieved. This
novel process provides a method for making bipolar

transistors with thinner base widths, and therefore
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of between about 5.0 E 17 and 1.0 E 19 atonms/cm . Referring to Fig. 7A, a
gate oxide 30 is forned on the substrate. The gate oxide 30 is typically
formed by thermal oxidation to a thickness of between about 20 and 50
Angstrons. Next a polysilicon layer 32 is deposited to a thickness of about
1500 to 2800 Angstrons, and is patterned to formthe gate el ectrodes 32 for

the P- and_N-channel FETs, as.sho in Fi . Ak ¥ feature.of thi

i nventi on'$TEESE SﬁffgﬁFI?aﬁﬁft§$ﬁ ?heegﬁﬁ§§P9|882 I89§ra§§1Fﬁ°P8 m 10
ate el ect ri:] I ts 32M r t he P |ls 24, which erve
gs tran5|s#%gggasggkggfgﬁgng > %e n%s FﬁatéPenen ssgﬁﬁfpro&ﬁ emgg a atyon

petween the BRse.GRALACL, AdikNs HnoREn! gggsmt BrahSoLRRS E BY | NCrease

t he breakdown vo tage t ween e tter ase, as s own I n Fi

Referri ngreerétrsmgﬁt% d%aar&dpéﬁarw gfpe@ fkr g sbl gBL-L-xbiepeg %ﬂnna 36
are formed in the P wells 24 for the N-channel FETs, as shown in Fig.

Concurrenplyy Nigepad kraskilkicght |y doped drains 36 are also formed in the
emtter regions E and in the collector contact regions C, as shown in Fig.
8A. The lightly doped drains 36 are fornmed by ion inplantation using a
phot or esi st bl ockout mask 34 to protect other areas of the substrate from
the inpl ants. Rhef eredblog coesfistst offi gitbkjddoged dubistizadé.ar Fhkorned to a
dept h of between about 800 and 1500 Angstrons, and by inplanting arsenic to
a final cewbetraie ds orefferabdy absingleocEys8al-saditod ®aferat ons/cm
Referring to Figs. 9A and 9B, P doped second |lightly doped drains 40 are
formed | nbANENY Rel<LY 0P8 CryE tefd cBERRAAEI OFEPBLaAIOBhHMthi KeFPgCtoiBo
Concurrently P oped second lightly doped drains_4Q are also formed in the

base cont SOTets, syrtefiswn fnSPRGICYATTeREN AGRIAFIBpddTd! atfis 40
are forne on ant ation_ usi ng hotor st. bLockout 38 to

pr ot ect o%ﬁg% gréﬁgqgﬁ s?ﬁﬁ§%r§?eeifgﬁFﬁﬁ #pﬁ&ﬁ ?i 7 8ngF%&Pﬁdes t he
emtter ar t.h ol .l ec ar.eas 0 olar .transi st The
second 11d%%§c§h%%%a€ %O% %%i%g& Oaglret or%%ﬁgﬁo a 5?3 éFFgasdepﬁﬁ of

bet ween ahgut 9801%1%0' 311%0& QRAS L ¢E5- é;ﬂ%d r@éptfg@ bﬁr gﬂahﬂeich' eve a

final concentration of between about atons/cm .

Ref erring ah@ E-ghank@A adds QBe Snpavdltedspaeges ﬁ%eqaelheianftoeﬁge on the
gate el ectrodes 32, as shown in Fig. 10B, and are also forned on the gate

el ectrode smesngselm@me%M @ner NPive biipalaks te@hnBaseoregi @asnf,ogmed from
the P wells 24, as shown in Fig. 10A. The sidewall spacers 42 are fornmed by
deposi t i ngpowredofeartnmie iofs thitsi Agvieagdon ,sush tas uSkeOaandmglasitl mask

nitride, and anisotropicallLy plasma x etching back to the substrate.

Ref er ri ng tico iRpdent] daegndi 198l 1neke, makavthy subedllectors in the

desired device areas for the NPN bipolar transistors.

More specifically, the bipolar transistor is formed
from two adjacent device areas, called first and second
device areas. First wells of an N type dopant are formed
for the transistor collector contacts in the first device
areas. Second wells of a P type dopant are formed in the
second device areas adjacent to the first device areas for
the transistor base regions, separated by the STI regions.
N type doped third wells are deeply implanted under the

first wells and the second wells and under the STI regions
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source/drain areas 46 of an N type dopant are forned for the N channel
FETs, as shown in Fig. 11B. Concurrently heavily doped source/drain
inplants are used to formentters 46E in the transistor base regions 24
and also to formheavily doped col |l ector contact areas 46C to provide
better ohnic contacts to the collector reachthrough region 18, as shown in
Fig. 11A ghotor t bl ockout k i4 IS used_to protect other areas of
the subst M8t & FPof Eh& P8R PABraftPRLErPEERESy tﬁegﬁ §vPEydgopad

source/drglgm%db%%_%g E%b% En%d toN%E‘qI:epthkﬁgI 8 gggt? t% 1100 and 2500

Angst rons ntlng arseni ¢oto’a’fi R of 3 between

about 1. Olﬁv%gggaq 30, b HeBLITLER palfernRaf BAIG1L A 98yod2poand 128

next, heavi | ped sourc rarn area opan rmed for

the P- cha%&h BEIS cd8cthewe mMAskidg £2BmehRAC B%.%ﬂtth)é heayihxcdeped
source/drain inplants are used to form heavily doped base contact areas

50B, as shawe réghogs tdAisbiphat @hesbakebbonkavt FRSKoAS iFgomSedet O
protect other areas of the substrate fromthe ion inplant. Preferably the
heavi |y depsdteaureghidnai.n Theapoi§salechbar dedaligocacdapukrehthbet ween about
1100 and 2500 Angstrons, and by inplanting boron to a final concentration
of bet weepadtbernedl GoELf20matO8S. CEE gatse aflentiodes &dskehber apphBei ate
the invention, a full bipolar structure is shown in Fig. 13, conpleted up
to the fisgbstaade .of Fimsal Lightilyndoped dmesgsseétannaltppetdopaot t he

bi pol ar transistor fornmed in the sequence of steps in Figs. 3 through 12 is
depi ct ed RFEhERTMRE §3§h§dchﬁﬁé§16@%?ﬁoﬂﬁi AnFithe rzanpdstexamplisten first
|nsulat|n% | ayer 52 is deposited_to_protect and electrically insulate the
devi ces. T8 ﬁ°85nta§F“§peﬁFﬁQ?daFégéF&He&°PﬁdtH€aﬁﬁ§uP§tPn§ tXpP&r 52 to the
emtter E, he base d t IIe tal |layer 54 is
dep05|teddgﬁﬁn%aﬁfgrﬁgﬁmFg ESFW? cﬁ? EF SP Pchﬁﬁc§Fan51St°r

i nterconn e T | at i r 52 and the tal .l ayer, 54 are
fabricate§855|%%ng%ﬁ§éﬁgﬁg%§% prgce55|n§ s?ﬁgefﬁsufgtrﬁg 1 £9&F62°8an be a

convent i opale EALEr Leatecsc%ﬁeés adlyl | 9%” 250980 A2 AP G 2 g yaaced

| ow-di el ectricC iInsulator. For exanp he netal l[ayer 54 can be al um num

or tUngSt%ﬂec&&%HeMﬁMhﬂlh@CEﬂ@ﬁeﬁt&3oveQaEhbeErgﬁﬁg%togrbasgoﬁggﬁgﬁgnced
nmetal lurgy can be used, such as copper. In this inproved bipolar

transi st opfele fg&tnengl eblbl edackmiii BYaekeRtnsouse/Bravndarsapabgt han
between the emtter E and base contacts B to naxim ze the emtter-to-base

br eakdownNv dlypag eopSintc areh€oPmed Fo24 the NSeHlaaselh@ETSLraAd ¢ base, al so
| abel ed 24, it is not necessary to inplant through the STI 12. This results
in a thi neenchaxrenylgt heawd Lyesopesl isouarcki/dgirednBémplaatssheenailsot he graph
of Fig. 14. The higher current gain (Beta) (lc/Ib) as a function of the |og
of the coMseét & Egrmepmiftgeirs dnokhebfrensistorebarse ikegiiogs.14Ther this

i mproved bipolar transistor. Because of the ability to forma narrower base
width, th8eB¥idY; dopre Badu@er 6°é?r\?§l G‘éa&P akear 65e Wererd §osubkeaRtial |y

hlgher t han _t he convent i onal r havi ng a nom_nal,K Beta_ of 25.
Wil e the g ﬁ}ngﬁ%ﬁasaﬂ ﬁrﬁaﬁgﬁeul 3ﬁﬁ%aﬁﬁa6&§¥rFBBEdMPFﬁe
reference ferred _enbadi t ereof be un st ood by
{hose oki PPaTCE= 8 ?%?*t PRSE JrTate ERSMGDE R PERTiSRATHBPY nay be

rade W {NeyhidoRRRkal FoaMe LIt RRSaRe 0 B HAVRNLEGL o

What is clained is: maki ng blp t1on transi s

i nt egr at akhg sWi bk eGVRSnF EEne! Ghtl 68 s ctuRk ﬁaa@mhe,e c1bRRS 81 2B g¥kdi Ng 2
substrate having first and second device

to separate the emitters from the base contact regions to
maximize the emitter-to-base breakdown voltage. The bipolar
CMOS devices are then completed using conventional
processing. For example, a first insulating layer is
deposited to protect and electrically insulate the devices.
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5 areas surrounded by trench isolation regions; formng first wells of a
first type dopant for transistor collector contacts in said first device
areas; form ng second wells of a second type dopant in said 10 second
devi ce areas adjacent to said first device areas for transistor base
regi ons; forning third wells of said first type dopant under said first and
second wel | s _and %F En]sal d trench isolation regions for transistor

5 3

subcol | ect 0F%: P& PREJROSE BrECEF68EImadRAng ERERtnPetatelSsai d

transistorg gions _to.isolate transis base cont a regions from
transi stor g%%gfgg ngi ﬁ%tewﬁﬁ e "Coni€ r?n?ﬁy ofFi 7gS E%E% TlﬁiF

el ectrodeg,glhaewherne on said substrate; 20 forming first lightly doped

dr ai ns of gé%% w?rst type dopant for said CMOS FETs and in said transistor
emtter regions; formng second |lightly doped drains of said second type
dopant for said CMOS FETs and in said transi stor 25 base contact regions;

form ng sidewal | spacerseairgabesgRieTeoORCHFOGEE pRAWARcEal d gate el ectrode
maski ng el enents; 15
The objects and other advantages of the invention will
become apparent in the preferred embodiment when read in

conjunction with the following drawings.

Fig. 1 shows a prior-art schematic cross-sectional view
of a portion of a substrate having a bipolar transistor in
which the shallow trench iscolation is used to separate the

emitter, base, and collector contacts.

Fig. 2 shows a graph of the low current gain (Beta) as
a function of the collector current for the prior-art

bipolar transistor shown in Fig. 1.

Figs. 3 through 12 show schematic cross-sectional views
of portions of a bipolar transistor. The drawings depict
the sequence of process steps for integrating a bipolar
transistor into a CMOS structure by the method of this

invention.

Fig. 13 shows a schematic cross-sectional view of a
full completed bipolar transistor formed by the method of

this invention.




form ng source/drain areas of said first type dopant for said CMOS FETs,
and concurrently formng emtters 5 in said transistor emtter regions over
and within said transi stor base regions; form ng source/drain areas of said
second type dopant for said CMOS FETS, and concurrently form ng base
contacts in said base contact regions, said 10 emtters separated from said
base contact regions by said gate el ectrode masking elenents. 2. The nethod
of claiml1, VMerein said substrate is a single-crystal silicon substrate.
15 3. The meth m. 1, .wherein i,d fi.rst is an N type
dopant, and sai secon Ihtypea’clgﬁ):'éaf'ﬁ) °§a BE %aégl §ﬁ§’f8?ﬁ§e8ﬁ NPN
bi pol ar | 4Gl AeiladnSlsS L0l chUl g%% %oﬂgg o BAG 2 Ll Mefe WheTel N
sai opan h

said N type dopant I's arsenic, or on

met hod of kﬁ.&:ﬁ%ﬂl@rltx\éﬂ?l%&@t%xs%'fd tfhlln_a,stm%ﬁ%lﬁgpant i's a P type dopant and
said second type dopant is an N type dopant, and forns a PNP bi pol ar

junction transistor structure. 5 6. The nethod of claimb5, wherein said P
type dopant is boron, and said N type dopant is arsenic. 16 7. The net hod
of claim1, wherein said first wells are doped to a final concentration of
bet ween about 3 10 1.0 E 17 and 1.0 E 18 atons/cmand are fornmed to a depth
of between about 60EECRIFTISCOOFATHE PREFERBEDTEMBOBIMENTOf claim 1,
Wherein said second wells are doped to a final concentration of between
about 3 15 1.0 E 17 and 1.0 E 18 atons/cmand are fornmed to a depth of

bet ween about 6000 and 18000 Angstromns.
A method is now described for integrating novel bipolar

junction transistors (BJTs) with CMOS structures. This
novel bipolar transistor has improved current gain over the
more conventional bipolar transistor and is integratable
into the CMOS structure by using one additional masking and
implant step over the more conventional process. The method
is described for making a bipolar transistor, preferably an
NPN transistor because of its electron mobility that results
in higher switching speeds than a PNP transistor. However,
it should be understood by those skilled in the art that by
reversing the dopant polarity, it is also possible to form a

PNP bipolar transistor integratable with a CMOS structure.

Referring first to Fig. 3, the method begins by
providing a substrate 10. The preferred substrate is a
single-crystal-silicon wafer having a <100> crystallographic
orientation with respect to the substrate surface, and is P
doped with boron (B). Shallow trench isolation (STI)
regions 12 are formed in the substrate 10 to electrically

isolate and define device areas for the bipolar transistors,

8




9. The nmethod of claim1l1, wherein said third wells are doped to a final
maxi mum concentrati on of between about 3 20 5.0 E 17 and 1.0 E 19 atons/cm
at a nedi an depth of about 6000 to 20000 Angstrons bel ow surface of said
substrate. 10. The nethod of claim1, Werein said gate 25 el ectrode
maski ng el enents are forned by: a) formng a gate oxi de on said device

areas; b)
1500 and

d pggiting a polysilicon_layer to a thickness of between ab
29%0 ﬁﬁ@§9r8ﬁ5?50¥°ﬁsFH§ BRdEol | ThBgPaPALRTt EERRF4EESTEO2BAL

said polysilicon |layer tq.fabricate,said gate_el ectrode 5 masking ele
: & gpnr 8 : &

whi | e conCu Féﬁ?F?

3P 2EEREFEPVSPe2EFRE 1oaBE &r sEWMEPeFBRSsars

snen | mpl Sstied SXeRRRHRE, 8, Endl BhbertRE BoR0hPE ARk n BheaSthr <

when i npl anting sai I'TSt type dopant—Tor Sou i'n
FETs. 12. og of [ n,, NP ' Lunct | transi [
integrataﬁégq&%?hgz n?%é ggggc?grgggggﬁ%?%g%%gﬁ%hggéteggéoé%gTél%fo

a substragephdtorshistShadRlasQCoNdsAQVEERhing are used to etch

shallow trenches to a depth of about 3000 to 4500 Angstroms,
and the trenches are filled with silicon oxide (Siox) and
are planarized by polishing or by etching back. The bipolar
transistor devices utilize a first device area having N
wells, and an adjacent second device area having P wells.
Only a portion of the bipolar structure is depicted in the

Figs. to simplify the drawings.

Referring to Fig. 4, a first photoresist mask 14 and an
ion implant are utilized to form N wells 18 in the Ffirst
device areas 1. The preferred implant is phosphorus and is
implanted, as shown by the vertical arrows 16, to have a
final concentration of between about 1.0 E 17 and 1.0 E 18
atoms/cms. The N wells 18 are formed to a depth of between
about 6000 and 18000 Angstroms. The N wells 18 will serve
as the reachthrough and the contact for the subcollector of
the bipolar transistor. Then the first photoresist 14 is

removed.

Referring to Fig. 5, P wells 24 are formed in the
second device areas 2 similar to the method of forming the N
wells. A second photoresist mask 20 is used to protect the

first device areas 1. Then a P type dopant, such as boron,

9
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areas surrounded by trench isolation regions; formng first wells of an N
type dopant for transistor collector contacts in said first device areas;
20 form ng second wells of a P type dopant in said second device areas
adjacent to said first device areas for transistor base regions; formng
third wells of said N type dopant under said first and second wells and

under sai ¢ 4 r;5pahJra0) aLIOMRS HeG 905 ha (LEASET! U SHACOb! eGLOLS
g SFenent i

form ng gate electrod€ nmaski s over saird transi stor ‘base Tegi ons

to isol at gddaRsiehAledda32a60Rt aCkrme@ qRI1f & ) h%nai:a.%orse%@ieg & regions,
while concurrently formng CMOS fET gate el ectfodes el sewhere on said

substr at e;tHeOWHSRY JE ItHe NEghipclared AndiiReod. Sahd Fihwie adpaant for
said CMOS FETs and in said transistor emtter regions; form ng second

lightly depedetiaians.cof oFaittheP B wea 150 idopativelnr abaiud TVOSES ETS aa@d in
said transistor base contagt regions; 18
1.0 E 18 atoms/cm , and the P wells 24 are formed to a depth
of between about 6000 and 18000 Angstroms. The second

photoresist 20 is then removed.

Referring now to Fig. 6, a novel feature of this
invention is to form deep N wells 28 for subcollectors in
the bipolar transistor device areas. The deep N wells are
formed using an ion implant mask to protect other areas of
the substrate, and by implanting an N type dopant, as
indicated by the vertical arrows 26. The preferred N dopant
is phosphorus and is implanted under the first wells 18 and
second wells 24 and under the STI regions 12. The deep N
wells 28 are formed to a median depth of between about 6000
and 20000 Angstroms, and to a maximum dopant concentration

3
of between about 5.0 E 17 and 1.0 E 19 atoms/cm .

Referring to Fig. 7&, a gate oxide 30 is formed on the
substrate. The gate oxide 30 is typically formed by thermal
oxidation to a thickness of between about 20 and 50
Angstroms. Next a polysilicon layer 32 is deposited to a
thickness of about 1500 to 2800 Angstroms, and is patterned
to form the gate electrodes 32 for the P- and N-channel
FETs, as shown in Fig. 7B. A key feature of this invention
is to concurrently pattern the polysilicon layer 32 to form

10




form ng sidewall spacers on said gate el ectrodes and on said gate el ectrode
masking el enents; formng source/drain areas of said N type dopant for 15
said CM3XS FETs, and concurrently formng enmtters in said transistor
emtter regions over and Wthin said transistor base regions; formng
source/drain areas of said P type dopant for said CMOS FETs, and 4
concurren f m_ng _base _contact | base, contact .teg sa
emtters ét%ar% %roﬁlggf 1BgseiggﬁP§Et§§ P8RS 65 % égfebgvectrode
maski ng e t 3 t | aid b te is 25
M%EEB %ls% Be?@% 5% @anggs 2@ gh Qﬁg Nogal Aoy %%mge g in

a single-crystal silicon substrate. g of “Crai m

sai d f'rsbl@ﬁbh%sa@QMdgE%QlﬁétQeBQ9§Eﬁghu§ekge@nfhﬂélb QQCSBhEghkon of 3

bet ween about 1.0 E 17 and 1.0 E 18 atons/cm . ) e net of claim

12, wher eirkgiangd Beaaad t¥el baidterdepgdoikt B berQacEaaéeftﬂalbﬁeaﬁentfat'0”
of 3 between about 1.0 E 17 and 1.0 E 18 atons/cm . 16. The nethod of claim

12, Vher edowsaivdltagenbetbkkba dhiaterf ahdeHake,aagdephbwal iherwgen7about
6000 and 18000 Angstroms from surface of said silicon substrate. 17. The
met hod of claim 12, wherein said third wells 19
Referring next to Figs. 8A and 8B, N doped first
lightly doped drains 36 are formed in the P wells 24 for the
N-channel FETs, as shown in Fig. 8B. Concurrently N doped
Afirst lightly doped drains 36 are also formed in the emitter
regions E and in the collector contact regions C, as shown
in Fig. 8A. The lightly doped drains 36 are formed by ion
implantation using a photoresist blockout mask 34 to protect
other areas of the substrate from the implants. Preferably
the first lightly doped drains 36 are formed to a depth of
between about 800 and 1500 Angstroms, and by implanting

arsenic to a final concentration of between about 1.0 E 18

3
and 1.0 E 19 atoms/cm .

Referring to Figs. 9A and 9B, P doped second lightly
doped drains 40 are formed in the N wells 18 for the P-
channel FETs, as shown in Fig. 9B. Concurrently P doped
second lightly doped drains 40 are also formed in the base
contact regions B, as shown in Fig. S9A. The lightly doped
drains 40 are formed by ion implantation using a photoresist
blockout mask 38 to protect other areas of the substrate
from the implants, which includes the emitter areas E and

the collector areas C of the bipolar transistor. The second

11




for said subcollectors are forned to a nedi an depth of 15 between about
6000 and 20000 Angstrons from surface of said silicon substrate, and said
third wells are doped to a final concentration of between about 5.0 E 17
and 3 1.0 E 19 atons/cm at said nedian depth. 20 18. The nethod of claim
12, wherein said gate el ectrode masking elenments are formed by: a) formng

d I t
o e Ol SR et 2 58 ) dcRoa ”%wrpe% Zpd RpgeE (0 °
phot of | ¢ NRARRLE B6ANEHIE S0 1890 SURSAHAOLYS Lo dnphaken Lo fanr i cate

sai d gate el ectro maski enents e codcurren?iﬁmpbrn1ng sai d FET

gate el eCRdss 18 %emen,e QN £5d MRSERALS LS %@%d aBbud! al m 12,

Wherein said first lightly 5 doped alns are dop ed W1h arsenic to a final

concent r atyi,@n g0fL gh@ihwean palgoyty Ltgmgégg and 1.0 E 19 3 atons/cm, and are
forned to a depth of between about 800 and 1500 Angstroms. 10 20. The

nmet hod of claim 12, wherein said second lightly doped drains are doped Wth
boron to a final concentration of between about 1.0 E 18 and 1.0 E 19 3
Referring to Figs. 10A and 10B, sidewall spacers 42 are

then formed on the gate electrodes 32, as shown in Fig. 10B,
and are also formed on the gate electrode masking elements
32M over the transistor base regions formed from the P wells
24, as shown in Fig. 10A. The sidewall spacers 42 are
formed by depositing a conformal insulating layer, such as

SiOx and/or silicon nitride, and anisotropically plasma

etching back to the substrate.

Referring to Figs. 11A and 11B, next, heavily doped
source/drain areas 46 of an N type dopant are formed for the
N channel FETs, as shown in Fig. 11B. Concurrently heavily
doped source/drain implants are used to form emitters 46E in
the transistor base regions 24 and also to form heavily
doped collector contact areas 46C to provide better ohmic
contacts to the collector reachthrough region 18, as shown
in Fig. 11A. A photoresist blockout mask 44 is used to
protect other areas of the substrate from the ion implant.
Preferably the heavily doped socurce/drain areas 46 are
formed to a depth of between about 1100 and 2500 Angstroms,

and by implanting arsenic to a final concentration of

3
between about 1.0 E 20 and 8.0 E 20 atoms/cm .
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atons/cm, and are fornmed to a depth of between about 800 and 1500
Angstrons. 15 20 21. The nethod of claim 12, wherein said first
source/drain areas are doped with arsenic to a final concentration of

bet ween about 1.0 E 20 and 8.0 E 20 3 atons/cm and are fornmed to a depth
of between about 20 1100 and 2500 Angstrons from surface of said silicon

substrate. 22. thod of,.cl ai 2 I n_said second squrce/drain
areas are dopegz%gfggg rgﬁ %8g§'f?%élaﬂghg%§Ceﬁ?F5figﬁag%ggegﬁgg abogt 1.0
E 20 and - at d.age a pth.of b about
1100 and %E%ﬁgizg§§%§n§g%é%2F2u??a%ebo §§%r§g§%ﬁF08%SSE S ?gtggwggﬂeA

bi pol ar j wnehhaRelr 2RBLSt Q5 Shbua! Yherdql NG Ofr at aBhe wibh+a, NS s uct ure

conprised of: a substrate having first and second devi ce areas surrounded
by trenchdopedatbarcefdirans; ihplsht¥ehks gkeanth Eypa Hapdnbyf @bpkhansi stor
base contact areas 50B, as shown in Fig. 12A. A photoresist
blockout mask 48 is used to protect other areas of the
substrate from the ion implant. Preferably the heavily
doped source/drain areas 50 are formed to a depth of between
about 1100 and 2500 Angstroms, and by implanting boron to a

final concentration of between about 1.0 E 20 and 8.0 E 20

3
atoms/cm .

To better appreciate the invention, a full bipolar
structure is shown in Fig. 13, completed up to the first
level of metallization. The cross-sectional portion of the
bipolar transistor formed in the sequence of steps in Figs.
3 through 12 is depicted within the dashed lines 60 shown in
Fig. 13. For example, a first insulating layer 52 is
deposited to protect and electrically insulate the devices.
Then contact openings are etched in the insulating layer 52
to the emitter E, to the base B, and the collector C, and a
metal layer 54 is deposited and patterned to form a first
level of electrical interconnections 54. The insulating
layer 52 and the metal layer 54 are fabricated using
conventional processing. The insulating layer 52 can be a
conventional material such as silicon oxide, or a more
advanced low-dielectric insulator. For example, the metal
layer 54 can be aluminum or tungsten, that would include a

13




collector contacts in said first device areas; 10 second wells of a P type
dopant in said second device areas adjacent to said first device areas for
transi stor base regions; third wells of said N type dopant under said first
and second wells and under said trench isolation 15 regions for transistor
subcol l ectors; gate el ectrode maski ng el enents over said transistor base

regi ons isQl at.i si stor base cantact .reqio 21 fromtransi stor
emtter r%%f%%??g%%&%%'c8ﬁc&rF@ﬁﬁ|?%B?8$F |ﬁ%t o Tcagtggeng r odes

eIsemheresg@hsggdc%gpggpstrate; first lightly doped drains of said N type
dopant for said FETs and in said transistor emtter regions; second

lightly doped drains of said P type dopant for said CMOS FETs and in said
transi stor base contact 25 regions; sidewall spacers on said gate

el ectrodes andIgntsdisd igarevekeslipeda rmskinld sebeNERhS; gaeUr 6ebdtabRear €as

of said N type dopant for said
masking elements 32M provide separation between the emitter
E and base contacts B to maximize the emitter-to-base
breakdown voltage. Since the P well 24 is used as the
intrinsic base, also labeled 24, it is not necessary to
implant through the STI 12. This results in a thinner base
width and results in a higher Beta, as shown in the graph of
Fig. 14. The higher current gain (Beta) (Ic/Ib) as a
function of the log of the collector current Ic is shown by
the curve 200 in Fig. 14 for this improved bipolar
transistor. Because of the ability to form a narrower base
width, the Beta is increased to a value of about 60, which
is substantially higher than the more conventional bipolar

having a nominal Beta of 25.

While the invention has been particularly shown and
described with reference to the preferred embodiment
thereof, it will be understocd 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.
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CMOS FETs, and concurrently providing emtters in said 5 transistor emtter
regions over and Wthin said transi stor base regions; source/drain areas of
said P type dopant for said CMOS FETs, and concurrently providing ohmc
base contacts in said base contact regions, said emtters 10 separated from
sai d base contact regions by said gate el ectrode masking el enents. 24. The
structure of claim23, whereip,said su stra%g.is a single-crystal silicon
substrate. 15 25. The structuﬂga f *8 S-Ar2S“ Wiérein said N type dopant is

arsenic, and sgid R hyeg dopant ;LgiRe" 89,028, Thgcshoucluce ol claim 23,

wherein said wel'l s for | eCtors e a ar “daopan

concentration 2geeqiaebpfietueen ehed! Fgmos%raztaggslcgggglgiggggﬁégp- 27.

The structure of claim 23, erei n sald base reglons
bet ween about 2@@Psapé.10000 25 Angstrons from surface of said substrate.
28. The structure of claim 23, wherein said gate el ectrodes for said FETS

and sai d gate el epiroefiaingski sgbekearat haviagl ened hhamsacpalit aevede
pol ysilicon | ayer and have a thickness of between about

5 areas surrounded by trench isclation regions;

forming first wells of a first type dopant for
transistor collector contacts in said first device
areas;

forming second wells of a second type dopant in said

10 second device areas adjacent to said first device areas

for transistor base regions;

forming third wells of said first type dopant under
said first and second wells and under said trench
isolation regions for transistor subcollectors;

15 forming gate electrode masking elements over said
transistor base regions to isolate transistor base
contact regions from transistor emitter regions, while
concurrently forming CMOS FET gate electrodes elsewhere
on said substrate;

20 forming first lightly doped drains of said first
type dopant for said CMOS FETs and in said transistor
emitter regions;

forming second lightly doped drains of said second
type dopant for said CMOS FETs and in said transistor

25 base contact regions;

forming sidewall spacers on said gate electrodes and

on said gate electrode masking elements;
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5 1500 and 2800 Angstroms, and said patterned polysilicon |ayer has
i nsul ati ng sidewall spacers. 23 . A
AAAAAAAAALCAAAAAAALAAA A A A+ Becceh2 7
-Fz~xr1 f [ UU] ca] caU] caU] cal] cal] caU] cal] caU] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca]
ca] cal] caU] cal] cal] cal] cal] cal] cal] ca L | el
cMal] ca##N###HH##, % %9 Q&L M A Zu al cal,ca] ca] ca] ca
iJ]ca] cg% ca] ca] ca] 05% (%% %‘gﬁ gsfes 2a (‘:%fcﬁf?gfcgfcﬁfgé] %éft‘? ] ggk?a}‘ﬁ’ﬁ%ﬁ‘g] cal c
aU caUjca!" (*- -, 1 3 77 88... < : . .
; ;U]zt nhU]c] V\tU|(okf g\%\llfﬁ?’?a ég] %g%Féa%ﬁéa f:lghﬁ::gﬁf%g] ggf%*??ca %gfggfca] caUlc
all cal] cag] caUjgakeahcakaakeakod] caieebealegh6akCave*2ah~7ithin said
>) >+>G>H>c>?7?7?7?? @BBBB
EEEHHI L| wr mhc” ¥EaukkabkcBhea] ¢ahgahed] cal ca] ca] cal] cal] cal] cal] ca] cal] cal]
cal] cal] cal] cal] ca] cal] caU] cal] ca] ca] ca] ca] caU] caU] calU] caLMVBMVVIMN: NimiNit NNNO
50y OOOPPQPPPPP/ Q @daang@QreRSkegard1X] agbheabcaheadl sakealcaypal cal cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! SSSTTU~U
UU! VSV VWWHWHERARBINE XS X s XX YTMDEY¥ETsni dndUBbaeal:ieabasl]lgaFeakmdafcal ca] cal]
cal] cal] cal] cal] caU] cal] cal] cal] cal] ca] ca] cal] cal] cal] cal] caU] caU] cal] cal] c
aU] cal] caYY- Z0kazezzpntpchts| [ Saédi bese* E8hkpEt  regions, | wratc/ Y] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
] ca] ca] caftfa] c §rédters3 spparaged fromagaidbbasphbppptact regions by
cnccccdPddddd{ vqgl ga[ UY] cal] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] cal]
ca] ca] ca] ca] ca]sg&%cg]a&&] edpciredpcBpeki-nd) EAPREPES! de: ekeeef 6f cf f f gg8gPgyggy
(h@Chl hxhhhhhi Q \iiizuojd_YS{vqgl gU caU ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca]
cal] calU] ca] ca] ca] ca] cal] caU] cal] caU] cal] cal] cal] caU] caUl caU] caUcaUjcaiii/jd

jOjjjj" kKVKKKKI 8lillkl B P ] Moyt oj d.ZU|l ] cal calc alJcal cal cal] c
Jaa]] J(:Jal] ca] caU] cgj'::a%(ll:la Fz%%? czng}" ggfggg]'cé{’?%ﬁ%%%%}i%af%}%%ga &3} 8a} ca} (L:J]a

I Mof 7 LG REG oj d_ZU] ] ca] ca] caU] ca] ca] ca
(L:J]alCJ]acaU] ggaocg%%%gg%%?ggﬁg;&égﬁf‘}cg%%a céh}'ca} ca] ca] ca] ca] ca] cal] ca] ca]
ca] cal] ca] q&/ kBbCf M 10%0& () - & 10%0&' () - 310%0& ()-!v plOo%& ()-Lv

p10%08 ()-LY 10%08' () - Bccef ghxnbC3! 109R2& ()-Y 100 100 100, ;
t10%0& () - +M 1@%0&Thl metREAYEE Cladméi0%Melkhid 4a2d6first type

dopant is an N type dopant, and said second type dopant
is a P type dopant, and forms an NPN bipolar junction
transistor structure.

20
4. The method of claim 3, wherein said N type dopant

is arsenic, and said P type dopant is boron.

5. The method of claim 1, wherein said first type
dopant is a P type dopant, and said second type dopant
is an N type dopant, and forms a PNP bipolar junction

transistor structure.

5 6. The method of claim 5, wherein said P type dopant

is boron, and said N type dopant is arsenic.
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V111 10%008 ()-9%! 10%0& ()- 102 102 1021 ;t 100R& ()-! Y7
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depth of between about 6000 and 18000 Angstroms.

8. The method of claim 1, wherein said second wells
are doped to a final concentration of between about
3
15 1.0E 17 and 1.0 E 18 atoms/cm and are formed to a

depth of between about 6000 and 18000 Angstroms.

9. The method of claim 1, wherein said third wells are

doped to a final maximum concentration of between about
20 5.0 E 17 and 1.0 E 19 atoms/cm3 at a median depth of

about 6000 to 20000 Angstroms below surface of said

substrate.

10. The method of claim 1, wherein said gate
25 electrode masking elements are formed by:
a) forming a gate oxide on said device areas;
b) depositing a polysilicon layer to a thickness
of between about 1500 and 2800 Angstroms;
c) wusing photolithographic techniques to pattern
said polysilicon layer to fabricate said gate electrode
5 masking elements while concurrently forming said FET

gate electrodes elsewhere on said substrate.

11. The method of claim 1, wherein said emitters are
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12. A method for making an NPN bipolar junction
transistors integratable with CMOS FET structures
comprising the steps of:

15 providing a substrate having first and second device

areas surrounded by trench isolation regions;
forming first wells of an N type dopant for
transistor collector contacts in said first device
areas;

20 forming second wells of a P type dopant in said
second device areas adjacent to said first device areas
for transistor base regions;

forming third wells of said N type dopant under said
first and second wells and under said trench isolation

25 regions for transistor subcollectors;

forming gate electrode masking elements over said
transistor base regions to isolate transistor base
contact regions from transistor emitter regions, while
concurrently forming CMOS FET gate electrodes elsewhere

5 on said substrate;

forming first lightly doped drains of said N type
dopant for said CMOS FETs and in said transistor
emitter regions;
forming second lightly doped drains of said P type
10 dopant for said CMOS FETs and in said transistor base

contact regions;
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said CMOS FETs, and concurrently forming emitters in
said transistor emitter regions over and within said

transistor base regions;

forming source/drain areas of said P type dopant for

said CMOS FETs, and concurrently forming base contacts
in said base contact regions, said emitters separated
from said base contact regions by said gate electrode

masking elements.

13. The method of claim 12, wherein said substrate is

a single-crystal silicon substrate.

14. The method of claim 12, wherein said first wells
are doped with phosphorus to a final concentration of

3
between about 1.0 E 17 and 1.0 E 18 atoms/cm .

15. The method of claim 12, wherein said second wells
are doped with boron to a final concentration of

3
between about 1.0 E 17 and 1.0 E 18 atoms/cm .

l6. The method of claim 12, wherein said second wells
are formed to a depth of between about 6000 and 18000

Angstroms from surface of said silicon substrate.

17. The method of claim 12, wherein said third wells
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to a final concentration of between about 5.0 E 17 and

3
1.0 E 19 atoms/cem at said median depth.

20 18. The method of claim 12, wherein said gate
electrode masking elements are formed by:
a) forming a gate oxide on said device areas;
b) depositing a polysilicon layer to a thickness
of between about 1500 and 2800 Angstroms;
25 c) using photolithographic technidques to pattern
said polysilicon layer to fabricate said gate electrode
masking elements while concurrently forming said FET

gate electrodes elsewhere on said substrate.

19. The method of claim 12, wherein said first lightly
5 doped drains are doped with arsenic to a final

concentration of between about 1.0 E 18 and 1.0 E 19

atoms/cmB, and are formed to a depth of between about

800 and 1500 Angstroms.

10 20. The method of claim 12, wherein said second
lightly doped drains are doped with boron to a final
concentration of between about 1.0 E 18 and 1.0 E 19
atoms/cma, and are formed to a depth of between about
800 and 1500 Angstroms.
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22. The method of claim 12, wherein said second
source/drain areas are doped with boron to a final
25 concentration of between about 1.0 E 20 and 8.0 E 20
atoms/cmé, and are formed to a depth of between about

1100 and 2500 Angstroms from surface of said silicon

substrate.

23. A bipolar junction transistor structure

5 integratable with a CMOS structure comprised of:

a substrate having first and second device areas
surrounded by trench isolation regions;

first wells of an N type dopant for transistor
collector contacts in said first device areas;

10 second wells of a P type dopant in said second
device areas adjacent to said first device areas for
transistor base regions;

third wells of said N type dopant under said first
and second wells and under said trench isolation

15 regions for transistor subcollectors;

gate electrode masking elements over said transistor
base regions isolating transistor base contact regions
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first lightly doped drains of said N type dopant for
said CMOS FETs and in said transistor emitter regions:;
second lightly doped drains of said P type dopant
for said CMOS FETs and in said transistor base contact
25 regions;
sidewall spacers on said gate electrodes and on said
gate electrode masking elements;
source/drain areas of said N type dopant for said
CMOS FETs, and concurrently providing emitters in said
5 transistor emitter regions over and within said
transistor base regions;
source/drain areas of said P type dopant for said
CMOS FETs, and concurrently providing ohmic base
contacts in said base contact regions, said emitters
10 separated from said base contact regions by said gate

electrode masking elements.

24. The structure of claim 23, wherein said substrate
is a single-crystal silicon substrate.

15
25. The structure of claim 23, wherein said N type

dopant is arsenic, and said P type dopant is boron.

26. The structure of claim 23, wherein said wells for

20 said subcollectors have a final dopant concentration
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28. The structure of claim 23, wherein said gate
electrodes for said FETs and said gate electrode
masking elements are formed from a patterned
polysilicon layer and have a thickness of between about
5 1500 and 2800 Angstroms, and said patterned polysilicon

layer has insulating sidewall spacers.
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