WD 03/ 050876 PCT/ US02/ 39405 SELF ALI GNED COMPACT BI POLAR JUNCTI ON

TRANSI STOR LAYOUT, AND METHOD OF MAKI NG SAME FI ELD OF THE | NVENTI ON 5 The
present iwoaslsmicrel ates generally to integrated circuit pcalwsozad4odpn, and,
nore specifically, the present invention relates to the fabrication of a
sel f-aligned device desi and process flow that allows for a conpact

n

bi pol ar juncti onSELEh\&iI@gBPq BOCT BRROIARIUNG TERNTIBANNVERR LAY OUT,

DESCRI PTI ON OF RELATED ART MEIHQR OF MAKINSSAME uncti on transi stor
(BJT) exhibits the presence of defects at the

nonocrystal | i ne/ polycrystalline boundary of the base. The defects may

i ncl ude i sFIELD g%%%ﬁ%ME@HQQN%tacking faults, screw dislocations, and the
| i ke. Such defects may cause unacceptable current |eakage in the BJT.
Wher e the def ectBhegraentamgeti@nolagh gerarally oo integeyed covanfabdeation hed, weea t he
emtter and the collector. 15 Figure 9 illustrates an existing BJT 10. The
BJT 10 i ncl spdeificalysthb ptesait énvi@tionaelaeolol thecfabricativn ofcd setfeligreddiesipossgni n
substrate 12, a buried |ayer 16, and deep trench isolation (DTIl)

structures aflpréeds fidvsthai AMolvid @eS coMpadt Bipolaf RAGIdnitaMiasd I@youf. STI) structures
that include a source-proximate STI (source STlI) 20, an emtter-proximte
STI (emtter STI) 22, and a base-proximate STl (base STlI) 24. Upon
substrate 12, arBAQKGRAOUND DEYFHE INVRITION ned t hat includes a
nonocrystalline epitaxial base 26 and a pol ycrystalline epitaxial base 28.
An emtter structure 30 is disposed above the epitaxial layer. Wth the

interface betwagpsRPOEHN SIFRELABESARIAXI al base 26 and pol ycrystalline
epi taxi al base 28, a | eakage region 32 occurs due to crystalline defects

?ggkgggw Sr te gsﬁg&b?qﬁx%%gagrﬁégﬁg%ég?;g%ﬁs% ibit?}Ee &Estengedof%fefegtggaﬁei: ng the
| monocrystalline/polycrystalline boundary of the base. The defects may include misfit
dislocations, stacking faults, screw dislocations, and the like. Such defects may cause
unacceptable current leakage in the BIT. Where the defects are large enough, a short may
even occur between the emitter and the collector.

15 Figure 9 illustrates an existing BJT 10. The BJT 10 includes a substrate 12, a
collector structure 14 disposed in substrate 12, a buried layer 16, and deep trench isolation
(DTI) structures 18. BJT also includes shallow trench isolation (STI) structures that
include a source-proximate STI (source STI) 20, an emitter-proximate STI (emitter STI)
22, and a base-proximate STI (base STI) 24. Upon substrate 12, an epitaxial layer is

20 formed that includes a monocrystalline epitaxial base 26 and a polycrystalline epitaxial
base 28. An emitter structure 30 is disposed above the epitaxial layer. With the interface

between monocrystalline epitaxial base 26 and polycrystalline epitaxial base 28, a leakage

region 32 occurs due to crystalline defects and other reasons.



pol ycrystal line boundary region with an elenent that will electrically
insulate, in order to enclose the |eakage region 32. The inplanted, doped
encl osur ewdd3msns7é educe or significantly elimnate the pesIiusodsdss of the
defects being an additional source of |eakage 5 in the BJT 10. In order for
the inplant to get through, a sufficient amount of a first space 36 needs
to remain betweB¥e fsehod @hrdesing the leakngs dyto beavily deke thamenasystalignet he
polysilicon of emtter structure 30, where the |eakage region 32 nay be
found. Addipplysryatalling hewndagy region vislgieelement fhabwilt diectrisgeingtlateha optsr 4esi | i con
of structure 30 and the emitter cut to avoid the high dose of boron from
di f fusi ng fengpsedbpleakagn tizivs 32 e TRaimplantadedaepsil encdosttsadengyuedice on. 10 The need
for both the heavy doping and the spaces 36 and 38 causes the BJT 10 to be
| arge in celgnificagttylingnatethe podsipilie olctbe Hefecdy/loning i additipmat s@aieas lgdagesi ti c
capaci tance and resistance, both of which are associated with the base and
col | ect 6r . iMtheBITrOr dawder foae medmt thget theougb asaffidenodmbune oBJ firstldpacei gure 10
is atop plan view of projected perinmeters of a BJT |ayout 10 forned
accordi ng 136 nkeusureiraitiseiwpes thetddad offthy/ mbeochBtatline bedea@ibadd the pbiysiliten & A
col l ector perineter 40 conprises the overall outline of the projected

peri met er e@hittdaetridiuke Bayste thdleallibt FigionGRIn £ We Fsunde AdIEIbRA] sphde B§isa base
perimeter 42, the emtter cut 44 or emitter opening, a collector tap 46,

and a base nt@Rd 48weer it edde @ telpplysilibén siaRidiGre BOLAEHE etliRE ciftid hvdid dae first
space 36 is seen as a perineter around the polysilicon of emtter

structure 3 dofe StRrdRMAITRGRS FraH flopddBcBARE 3 PRI thdEhifEr/¥hee fTRMIoRO
substantially enconpass the perineter of polysilicon that is emtter

structype 30, amf, tl8 forn;omtﬁ&ﬁéawdwingaﬁiagrhéS?Eceﬁ%ﬁs%ué%?ﬁ@ﬁ%%\' OF THE

DRAWNGS I n order that the manner i'n Whicl e e Iments of the invention
R, e LT R T T T T
resistance, both of which are associated with the base and collector. This increase
degrades the performance of the BJT 10. Figure 10 is a top plan view of projected
perimeters of a BJT layout 10 formed according to known technique, that may be
15  correlated to Figure 9. A collector perimeter 40 comprises the overall outline of the
projected perimeter of the BJT layout 10. Within collector perimeter 40 is a base
perimeter 42, the emitter cut 44 or emitter opening, a collector tap 46, and a base tap 48.
Additionally, the doping pattern that fills the first space 36 is seen as a perimeter around
the polysilicon of emitter structure 30. In the known technique, the base perimeter 42 may
20  substantially encompass the perimeter of polysilicon that is emitter structure 30, and the

projection of base tap 48.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner in which the embodiments of the invention are obtained, a
more particular description of the invention briefly described above will be rendered by

2



reference to specific enbodi nents thereof which are illustrated in the
appended draw ngs. Understanding that these draw ngs depict only typical
enbodi nermve fosishe i nvention that are not necessarily dr aem/uso2/ssas e and
are not therefore to be considered to be limting of its scope, the
invention will be described and expl ai ned with additional specificity and 5
detai | t hr deigrnente spesificgmborsneats swend hichredillustiategdn the appended dreyigete 1 i s
an el evational cross-section of a sem conductor structure that is being

f abri cat ed Undewstaading thag thesedsawingsalenict nintypicakembogimentstod the imFmiorsdator di ng t o
an enbodi rent of the present invention; Figure 2 is an el evati onal

Cr oss- sect jamnahedehariyairawnndode and ase nelchanfercdeps emesideredito beQinftingiefe 1 aft er
further processing; Figure 3 is an elevational cross-section of the

sem conductisrscafer the investicnerill bt deberibed aRd gxpland vaiftt alditioual tspesifigity @adssi ng;
Figure 4 is an el evational cross-section of the sem conductor structure
depi ct ed i nletafitiyough tBe adetod thefadednpanyipg drewsgs imgwhidls Figure 5 is an

el evational cross-section of the sem conductor structure depicted in

Figure 4 after fRigirberns gwadeasaiangosskegion®f 6 sénsicaduabestatiurhdt icher®s- secti on
of the sem conductor structure depicted in Figure 5 after further

processi Ng; fatricgtéd td ah Mvantivk BipoMi RMctdh t@ASsteNBOT) dtesitlingto #n didbbdIndanout
wherein the perinmeters 20 of various structures are depicted; Figure 8 is

a flow chardrtdseptaaeehtiies an inventive process flow according to an
enbodi nent of the present invention;, Figure 9 is an el evati onal

cross-sect i on Of; 8 8 SUMMGSAT crS s sBGHIoH 08 R GG diBtof QrucREERBREedliRChNI que;

10  Figure 1 after further processing;
Figure 3 is an elevational cross-section of the gemiconductor structure depicted in
Figure 2 after further processing;
Figure 4 is an elevational cross-section of the semiconductor structure depicted in
Figure 3 after further processing;
15 Figure 5 is an elevational cross-section of the semiconductor structure depicted in
Figure 4 after further processing;
Figure 6 is an elevational cross-section of the semiconductor structure depicted in
Figure 5 after further processing;
Figure 7 is a plan view of one embodiment of a BJT layout wherein the perimeters
20  of various structures are depicted;
Figure 8 is a flow chart that describes an inventive process flow according to an
embodiment of the present invention;
Figure 9 is an elevational cross-section of a semiconductor structure according to

present technique; and



WO 03/ 050876 PCT/US02/39405 Figure 10 is a plan view of a prior art BJT

| ayout wherein the perinmeters of various structures are depicted. DETAILED
DESCRI PTIvoN 0@Bs0BHE | NVENTI ON 5 The present invention rel aP€3/US02/304ps 0CeSS
of formng a bipolar junction transistor (BJT) that has a conpact | ayout
and that resists |eakage. Figure 1 illustrates the beginnings of a process
fl ow accordi ng tRigunedOandpldi mewtof a prier asrBId Usypst whrein thsi gsomaters gfunct i on
transistor 110 is fabricated froma substrate 112, that includes a deep
trench i sotaabuostruCOfds)areldepicted. col | ect or - proxi mat e shal l ow trench isol ation
(STI') 116, a collector 10 structure 118 disposed in substrate 112, and a
base- proxi mate STl 120. Enbedded in substrate 112 is an n-collector buried
| ayer 122, in an exenplary enbodi nent where BJT 110 is an NPN structure.
An optional oxi deEP&KR-EDEPESCRIPTION OF Biiio BEIENDIEN and on substrate 112.
Above substrate 112, an etch resistant layer including a first |ayer 126
is formesd, foll omegrdyntanvedforsrenen d gryess df2ABrmifph bipolat juactioderapsiged ayer

124, is fornmed on substrate 112 by a process flow selected fromthernal
growt h, dep@siry ihgihas dakEmpat iayeut@d et redianichkaghBighay 1 filustiites teayer 126 and
second | ayer 128 are nade of different materials, e.g. oxide-nitride, or

whet her t heyeonthoSBlE pdtesd bl @EdoRnd t6RAS eMbodiMéntS AALpraBIr & bEd biplal-
oxi de-oxi de, first layer 126 and second |ayer 128 have different responses

to an etch #EGidSransttbl 11804 PbrieRd Rfh PRIbEEAGH 12 thaf infiSdesladiég rehé® and second
| ayer 128 have different responses to an oxidation process. In one

embodi ment , ;b jbfic D18y i, %g(ﬁlei:@r-ﬁﬂaxi%ie%ﬁali@sy@énch TdR1ibA (s3h) 118y LEoIkeBr When it
may be a th de, or a

is an oxide Fayer, ermal oxl de, a deposited oxide,

combi najg ok RALEPs dispRAdF bbbl 1 IR Lo ELRERA $T1GH BBl f L1 tani
substrate 112 is an n-collector buried layer 122, in an exemplary embodiment where BJT
110 is an NPN structure.
An optional oxide pre-layer 124 is disposed above and on substrate 112. Above
substrate 112, an etch resistant layer including a first layer 126 is formed, followed by a
15  second layer 128. Optional oxide pre-layer 124, is formed on substrate 112 by a process
flow selected from thermal growth, deposition, and native oxide growth. Whether first
layer 126 and second layer 128 are made of different materials, e.g. oxide-nitride, or
whether they are made of differing types of the same material, e.g. oxide-oxide, first layer
126 and second layer 128 have different responses to an etch recipe. Similarly, and
20  optionally, first layer 126 and second layer 128 have different responses to an oxidation
process.
In one embodiment, first layer 126 is an oxide layer. The first layer 126, when it is

an oxide layer, may be a thermal oxide, a deposited oxide, or a combination thereof.

Oxides that may be selected include silica, titania, ceria, thoria, alumina, zirconia, hafhia,



WO 03/ 050876 PCT/US02/39405 and the like. In this enbodi nent, second | ayer
128 is a nitride |layer. Second |layer may be selected fromsilicon nitride,
titani um wiotasiode’é al umi num nitride, and the |ike. Accordi rgTEsorBeopr esent
invention, a process flowintegration is selected that dictates [imted
conposition options of first |ayer 126 and second |ayer 128. In one 5
enbodi ment gndrtke likeamthisieppodingnt secendilayeryidp ispomtrigde dayero ferepdriagr maebei n t he
first layer and the second |ayer are respectively selected froma first
oxi de | ayerselenigd Homesdlisna niiide; titgaium nifyide, aluymingn oithes; anhtbotkerent , the first

| ayer and the second | ayer are respectively selected froma first nitride
| ayer and a secadyedordinigde thegpyasent inventionod proeese flbwditegsation is sedecfeditst | ayer and
the second | ayer are respectively selected froma first oxide |layer and a
second oxi ddictdtds limitet conipositiovodftons efiffirstdiyee W6, antl kecohd tayer 128y &romend t he
second | ayer are respectively selected froma first nitride layer and a
second rf t rént@dingnefirst laperd 26 hiesecantdadt 8dre cdnfiguied mhikrelnathiefirst B ahdhe
second | ayer are respectively selected froma first inorganic |ayer and a
second or ghekeCondAlydr arel Mspactdleyaeleatsd frokh et oxidB ¢ayki dndlta sk@ye hitdded t he
second | ayer are respectively selected froma first organic |layer and a
second i noriggdi k dnddheF emBodindé®thefirsElafae shd e tecoddlaydd @ref redpeétive BYselectadd t he
second | ayer are respectively selected froma first organic |ayer and a

second Or gafdrk a ey Bltridel 1RyeR ARY HRLoRIRRR IARAL In ahbiBer dnfbdlinlend e RAdhyehe second
| ayer are respectively selected fromand a first inorganic |layer and a

second i nor gameGel @ hyer éetr&es&ioay sQ¥&Ed RdAPS FiFsRbRdehferlafid h QLBBRAodid fi 1St
| ayer 126, second |ayer 128, and "“optional oxide pre=layer 124. A topol ogy

I's undefgt Olgﬂeé.t fy aﬁ\%th@r b ddiefid, theéhisQhyek Indthe L&A la¥e2 gﬁq‘gs%e(l:t@ﬂ?'rsel;%&?_ 30

respect to t substrate. Patterning may be acconplished by a’m
hask 130, TR TR B o B OB e Akl b oy e @ v
o710 o 8 e PR DY SRR PSR Sl ot o
organic layer. In another embodiment, the first layer and the second layer are respectively
selected from a first organic layer and a second inorganic layer. In another embodiment,
15  the first layer and the second layer are respectively selected from a first organic layer and
a second organic layer. In another embodiment, the first layer and the second layer are
respectively selected from and a first inorganic layer and a second inorganic layer.
A topology over substrate 112 is formed in first layer 126, second layer 128, and
optional oxide pre-layer 124. A topology is understood to be a vertical relief in at least
20  one layer with respect to the substrate. Patterning may be accomplished by a mask 130.
Mask 130 may be a spin-on resist as is know in the art, or it may be a hard mask as is
understood in the art.
In one exemplary embodiment, after forming oxide pre-layer 124 on the substrate

112, an oxide embodiment of first layer 126 is formed, a nitride embodiment of second

25 layer 128 is formed, mask 130 is formed, and patterning is carried out with an anisotropic
5



25 layer 128 is fornmed, mask 130 is formed, and patterning is carried out
with an anisotropic 5 WD 03/050876 PCT/US02/39405 dry etching of second

| ayer 128woOTbh®smné sotropic dry etching may be a reactive rom/&ozbo40f Rl E),
foll owed by an alternative wet clean as is known in the art. Thereafter,
patterning is finished with an isotropic wet etching of first layer 126 to
expose an uppeétchingof seeend Byerddd. The andeiPRInEY I HREIRYY. be@uedcsraion gichoxi de
pre-layer 124 is 5 etched in connection with the etching of first |ayer
126. First (Rdfkfollopaddmdn skerosiie wayean a3 pknpwy injbe 8l ected to be eit her
oxide, nitride, organic, or otherwi se according to a specific process

i ntegration. ForTl@mftpﬂ, mﬁMQI@ fiB3edMith dngsqieppic vest etghing gf firsstayen d2utoe,
fabrication of an enbedded nenory array el sewhere on the substrate nmay call
for a nitrieposd aypperandaan 33 andi® thaythe fopblogy.fipsioadbnptids preilayst 124dyer 126
may be the sane nitride- and 10 second | ayer 128 may be the sane oxide that
act to cbveetchidden oemoctipnavithahe etchingnef firglageeBXi rirsohyer h26 Bl sedoh layet gure 2
illustrates further processing according to one enbodi ment. A doped |ayer
134 is for B eamele deleetet! aplm cithyr. oxiepttide,anrganic] 8dothdrivise hevoedigg bher p- or

n- dopi ng dependi ng upon the bipolar configuration. In one enbodi nent, the
dopi ng i s Pdpecifit Prodes intderetitho Fon®Mamplel Weerel BPT MD is parPof a loBicanadtier

enbodi ment, the doping is P. In yet another enbodinment, the doping is P-.

In one errboﬁlbﬂ@mbn ofl @bl dddaheniord afrfy dsevhelepathd sa¥fatedfay @R tforfaGiitkile her ei n.
Figure 3 illustrates further processing according to an enbodi ment of the

present 'n}é?é}tah@ﬂn o@@epﬁ‘}lerl Ry s ckdtple Hr@UiRr 26 hsy B thD&khd ditride-SRAcer etch
in order to forma doped” 20 spacer 136 at the topol ogy. Doped spacer 136

acts asj@ d%@@rﬁla&?%@ﬁna& Be ﬁEQQHP&h&J}hQQcﬁH@&Q& RMenRhry 4R RFifgENt

invention. Alternatively, doped spacer 136 may be suffl ci ently undoped so
as to act aﬁro@esﬂﬂ@@ﬂﬁmegﬁﬁﬁier or dopant sink to cause a dopant gradient in

Figure 2 illustrates further processing according to one embodiment. A doped
layer 134 is formed over the topology. Doped layer 134 will have either p- or n-doping
depending upon the bipolar configuration. In one embodiment, the doping is P++. In one

15  embodiment, the doping is P+. In another embodiment, the doping is P. In yet another
embodiment, the doping is P-. In one embodiment, doped layer 134 is a p-doped layer as
set forth herein.

Figure 3 illustrates further processing according to an embodiment of the present
invention. Doped layer 134 (Figure 2) is etched in a spacer etch in order to form a doped

20  spacer 136 at the topology. Doped spacer 136 acts as a dopant source to accomplish an
embodiment of the present invention. Alternatively, doped spacer 136 may be sufficiently
undoped so as to act as a dopant getterer or dopant sink to cause a dopant gradient in
substrate 112 in the vicinity of doped spacer 136 as will be set forth herein.

Figure 4 illustrates further processing according to an embodiment of the present

25 invention. An epitaxial base layer 138 is formed over substrate 112 that will eventually be
6



substrate 112 in the vicinity of doped spacer 136 as will be set forth
herein. Figure 4 illustrates further processing according to an enbodi nent
of the prweaasos2d i nvention. An epitaxial base | ayer 138 Ppic3/fsoz/a®ds over
substrate 112 that will eventually be 6 W 03/050876 PCT/ US02/ 39405
patterned between the two occurrences of doped spacer 136 as seen in

cr 0ss- sect i raternedabsivyeen dliectwerpceuiteners Edorsp sraser 1386 AR iInsERSiECticAyer 128 a
pol ycrystalline epitaxial base 140 is fornmed. Simlarly, above and on the
monocr yst al Aave agd ¢r thedonstl spagkrst36ane secomd layer l%ﬁa@lwﬁtfé?{m ¢pitaxipibagsi al base
142 is formed. 5 Processing conditions for the formation of ePitaxiaI base
| ayer 138 nidy iblerred. rSimiarlyo altova enderihg gonesrystablinesdicpn ofwibstiste 11dr2 known i n
the art. Epitaxial base layer 138 may be carried out by a chem cal vapor
deposi ti on mi@D)ystpline egtixial base $44 iederaddf rom | ow pressure CVD (LPCVD),
reacti ve-plasma CVD (RCVD), plasma-enhanced CVD (PECVD), and conbi nations
t her eof 5as knowPracasstigeoaditionsByr thaforobtionrod epitimial base tayergl 38 Mmagrbawmried t he CVD
process flow may be carried out in a pressure range from about 10"2 Torr,
to about 2 ot ddderdinkas procds dlo®@yYMDagas knewn inehesaup Hpitedaldasedagir [13may ype gas or
a doped silane type gas. Figure 5 illustrates one enbodi nent of the
present i nvamidd@nt by sdeimidal vapbedepssitiarciOVMI® pracessdlomsselegted fiBhTod10 ar e
formed.. An emtter-base dielectric layer 144 is 15 forned to space apart

an em tter édsure OVIR(LPS/ D) @astivepismy SV (ROWD)epladneacerihnded €142,  To t hat
purpose, an interlayer dielectric layer is blanket deposited and patterned

to nmake anpgovD)ahd efebihittbnd fdreofhsI@owRirethe 86l BPwap obdhe@Bhdihtingcut ,
bet ween nonocrystalline epitaxial base 142 and what is to becone the

em tterjgol ékﬁhkie?tﬂ@ cVPhredesemw hﬁg bS EdrHEd 3t 6 a préRure Ang? flofiSdbbiit 108N t t er
opening 148 wll facilitate formation of an intrinsic base as set 20 forth
bel ow. Torr, to about 2 X 10 Torr. The CVD gas may be supplied as a silane type gas or a
doped silane type gas.
Figure 5 illustrates one embodiment of the present invention in which more
structures comprising a BJT 110 are forméd_. An emitter-base dielectric layer 144 is
15  formed to space apart an emitter structure 146 from monocrystalline epitaxial base 142.
To that purpose, an interlayer dielectric layer is blanket deposited and patterned to make
an emitter opening 148, also referred to as an emitter cut, between monocrystalline
epitaxial base 142 and what is to become the emitter polysilicon 150 of emitter structure
146. As a result, emitter opening 148 will facilitate formation of an intrinsic base as set
20  forth below.
Leakage block structures are formed according to a diffusion process flow
embodiment of the present invention. Figure 6 illustrates further processing to that
purpose. The emitter polysilicon 150 of emitter structure 146 is either doped in situ, or it

is ion-implantation doped after formation thereof. Dopant is formed to achieve a given

.25 concentration according to a specific application. Between the emitter polysilicon 150 of
7



Leakage bl ock structures are formed according to a diffusion process flow
enbodi nent of the present invention. Figure 6 illustrates further

processi rgotoo/osdsaé  pur pose. The emtter polysilicon 150 eCTarso/sens
structure 146 is either doped in situ, or it is ion-inplantation doped
after formation thereof. Dopant is formed to achieve a gi ven 25

concent r at | SRLECEYFETEIG6 prd @OW%W‘I"@ epitpyfal base il b thepmelpsessssingds vyerdQ er
polysilicon 150 of 7 WD 03/050876 PCT/ US02/39405 emtter structure 146
and ronocr y$raen emitedpase iocdon wgige 152ip manpery sl lingrniedaldiapy! 42s Diesiet o f or m
an emtter/base junction region 152 in nonocrystalline epitaxial base 142.
Di f fusi on @fdogapalsment( fremttisgmiftenplysiisor kG afemities Siyuryre HMmMaBBsisf emitter
structure 146 nay assist to formemtter/base junction region 152. 5

Furt her pr olodemsi engitterdbagajunétiod regien 13- f orm a base tap 154 and a col | ector
tap 156 according to process flows known in the art. As such, a BJT 110 is
f or med accor di ndFurtber paoressirgdsiCareed out Esformt bade tapol SBaAd 4 ¢@llecwr tam'lﬁci er
structure 146, emtter/base junction region 152, and collector structure
118. It is avodrdihgithpriocade flaws kitawaitin ile adi Aflsssagla BUT 1 0F is doped aspalierto136 f or ns
a | eakage 10 bl ock structure 158 that allows the inventive BJT 110 to have
smal | er di nensnbadindnhafsséniel to®IT 10 BgmBkr strichak &% ehitee/kass junatérur e 158 is a
regi on where dopant has a concentration gradient within substrate 112. In
ot her wor dsregiohhs1,faad eollkdidr sticamre 118t egral crystalline structure wherein

| eakage bl ock structure 158 is disposed, and a concentration gradi ent
within | eakage ki Rabktes tHatigdpdiitehat ddiffuded bet df dofedepabier BXGtfo@il Dbakdgped spacer.
15 I n accordance with one enbodi nent of the present invention, a process
flow i sjg caglpdiegruiivie 188 EHanAOMRItEinGAkivelBI T Uad heepantied diQmsiapadn seacer 136
forms | eakage bl ock structure 158, especially at the

nonocryst al dyidg B@TYEéaﬁéeale)dk%?ruétﬁ%%ﬁ RGGeQbn RRrt 8ot nA3ASBnceh@Bh 138. In
an enbodi ment ere doped spacer 136 is p-doped with, by way of non-

gradient within substrate 112. In other words, substrate 112 is an integral crystalline

structure wherein leakage block structure 158 is disposed, and a concentration gradient

within leakage block structure 158 exists in the direction of doped spacer.

15 In accordance with one embodiment of the present invention, a process flow is
carried out during which out-diffused dopant from doped spacer 136 forms leakage block
structure 158, especially at the monocrystalline-polycrystalline interface of epitaxial base
layer 138. In an embodiment where doped spacer 136 is p-doped with, by way of non-
limiting example, boron, a process flow is carried out under thermal conditions in a range

20  from about 700 °C to about 1,200 °C. In another non-limiting example where doped
spacer 136 is p-doped, a process flow is carried out under thermal conditions in a range
from about 800 °C to about 1,100 °C. In yet another non-limiting example where doped
spacer 136 is p-doped, a process flow is carried out under thermal conditions in a range

from about 900 °C to about 1,000 °C. Processing times may vary according to a specific

25 embodiment and process integration. Processing times will be selected based upon dopant
8



limting exanple, boron, a process flowis carried out under thernal
conditions in a range 20 from about 700 C to about 1,200 C. In another
non-1i m twog3ez@npl e where doped spacer 136 is p-doped, @cpruso®ssos!| ow is
carried out under thermal conditions in a range fromabout 800 C to about
1,100 T. In yet another non-limting exanpl e where do &Hﬁspacer 136 is

p- doped, a cpregBEAionin deped spaggrl ﬁpé&dglﬁa"l?ﬁﬂfé}fo’f‘%ﬁﬁsé?“ '@6 P RIS n a range
from about 900 C to about 1,000 T. Processing tines nmay vary according to a
speci fic 2®leskithsdnoneatystalide-pelytilico intarfesgr betwesn POIPPT(X%%‘%‘? FRifakihiase it | be

sel ected based upon dopant 8 WO 03/050876 PCT/US02/39405 concentration in
doped spacend meaocrestallinetepitaiiad bate 142, Sapitatial basslayer I8edeerriinglyrlgaiagt o bl ock
t he nonocrystalline-polysilicon interface, between polycrystalline

epi t axi al Ibsk struure Alisdomed inysbstratg Ha. éfbﬁ tealiga bloplasteuce | S8gnayeipekaxi al
base | ayer 138. Accordingly, |eakage block structure 158 is formed in
subst r atte ZEitRer ciiiment] pédntigicortlothick structure 158 may block 5 either current,
potential, or both. The out-diffused dopant nay be referred to as a | eakage
bl ock struct ur e TA&8uttdiffitsed depntasgriegefarreibioant lgkagtibének siructure 1S Sthelgr al
section of nonocrystalline silicon; neaning the non-epitaxial portion or

t he nonocr y&§rédehts adogant gradientdi arsinkzgtal sdcdorldfznondsrystslling $ilising mtadng the BJT 110
is formed between the two doped spacers 136. 10 In an alternative

enbodi ment ,nofl@piekids patien orltBE moBacridellineHicamsf sabdtyateuridopeds illssatedhat i t
behaves as a dopant getterer or dopant sink for dopant within substrate
112.  Accorgirngb ¥s folekrBeRtHRGKo bpedGhates 1368 is a region of substrate 112
with depleted dopant wth respect to the rest of substrate 112. In this

manner el ectri gy ﬁfé?dai{{/eté{nﬂohﬁﬁe%t 'ﬂo%) weﬂﬁ%rrﬁéif &fsh@sfanﬁalWﬂﬁgedt hat is
opposite to a substantially undoped age bl ock structure 158.

gle\[;g[ er ] of LOEmRTPRALIE B $d&GRht deRErkdor! dBpdrnbifik r A6PABWIHRN IMétre 1ysed wWith a
Accordingly, leakage block structure 158 is a region of substrate 112 with depleted dopant
with respect to the rest of substrate 112. In this manner, electrical activity therein is
hindered after a manner that is opposite to a substantially undoped leakage block structure

15 158.

Several of the embodiments set forth in this disclosure may be used with a bipolar-
complementary metal oxide semiconductor (BiCMOS) process flow. For example, first
layer 126 and second layer 128 are utilized as protective layers over a CMOS region (not
depicted) of substrate 112 during forming doped spacer 136 at the topology. Thereafter, a

20  CMOS process flow may be carried out in which at least portions of first layer 126 and
second layer 128 are opened.

Figure 7 is an illustration of a bipolar junction transistor (BJT) layout 210
according to the present invention. BJT layout 210 may be the layout of BJT 110 as set

forth herein. BJT 110 as depicted in Figure 6 is related to BJT layout 210 layout along the

25  section line A-A’. A collector perimeter 212 comprises the overall outline of the BJT
9



conpl enmentary netal oxide sem conductor (Bi CMOS) process flow. For exanple,
first layer 126 and second | ayer 128 are utilized as protective |ayers
over a CMUB segison (not depicted) of substrate 112 duri ngcfrarsez/sggosioped
spacer 136 at the topology. Thereafter, a 20 CMOS process flow may be
carried out in which at least portions of first layer 126 and second | ayer
128 are opea¥at 2H). g¥itkin goljestog perimsterd 2 it ansnitaxial hassipgometer 7 1dnt eqlispfor
transistor (BJT) layout 210 according to the present invention. BJT | ayout
210 may be tepmald, apesgttapod! SBIRIvSilFon smiter 22G and 4n andttesibase jBacrion 1egiaas2depi ct ed
in Figure 6 is related to BJT layout 210 layout along the 25 section |ine
A-A . A coldlsoetsrreporas peemittepawp. Epitapral bass perinectenzd f dlicludesial] ofiepitafialt he BIJT 9
WO 03/ 050876 PCT/ US02/ 39405 |ayout 210. Wthin collector perinmeter 212 is
an epit axi dlasbage 13&n4 deptetad i@ Figuret. culditmnaldy; a ldakggedl@k saudbae 824 afp 218, a
polysilicon emtter 220, and an emtter/base junction region 222 also
referred t aiffeseddopan istseen cocitclingpoth amittel/bisa fimciiar egiet 822 &lldbasearep Atkes al | of
epitaxial base layer 138 as depicted in Figure 4. Additionally, a |eakage
bl ock st r ucihwompaddn afth&dahidgf pastera ofl ipasgace 32, dgactiedindigued | 1) gheledkage
emtter/base junction region 222 and base tap 218. In conparison to the
dopi ng pat tidodk striicthie22t ofdiffed ddpand BRe@ILte thidrsecHthg pertmetél, of tHegolysitikage bl ock
structure 224 of diffused dopant is seen to intersect the perineter of the
pol ysi | i conthattfbris goB&iliBordEmhiyten 420C @B seoiiih theBJ2 280utSa 0StHe Bmitwer §tigk BJT | ayout
210, the emtter stack perinmeter 226 and the epitaxial base |ayer
perimeter ZdefinfeRARES Ad thegpibxi@NRAsdIayel pErimaed 14 Ghap@srtiasOdne®oktier, aldr ders, and
the BJT layout 210 is nmore conpact that the existing BJT |ayout 10

depi ct efh i Makik gp&tﬁer%grder%saddltwﬁw RY&A 21 0is 0B Bhphet thddeheBAErih@gput 210 nay
have a | eakage bl ock structure perimeter 228 that is substantially
symet rical, cht‘i(f‘@e ?o?édtlﬂ)FLg%l-e nase perineter 214 and wherein the emtter
stack perinete and | eakage bl ock structure perineter 228

As illustrated in Figure 7, the BJT layout 210 may have a leakage block structure
perimeter 228 that is substantially symmetrical to the epitaxial base perimeter 214 and
wherein the emitter stack perimeter 226 and the leakage block structure perimeter 228

15 intersect. By “substantially symmetrical, it is understood that where epitaxial base
perimeter 214, if it is substantially rectangular, will contain a likewise rectangular leakage
block structure 224, although they may not necessarily be centered with relation to each
other. “Substantially symmetrical” may also be understood to be two rectangular
perimeters that have parallel major-length sides and parallel minor-length sides. For

20  example, epitaxial base perimeter 214 and leakage block perimeter 228 are substantially
symmetrical because they have’parallel major-length sides and parallel minor-length sides,
but they are not centered with relation to each other. By contrast, epitaxial base perimeter
214 and emitter stack perimeter 226 are not substantially symmetrical because the major-

length sides of one are parallel with the minor-length sides of the other.

10



15 intersect. By "substantially symetrical, it is understood that where
epi taxi al base perineter 214, if it is substantially rectangular, wll
contai n awbiokesisse rectangul ar | eakage block structure 224&rT/mor/bogh t hey
may not necessarily be centered with relation to each other.
"Substantially symetrical" may al so be understood to be two rectangul ar
peri meters that TheJeakpgerbddok struqtugp aerimesergi2g isjubisantialyisysemeiricadto the nor - | engt h
sides. For 20 exanple, epitaxial base perinmeter 214 and | eakage bl ock

peri net er 23Bazinkbastipesingter 2 H. | The egyitarstaek peaimere @30iang thhlegkagablecloar al | el

maj or -1 ength sides and parallel mnor-length sides, but they are not

cent ered wi ttiuctued rimeter 228 ischctoThe leakady bbok strustitr pezipieteaXP &iis ebelogedper i net er
214 and emtter stack perimeter 226 are not substantially synmetrical
because t hewirsij dre-epit@ia tbhsepermsten? 1 40 Véheagas tiparnasd thel 1846 ticleshébythaor - | engt h
sides of the other. 10 WO 03/050876 PCT/ US02/ 39405 The | eakage bl ock
structur®e peskagebetk faBtures224ipsdnchietseal ByycoayapnirbmiFKigure 1Mthattee gse tapdtal base
perimeter 214. The emitter stack perinmeter 226 and the | eakage bl ock
structure pghbietREedd38hd dped R tdsure BAEFibeakbphat Milsdirk spice 36 (Eigerepey.i met er
228 is enclosed wthin the epitaxial base perineter 214. \Wereas the base
tap 218 is encl opp@rd¥ istaocess RAKHEgRak BOC thatillnst&tes bfe ehdsbdimhdnt 68the e seen by
contrast fromFigure 10 that the base tap 44 is not enclosed by the doped

encl osur e 3gredeht ©érioR) TheAtentild procdst maY comAeRe 3bth EorhGd 21 0XQppolodyl gure 8 is
a process flow diagram 300 that illustrates one enbodi nent of the present

invention. Jhe, MRt YRrRReC BRDrobeY MW MBNEA Mty oKiRg B Pa&rA(whepol ogy
over a substrate. Thereafter, the process flow nay continue by form ng 320

spacers( \’\’hﬁﬁ\ged]ﬂ cYcist?-‘ﬁ%qo P@t Gk XHR[opF CNERDY sﬁ{se@@ﬂ tl}&e‘?&&! tRIrocd e Hbw OF

subsequent thereto, process fl ow contenplates form ng 330 an epitaxi al

base | ayer %30% e‘ﬁﬁ,‘i’;{?esﬁﬁgrgf.%‘%’jrojagfegﬁ{ﬁal bﬂ%ﬁ:«ll)ie%é?&'g&(iﬁ%t\%fs %Jé?s qgggrﬁ%ﬁa\%; th by

nonocr yst al I'i'ne-" an Ine sillicon I's thereafter

form g?ngﬁgof‘t 2K 2987 Ph O ry e dhh 81y LD sthRfe SHRRGE AbRaftd: AR D by Spacers.

forming 340 leakage-block structures in the substrate from the two spacers. Accordingly,
the leakage-block structures are formed in the substrate with a dopant gradient below the
15  spacers. Where the dopant gradient is higher in the spacers than in the substrate, out-
diffusion may have occurred from the spacers to the substrate. Where the dopant gradient
is lower in the spacers, infusion may have occurred, from the substrate to the spacers.
Thereafter, the process flow proceeds by forming a BJT between the two spacers.
It will be readily understood to those skilled in the art that various other changes in
20  the details, material, and arrangements of the parts and method stages which have been
described and illustrated in order to explain the nature of this invention may be made
without departing from the principles and scope of the invention as expressed in the

subjoined claims.

il



t he | eakage-bl ock structures are fornmed in the substrate with a dopant
gradi ent below the 15 spacers. Were the dopant gradient is higher in the
spacers twernsiossthie substrate, out- diffusion may have oceamresd2/soom t he
spacers to the substrate. \Wiere the dopant gradient is |lower in the
spacers, infusion may have occurred, fromthe substrate to the spacers.
Thereafter, the G4 s flow proceeds by formng a BJT between the two

spacers. It will be readily understood to those skilled in the art that
various ot her chébjéssldimediz0 the details, material, and arrangenents of the
parts and net hod stages which have been described and illustrated in order

to explain the nature of this invention may be nade w thout departing from
the principles and scope of the invention as expressed in the subjoined
clainms. 11 WO 03/050876 PCT/US02/39405 CLAIMS What is clained is. 1. A
process conprisilng: AdredessFoRPII®PSl ogy in at | east one | ayer above a
substrate; 5 formng a spacer at the topology; form ng an epitaxial base

| ayer above the topokeghgancpdids is atisist ateday@nabova a sitheatepacer; fromthe
spacer, formng a | eakage-bl ock structure in the substrate; and formng a
bi pol ar 5 unction trafgnsigQrspidddditheddpoiegyt; he epitaxial base layer. 10 2.
The process according to claim1l, wherein the spacer is a doped spacer. 3.
The process accor di NgyinthgGhapitaxial bAdeedyel dboldithe S3pBRRY andtha s@Lbrdte bRy on
structure. 4. The process according to claim1, wherein the topology is
sel ect ed fron1ath%&%kcal relief forned in a first layer, a first [ayer and
a second | ayer, and an oxide pre-

from the spacer, forming a leakage-block structure in the substrate; and

forming a bipolar junction transistor (BJT) above the epitaxial base layer.

10 2. The process according to claim 1, wherein the spacer is a doped spacer.
3. The process according to claim 1, wherein the spacer is a getterer structure.
4, The process according to claim 1, wherein the topology is selected from a

vertical relief formed in a first layer, a first layer and a second layer, and an oxide pre-

layer and a first layer and a second layer.

15 5. The process according to claim 1, wherein forming a topology in at least

one layer above a substrate further includes:

forming a first layer from an oxide.

12



| ayer and a first |layer and a second layer. 15 5. The process according to
claim1, wherein formng a topology in at |east one |ayer above a
subst r at ewbuwsbmre i ncl udes: forming a first |ayer from anpaftiuse23942 WO
03/ 050876 PCT/ US02/ 39405 6. The process according to claim1, wherein
formng a topology ip at |l east one |aye boye.a substrate further
i ncl udes: fornmifg a ?li'erlg?cera%Pé‘Prfhn&HBd?‘\H/‘r {ﬁ‘%m&l foupigaataralpey ivatdsdsta nitri de.
5 7. The process according to claim1, further including: before formng a
t opol ogy, 8% HFGbAYE bsubsteatgiugbsrafedidedin the substrate, wherein fornming a
topol ogy further includes: formng a first layer froman oxi de; and
fornming a second | ay®rmmgadirg layps Pide. 10 8. The process according to claim
1, further including: before form ng a topol ogy, form ng an oxi de pre-|ayer
on the substrate by Brmipgecesosd fayenfroes pigided from t hermal growth, and
native oxide growth, wherein formng a topology further includes: formng
a first layer froman oxide; and 15 formng a second layer froma nitride.
9. The process according to claim1l1l, wherein form ng the epitaxial base
| ayer &onpri sed. forhepocesyasnarding &1 elhim Indurthet inclodingpi t axi al base and a
pol ycrystalline epitaxial base. 10. The process according to claim1,
wherei n form ng the bore forimarg dxapdogdyafoeming an oxide pre-layer on the substrate,

wherein forming a topology further includes:

forming a first layer from an oxide; and

forming a second layer from a nitride.

10 8. The process according to claim 1, further including:
before forming a topology, forming an oxide pre-layer on the substrate by a
process flow selected from thermal growth, and native oxide growth, wherein
forming a topology further includes:
forming a first layer from an oxide; and

15 forming a second layer from a nitride.

9. The process according to claim 1, wherein forming the epitaxial base layer
comprises forming a monocrystalline silicon epitaxial base and a polycrystalline epitaxial

base.

10.  The process according to claim 1, wherein forming the epitaxial base layer

20  comprises:

13



20 conprises: 13 WO 03/050876 PCT/US02/39405 form ng a nonocrystalline
silicon epitaxial base and a polycrystalline epitaxial base; and wherein
form ng awoapios®sé al base |layer is carried out by a chem ealr/usezpmans
deposition (CVD) process flow selected froml ow pressure CVD (LPCVD),

reacti ve-plasma CVD (RCVD), pl asma-enhanced CvD (PECVD), and 5 conbi nations
t hereof . 11. ThéOFﬁTl@g:%§1§n%X§€ﬁllmeﬁ@‘ct"beRi‘iaé‘PhL?ai‘Da“dv@H@llYéDﬁtaf fhe eeiabr ocess
flowis carried out in pressure range from about 10-2 Torr, to about 2 X
10" Torr. 12. Trbesepa@t‘é@@ela&@ﬁlwuaﬁgpwwéP%ﬁerkayzr ispaFigheyt by gehemictly et chi ng
the first layer and the second |ayer according to an etch process fl ow,
wherein the firgepdrappositiondCVReprogeys Sew selectscijem Iavapisssirer@ 6P ébRCYRE ponses
to the etch process flow. 13. The process according to claim11, further

i ncl udi ng oxi di z¢astjve-plesnid €¥D (REYED, plasmd-enhancedbc¥RAPEQYDB), andcor ding to an
oxi dation process flow, wherein the first layer and the second | ayer have
di ffererft resporsabingtorshierenti dati on process flow. 14. A process for

manuf acturing a device on a substrate conprising: 15 formng in the
substrate, deep and shallow trench isolations, buried |layers and collector
wells for the device; formng a |layer of etch resistant material over the
substrate; definilng &he potésy eccoaiagy to elyino h0,ofhetelirethel €ViDcgrodeys flemisval of t he

| ayer of etch resistant material over a portion of the surface of the
substrate tariRush apiesdnt range fraf abagd0? Fgiran abdid 2 WO (O'3FDH0876

PCT/ US02/ 39405
12.  The process according to claim 1, further including etching the first layer
and the second layer according to an etch process flow, wherein the first layer and the

10 second layer have different responses to the etch process flow.

13.  The process according to claim 1, further including oxidizing the first layer
and the second layer according to an oxidation process flow, wherein the first layer and

the second layer have different responses to the oxidation process flow.

14. A process for manufacturing a device on a substrate comprising:
15 forming in the substrate, deep and shallow trench isolations, buried layers
and collector wells for the device;
forming a layer of etch resistant material over the substrate;
defining an active base region of the device by removal of the layer of etch
resistant material over a portion of the surface of the substrate to expose an active

20 base region;



form ng a boron doped oxide filmover the base region and the |ayer of etch
resistant material; anisotropically renoving the boron doped oxide film
from t he wotmmsosb@se region and the |ayer of etch resi st a@at/usat/ewual

| eavi ng doped spacers of boron 5 doped oxide film adjacent the active base
region at a perineter of the active bas regjion; depositing an i.taxial
pol ycrystal i ne fil nfogpisg apgeonidgpedoxyte fi ?@ﬁer%hggagfgﬁgon aﬁ‘é{f@%yﬁ Ofgeﬁ an
epitaxial crystalline filmover the active base region, wherein the

epi t axi al pol ycrepistaat matgdalf j | m and t he epitaxial crystalline filmforma 10
crystal line/polycrystalline boundary; and diffusing dopant fromthe doped
spacers into the sub¥tsosippically rrmeyipg de ppren deppdoxpdsiidm diogythe pdive pgset a)

| i ne/ pol ycrystalline boundary. 15. The process according to_ claim 14,
further includi mgionsat detlpyeg obetelr issistany niatesigl keptiegdoped enaceimelboren t he | ayer
of etch resistant 15 material includes a first |layer and a second | ayer;
fol | oned by sel dopadrgidefdmfaijacent thapetive hagt regien dadsrimetengfdhe acliebast n t he
first layer and the second |ayer are selected froma first oxide |ayer and
a second nitrideegiayer, a first nitride |ayer and a second oxide |layer, a
first oxide |l ayer and a second oxide layer, a first nitride |ayer and a
second nitride | ayer depasifing &t epitaxialgalycrystalipe filmanver shedeyso nfiet@Oresistgratni ¢

| ayer, a first organic layer and a second inorganic |layer, a first organic
| ayer and a secambrial galrin@pitakyst trystalfidle filnf bves theianiveghasd regibawereredmtiea second
inorganic layer. 15 WD 03/050876 PCT/US02/ 39405 16. The process accordi ng
to claiml14, fU"ebi'&&ial bé’l%r‘}ﬂﬁlﬂﬁb’ film and the epitaxial crystalline film form a

10 crystalline/polycrystalline boundary; and
diffusing dopant from the doped spacers into the substrate to isolate the

substrate from the crystalline/polycrystalline boundary.

15.  The process according to claim 14, further including:
selecting a process flow integration wherein the layer of etch resistant
15 material includes a first layer and a second layer; followed by
selecting the first layer and the second layer, wherein the first layer and the
second layer are selected from a first oxide layer and a second nitride layer, a first
nitride layer and a second oxide layer, a first oxide layer and a second oxide layer,
a first nitride layer and a second nitride layer, a first inorganic layer and a second
20 organic layer, a first organic layer and a second inorganic layer, a first organic
layer and a second organic layer, and a first inorganic layer and a second inorganic

layer.



formng the layer of etch resistant material including form ng an oxide
pre- layer on the substrate; formng a first layer froman oxi de; and

form ng aweacoms7e | ayer froma nitride; 5 patterning a mekTasez3dhe second
| ayer; anisotropic dry etching the second |layer; and wet etching the
first layer. 17. The process according to claim 16, wherein the anisotropic
dry etching is db-re @PDKP@CSSG?FOQ%OG%FE)“}’ fpgher 51e8dingy an al ternative wet
clean. 10 18. The process according to claim14, wherein the process is a
bi pol ar- conpl enent arfgrnyieg the laysi of eich &vistahaatetia incfEingem) ing aevddespre-
including: utilizing the etch resistant material as a protective |ayer over
a CMOS region diyer hetheshetrtat forming p At et figm agoxids and formisganserendoped
spacers into the substrate; and 15 conducting a CMOS process. 19. A

bi pol ar j unct i orlayer fmosi asttimide( BJT) conprising: a first |ayer disposed above
a substrate, wherein the first layer is disposed between two isolation
structur®s in the sulpstersingp maslsecothd s¢écagelayeli sposed above and on the first
| ayer; 20 a recess through the first and second | ayers that forma

t opol ogy; a spacer tahmbtrapid @peshinfpthesedond keger, eskss; an epitaxi al base

| ayer di sposed over the topol ogy and on the spacer; 16 WO 03/050876

PCT/ US02/ 39405 a | ealkagehibt delfirstlayerct ure di sposed in the substrate, the

| eakage- bl ock structure including a concentration gradi ent that extends
toward the spacer;

17.  The process according to claim 16, wherein the anisotropic dry etching is a

reactive ion etch (RIE), followed by an alternative wet clean.

10 18.  The process according to claim 14, wherein the process is a bipolar-
complementary metal oxide semiconductor (BiCMOS) process, including:
utilizing the etch resistant material as a protective layer over a CMOS
region of the substrate during diffusing dopant from the doped spacers into the
substrate; and

15 conducting a CMOS process.

19. A bipolar junction transistor (BJT) comprising:
a first layer disposed above a substrate, wherein the first layer is disposed
between two isolation structures in the substrate;
a second layer disposed above and on the first layer;
20 a recess through the first and second layers that form a topology;
a spacer that extends through the recess;

an epitaxial base layer disposed over the topology and on the spacer;
16



an emtter structure disposed over the epitaxial base |ayer; and an
emtter/base junction region disposed in the epitaxial base |ayer between

5 the subworeatsosand the emtter structure. 20. The BJT aceamdisogy3d4os cl ai m
19, wherein the spacer is a doped spacer. 21. The BJT according to claim
19, wherein the first layer is an oxide first |layer disposed above the
substrate and wher ei fleekagediask sauqtyg dispqsed i thy ubptenée, dedenkagerblodr  di sposed
above and on the first layer. 10 22, The BJT according to claim 19, further
i ncl udi ng: an oxirepsurp insludingercogéenpeinagradisay batpxtendntonnw thuspsearat e, wherein
the first and second layers further include: an oxide first |ayer disposed
above and on the oxi aeemitter dtragare; dispased oxerrihg eniteeialtaswlayer] ander di sposed
above and on the oxide first layer. 15 23. The BJT according to claim 19,
wher ei n the epitaxi ahn gaitter/basy pinctiponmggionsdisposesl imthecpitarddl dhdeilmer bétiveanon

epi taxi al base and a polycrystalline silicon epitaxial base. 24. The BJT
accordi g to cl ahenubOratedndtlel emittérstrigturst | ayer and the second | ayer are
selected froma first oxide layer and a second nitride layer, a first
nitride |layer and a second oxide layer, a first oxide |ayer and a second
oxide layer, a first nitride layer and a 20 second nitride layer, a first

i norgani c | ayer 2and @heBLDRGodirgantiaint By &heretn thé spater s Ddoped sgadgter 17 WO
03/ 050876 PCT/ US02/ 39405 and a second inorganic layer, a first organic

| ayer and a second organic layer, and a first inorganic |ayer and a second
inorganic layer. 25. The BJT according to claim19, further including: an
em tter-base di elect rheBIPYRbrdtHgiPOaRM1 DWhtRM tBPfilsBMKlalis Mas@iel faytedyeand 5
including a recess that exposes the epitaxial base |ayer.

disposed above the substrate and wherein the second layer is a nitride second layer

disposed above and on the first layer.

10 22. The BJT according to claim 19, further including:
an oxide pre-layer disposed above and on the substrate, wherein the first
and second layers further include:
an oxide first layer disposed above and on the oxide pre-layer; and

a nitride second layer disposed above and on the oxide first layer.

15 23.  The BJT according to claim 19, wherein the epitaxial base layer comprises

a monocrystalline silicon epitaxial base and a polycrystalline silicon epitaxial base.

24.  The BJT according to claim 19, wherein the first layer and the second layer
are selected from a first oxide layer and a second nitride layer, a first nitride layer and a
second oxide layer, a first oxide layer and a second oxide layer, a first nitride layer and a

20  second nitride layer, a first inorganic layer and a second organic layer, a first organic layer
17



26. The BJT according to claim 19, wherein the substrate includes a

bi pol ar- conpl enentary netal oxide sem conductor (Bi CMOS) structure. 27. A
bi pol ar jwowBiosis7é r ansi stor (BJT) |ayout conprising: an egpTiae/a4obase
perimeter; 10 an emitter stack perineter; and a doped spacer perineter that
is substantially symetrical to the epitaxial base perinmeter and wherein

t he enitt eranstasekonddndreanicelpyesridirstpssasdedr aybrveondsaganipdayer, andedirsect . 15
28. The BJT layout according to claim27, further including: a collector
peri net er tinatganis layebandarse¢oad inpragpiei®dieri cal to the epitaxial base
perimeter; and wherein the doped spacer perineter is enclosed within the
collector 20 perineter. 18 WO 03/050876 PCT/ US02/ 39405 29. The BJT | ayout
according to claim?27, further including: an emtter/base junction
perimeter, an i MmSri ndihe Bifseordgan elaim { hdurtheninctudingbase j uncti on peri neter
is enclosed within the epitaxial base perineter, and wherein the

em tter/base juncti onanpmitierbisedictentlictifyer diopeed aphe epitapil basetager ande 5
substantially asymretrical. 30. The BJT | ayout according to claim 27,
further Tonpri siingudiag & edckss ctaoexppees itheepaxidl bade layer.subst antial |y symmretri cal
to the epitaxial base perinmeter and wherein the emtter stack perineter
and the collector perinmeter intersect;

26.  The BJT according to claim 19, wherein the substrate includes a bipolar-

complementary metal oxide semiconductor (BiCMOS) structure.

27. A bipolar junction transistor (BJT) layout comprising:
an epitaxial base perimeter;
10 an emitter stack perimeter; and
a doped spacer perimeter that is substantially symmetrical to the epitaxial
base perimeter and wherein the emi&er stack perimeter and the doped spacer

perimeter intersect.

15

28.  The BJT layout according to claim 27, further including:

a collector perimeter that is substantially symmetrical to the epitaxial base
perimeter; and

wherein the doped spacer perimeter is enclosed within the collector

20 perimeter.
18



10 an em tter/base junction perinmeter, wherein the emtter/base junction
perineter is enclosed within the epitaxial base perineter, and wherein the
emitter/Wwess/nfusncti on perineter and the doped spacer per iPOEIEN02/39405
substantially asymetrical; a base tap perineter, wherein the base tap
perimeter is enclosed within the 15 doped spacer perineter; and wherein
the base tap perineter and the emtter/base junction perineter are spaced
apart by a portion of the emitter stack perineter. 20 19 WO 03/ 050876

PCT/ US02/ 39405 13%  1ihe BlZdayrgirccardigg togdaim2y, further indlgding2 126 124 124 116

4- 120 114 122 110 134 128 132 128 .
an emitter/base junction perimeter, an intrinsic base, wherein the

emitter/base junction perimeter is enclosed within the epitaxial base perimeter,
and wherein the emitter/base junction perimeter and the doped spacer perimeter are

5 substantially asymmetrical.

30.  The BJT layout according to claim 27, further comprising:

a collector perimeter that is substantially symmetrical to the epitaxial base
perimeter and wherein the emitter stack perimeter and the collector perimeter
intersect;

10 an emitter/base junction perimeter, wherein the emitter/base junction
perimeter is enclosed within the epitaxial base perimeter, and wherein the
emitter/base junction perimeter and the doped spacer perimeter are substantially
asymmetrical;

a base tap perimeter, wherein the base tap perimeter is enclosed within the

15 doped spacer perimeter; and

wherein the base tap perimeter and the emitter/base junction perimeter are

spaced apart by a portion of the emitter stack perimeter.
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