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WO 03/ 0; 0x76 25/05/ 2006 PCT/US02/ 39405 SELF ALI GNED COVPACT BI P%_fR
“JUNCTI ON TRANS| STOR LAYOUT, AND METHOD OF MAKI NG SAME FI ELD OF2PHf5/2006
| NVENTI ON 5 M@ &5¥W8%ent invention rel ates general ly to int eBCHUSR/GHSCUI t

fabrication, and, nore specifically, the present invention relates to the

fabrication of a seldval Vi i .o hat. al | ows
for a conpact bi po%zg‘:rL P?ﬁ“r%%&f% gﬁi@l g@%‘%ﬁ;&%@%@%@@&[m&%?@
| NVENTI ON DESCRI PTI ON OF RELA R I P bi pol ar junction

“transistor (BIT) exhibits the presence of defects at the

nonocrystalli | boundary of the base. The defects may

i ncl ude m sfi ?ﬂ!"g?)?m?’aéf’?‘?#yﬂ? acking faults, screw dislocations, and the
l'i ke. Such_defects_may cause _unacceptable current |eakage in the BIT.
Wiere the Uefects HEFT§sahldrveningigiates generably to intagrated gieswit abricationamdisaere t he
emtter and the collector. 15 Figure 9 illustrates an existing BJT 10. The
BJT 10 i ncl ud¥scificdliypthe peeseat inventign redasss|te the fabrisationof usedf-alignadi dspios dabignn
substrate 12, a buried |ayer 16, and deep trench isolation (DTIl)
structures 18andmroeess fioy thatellodefor s bamdac\bipola froistiorstansistoolayduBTt ) st ruct ur es
that include a source-proximate STl (source STlI) 20, an emtter-proximte
STt (emitter STI) 22, and a base-proxi mate STl (base STI) 24. Upon
substrate 12, an EAGEIRAUNDHRTHEINYENTEIN®ed t hat includes a

nonocrystal line epitaxial base 26 and a pol ycrystalline epitaxial base 28..
An emtter structure 30 is disposed above the epitaxial layer. Wth the
~iingerface betweenDESOBERHIONADF RBEATPD ARSI al base 26 and pol ycrystalline
epftaxi al base 28, a | eakage region 32 occurs due to crystalline defects
and ot herjgr easons . 3 . [ 39405 t hod of
reduci ng Itohe I eakégéE llllag(%{‘ gﬁg@%’\?l}{éﬁygﬁ%@?K@Tﬁog%%%:{régiet%{ﬁc?cﬁ Pag-ccqgat?hc
pol ycr ystal | iaGoRiIHR oM Boldladde Bl AR tné ditberhdy inSLESHEH2! Y

dislocations, stacking faults, screw dislocations, and the like. Such defects may cause
- unacceptable current leakage i‘n‘thé'-BJT. ‘Where the defects are large enough, a shori miay ~~
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 la;l/cr 16, and deep trench isolation
(DTI) structures 18. BJT also includes shallow trench isolation (STI) structures that
t:) include a source-proximate STI (source STI) 20, an emitter-proximate STI (emitter STl

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 m_pnocrysta_!linc epitaxial base 26 and polycrystalline epitaxial base 28, a leakage

region 32 occurs due-to crystalline defects and other reasons.




encl ose the | eakage region 32. The inplanted, doped enclosure 34 STna/ reduce
or significantly elimnate the possibility of the defects bei n& 5/2006
addi ti onal YHRPEFEHS | eakage 5 in the BIT 10. In order for powusmpsbant to
get through, a sufficient anobunt of a first space 10 be large in cell

| ayout size. A large ce}el Ia%’out %i fe i ncreases parasitic capacitance and
resi stance, both Of"VitRe of Feduciesthe feakage isip henviltn dopsalwemenseryssliinect or . Thi s

__increase 36 ne?ds t?.r%mai n between the edge of the nonocrystalline base 26
““and the pol ystAXB5HIEE bogpdapiregionsyithen qlsrenghat willefestrically insutke dreordargo on 32
may be found. A‘gdi ional space 38 is needed between the edge of the

pol ysi | icon oTcEs e teakage sgioadd Threimpidnied edopedienciosuradbindy tedece dni gh dose of
boron fromdiffusing from doped enclosure 34 to the em tter/base junction.
The need for S%tfﬁa@‘gyeﬂlwaaﬁ‘ylhelB%Fih@if)aﬁdhqd@é‘:cswaingsn 3dlitamall s3Grce aflisskagd he BJT
10 to degrades the performance of the BJT 10. Figure 10 is a top plan view
of proj ecPed in heBIFdOensorddr for ti implaayoget tiBughyr BEfticianaoditng 2 fitst kjaesn

techni que, that may be 15 correlated to Figure 9. A collector perinmeter 40
conpri ses t hd6ogeshs & temaint Hetween the eddeef tpmajneay sl lipeiakd 1Bt i tf poly3RicBWdr | ayout
10. Wthin collector perinmeter 40 is a base perineter 42, the emtter cut
44 or emni tteemgestiucgye 30, ahbk detieikageappiddl? Madbafolhas A ddaRnA8pace 38 is
Additionally, the doping pattern that fills the first space 36 is seen as a
peri met er ar oteded bdriecnphe adgt bi (BOFLIRIicBALE SBFWRITOUGE e 8mARr ot 5JaG! deQowWN
techni que, the base perineter 42 may 20 substantially enconpass the

- pexi meter of hightysaiol b6:@R floMalkffiisihg ¥k doBbd Sclosh Y i oj ection
567 base tap 45, BRIER DRSCR POk oF SPE el bR BPemiBBfbab Bne@d) PO O

i n whi chig he enmbogieeat &r &in mgﬁgg“??ﬁ%%@@#?{%é&g%@gm ﬁaﬁseg,éﬁ‘@rﬁ?;ﬁaﬁo“ cul ar

description of the invention brie ove W1l "be rendered by 2
her oof whi o afo™ FhaRe oy et P Bal SRS st ESiakinie S0 ng t nat
~ these draw r}gﬁstgﬁgj toth &rull)fchtﬂggsgo%kate%n\a&%c”gagé an Joflécrt]oer. Ll'ﬂl\é E|3nnctrt.=ia?en that
‘-i;d'e_grades 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
I5  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.

‘ 5

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 sqbstantiaily 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
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are not necessarily drawn to scale and are not therefore to be con/sé;igg?red

to be liniting of its scope, the invention wll be described aRe A0R&
with additi P3P ficity and 5 detail through the use of PCHess2/39405

acconpanyi ng drawings in which: Figure 1 is an elevational cross-section of
a sem conduct Q. éstcrgctur.f that.is beifg}g fabricated into an inventive

bi pol ar j unct {COACTF SrPFetipFmpqdimentsIpge (‘.ﬁhﬁg agegliugratedighs sreprded firapigs pr esent
_invention; Fi gu‘ie 2.15s qn el evatjonal cross-section of the sem conductor
‘structure depPRERendis thay theseylspvngs depickonly typica] embpdimerts of thyinvetignthat 3 | s an
el evati onal cross-section of the seni conductor structure depicted in

Figure 2 aft et PehrEFrarariby drawe to sje andjagmas therefase tarbesbesiderddde bd limitiog of sect i on
of the sem conductor structure depicted in Figure 3 after further

processi ng; 15 SPR§uthe inyentipngyrill ot deseriticd ard exphinsd with edditomabdpetifiaity and

sem conductor structure depicted in Figure 4 after further processing;
Figure 6 is oiftad|terough thause of thoescoswenyiingvrafingsie whiehi conduct or structure
depicted in Figure 5 after further processing; Figure 7 is a plan view of
one enbodi nent of Xigsd 1 isapcinvativnalrcedssrsechion plersemizbadusto? refure/disiti iobtsng
structures are depicted; Figure 8 is a flow chart that describes an
inventive prdeersted inearaineatid bigolarguttion ARRBF (BIT) ackbrdidzao B @sdiment
invention; Figure 9 is an el evational cross-section of a sem conductor
struct ure acobthdiprgerténvepigsent techni que; and. 3 WO 03/050876 25/ 05/2006
PCT/ US02/ 39405 Figure 10 is a plan view of a prior art BJT | ayout wherein

%EEE perimeters of Figard P4 elelihi CRSs-REFondR RleGE AR onddEtbAbdeldrepfRU T | ON OF
| NVENTI ON :
10 Figure 1 after further processing;
Figure 3 is an elevational cross-section of the s;emiconductor structure depicted in
F igu;e 2 after further processing;
- Figurc4-is.an-elévational 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 § 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 ¢ross-section of a semiconductor structure according to

- present technique; and




5 The present invention relates to a process of form ng a bipol ar 'un}ti on
‘transistor (BJT) that has a conpact |ayout and that resists Ieaﬁe(ldles 2000
Figure 1 il M5t398%%€ the begi nnings of a process flow accoP@irugpzBsiene
enbodi ment. The precursor of a bipolar junction transistor 110 is
fabricated from aePsubst rate 112, tEat .incl thes a ggep trench isolation
(DTI) 114, a col | de8'gE-180apianyew Shapiwart B bieptidsrem thoperrstarsof 16, a
~collector 10 structure 118 disposed in substrate 112, and a base-proximate
STI 120. Enbetfdems ipctusssisstdenickd112 is an n-col l ector buried layer 122, in
an exenpl ary enbodi nent where BJT 110 is an NPN structure. An optional

oxi de pre-layer124 is di sposedabove and on substrate 112. Above substrate
112, an etch resistant layer including a first layer 126 is formned,
followed by a 15 PEcWhED RESGRIEPON QhTHEAMVEDI@YE pre-1ayer 124, is fornmed
on substrate 112 by a process flow selected fromthermal growh,

depositi o, and ndh¢ peesox inyentipn ostates. to Waactss of formwt a bipplar jub@fonardsisecond
layer 128 are nmade of different materials, e.g. oxide-nitride, or whether
t hey are naddB&T) thhithhea compattyipest o thaheesista fekapat Bigued | illesteutesohei de- oxi de,
first layer 126 and second | ayer 128 have different responses to an etch
reci pe. Sim Ibagihyingscofd grocesfovestbadingagne eibsdimertaThe prédfsor 8f Aipsixd de

| ayer. The first layer 126, when it is an oxide |ayer, maybe a thernal

oxi de, a depgwictiethransisthe 1 1®Is fabricarediranah ubstrdtd €122 that inclG¥ds d@sep thiath may be
selected include silica, titania, ceria, thoria, alumna, zirconia, hafnia,

gglopt i onal | yeolatibd @VTI) QY€ cdRetorPrbxBREIRaJuANAIh isaﬁ:i&fﬂ%ﬁgqilwaecroﬂeaor
reSponses to an oxidation process. 4 WD 03/050876 5 25/05/2006

PCT/ US02/,89- Lx%t@aﬁim@pdsé&qﬁ%dysngg Wiﬁaﬂ%@é-ﬁ@&‘iﬁnate@ﬁ%& EdY&led®S 1S a

nitride |ayer. Second layer selected fromsilicon nitride, titanium

nitride, al ugiyoum i‘izti]fs:aﬁﬁxcoﬁt{& rblifedlid ?lzzAﬁ%ﬂrcgée@ﬂ%rk%?%%ﬁm%t%\%t T

i nvention, a process ow I ntegration |s selec a Ictates Timted

conposi tion ppfi Ip'ﬁPRIfSITLétLI‘SCF | ayer 12__6 an.d& -s.econd | ayer 128. In one

- 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 _l 24, is formed on substrate 112 by a process
~ flow selected from thermal growth, deposition, and native oxide growih. Whether first
| layer 126 and second layer 128 are made of different materials, e.g. oxide-nitride, or
| \3 . - 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 op‘tionaily, 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, titanta, ceria, thoria, alumina, zirconia, hafhia,




enbodi ment first layer 126 and second |ayer 128 are configured wherein_the
‘first layer and the second | ayer are respectively selected frofP G5£3P06
oxi de | ayer YEn#B/H0%6écond nitride |ayer. In another enbodi neot/ysdzizeswdi r st

| ayer and the second | ayer are respectively selected froma first nitride

| ayer and a secopd,oxi de layer. In another enbodinent, the first |ayer and
the second | af¥rglike: lothirembodumapt sepretipyen 138 s mukiridd layer. Sscoublayeayay band a
second oxide 10 layer. | n another enbodi nent, the first |ayer and the

| “second | ayer sflestef dopeiiico) djide; Blapiumeririge, alménup pitside aint theddel ayer and a

second nitride layer. |In another enbodinent, the first layer and the
second | ayer are rESpEigitQHepresett svewigniamgeness flavw istegianior gacleaedthater and a -
second organic layer. In another enbodinent, the first layer and the
second | ayer @ftates krmisedcaompesition eptibesotf @bt fayorh2éaid sesdnddaygaidsc 1 ayer and a
second inorganic layer. In another enbodinent, 15 the first layer and the
second | ayer wntedinespinst lhye|l6 sel seane thytri@Bae chifigitedavigedin de iayArerand a
second organic layer. In another enbodinment, the first |layer and the second
| ayer are rgbpctridialey asetspettiocly belamnddineh Afiki dxdde lhyRPAMRIYe€ond A}ede and a
second inorganic layer. A topology over substrate 112 is fornmed in first

layer 126, sdayendnlanytiér ekidBdiniAglthe Fipst la96rahd 0% is€lRndPlaGerlatdi@épediBdly shiedia
understood to be a vertical relief in at least J 20 one |layer wWth respect

to the subst riakea fildedifride MiyBGand@eddRd HEEOBRY] HNRGhEYentholdBRk: #2Yrst 1%@“ 130
may be a spin-on resist as is knowin the art, or it may be a hard nmask as

Ié;;} dunder St 0QEd thi sdcbid B?ér-ar@l 85RO e BXBIERLPE O 2 BRPOHUI BN andh Ec%%ndfogf I ng

e pre-layer 124 on the substrate 112, an oxi de ehbodi nent o i rst

| ayer 126¢i s dyer A S’noftl?er @-EESd.igﬁn ,etﬂp Adi lgﬁz%nootfac ?egglpcngyea g% d%s%%?{vﬁ}%ﬁecim%

formed, mask 130 is forned, patterning 1s carrie

i i / . [ US02/ 39405, d hi f d
o0 201 00 oM AR 35 SRR RILURPELTROR S AR "
wn.in the art. Thereafter,

foll owed by an,.alternative wet clean as s kn
patterning i g"dftﬁcn%eg “@3"‘ A r%%qeq%lgglglsgiﬁ?eg f\'sfa@ta gﬁsb'ﬁprﬁﬁ‘"‘b aygriand g sqegidsr 126 t o
Ve organic layer:” I another embodiriient, the first layér and the second layer are respectively L
selected from a first organic layer and a second inorganic layer. In another embodiment, -
15  the first fayer 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.

ety

A topology over substrate 112 is formed in ﬁr'st. layer 126, second layer 128, and i

optional oxide pre-layer 124. A topology is understood to be a vertical relief in at least
PO e et P 3

e e e e e

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
b1




expose an upper surface 132 and to formthe topol ogy. Optional

‘pre-layer 124 is 5 etched in connection with the etching of flﬁgt/q 3905
126. First WE/BHSBIE and second |ayer 128 may be sel ected trciesoeiedoer

oxi de, nitride, organic or otherw se according to a specific process

i ntegration. For g ng ere_BIT 110 is part of a logic structure,
fabrication of &P REREHRIR 'ﬁiéer?d% QFF&S?Ot(é’IPECéWh@F@"&WIIPF@@%@G ioateshmay cal |
for a nitri-de Igf'/'? g an oxide layer. In this exanple, first layer 126
‘may be the saffd ‘?PPH Y&hﬂwnﬁﬁv%ﬁﬁdhﬁnFd?@P“TZB“Wﬁy be the same oxide
that act to cover the menory array during processing of the BIT 110. Figure
2 illustrates furt t'i'é'iea%‘i*’d@&@i'%gs éf@é@ﬁ dithan iserrapiewe sisbidi wefitst layer d2fpled

| ayer 134 is formed over the topolo Doped | ayer 134 will have either p-
or n-dopi ng dERRKAN HEPI peRace ha2 mdp@?cam teedeifoilagyir Qpticoally, bridopre-lmyebtdiisrent ,
the doping is P++. In one 15 enbodinent, the doping is P+. In another
enbodi ment?,  t¥&cd Byroneectien With the egdatﬂgaﬁﬁltst'ierer e ddisnieydr 126 &rel sekeopil tuyed S5 P- .

I n one enbodi nent, doped |layer 134 is a p-doped |ayer as set forth herein.
Figure 3 ill U3 may &s selentedteibe pittec exidd, ngridecarganit, ngothowin aanhtiditent of the
present invention. Doped |layer 134 (Figure 2) is etched in a spacer etch
in order to fspecificopropeidtepatisp alfoe exahdse, ahert BET 1 OPRpRYYE a IDBIPeucEpAcCEr 136
acts as a dopant source to acconplish an enbodi ment of the present

i nvention. Alfgkeicatihiof eh ymbelidpialespgagiy distohemYn iR sibitrhie ¢agbil Jor a Hidd@ped so
as to act as a dopant getterer or dopant sink to cause a dopant gradient in

: _efst rate 11Zayemande oXide layed Yin &is empe, MRAGRF | 63RayaR IW datne Afri®Chnd OTt h

ein. Figure 4 illustrates further processing according to an enbodi nent
of the pnesesdcondfaydrn?8Rtal (B@me/s\s}n@m de¥dial (DaRRr heW rmed over
substrate 112 that wll ezent ual l'y Be WO 03 050572 g@?é’%?r%g'érn%
PCT/ US02/ 3949.%,;@%&@{&@@@@]0{\6% the two occurrences of doped spacer 136 as
seen in cross-section. Above and on the doped spacer 136 and second | ayer

128 a pol ycrystalg; mﬁnh{tﬁ&ﬁlnh??ﬁg csilé c!:orcia é{ ogecwg%c@g Sf‘éiiop%bove and

on the nonocryst aI Ine silicon o %he
-epitaxial ba-ﬁ-?efjf&z is! Srrked or\nglqhez-IOpb!ogy. Doped layer 134 wili-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
émbodiment, the doping is P-. In one embodiment, doped layer 134 is a p-doped layer.as
set forth herein.
i) o : 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 dopcd
‘_—‘—~—_._—_

20 spacer 136 at the topoIogy Doped spacer 136 acts as a dopant source to accomplish an

T e

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 epntax:al base laycr 138 is forrned over substrate | 2 that will eventually be

x el e e —




5 Processing conditions for the formation of epitaxial base |ayer 138 ma>6
‘be carried "out according to process flows that are known in t hd5445/2006
Epi t axi al ba¥@0p/AyE&# 138 may be carried out by a chemical vapowseedesi tion
(CVD) process flow selected fromlow pressure CVD (LPCVD), reactive-plasna
CVWD (RCVD), plasma-enhanced CVD (PECVD), and conbi nations thereof as known
inthe art. 'ByaWdS?F‘Wﬁﬁh € R¥hecE IR srRd dangd epasergP @ 2s seereincuss-pactieress | ow
may be carried,out in a pressure range fromabout 10.2 Torr, to about 2 X
"1& Torr. The GUpYeFRd opdly dseedspngr | 3cnd secandsinyen hes a gahesrygiading epitexiad base d
silane type gas.. Figure 5 illustrates one enbodi nent of the present
invention in WH & FfRrirsd-eSigtlaris abave sndomtbe monorgystal!BE Tilionef gubstriter hdhd.  An
emtter-base dielectric layer 144 is 15 forned to space apart an emtter
structure 146MPRISAISHNGEpYaxiahbdst hé2 i firtnaski al base 142. To that purpose, an
interlayer dielectric |layer is blanket deposited and patterned to make an
enitter openi ng 148ocesdingrondifiensiedhe Hrmatioanf enimtitldasedayer | Mehuyetmrtarried
nonocrystalline epitaxial base 142 and what i's to becone the emtter

pol ysi |l i con 1908 aesbrding to pescess flows thar e kibhG.in fe aa. Egisnlat basehiyert 108 mapéai ng 148
will facilitate formation of an intrinsic base as set 20 forth bel ow.
Leakage bl ockeagiedwot byrachemicel Vaporrdeposaiva ¢CdDNgroteds fovdlididetedifiom pwocess fl ow
enbodi ment of the present invention. Figure 6 illustrates further

processi ng t préssat CYIMLPEY®), rddeeiveplasri2CVPYREYD), iphefa-di@n@d Gy t t er
structure 146 is either doped in situ, or it is ion-inplantation doped
gg]er f or nmat i(BECVDEaedEomtipmiaiy thérsofl20 kit ih theaRN BOWRy 8f fHe\HRA-lidfting
cencentration according to a specific application. Between the emtter

pol ysilicon Xkéngl, tife m%ﬂcga@*ﬂaazﬁaygbe%%i_@@élﬁqupm%gzyr%ﬁ?/oﬁﬁ%ggl @A tter

structure 146 and nonocrystalline épitaxial base 142, thermal processing is
used to for moaNo@BblLe! {Pafd: IRV s'eg! %d Y i ne
epi taxi al base 142. Diffusionr of dopgaﬁtrﬁglbg@u tﬁ s%sqfsp%q%egﬁeﬁlji%ter
polysilicon ygQdQflafeWdelghl Structure 146 may assi st

~ Figure 5 illustrates:one‘embodiment of the present invention in whichmore = - = =
structures comprising a BIT 110 are formed. An emitter-base dielectric layer 144 is

5  formed to space apart an emitter structure 146 from monocrystailine epitaxial base 142.

To that purpose, an interlayer dielcctrig layer is blanket deposited and patterned to make

an emitter opening 148, also referred to as an emitter cut, between monocrystalline
_ \.3 : 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, ot it
is ton-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 ’ . . .




to formemtter/base junction region 152. Further processing is ggrri?d out
‘to forma base tap 154 and a collector tap 156 - according to prg a5

known in t h¥Qex0s0886 such, a BJT 110 is fornmed accordi ng torcrusSwesdodi ment .
Essential to BJT 110 is emtter structure 146, emtter/base junction
region 152, and. col | ector stJucture 18. It is noted that dopant that is

di ffused out SPUGHPYGUEIAEaPd MRPChSiAte spifadiaikase! 4Cothpmst Rrogsshing isypel 1258
_that allows the inventive BJT 110 to_have snuall er dinensions than the

“exi sting BJT. IrBARSGECEbase netionfegien b2 rsmopecnytaliggienimniphase | HofAiffusiems a
concentration radient wthin substrate 112. In other words, substrate 112
i s an int egr aPf PP elsmenteseirom the gamitigrepolypilises; 150 of waikergtrugsie d#6 sy awsisir e 158-
i ndi sposed, and a concentration gradient wthin | eakage bl ock structure
158 exi sts i ntoipn emipedasegungien g8ad S3pacer. 15 In accordance with one
enbodi nent_ of the present invention, a process flowis carried out during
whi ch out -Yi f f usedugbasarecessing i cdoisd Gustpdorara begBap bdmed k ealleatpe tapl 166 k
structure 158, especially at the nonocrystalline-polycrystalline interface
of epitaxial aewding fepreqesslfBavs knpwam therdyd dhneph, aBIEH €0 ddpedd spactng 36 i s
p-doped with, by way of non- |limting exanple, boron, a process flowis
carri ed out wnderbodimentnEbsestialch BITONS i$ emitterrsangere 286, emater/Bae jiinclI@0 C t o
about 1,200 C. In another non-limiting exanpl e where doped spacer 136 is
p- doped, a pregigsf indwollestor antuciteel | It under thermal conditions in a range
from about 800 C to about 1,100 T. In yet another non-limting exanple
y\gzre doped spackhiis b8 tha dppadoads diffuid @GET Yopdd QphckS1 36 Fbrhris@UeaRbide UNder
thermal conditions in a range from about 900 C to about 1,000 T.

Processing t ibes s®iury BBYhAGLWthO Gvéiiva BSP B th héve SR RIFRARINIBAY thangle Pr ocess
integration. Processing times wll be selected based upon dopant 8 WO

03/ 050876 25¢A8ArgA0e. LERFLLI0A/HIA0R 150RGRMI AR AIEPRtrehRasn 136, and

t he ampbunt of out-diffusion needed in order to _

ronoctyot L) ks g L sfdacsnckane, g8y sl gy, 1
- 138, Accor di g@leyire & FRERRSkage block structure 158 is:disposed, and a concentration grad'f.cnt' o
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 138, 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-
iimiting 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 doiaed
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 sclected based upon dopant
_ g .
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bl ock structure 158 is fornmed in substrate 112. The | eakage bl ock structure
158 may block 5 either current, potential,: or both. The out-di B/ 2006
dopant may WeOp#EIETed tows a | eakage bl ock structure 158 tpatqch@RkRsents
a dopant gradient in an integral section of nonocrystalline silicon;
meani ng the 10 non-epitaxial portion or the nonocrystalline silicon of
substrate 112°0nagtiaLon indgesdseaceil 36 aand Brpmpea of utfdfusim neetediendérhe t wo
doped spacers 136. In an alternative enbodi nent, doped spacer 136 may be

“subst ant i al | yo!egkdBpmanocsysiatingpalysilicontiettrfacedevsen palpppantilingepiaia baser 4aplopant

sink for dopant within substrate 112. Accordingly, |eakage block structure
158 is a regi®A msmogysaltincapiaxial baseilth of eplastbithsdpants. Madaint), rhtaee a
manner that is opposite to a substantially undoped | eakage bl ock structure
with respect tleskisiuctured 68 sfforme it subtticI12. ThetedkapSbloakiedture @5&MmbY bloal
activity therein is 15 158. Several of the enbodinents set forth in this

di scl osur € nejthéseuuscporntisl, @ bbihpol ar - conpl enentary metal oxi de

sem conductor (Bi CMOS) process flow. For exanple, first layer 126 and
second | ayer 128. The eutwliffusedzdopara sapbetefiettcd \(©ad AYMae BVE stract&PSs fhegi on (not
depicted) of substrate 112 during form ng doped spacer 136 at the topol ogy.

Thereafter, acp@e@/DBopanogasict i MBI siiof B hbRRnRillink K1iUM: MBaddle heast
portions of first |ayer 126 and second | ayer 128 are opened. Figure 7 is an

i Il ustrati onnof-eitaRiapgirién dr%én@&gitﬁlﬁﬁ@iﬂ%f%f@&@c 1y RYSs iﬁ&sg}agg,gpf ding to

the present invention. BJT |layout 210 nmay be the |ayout of BJ as set
tgilth her ei nprBI i r&%caserdé‘d?litﬁé%doaeﬁﬁ%&qeé Is related to BJT | ayout 210
A i . ]

out along the 25 section line A-A colTector perineter 212 conprises

the overahyl outlinqnQfedhdife Qﬂifodﬁnéﬁ?tdgﬁéaﬁ%?gézrééyoo%(sztgs%?g?@%égo%gzl 39405

| ayout 210. Wthin collector perine an ‘epi erimeter

214, a col | egf-Rthat & B0 Lap 218 a polysilicon emtter 220, and
an emitter/ bact }}auncﬁaoe:]sg?gg?%ﬁtségﬁm or dopdntsmlpi%r%opant within substrate [125

Accordingly, leakage block structure 158 is a region of substrate 112 with depleted dopant
-with respect- to the rest of substrate | 12. -In this:-manner, electrical activity thf:rcin is -
hindercd after a manner that is opposite to a substantially undoped leakage block structure
i5 158
Several of the embodiments set forth in this Qisclosure may be used with a bipolar-
complementary metai 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 suBstratc 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 BIT 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 perimetcr 212 comprises the overall outline of the BJT
s '




also referred to as an emtter cut. Epitaxial base perinmeter 214 includes
‘al | of epitaxial base |ayer 138 as depicted in Figure 4. AdditR28{1552096
| eakage bl os%0 s¥smsture 224 of 5 di ffused dopant is seen enggt/gkiangioRot h
em tter/base junction region 222 and base tap 218. In conparison to the
doping pattern of first space 32, depicted in Figure 10, the |eakage bl ock
structure 2241ayputdi§-f Withia cadastonperireeter @da istap epitaxial base perinfmeer géd,iargeliastor of t he
polysilicon that forms polysilicon emtter 220. As such in the BJT | ayout
=210, the emittaeel&adale tapdisi npaiwsilica® 6mstat220handap ietaer/bdse paston ragier 222
perimeter 214 share at |east one border, and 10 parts of other borders, and
t he BJT | ayoudlsert®ried toasae emidiepant Epilaain! balsepeeixiesd 2 hpinBddeslatpbettitadi® depi ct ed
in Figure 10. As illustrated in Figure 7, the BJT |layout 210 may have a

| eakage bl ockbast layert138 es grpictaded Bigu2 28 Addiaibndlly, slekiatabibéladuyws2aef ri cal to
t he epitaxial base perinmeter 214 and wherein the emtter stack perineter
226 and t He |d&Hkaddofmnon keeatendicting botipanitttiiasd juddidn dgidalB2e hadkise taPy1s.
"substantially symmetrical, it is understood that where epitaxial base
perimeter 214n cbhparison ® thedispingPaiteth byfils©pica 3o Wepicied M Fikure QD{tAd Ral@gd | kKewi se
rectangul ar | eakage block structure 224, although they may not necessarily
be centered Vilddh stredudt DDAt AIITRBE Hopailiffkn to imEiRSd: aRtpkAhbié SRSl " My
al so be understood to be two rectangular perineters that have parallel

maj or - | engt h thdr d@ms poigsiRehakigl 200. QY subPRAkB A 1831 2 F0he SR RX ARG €,

epi taxi al base perineter 214 and | eakage bl ock perinmeter 228 are

2.%3'[ ant i al | YreriS¥eMBl6ahg e ep@aﬁﬁl‘l’ﬁa@% Lz: @r{pehﬂ&@r ParsadL &f Iem&gﬂal’cﬁﬂ%dq si des

: paral l el mnor-Iength sides, hey are not centered with relation

to each ngg%}ans?&f o%PB&&%&, ’anfﬁ)l!etaB?T ila?ibuttﬁéﬁ kst {:({%gtr that%?edéﬁtgsﬂgﬁugm tter stack

perimeter are not substant y'symretrica ecause t or- length
Lo o e 8 B s oo Lengln side of Lhe other 10
Do LT 225,15 A e e B TSRl o b R ™
BT B 22 S8 s WSl S RO RSB SBRE
encl osed
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 Ieakage
block structure 224, although they may not necessarily be centered with relation to each
f\) _ other. “Substantially syrﬁmetric_al” may also be understood to be two rectangular
perimeters that have parallel major-length sides and parallel minor-length sides. For
20 examiple, epitaxial base perimeter 214 and leakage block pcrimeter 228 are substantially
sj'mmetrical because thcyhavelparallel 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 paralle! with the minor-length sides of the other.




Wi thin the epitaxial base perinmeter 214. \Wereas the base tap 2 %Jis
‘encl osed by the 5 | eakage bl ock structure 224, it can be seen bé &15439106
from Fi gur eWIDO3{0ef76t he base tap 44 is not encl osed by therciogsndisens! osure
34 (Figure 9) that fills first space 36 (Figure 10). Figure 8 is a process
fl ow diagram 300 that illustrates one enbodi nent of the present invention.
The inventive procEsdeakege daskateystise piretar g2 hissepsRatelly syropeirioyyo thever a
substrate. Thereafter, the process f|low may continue by form ng 320 spacers
" S(when 10 vi etmildxipkbasy pesimesezidi dihy emitter siecktpopweterB2 anbtat leokags blvslequent
thereto, the process flow contenplates form ng 330 an epitaxial base |ayer
bet ween t he tsiwcwrapsaimster 72§dntenstcdr Thecleakapd blodketrepink axriradter?3f dsemyloted! | | ne-
and polycrystalline silicon is thereafter dealt with by formng 340
| eakage- bl ockwihin thetepitaxsal base ptreneseriZd4.r Btherefis iberbdstiap £ Vibis syxdosed by the
Accordingly, the |eakage-block structures are forned in the substrate with
a dopant dr adeskage bletloavutthe 224 icpabeseen by\hatest fioer EFlgpant thgrtadbsatapids hi gher
in the spacers than in the substrate, out diffusion may have occurred from
t he spacers tionétleaclsth sy thaideped\Bhelbsrd Ie(Fipapa) thagfiRdtir@npace 36 (Fipwenoy. n t he
spacers, infusion may have occurred, fromthe substrate to the spacers.

Thereafter, the prEg&ss i i procdas N6 eidsaby300 @l Ngrages BlelerMRRANofthe t WO

spacers. It will be readily understood to those skilled in the art that
various ot hepr&zbangRftidn) TROinvARivE Bloddss fay BBhAENcE hith BHhid T18AG6HIRRYS of the
parts and nethod stages which have been described and illustrated in order

E ggexpl aint Iaecr'}%Hftﬁzepfl‘hEr?:jﬂ%r, VRSO WRYy QfiiRds formiggy%z%hsp&@@ménng from

princi pl es and scope of the i'nvention as expreSsed I'n the subjoined

lains. g 2 Wk L MREdop I8 1o
oy L it abg o AL R seba TR FRARAR 18

h C j . ani i I ] I
cpacer et e RALERm hOESD 00, RABLA.A 0850 Y S8R0V iRl oPO! 007

. _Qakage- bl oc lc()f I?I;[: [:Hgagul“z“ r%orllorc]:rygtg ing-uagg 1i)tg)l(;j};[:r?/s.ltalﬁlq]cdsiIicon is thereafter dealt with by

forming 340 leakage-block structures in the substrate from the two spacers. Accordingly,

the leakage-block structures are formed in the substrate with 2 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-thc spacers, infusion may have occurred, from the substrate to the spacers.
} Thereafier, 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.
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formng a bipolarjunction transistor (BJT) above the epitaxial base |ayer.
2. The process according to claim 1, wherein the spacer is a do@éﬂ“ﬁ@éé@ﬂ6
3. The process according to claim1, wherein the spacer is a getterer
structure. 4. The process according tq,claim1, wherein the topology is
selected froma vertical relief formedin a first layer, a first layer and
* a second |l ayer, and an oxide pre-layer and a first |ayer and a second
| ayer. 5. The process according to claim1, wherein formng a topology in
- at | Whgfs pieedfisayer above a substrate further includes: forming a first
| ayer from an oxide. 6. The process according to claim1l, wherein formng a
t opol- SRFFH SHtPriFiBEst one | ayer above a substrate further includes: formng
afirst la el anﬂffornin a second layer froma nitride. 7. The process
accoP i PR ey 4 ‘ﬁﬁm?ﬁ¥$ﬂ@$”Fﬂ@Fﬁﬂing: before fornming a topol ogy, formng
an gxi de on the substrate, wherein form ng a topol ogy further

pre-lﬂyer )
. ng a [{ . .
i ncl'ude Zng?ﬁIHBO%”¥YTSt | ayer from an oxide; and form ng a second | ayer

fro L L e Dnr . r.di o claiml, further including:
befg?ﬂ”@éﬁﬁ?%ﬁﬂgﬁﬁ%%%ﬁﬁgveﬁ‘%&#ﬁﬁggﬁgbggF g“g?gf é?er on the substrate by a
Pr 0G@HShdshRW, B&liRGIGkheL-FIBMREFTRIn: 46QWENng and  native oxide growth,
wherein formng a topology further includes: formng a first layer from an
OXi Ct@mning B Biphl QML adY 1rFnsSBE@NY abodY @E cith:@iMbde et T 1 de. 9. The process according
to claiml, wherein formng the epitaxial base |ayer conprises formng a
MDN LIy privéeks akddling itd di:axd N, wherpih thaXpaddr ishased prer. a pol ycrystal | i ne epi t axi al
base. 10. The process according to claiml, wherein formng the epitaxial
bag & Thagregessaompling sadim 1,0vhirein the spasd R @eyst @bduirdie sil i con epitaxial base and
a polycrystalline epitaxial base; and wherein fornming an epitaxial base
| ay&rTh¢ progessnecorithg taplaitn | whercih drtopelbeyvesplented diep o sértidaloelie( ) iy fos drsg, & firglayer
sel ¥¢p egond fagen and anpxide s layar end @Vt ijep@YDiecond byest | ve- pl asma CVD (RCVD) ,
pl asma- enhanced CVD (PECVD), and conbi nations thereof. 25/05/2006 13 1 1.
The SForess 2ccedigg wickgn 1 ovheria fasmisga opgingy iahieastpae lexpprbgregcsalsate fughr ingludesiy 1 i ed
out_ in a pressure range from about |0sup.-2 Torr, to about 2.tines.10.sup:
yer from an oxide.

| Tgppne

6. The process according to claim 1, wherein forming a topology in at least one layer above a substrate further includes:

forming a first layer; and

forming a second layer from a nitridc.

7. The process according to claim 1, further including:

before forming a topology, forming an oxide pre-layer on the substrate, wherein forming a topology further includes:

_ Q forming a first layer from an oxide; and

forming a second tayer from a nitride.

. 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
forming a second layer from a nitride.

9. The process according to claim I, 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 comprises:
- forming a monocrystalline silicon epitaxial base and a polycrystalline epitaxial base; and

whercin forming an epitaxial base layer is carried out by a chemical vapor deposition (CVD) process flow selected from
low-pressure CVD (LPCVD), reactive-plasma CVD (RCVD), plasma-enhanced CVD (_PE_CV‘D). and combinations thereof.




12. The process according to claim1, further including etching,the first

| ayer -and the second | ayer according to an etch process flow, @%%ﬁ%5625ﬁ@
first layer and the second | ayer have different responses to the etch
process flow. 13. The process accordi kg to claim1, further including
oxidizing the first |layer and the second | ayer according to an oxidation

“ process flow, wherein the first |ayer and the second | ayer have different
resp pﬁﬁgméfg%pq_pgggali®n rocess flow. 14, The process according to claim
-1 V\Age'r | o rﬁfﬂga 'q“qprn%'%gf‘ﬂr‘hﬁqwoeﬁﬁﬁév‘nwgecdfww RGSUrsT2Aeh £or8 phgwt!Psipe?

orr, Yo about 2 times. [¥).sup.-~ T, . ;
deep an Shal 0w trench i'sol ati ons, buried | ayers and col lector wells for

the : i]e %cess‘ftcggrm 9 lﬁ ll%l%lrc iggludier:[ Chh' rﬂ%f?iﬁsrstt f’%netra teegci %l a over d4ne SUtht r%t &
R v W Ok T e e
resistant material over a portion of the SFface of the Substrate to
EXPOBLTIRBrod&st dc¥fiditdaS Gt § HuBidr in&ﬁing&h«ﬁzi%vr i ﬁye@&nﬁ%c%c 1dyQ a&joéﬁng }a]aﬂbia'daiiFn
wher Rbddssew, WhBigin the RRABSBS andl IE LGE 18 GAVY EBiSent cSHohkeS 18hElox ﬂéi"br& DR, oxide Tilm
over the base region and the | ayer of etch resistant material; and

ani siat Tiepiocad deyordiRDN4iN G, WHaRinlameR 2 bpR&S rRmirdRiulids! m from t he active base

region and the layer of etch resistant material |eaving doped spacers of

“bor dormigetic bsirgle décp hah studipa e@iah isdldlidnsaiatiéMBe®d afiRollcQ6H valls Bl thedepe: | et er  of

the active base region. 16. The process according to claim15, further

i nclferaiing@ layetepatehirgsistany smanaris pietr dixsubdtraggehd/crystal line fil mover the |ayer of

etch resistant material and an epitaxial crystalline filmover the active

bas defirdgiapiftivafae region by tgmovelnif the dveriof gl resistant aatadid! pysen fortloprpahrbutfisecfdipisttaixiteth

cry SIPRFr AEVERateisef8r m a crystal | i ne/ pol yerystal | i ne boundary. 17. The

pr oggsrg accordi n,? to claim16, wherein the process further includes:

depd%its BYCHACEPNE Qe Hpiepayioraingp srasratorther W6 the | ayer of etch

resipstant, nat.eri lpi t axi al ‘gr é’st?l line filmover the active base
@nq g e

i al. d an, e
reglon s 15 P SR ?’?ﬁdé%g"b?‘ie%tﬁ 4re "By ol HAUFSTR TAfERlB t axi al
|

p0| BTACAN }c% lrj:nmagin l LE‘&: NEpd Q}% cefaht%r)x(ll %l Cl %I‘ a?c‘:[rg!liclni rrll e]:ci el’% | rcmsa% material leaving
ey b Pk b B B R by MR B R el e ot vine
spacers into the ubstratejto | sol ate t supstirate e’rrom?ﬁe

cr Yt Bilelphdod Redrsteg wy Shidl ik ivgiey ry; and diffusing dopant fromthe doped
spacers into the substrate to isolate the substrate fromthe

CI ydpaRitihg MpiRRIaDESH M SshaRlnk FiMEVBARGLRF of etch deoiahQhidribingd n PR MEKGIR bl GE UT €.
18. acifve[biis® BRBE whHEEH h il pbipdryHlallige MR aRKhEitiRlaorysANRE T SUDSt T at e;
f orcags@llingpolyepadiidgyoundinat | east one | ayer above the substrate; formng a
spacer at the topology; form ng an epitaxial base |ayer above the topol ogy
and7+he pretelssitaoating toainin bf) whdi€n Sparee@ss;further includes:
depositing an epitaxial polycrystalline film over the layer of etch resistant material and an cpitaxial crystaltine film: over the

. active base region, to form the cpitaxial base layer, wherein the epitaxial polycrystalline film and the epitaxial crystalline film

oo form a crystalline/polycrystalline boundary diffusing dopant from the doped spacers into the substrate to isolate the substrate
" from the crystalline/polycrystalline boundary; and

diffusing dopant from the doped spacers into the substrate to isolate the substrate from the crystatline/polycrystatline boundary,
to form the leakage-block structure. - :

18. A process comprising:
forming an oxide pre-layer on a substrate;
.formi-ng atopology in at least one layer above the substrate;
forming a spacer at the topology;
forming an epitaxial base layer above the topology and the substrate and on the spacer; -
from the spacer, forming a leakage-block structure in the substrate; and
_ - forming a bipolar junction transistor (BJT) ;lbovc the epitaxial base layer.

~ 19. The process according to claim 18, wherein the spacer is a doped spacer.




fromthe spacer, formng a | eakage-bl ock structure in the substrate; ?nd
form ng a bipolar junction transistor (BIT) above the epitaxial s(es 89&5.
14. The process according to claim 18, wherein the spacer is a doped
spacer. 25/05/2006 14 20. The processléccording to claim 18, wherein the
spacer is a getterer structure. 21. The process according to claim18,
g V\/nerer the topology is selected froma vertical relief formed in a first
| ayer’® Ta{'ef”i"?eést‘”“’""fdé‘?%’rd%as yhadeBnmaceHyegelergsacas- oxi de pre-layer and a
-fi rsEilﬁ%/errmasn g sec nd | ayer. 22. The process according to claim 18,
wher ¢i 1 F BPRPAEOS" Wi"ﬁe"h‘P“P@%r 'Sé‘rlfe‘er  vegtiseyebeldoraetbia ¢ fist layer aftsher
i ncl uded™ * F oSy ‘f?‘r feraafférdﬂffr%ﬁreawdww layes3  The process according
to chai n 0 in at |east one | ayer ve a
substrare ﬂf?r;rt grrr oo Pt b " et S B s
| ay eforkin@ i@ ikt fohdf vxidd- The pr ocess according to claim18, wherein
form ng an oxi'de pre-layer on the substrate is by a process flow sel ected
fro_rms.trhlf;rr&&kacg@r&x\%:bcraﬁm DRk MGt ‘3019%,%’\5:& st G laydr Q&f@mﬁ&?é r@:ﬁ&%ﬂh&g to
claim 18, wherein form ng the epi taxr al base ayer I'ncl udes formng
nonokryisd elirkliapg; & | | con  epitaxial base and a polycrystalline epi taxr aI
base. 26. The process according to claim 18, wherein formng the epitaxial
bas efotmaingayrsedomiDhyadesi a nitfidet M Ng a nonocrystalline silicon epitaxial base and
a polycrystalline epitaxial base; and wherein form ng an epitaxial base
I ay €34 Ths progasy aceodling et cldiy 18 whireniopeihg anagiod pradBRO&I thd ORIr{ICYD) a P6RG @68 sdidcBd\irom
gbarad sordmnd hayye qxidegowthe CVD (LPCVD), reacti ve-pl asma CVD (RCVD),
sma- enhanced CVD (PECVD), and conbi nations thereof. 27. The process
ac cordi®A qr“"fc&“ agqoglingtoxgaim i ahespim forrieg WR\ADIs iableesd ey ihabules fermiramiogttrysleltine siican
pre§§‘h‘f"§ S&ﬂﬂj’é‘mwmﬁ‘“&lﬂ%ﬁt““ﬂ@bﬁs&p 2 Torr, to about 2.times.|0.sup. Torr.
g'hI% rocess according to claim 18, furt her including etching the first
Iayer ST EcERp g™y P"h"é?!'b@f"ai‘cﬁb"e?'&"'é‘rp"%t"té’ﬁ'“cb'f"?fcess f1 ow, wherein the

fir t he,.secand ,| ayer vedffere_ responses to the etch :
pr ozoe%"s“g?ﬁ wgﬂ'm?hco"er'm'%'% é@@@%&‘i%& ‘f“b"’p&‘f" bisei@d ¢ he pr ocess further

inc Ly”tggr?form %ﬁ“ﬂl@as& RPQ aa%gyrcd ou%%:cel va 18? 5 Ltligs{d’\/%r) cssq'% s¢ cctc ?rhal | OW

tr eRGhrdssRl BSvD)OR kel
etch Ebegr stant@rrat e)rr é: over the sub%tpr aTa'e"m"ccg (FECV dco"gmqmmcmr

27. The process according 1o claim 26, wherein the CVD process {low is carried out in a pressure range from about 10.sup.-2
Torr, to about 2.times. 10.sup.~ Torr.

28. The process according to claim 18, further including ctching the ﬁrst layer and the second layer according to an ctch
process flow, wherein the first layer and the second layer have different responses to the ctch process llow.

29. The process according to claim 18, the process further includes:
| \) to form a topology:

forming in the substrate, deep and shallow trench isolations, buried layers and collector wells;
: | forming a layer of etch resistant material over the substrate; and

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 2n aclive base region;

to form a spacer:
forming 2 boron doped oxide film over the base region and the layer of etch resistant material; and

anisotropically removing the boron doped oxide film from the active basc region and the laycr of etch resistant material leaving
doped spacers of boron doped oxide film adjacent the active base region at a perimeter of the active base region.

30. Thc process according to claim 29, the process further including:
10 form the epitaxial base layer above the topology:

depositing an epitaxial polycrystailine film over the layer of etch resistant material and an epitaxial crystalline film over the
active base region, wherein the epitaxial polycrystalline film and the epitaxial crystalline film form a




defining an active base region of the device by renoval of the |ayer of
etch resistant material over a portion of the surface of the s@@ﬁ05f30@§
expose an active base region; to forma spacer: form ng a boron doped oxide
filmover the base region and the |ayé of etch resistant material; and
ani sotropically renoving the boron doped oxide filmfromthe active base
“region %E%;tpe gﬁ%$&1o etgh resistant material |eaving doped spacers of

e Tl

bor o dopEF° KT " ddf"acent the active base region at a perineter of

‘the active Qﬁ%,_ i.on. .30. The process according to claim29, the process
furt%%?hrﬁélu %ﬁéggﬂﬁgm?orn1the epi taxi al base |ayer above the topol ogy;

depogjek,ki ' Lal ; ' i f r .
7o) Sl o B AR NS TSR0t TR HRUR BBl bopn,
regi on, wherein the epitaxial polycrystalline filmand the epitaxial
crystalline filmforma 25/05/2006 15 crystalline/polycrystalline boundary;
and to formthe | eakage-bl ock structure: diffusing dopant fromthe doped
spacers into the substrate to isolate the substrate fromthe S
crystal line/polycrystalline boundary.




