;eB8e} ?z::;4<F=>6>T ?R] @/1' O 03h1lallt 37G PCT/ USI | ?/ 3JJ115 SELF ALI GNED
COVPACT BI POLAR JUNCTI ON TRANSI STOR METHOD OF MAKI NG SAME FI ELD
OF THE | NVENTI ON_5 The present mve#"’lmnmmmi]’ generally to int ejqrat ed
circuit fabMABFEH® and) nore specit present i nVERUSBHIHE at es
to the fabrication of a self aligned dewd design and process flow that
allows for a conpa THE
| NVENTI ON DESCRI PT?&P@“qqﬁlEd %&@%IF%E%WCﬁG%{ %ﬁw
transistor (BJT) exhibits the presence o ects a
‘monocrystalline/ poI ycr yst al l'i ne boundary of the base. The defects may

i ncl ude meI?:'ﬂt RVENT king faults, screw dislocations) and the

| i ke. Such de S nay cause unacceptabl e -current | eakage in the BJT. Were
the defects are Iar ge enough) .a short even occur between the emtter
and the coPl ect or. Te PEeseRtgiiyeation ﬁc|aFel§§?'1°éa)t{l¥§° giFeradSireypfabrication andpmereg) T 10
irncludes a substrate 12, a collector structure 14 disposed in substrate 12)
a buried |ayeﬁpcr=6"y:alh/na\ecwevé@tﬂrrvmm relates @rtheofabricatien ofstseifeligned devie deBig™ al so
i ncl udes shallow trench isolation (STlI) structures that include a

sour ce- pr oxi nmandepr&Ess flavo thatallo@F fgr a20mpant bipplat jurgtiop trensistartlayo®Tl (enitter

STI') 22, and a base-proxi mate STI (base STl) 24. Upon substrate 12) an

epi t axi al | ayer is 20 forned that includes a nonocrystalline epitaxial base
26 and a pol ycrystRBACKGROUNE QF HIE PAENDION An emitter structure 30 is

di sposed about the epitaxial layer. Wth the interface between

monocrystal | i ne epitaxial base 26 and pol ycrystalline epi t?jﬂmmmmmwmmﬂl)
I(eakage regi on 32 DESCRIPTHINE GFRELABEAARTNe defects and ot

1131051187C PCTI USI I.?/ 39-t (1~ One nethod of reduci ng t he | eakaggoobos~ t O
heavily dgge the

el enent t?}gt w | | n;g,g’n c{a)rf?gng?/ﬂlﬁ%ogg{' g?{esgé&} f}é]‘]‘? %&r %F’(‘)‘%Z’g!{jﬁ&t# rEa
region 32. Th e ar. signifi cantly

el imnate theﬁ"’h&;[s?’fsganI "%?p)o'ygggﬁﬂmgg&*"% 0?g‘glﬁansgma gﬂgige 5?% % e of

| eakage in th drfortheJ et r ough

suf fi ci ent arrg'ﬁlﬁf;{' o]ind éta‘fh ?gs{a 'g serw diglo aé'gg?a'?dn&? E'FFa%HdbéQ%ése'ﬂ ’) tA8dge of

t he nonocrystalline ase2 I op .of e tter strugcture 30,
where the | eak?f(j'é”ragg °8ﬁ°'§ B‘ 183fr §’7‘°f d'bﬁ‘{]clfcc‘iﬁéf args £0Puglh 3shor maY o ¢

bet ween t he edeof g gsulco Etructure 30 and the emtter cut to
avoi d the hi gﬁ BoERT ‘f“”f) i |“P°f°|9 $9R5 from doped encl osure 34 to the
emtter/base j uncti on. 0 The need, for_both the heavy doping and the
spaces 36!and 38 c%l&’!ié§ '{'1’1%"3!334" axisting BHE 19. aT’tj@JTHO(!@I'W#h%&faffslzzé A | arge
cell layout size increases rasitic capacitance and resistance) both of

whi ch arc ass@ﬁﬁeﬁpeﬂfuﬁww‘%‘K@OMSQS"&P@%@ # burieddayerH, and deep rensh isgbiemrdes
the performance of the BJT 10. Figure 10 is a top plan view of projected
peri met ers of (QTIBgMmciugasd§t BIDalsoinpludessballowdiench isalationdSHl) steuskunesqbat, t hat may
Ke | 5 correlated to Figure 9. A collector perineter 40 conprises the

veral | outliineludd a sduecepprayimate ST (seurcan$EIR20, od erhiter-BoNimae\STU (endiGer SMX hi n
coll ector perineter 40 is a base perinmeter 42) the emtter cut 44 or

em tter openi2dypnda bé-poxintate SHbas6 STH2d. Hpdresubsttasepl 244h ephtaeialtlayenil | y) t he
doping pattern that fills the first space 36 is seen as a perineter around
the pol ys20 i cformef thatrindlides a frohoteystalithe 3pitaxianbdse 26 kit pdlycpefallingdgilaxiahe base
perimeter 42 may 20 substantially enconpass the perineter of polysilicon

that is emttigke 3§ AR EHit®r BRI i§ Hlﬂaoﬁéﬂbsﬁtth@ébnﬁimlhi’ﬁﬁ Ve tlﬂ:amcﬂﬁl:EF
DESCRI PTI ON OF THE DRAW NGS I n order that the nmanner in which the

enbodi ment s Oﬁet&&ﬁmdﬂ}ﬁﬁ%élﬁi}b |t§x19tbta§'2'6%9<i!p yJFPsﬁﬁUQ%ggé)ﬁdeerc zdeﬁeskla 1 on_of

the invention brie eéscr d above wil e ren VWO U3/ 1Tal1187G

region 32 occurs due to crystalline defects and other reasons.



PCT/ US112/ 39.1t115 reference to specific enbodi nents thereof which are
illustrated in the appended draw ngs. Understandi ng that these draw ngs

" depict only typical enbodinments of the invention that are not necessarily
drawn to scWO3@AB7are not therefore to be considered to be PCTHSOYMGODT its
scope) the invention will be described and explained with additional
specificity and detail thrqugh .th se of the acconpanying drawi ngs in
which: Figure 1 i z)"ﬁﬂ‘eél?ogi\igfﬁ%ﬂﬁﬁg t?‘E CGE e S de ey dppethe BRrecsystliineor
structure that is being fabricated jnto an inventive_ bipolar junction
“transistor ( Bl?b)cryé@ﬁﬁ‘t"gph@afyd"%ﬁ“ With aeIRBenRt tet wilheleggrically eulntgyia pedeot:

Figure 2 is an el evations) cross-section of the sem conductor structure
depi cted in TFOclpseghs lsakaggreeian 32y The implytesie dapsd grplospiegdimeay3eduse g

el evational cross-section of the sem conductor structure depicted in Figure
2 after furt Hignifisaaibeelaningge theipgssibilit of e defeats kajna dndditions seuscesdddakags of t he
sem conduct or structure depicted in Figure 3 after further processing; |I S
Figure 5 iS5 dnthelBa0i dmatdefontbs irspantt kaget thfough,e siffivienomowot of a Bisr spadeur e
depicted in Figure 4 after further processing; Figure 6 is an el evational
Cross- sect i ord6okcdshe regwain baywebnaticordgs bf the hunendafline besd 26randitg polkysificanf dfer
further processing; Figure 7 is a plan view of one enbodi nent of a BJT

| ayout wher eiemitidratrpeurici30] wetiese 1RO lcakage asgion32 nidybdCbund e ddaitiondlppice 8el; Fi gure
8 is a flow chart that describes an inventive process flow according to an
ermbodi ment ofnetded bpiwase the etV el palysiliEbridNsBudure 30 and @k Evalel OR@ avoid the
cross-section of a sem conductor structure according to present technique;

~and WO () Highd{otSdfborsalfrdAPliriaP frdh HopddEBsutd34 & the dthiBEt/bAEthRiond PI i O

art BJT | ayout wherein the perinmeters of various structures are depicted.

DETAI LED JRESCRI PTi{bn&dd fdidaul /DIy 8dpin: aFB%ongc:e?@@ add@ﬁf‘dﬁ&éc?[ﬁc@’f%?& to a

process of formng a bipolar junction transi (BJT) at has a conpact

| ayout and L 2larkemlcefl faybGANBOR larkd AN Byobe dife HTLLSE! BRachid B MnBEA0S OF 2

process flow according to one e di nmerit. The precursor o I pol ar

junction tr ar??éis?atngé b%&roofjv%ﬁh)%){ zjsgoi}a?cg Ji{hqwega[sg ynl?!sctogc).%cltuﬁhgl‘ gisir?fét pat incl udes

a deep trenchisoldtron ( col or-pr F#w t rench
i sol ation (ST! 6, a.collector tructyre 1 | di spased in substrate
155 “ana bastedss 8 nrliptiess S16EB A4 St 1D drop ofie Sed o1 piecicd,
n-col | ector buried I?% r i‘%{z% lig an ,exe | ary enbodi pent where BJT 110 is
an NPN st r uctPGHBCRR ﬁ'? aft 18 forggd progrding fa knowmtechniqug; by saybeahove and on
substrate | 12. Abé)ve .sub trate[\ | 12) an etch resistant |ayer including a
first |aydr cogelped fodfigyg s Asellerisdetigetsr 40 camprises ihe qva;?!épu‘{m%f.thnoti onal
oxide pre-layer. 124) is fornmed on substrate | 12 by a process flow sel ected
from t her mal PEISIRAPerimelsoef ths BH) layawy IdalVithia callsetns peimetenf0 iswbasher fir st
| ayer 126 and second | ayer 128 are nade of different materials, e.g.
oxi de- ni t ri d@rimster 42, the emitter cut 44 or emitter opening, a collector tap 46, and a base tap 48.
(7 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



whet her they are nade of differing types of the sanme material, e.g.

~oxi de-oxide) first layer |26 and second | ayer 128 have different responses
to an etch recijpe_. Simlarly, and 20 optionally, first layer 126 and second
| ayer 128 h¥Y¥IM476r ent responses to an oxidation process. PCA/EHH39405
enbodi nent) first layer 126 is an oxide layer. The first |ayer 126, when it

is an oxide | a_ther I posited. oxide: a.
conbi nati on t'%ge?‘geﬂg? %%JIﬁcécsm%%ﬁ?%?g%%@ﬁh:aé{j@aaf%ﬁg 1'hE a§?ﬁ"f’%a§ra‘ﬁn{"’%ni c,
ceria, thoria | ymna), zirconia, hafnia) 4 . WO 03/11:1187G .
“PCTI US112/ 3" )%‘_‘L‘T"AH%{WH‘%‘H@ thesg drawings ?"ﬂ?i‘cémi'%{%? ah"éﬁ?°%"%°é'&‘c??@‘°l'%¢8?‘°“l‘§§ is a
nitride |ayer. Second | r may be selected fromsilicon nitride, titanium
nitride, al urﬁ’ﬁﬂﬂﬂ'}?F?sF‘Fg%;’a&ﬂéP%Cﬁ'é ang g notAper Pﬂ‘i‘ﬁae eessidered f?r@s‘@h‘f'““
invention) a process flow integration is selected that dictates limted
conposi tion of$t ¥8Pfs thsrinyentian willhealescribe! and gxrlaineswith additjonalspecificity gpt 5
enbodi ment _first |ayer 126 and second | ayer (128 are configured wherein the
first |ayel affdeitfeoughthsige ofibeaccemranyiag gamings & yhiskl ected froma first
oxi de layer and a second nitride |layer. In another enbodinent, the first
| ayer and the secdfigutedyispn elevatipral prosstseqtianof 8 s¢raicendyctpr sivrtarerthat dg bejrist r i de
| ayer and a second oxide |layer. (n another enbodi nent, the first |ayer and
the second | afabricatedantoas prventivedipolas ginetangchnfiston(Bd TS accortling xd atecnitadimrentnd a
second oxide 10 layer. In another enbodinent, the first |layer and the '
second | ayer ofitbe presspeimventiohy sel ected froma first nitride layer and a
second nitride layer. In another enbodinent, the first |ayer and the second
| (?yer are respect i Fighie 25i¢ heelb@tiodal OrigisasebiohSf theRerhBamtutiol stbiRlurddegiciedsecond
organi c layer. In another enbodinent) the first |layer and the second | ayer
are respegd i VEpiresalfectuafledpravdistgf | rst organic | ayer and a second inorganic
| ayer. In another enbodinent) 15 the first |dyer and the second | ayer are

respectively sel ectifghel¥i9Bn Aefatibmal crBisURBtioh Jf BXREmRBSHuBoP QRRIFEE RPERAIE
| ayer. In anot her enbodinent, the first |ayer and the second | ayer are

respectively pigh@otgdr furREp ssfhgf 1 st inorganic layer and a second
inorganic | ayer. A topology over substrate | 12 is formed in first |ayer

126) second |ayer ggg) ﬁ?glra?\;ea}i?@ﬂm&&cgﬁr\%ﬁ& ls%ﬁér#g@tﬁr stﬁc&&%kegﬁ i S

understood to be a Vertic i'nat Teast ayer Wwth respect to
the substrat eFigE’r%%ta%Pl‘uﬂﬂcr%%éethﬁ?cCO”pl i shed by a mask 130. Mask |30 may
be a spin-on ré8sist as I1s Know i1 i the art) or it nay be a hard nmask as is

understood.in the art. Jl.n one exenpl ary enmbaodi nent fter formn xi de
el ayer 124 on thEsrediter dratimalGostiskeRen e Smstdihtsptiateat el or |
26 is for rred)F.a nitri dﬁ' ﬁnbodi ment of second 25 layer 128 is fornmed, nask
130 is formed BYH4 35St HEPHPRSCSWEcarried out with an anisotropic s WO
113/111i (187G PCTI US1121394115 dry etching of second | ayer 128.. The,.
ani sotropi c dry etfigynés inan cleyational erasssectionobthe sgraigondugton struetyre dspisigd By an
|ternative wet clean as is known in the art. Thereafter, patterning is
fi ni shed wi t hFigyreisafies ypher prgsessi®gchi ng of first |ayer 126 to

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



expose an upper surface 132 and to formthe topology. Optionally) oxide
pre-layer 124 is 5 etched in connection with the etching of first |ayer
126. First layer 126 and second | ayer 128 nmay be selected to be either
oxi de, nitrV8®3NYEHani c) or otherw se according to a speci f PETHSHRRAE
i ntegration. For exanple, where BJT | 10 is part of a logic structure)

fabrication of an enbedded nenor rray elsewhere on .the substrate may call
for a nitride lay r'g‘éfﬁg(aéﬁa By H@X'I(’iﬁgrr'é.(ra(‘r@? ARQUE ISP epr'Wgtfrslogyer 126
may be the sane nitride- and | O second |ayer 128 may be the same oxide
‘that act to cYRfieHs fINEtuRes 67 dePiteday during processing of the BIT | 10.
Figure 2 illustrates further processing according to one enbodinent. A
doped layer | 34 is forned over the topol ogy. Doped layer | 34 will have
either p- or n-doping . dependi ng upaon the bhipalar configuration. In one
embodi nent) the ddMihylLED ESCR‘P%IQIRQ%TM@WN the doping is P+, In
anot her enbodi nent) the doping is P. In yet another enbodi nent, the doping
is P-. In Dne ermbddierpeesent inksption felaes o 3 macesssoffonmingpligolpayegtiop Fansistort or t h
herein. . . Figure 3 illustrates further processing according to an

enbodi ment of (RJMpthatr kes @cdmpany byoutend thBopsiss leakpes. Figure(lFllgymnates thy i s et ched
in a spacer etch in order to forma doped 20 spacer 136 at the topol ogy.
Doped spacer Heg@mningt sf aproaesd dipantcosding went emixglioepl Thtpreqursonbiadbipddart of t he
present invention. Alternatively) doped spacer 136 nay be sufficiently
undoped so asjuhfioatiansistonl kddp fabticaystftony £substratalDiZatht iscludes b deepateseh a dopant
gradient in substrate |I 12 in the vicinity of doped spacer | 36 as wll be
set forth hergblationiDIUY Bl44a Ldllevet-pkiattel shilldvewenph 3oRESH (3T1)ad 6,0 ddilegort 0 an
enbodi nent of the present 25 invention. An epitaxial base layer 138 is

formed ovey syRgtureaf B dispdsddNatubbirdt | BY St dakd-prokifmafe STIVIED. UhbddutdlA 7T i
PCT/ US112/ 31al1l1l5 patterned between the two occurrences of doped spacer |36

as seen in crQ8seaeFid i99n nLBMERr BIRGdIYet 1B, HORREentHAG bR R WhereamaNd
| ayer 128 a polycrystalline epitaxial ‘base 140 is formed. Simlarly) above
and on the nopoc | J ilicon of substrate | 12) a nonocrystalline
epi t axi al basgﬁlliﬁﬁgkf%rpﬁ% . 5 Processing conditions for the formation of

D o 0 e YA bl Biefe- R 155 iRl REERE Ihd h 1B REOARS ARbIOVS 1!

arc known in the 1 taxi € carri ed out

hem cal d ti CVvD £l I d CvD
CLPOVDy. T onctubdiee 12 il eted f¥plpdlisf fefginn & et o s skt 658 o ©

nbi nat i th f k in.th t. f sbimti 10
cxampl o) The tedirs 32 Brinl kidede- Bl 128k Bivedin S0TRBATALIPIREE om
bout 10'Z T t pout 2 X 10'i, Torr, The,K CVD b i ed
T ane Lype. gAY sReCICRLIRR eamal ifenh FEROSIGA, g e X PO, VAFES B -
enbodi ment of the present invention in which nore structures, conprising a
BJT | 10 are lwriReiandsecend layesd 28a1e mad of differgnt majegialare.g 9ide-gitpdesds o ned to

gpace apart an emtter structure 146 from nonocrystalline epitaxial base
£42. To that whetheoshey asmpdstafdiffeyiag typesef ghetspme matggialy c.g.oxisieides firstdpssi t ed
and patterned to make an emtter opening 148) also referred to as an
emtter cut) Détandeccontdayer 28thavd differens pispensésdd abetsleretipe. Similadhandis to
beconme the emtter polysilicon 150 of emtter structure

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, hafnia,



|46. As a result, emtter opening 148 will facilitate formation of an
intrinsic base as set 20 forth bel ow. Leakage bl ock structures are forned
according to a diffusion process flow enbodi ment of the present invention.
Figure 6 i| M¥HU3¥8E furt her processing to that purpose. Th@CEFHSH/H0S
polysilicon 150 of emtter structure 146 is either doped in situ, or it is
i on-inpl ant ati on, dape fter formation, thereof. Dopant is fornmed to achieve
a given 25 co?ﬂggm lﬁgft iq'b S TREAATHY SF??"%l}a%?féggfsiac“"é@ﬁpaiyé%\ﬁe?ﬂﬁ‘.d l3yet MBEDE t he
emtter polysili cg%l 5Q.of 7., WO 1131f EgS( 187! PCTI USI 121394115 em tter
‘structure | 46559 AoRoPaMTids. fitanig) qitgide.funpjaug nitde, and1be Hk8- processing is
used to forman enjitter/base junction region |52 in nmonocrystalline

epi taxi al base | 4Z\ccpidingUgithsPresentdesatian. e pepshilay integsptiantisselssied that
polysilicon | 50 of emtter structure |46 may assist to formemtter/base
junction regi @gtatesbmited eampositien pptinseekfirsidaes 1 26zandiseadnd layert 1385 bramea base t ap
I- 54 and a collector tap 156 according to process flows known in the art.
As such, a’ BJambotigngng fifsp layrerd! 28 @ad sedpmigayes | 28pre candigiinge mhereigbefist layer bd BJT
110 is emtter structure 146) em tter/base junction region |52) and

col | ect or st rthesagped e ard tespestivedyt ssltcted fromddjpstiokide heyer andl adedohdisigiieout of
doped spacer | 36 forns a | eakage !0 block structure 158 that allows the

i nventive BJTlayerlh 4rotheasrebsiimtdtahe flisnfeyes bmitse sdooid lajee arresptdtively Beldcted
Leakage bl ock structure |58 is a region where dopant has a concentration

gradi ent wi t hirom aies hitddclageriadd a bdzoRd dxide 14y@F. s anSthiéThibddithcht, the first 1298k
integral crystalline structure wherein | eakage bl ock structure 158 is

d("_Sposed) andarid tRORESHAL iyRT hiRRePeAEIP Béledtéd! fFina hRRKAGEIa I Qfda Sbédudxidee | 58
exists in the direction of doped spacer. | 5 1n accordance with one

enmbodi mentg of lafdd € 1PANBERPEMbAIREH: | R firsBlaylt AURAS sekbdiages a&assi)é&ﬁa?%lcﬁw ing
whi ch out-di ffused dopant from doped spacer 136 forns | eakage bl ock

structure | 58)m@9iPRaltAdd My@land DSecORNRETY A& 14 lihd f¥ee hgat-er f ace
of epitaxial ban;e ’I ayetr I|3§. ?n arﬁ errboldi msalﬁt h%mg;%p%%g%%ééﬁéﬁéeﬁﬁll?gi S

. dope 01 1) ool BB LA SRR B Rl B BHOEDS LAY |

carried out u con I'n a range

about 1,200 C ) ot he n-limtin | e where dopned spacer ..l is. .
p-doped) a pr%’&ie"écse?I rb\?\'/' {"sol&gé?'ﬂ’ge%"%?hcﬁxﬁgggycf ﬂ\gr]ﬁﬁfec 'bﬂa!f‘f F"gﬁ%“’?cH"égr ange
from about 800, C about 1,100 C. | et .anot her non-limting exanple

wher e doped ssﬁgﬁtéé ?rf)?ba ISt Qr8apislaver a#‘b%%‘&é‘é"’%"lf\/&’”é’ lgnpshereniedimGAb e r
thermal conditions in a,range from about 900 C to, about_ 1,000 C. Processing
ety (ar 0 DB BYEg Hegeond E 47 BopssNaMselar b Roma it oraspisdiyer and
integration. Processing times will be sel ected based upon dopant 8 WO
U3/ Ua087C PCTHB™M oresgicilayer 8Wf’r°&§1°§'ﬁ‘°l‘h‘ha<§'ﬁé yerand dhe seennl layerpes he
amount of out-diffusion needed in order to block the )

monocr yst al | | GPEPYEYSEierted fommnd A figst inprageie laxenpng 31sgeopg inoeganic hayerepi t axi al
?ase | 40 and nonocrystalline epitaxial base 142, of epitaxial base |ayer
38. Accordingly) A ©pplagiovsr subistrate | 1208 formediigdirgt daypol26estcond layehE38 ande 112.
The | eakage bl ock structure 158 nay block 5 either current, potential) or
bot h. The outoptiprial axidelprddmeni 24vedy topelogyeis endeestbaddo hea vertiezh kedighin bl leask
structure 158 that represents a dopant gradient in an integral section of
nonocryst2d | i one layed wittorespecttathasybstiaee. Rauerdpg maxbadccqoplishat by miska30.
nonocrystalline silicon of substrate 112. As is illustrated, a BJT 110 is
formed bet weeMaski180 inap belapgin-on peiseissis kabv. in U2 artNodilmay bed huad imusk a8 woodi nent )
doped spacer 136 may be substantially undoped such that it behaves as a
dopant gett ergbertbod@ARdYrt.Si Nk for dopant. within substrate 112.

Accordi ngly, |eakage block structure 158 is a region of substrate | 12 with

depl eted dopant Wi fheleRemMpiaty enidolliRRnt, £t fhing WRRIE pAl-Byek 124 od fhe SibsFaitBNNET

el ectrical activity therein’is hindered after a manner that Is opposite to
a substanti aly HRJRREHLLAHERALT il RG& 195§ €2 Ritei Ykt the
enbodi nment s set'aforth ﬁ'n tﬁ‘i S ilséﬁgsuresg{rl&g'ea 'hsghévﬁlvib?ﬁﬁa 8?%8?‘!%

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




conpl ementary netal oxide sem conductor (Bi CMOS) process flow For exanple)
fi.rst layer |26 and second | ayer 128 are utilized as protective |ayers over
a CMOS region gpot depi cted) of substrate |I 12 during form ng doped spacer

| 36 at the WBYNYFYS Thereafter, a 20 CMOS process fl ow mayPERUSEYIHED out

inm which at |east portions of first |layer 126 and second | ayer 128 are

opened. Figure 7 is an illustration of .a bipolar junction transistor (BJT)
| ayout 210 ac@%ﬁ&.“ﬂg OF f)ecf’?lcgﬁaiﬁ?rglégn?h? W&HYR‘%%?’ e&ﬁ‘ 8y bR TPEBVEIRY SR ¢ he

| ayout of BJT, 110 S forth herein. BIJT.1 |10 as depicted in Figure 6 is
‘related to m@%&ﬁ@f’vcgf"ba? 5%%""5[“’6?1‘;5"3["H%'S%Bm%'é!f‘t‘f‘%?{eI ine AA. A

col l ector perineter ZI% cggtpri,se_s the overall outline of the BJT 9 WO
i13/i1;11~i 71 PCT/{herepBerapatieming igfigished4ith anvgotrapis webstehieg of firpdayendbede 212
is an epitaxial base perineter 214, a collector tap 2 16, a base tap 218, a
pol ysi | i con efiPpican uppe suefags I3A aadviotfomat the ppelogyy Qptipeatly raxedecme-ger 13# 4o
referred to as an emtter cut. Epitaxial base perineter 214 includes all of
epi t axi al basechedyreonngBionavithdt ehink ¢fifirgrilayer 264 Firgtdayiet | 26ramld Isscondilayerak age
bl ock structure 224 of S diffused dopant is seen encircling both

em tter/base j3fmoay bsrseleetgd brbeitheraxiflehritside, tosganiz1 &, otherwisoagsardingdmat o t he
doping pattern of first space 32, depicted in Figure 10, the | eakage bl ock
struct ure 224spefificlpfokess ddegiatpantFor sxamplenwhbere BHE bllsie part afadogiestruester of t he
polysilicon that forms polysilicon emtter 220. As such in the BJT | ayout
21 0, the eni t fabricatibmokanpertieddddanendit amaycklsetviere ph thexulgtratb amg chibfoes njpddd net er
2 14 share at | east one border, and 10 parts of other borders, and the BJT

l@ayout 210 i Slagdfadd 806KIECaydrha thiseRadple Slrét i eBIE e We safhe dRAdec /D | N
igure 10. As illustrated in Figure 7, the B!'T layout 210 may have a

| eakage bi®CKsesdddugjer 28 REY bk Bime2adclthabctitd cieb@t ARinbA! drdy A¥dAEEL ri cal to
the epitaxial base perineter 214 and wherein the emtter stack perineter
226 and the |gakagr; &@eBIBIfgicture perinmeter 228 t 5 intersect. By
"substantially symretrical, it is understood that where epitaxial bast
perimeter 214) if Bifude3 i | t ' falalye:l] i kew se
rectangul ar | eakagpeéub'llcoclﬁwg'?treﬁﬁd&r@aeﬁrgcﬁ?&aﬁﬁghg?%n#ébb%ﬁegﬁb# rhr?@?:dessari |y
be centered w j 1 thal:i : et T i " may

a1 0 be- under S AGF I3oiA et (8 RalSbliDoped RARSINN R KK TR LGl |

maj or-length sj r ) -] e i Fpr ex | e)

epi t axi al bas(zépgﬁd??g?r‘&t 8%ﬂ@'gﬁaﬁ%ﬂ'&@emgﬁ%g8’51’%"3’?‘?“&& ce?ongﬁs ggxe? fivone
substantiglly trical becayse, they have.parallel .majar-I|ength sides and
baral el 1% nor YA ‘EieR R E BF s e BenCine BpnitE s in VARG T o
each other. By cgntrast, epitaxigl bas erimeter, 214 and em tter stack
peri metor 226 WA RIE W ASBIAE P T P PRARFIENG ApPer BATISE 1 RESRREIEEHY h

si des of one ar E%rallel with the mnor-length sides of the other. to WO
03/ 113$0$7! r P@I%U §51"39. 1115 The | eakage bl ock structure perimeter 228 is
fubstanti ally symmetrical to the epitaxial base perineter 214. The emtter
stack perineter 2f6g"efﬁa'FW“W%M@‘E"%‘W%‘EW‘EJB& 138 cpBPqimeRtaf the present
intersect. The | eakage bl ock structure peripeter 228 is enclosed within the
epi t axi al bas8veatipR-nigered layen 134 (Figuee) is sehed iasppcep etoh @ order ehiermadepedy t he

| eakage bl ock structure 224, it can be seen by contrast fromFigure |0 that
t he base ¥hp wacer $36rsthetnpelogye dPapgd spaeer d3hace asadopansasrcg 4o aepyphish an) t hat
fills first space 36 (Figure 10). Figure 8 is a process flow di agram 300
that ill ustr aambodmest efithopiesephinvestion.hAltgmatiyeiptdoped/spater b3t mahke sufficesntly ve
process may commence with formng 310 a topol ogy over a substrate.
Thereafter) tindogedaces® att o dopynt getterdrioudopbyt sinkinarcause Sdpastpead@nsin( when 10
viewed in cross-section) at the topol ogy) Next or subsequent thereto, the
process fl ow subsidarnmblai ée vicrityiofigdoptdGpaser I8P s wii kil sedfadiehdréier between the
two spacers. The interface of the epitaxial nonocrystalline- and

pol ycrystal line sifidu¢@a ilstrhbefunférippdce i labcoWihd o chBEdih B oBAE present
| eakage- bl ock structures in the substrate fromthe two spacers.

Accor di nglsy) ihftibe AR mkiaPbdse RYErUSE W Bifned bferlsOBstRE 11 Tihhh@insviietaigbe Wi th
a dopant gradient below the 15 spacers. \fhere the dopant gradient 1s higher
in the spacers than in the substrate) out diffusion nmay have occurred from
the spacers to the substrate. Were the dopant gradient is lower in the
spacers, infusion may have occurred, fromthe substrate to the spacers.
Thereafter) the process flow proceeds by formng a BJT between the two

spacers. It will be readily understood to those skilled in the art that
vari ous other changes in 20 the details) nmaterial) 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 wi thout departing from

o Y S - S



wo' u3i usus~~ PcT~us~~zi 3~~.tii~ CLAIMS - What is clained is. 1. A process
caonprising: formng a topology in at |east one | ayer above a substrate; 5
form ng a spacer at the topology; form ng an epitaxial base |ayer above the
t opol ogy ang"‘?f‘r’é W ¥8strate and on the spacer; fromthe spacdCT/YH48Y a
| eakage- bl ock structure in the substrate; and form ng a bipolar junction

transistor (BJT ve the epitaxial er. 10 2. The process
according to BT%F}%Q%C &‘8“E° ?“?‘fé”%’}?&sc‘g’rsdc’i’ §a°abb%&5§€5a¢'b“r'°§3‘?°“ﬂfie process
according to e t he acer terer st ucture. 4. The
“process accor Ple:af‘é% ‘{?PE‘PS ifwdﬁﬁ@"?&esaﬁgé@ pplgcrggp B er¥arigldise
vertical reli f gl in.a first layer) a first layer and a second | ayer)
and an oxi de E%’F%’E‘F aﬁ'ﬂ“ﬁ”?ﬁbg‘fe 4“59@icé'ﬂﬂﬂ‘°%{y§@ﬁ'iﬁﬂﬁb“cl°&9§?“b5‘1‘5e B2, xhe

process according to claim!l wherein formng a topology in at |east one
| ayer above a"@ﬂ%*%‘t‘@%ﬁﬁ'ﬂé’?sq IHéisfaeacd. forming a first |ayer from an
oxi de. WO 03/0; 11871 PCT/ USI 1213' 1~05 6. The process according to claim

1) wher ei n3f or mi ngPracessppEsgifionnfoathe fermationnfepitaxib basa Iysrcl 38 mayibs carsied
further includes: formng a first layer; and form ng a second | ayer froma
nitride. 5 7. Omhécqﬂloemoqx@i:ﬂmcﬂthg atecknewainthe ar). Epitaxiblehase lnydr 138 may bdbref or e
formng a topol ogy, form ng an oxide pre-layer on the substrate) wherein
form ng a topeirdefout by 8 hkemical vhped deposition (GVHY) modess finw delepted flomdowan oxi de;
and formng a second layer froma nitride. 10 8 The process according to
claiml ) fur pteesure G¢DYUP@YD), bektiveeplisorarG VY (RC YD) plaguarenhbmreiOMP an oxi de
pre-layer on the substrate by a process flow selected fromthermal grow h)
a(nd native ox{(REEWP)paidrombimatiaisnhdrenfas kigpwa in hpatt0By whylbf dnemohqtimlitirge s :
formng a first layer froman oxide; and |5 formng a second |layer froma
nitride. 90 Thenfple) eV RpROESIBE niay be katisd dyt indEreRin ringe Fomtbblra 0@ pi t axi al
base | ayer conprises formng a nonocrystalline silicon epitaxial base and a

pol ycrystal | i merraphtbcuxp ™ |, ﬂ@CVﬁ‘ghsWag%€§®pﬁ€§é3ra@ilﬂﬁ e \%kaﬂam I,
wherein form ng t he epi taxi al base | ayer conpri ses 03/11; (187G

PCT/ US0213" J- Héped sil Ak fjpe@at MoNocrystal line silicon epitaxial base and a
polycrystalline epitaxial base; and wherein form ng an epitaxial base

layer is carried ogjbuf)s nﬁu&#ﬂ&%ﬁ@ém%ﬂﬂ%t&ﬁ JcthEVe(\&MQ)u “m'iéﬁ%‘o?é flow
selected from | ow pressure CVD reactl ve-pl asma D (RCVD),

pl asne- enhancg cgvacsgg@(m@e B Far RO amﬁcrtda&rﬁazw,énagmm pr ocess

according to claiml| relin process flowi1s carried out in a

pressure r?imggxrrmﬁcpt@s f)anl% ér?l;l(_&rs r)lcuSr? l?fﬂ%& @%ﬁgal'llnjmé:-gﬂ]iem}l bdse 14516

process according to cla urt rst Tayer and

the second | a¥§thaf} &u?[?c;sg,l Qntgr?aygr d%}c&rlc Paygrcgglgnkct & si% Ghd ;iwar&cllnl;:] to mak§t | ayer

and t he

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



10- second | ayer have different responses to the etch process flow 13. The
pr.ocess according to claiml, further including oxidizing the first |ayer
and the second | ayer according to an oxidation process flow) wherein the
first | ayer WHE/O§#d6 second | ayer have different responses t BCTABIYI AL on
process flow. |4. A process for manufacturing a device on a substrate
conprising: 15 forming in the substrate, deep. an hal | ow trench

i sol ati ons) bﬁ?\“é?ﬂ“&@éer‘gﬁéﬂgm%?ﬁ”é‘&ﬁ'&e Wﬂ?"i"@ b?SSS“?'H'ée"H%I\H'%Cé?S"ng? ieddP a
layer of etch_.resistant, materi.al o.veré#he substrate; .defining_an _&cti ve
‘base region ofT{AR CEFTRASE pNCEEERN |34 InpRRopryrl '"?)‘fp"é’f'élwa?eeg“izspé gston
material over a portion of the surface of the substrate to expose an active
20 base regi oftdopant elegyent(s) from) taa smiter polysitjcprsi B afgmitier strychied 4ymay #ssion
doped oxide filmover the base region and the |ayer of etch resistant

mat eri al ; ani SSPTHHNEEIPAsE jUBRYAR rERIOR hE- bor on doped oxide filmfromthe
active base region and the |ayer of etch resistant material |eaving doped
spacers of 3 boron SFufidperiowssinkis £arried e jtaoeme b?%éﬂmbﬂiﬂv@ababelor@gilé% at a
perimeter of the active base region;, depositing an epitaxial

pol ycryst al | i arsofdingre arpeess flaws kegrayin dife agt &3 sneds @ BIRMT0 imfareed adcowding tan
epitaxial crystalline filmover the active base region) wherein the

epi t axi al pol gcemyadahént.nBsséntlamodtid 1t10 és eopiter atcicaire d46; sitlet/base junclion form a |1 0
crystal line/polycrystalline boundary; and diffusing dopant fromthe doped
spacers into tegendahsind etlectoostisoirat 8.t he substrate fromthe
crystalline/polycrystalline boundary. 1 S. The process according to claim
14, further i ncl udk Baoted eHaeddpangha ipdiffased sufdfdopddpaer B36iforms\atieakagen t he

| ayer of etch resistant I S material includes a first |ayer and a second

| ayer; f ol owsidcibytrut@beeisBiting afidves the inSéntiveBET | FONE hie&maR& AitfledsRKSthin Ber ei n
the first layer and the second | ayer are selected froma first oxide |ayer

and a second giéting®IT! ByMRage &ocfldshﬁ&tpﬁ&ilBRis(iﬂe%i&y@ﬁt_:réiﬂ@aﬁl_fﬁ?_@@(ﬁﬂimﬂiﬁi{igﬁf layer)
a first oxide |ayer and a second oxide layer) a first nitride | ayer and a

second ni tri dgradi@de¥ithiPsubitfadd 1 12N 0K SREH WordsANBELAS Fl1 235 HERRPAI &Yspligani ¢
| ayer, a first organic |layer and a second inorganic |layer) a first organic

llayer and a sqrpept QRGAR ilé&k%g@bf‘&ck s@Rtlird 198 i€ 8ispdsPR ARPAE IncdnB¥Gdn grifled SeCONd
inorganic layer. 1S WO 113/111) 87/l
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. [n 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 [36 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



PCT/ US11213' )-111a 16. The process according to claim14) further including:
farmng the layer of etch resistant material including formng an oxide
prel ayer on the substrate; formng a first layer froman oxide; and form ng
a second | a¥0¥%effa nitride; 5 patterning a mask over the pegasorsdayer ;
ani sotropic dry etching the second |ayer; and wet etching the first |ayer.

17. The process . ac cor di a mherel ni sotropi c dr etchlng
is a reactivelon 8?%"?&?%?5“? ‘3&%@&*‘%3)5"0%‘ &ﬁ‘a '?Wc‘aﬁé’t'"etdéé% 10 |
The process qﬁ% r to C é n the process is

"bi pol ar conpl € ?ﬁﬂ’&ta '6‘%"8 S'E%‘?ﬁ '8'6 c?%‘f’ee(‘lBP@RmB?"'b“r%'é&é' baser E40udi ng:

utilizing the tch res ?tant mat eri al protective |ayer over 'a CMOS
regi on of th@“gﬂlf’é‘t’?réﬁtél 'B‘h"rﬂ“i’l’@]a'd’iafcfldgt %ﬁpwﬁéhtscﬂqyerrﬁl‘tshécm?jealydpai@ms into
the substrate; and | S conducting CMOS process. 19. A bipolar junction
transi stor (ERJooK strustpei IS8 Fﬁd"m&df"i ?@ﬁ"ﬁ“‘ay‘ér T teplage dloghguetuze Kiftraayrthoak)
wher ei n the first layer is disposed between two isolation structures in the
substrat e;3 a ebersmErentapaentiah esthed above and on the first layer; 20 a
recess through the first and second | ayers that forma topol ogy; a spacer
t hat extends t hr oldh outdiffused depant may kepefeasd @las bicakage hloek stdicapotisthaver the
topol ogy and on the spacer; 16 ~1~0 03/ Call87G PCT/ USI 12/ 39111a a
| eakage- bl ockeptsenstadopand gagdiostanlan integtad sestidysdfmadnecrystil ind siidoapgaedaingahe
structure including a concentration gradient that extends toward the
spacer; an emohiepitaxial pugion pethe imepassthllineailicomel sapittarn il 2l AbBSMustrg€ra; and an
emtter/base junction region disposed in the epitaxial base |ayer between 5
me subst r at eBJANd 0tihfdraed betvasen SHeltw6 tofed spadérs 13g)e BJT according to claim 19,
erein the spacer is a doped spacer. 21 . The BJT according to claim19)

wherein tite first |4 ayslieriativedintddinttar, dbedlspdcad/B6 nih %eet?a%dnﬁah?\ﬁﬁa& g8
substrate and wherein the second Iayer is anitri e second layer di sposed

above and on siéiethhdif Sehaled¥ed doph gz&rcrU?%oﬁJnTs.ﬁ@fBPa&yaﬁt%thﬂw %Ibﬁlrana i9) further
including: an oxide pre-layer disposed above and on the substrate, wherein

the first andaee@anRty, ic%i(fg"c%lof:k‘gtmﬁﬁc | 98GS &/¢ ?rongﬁs@%ﬂ?lc}fz'wlﬁltdcbg&ﬂrdogdn?posed

above and on the oxide pre-layer; and a e second | ayer di sposed above

and on the Oﬂnﬂﬁ-cideéﬁs tﬂeqyﬁffsub41m§ 143 lnTh"‘? mander & 0lcal 28 fy(n}h&l:ﬂ'a{n 19)

wherein the epitaxial base [ayer conprises a nohocrysta & &' con

D oral oy + oHRRd R AANRENRAY dopBiied § LA BRY LAKLR B3R MoA yrullife BT

according to claim erein I'rs e Se er arc
sel ected o first oxide |layer and a second nitride |ayer, a first
nitride |ayer "and a second oxide layer) a first oxide layer and a second

i de | : fi 2 d nitride,l first
"nor gani ¢ | ayer aNig gé@a ool & fouf i st Rnie may betsee vitgeioolr ' Vo
U31115i 187C PCT/ US02/ 39. nd a s con(% é@{)gam c | yer a first organic
| ayer and a §8'881r‘?ﬁ‘°6‘?'aa{?ﬁ‘ °i"§§/e‘i’“'°°é.‘ﬁ Bl ) Bi8 fosgampiedirst second

( norganic | a¥ ayer 126 and second layer 128 are utilized as protective layers over a CMOS region (not
depicted) of substrate |12 during forming doped spacer 136 at the topology. Thereafier, 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 BST 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



25! The BJT according to claim 19, further including: an emtter-base

di.el ectric | ayer disposed on the epitaxial base layer and 5 including a
recess that exposes the epitaxial base layer. 26. The BJT according to

clai m 19, V\H@r‘g‘(‘ﬁ"‘Vﬁe substrate includes a bi pol ar conpl enentPATYURBES oxi de
sem conductor (Bi CMOS) structure. 27. A bipolar junction transistor (BJT)

| ayout conpri sing.,,an I taxi al base ri.neter; . an emtt stack

peri neter; an%y%tg8(5@@&%555@@?“?5&{'%‘5'2&2t'f1%{‘tep|'t§x‘é8’8§=tpéﬁf'?§f ?[f“%ffﬁ%ﬁ"ﬁ cal
to the epitaxial, base perineter and wherein the emtter stack perineter and
't he doped spa@@?lgé‘maﬁtﬁ%?'ﬁ'ﬁﬂ’@'ﬁ‘ gan emiftes 250 andrprpenpar/asg iy aetiod &R i g t o
claim 27, further .including: .a collector perineter_that is substantially
symetrical t 85 FETEditd asangmitercut. Fepavial base pedmeterdidrnsiydes plholrppadalspacer
perineter is enclosed within the collector 20 perineter. t8 WO 03/ Usug7C
PCTI US02/ 39- 1bpse layon] 38-p5 demicted indijguse 4-ad dditionaly atlepkagedilopk structprg 22 hek
including: an emtter/base junction perineter, an intrinsic base) wherein
the emitt et/ bdifsgddopant dsseprencitelingbothsmitterbassdenciipn teeien 2R2 andhaseiap 318.base
perimeter) and wherein the emtter/base junction perineter and the doped
spacer peri melneqompaesos te thssioping patiernof{istispase B2, clapicted i Figure | B3 lkalpgat
according to claim27, further conprising: a collector perineter that is
subst ant i al | yblegisterctures2d4 df diffuses dopartt e tolimersecp e iperheaer afitiet pohysilieom t he
emtter stack perinmeter and the collector perineter intersect; 10 an
enitter/ base hanfotmopolysiidonemare) 220h eysesuch inltes BIT lajtoer 7 I9athe efittec stackn
perinmeter is enclosed within the epitaxial base perineter) and wherein the
egi tter/ base perimdier@a6 pad thaepiakiabbade taher pdripedr Hdahae aglerst oretberdeq aad
substantially asymretrical; a base tap perineter, wherein the base tap

perineteri0s panclodstdr bardds, and e BID lagonedo Bpest€ ot (hR ey existinglByther ei n t he
base tap perineter and the emtter/base junction perineter are spaced apart

by a portion plodihe degitied Avrigireek perineter. 20 19
AS A3 A A AA?2ZALL LA LA A LA DAL LAY AL, A2 A? AYe?. A A{ 7" #VYC& enteht . L

A{val gb] X] ca] ca] cal calisimakeadn ?g}:@a H@@J?@élﬁtﬂl@ﬂayﬂl&%% 16a]stradiGR] ca] ca]

calca]ca]cTa]calcalcalca]calc ca! _zKNZl e- SA3" uDl wr ngbJ X] ca] ca] cal] ca] ca

| cal cal cal cal paisdd: 02 fal & usihbalSHhARLEALS M eplanl 6ok patnaloaksal) cal cal o

a] ca] ca] ca! DBPM x):
oo o kPP A R B L
LM ca] oal e Barsol o Shath s ticat kd e Rea haruRR aucRIGR 271 e) ST

S okt ot vy ) B A0 if it s substangialy rectangular, will contgin a fikewise preaneutar leakoge o1 (o

| 66#7&737D7~88) 91 999V: :
el oehy YRR GR AR BRIt hpesiie f cenprsi) ol it ehiogesh) ca cal
' . I Dr DDEXEEE=F
EECoG) LL ( NCRRECt SRR o PISIED  Pal G0 P Clapt 1 16 A1-PIEUR] ca] cal cal o
] ca] ca] ca] ca] ca] cal] ca].ca] ca] ca] ca] caéﬂpca] cal] ca] ca] ca] ca] cal.ca] ca] ca] ca! VW
T AL L Xx*wuvpﬂs_:ﬁu][i\axe\paral{yl major-length sidesA5d iparallel minor-length sides. For

c}xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca]ca]ca]ca]cal calca]c
a% calcalc c‘}‘al‘jaﬁ'lﬂ]cc%i]i@gii]abf]@]i%éﬂfjp%%qgh‘] %}'&N%M&é{ﬁ%}]ﬁf@ ;afc] 5“‘75]‘3“(;5{]')’ Heal
eee(fOf ~f f gHggghOnhhh:iii=jjj{vql gb] X]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] caypuedtacs] bespusa theahevelfacaliplonajpreladatingidesjandparaljet minnafengthjsides.k kk| S
[ | D nn;

oeoooopghqqgr 7but Hef stenotisgntepgdovitt e btiv] wapdadtiea] Batowhs adpitatizidbpsaiecmkten] ca) ca
] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca! uu- vvgwxxx{yy
yyyyz| {{]}}} 72 desi smitteu stackajeeimzick 226ldrcadt sublstafatlysgametatad b cajeahd majpcal ca] ¢
cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca#vC~_@&310%

U& ()- | 10%Ieigti 3idésd of one are parallel with the minor-length sides of the other.

10



10% U& ()-!c S 10%UpU& ()-!ES 10%JU& ()- S 10% N& () - C& aBLY10%
S U& () -3! 10%U&()-l#"&lo%)}O}&'()-10%U&'()-SlO%U&'()-&10%U&'()-’\emaB-f
10% U&' () - +S10% U& é)-!$‘(‘V<iO‘V<iU1U&'()-'@O%U&'()-‘%FlO%U&'()-f#lO%
U&' () - mitbcd¥O 0318350836 10041 & ()-! T b3'10% ! & ()- 10 U 10 U 10PCBUSEME9405

u& () - 1F10%U&() /10%u&() L

AdE_=! "I n10%& 0%&' %& 109& 1 10% 109%&:
A _zdE_=! @10%&.(%) /& Wﬁ,& (’S“"gmrn%%/&s(‘ st%_qgumgymmemcal t(o)the

_YH#Z10%& () - H JKZI ebCl rrfLO% g% $10% U&' () - &@#10% U&' ()-10% U& ()- 10 10
"107109%& () - e-SRifexiah bespparigneter 2 igobhe emitter stack perimeter 226 and 'the leakage block

structure perimeter 228 intersect. The leakage block structure perimeter 228 is enclosed
within the epitaxial base perimeter 214. Whereas the base tap 218 is enclosed by the
5  leakage block structure 224, it can be seen by contrast from Figure 10 that the base tap 44
is not enclosed by the doped enclosure 34 (Figure 9) that fills first space 36 (Figure 10).
Figure 8 is a process flow diagram 300 that illustrates one embodiment of the
present invention. The inventive process may commence with forming 310 a topology
{ over a substrate. Thereafter, the process flow may continue by forming 320 spacers (when

10  viewed in cross-section) at the topology, Next or subsequent thereto, the process flow
;ontemplates forming 330 an epitaxial base layer between the two spacers. The interface
of the epitaxial monocrystalline- and polycrystalline silicon 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 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 fhe principles and scope of the invention as expressed in the

subjoined claims.
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CLAIMS
What is claimed is.
1. A process comprising:
forming a topology in at least one layer above a substrate;
5 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
fdrming 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.
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6. The process according to claim |, 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 nitride.
5 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:
( 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 |, wherein forming the epitaxial base layer

20 comprises:
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reactive-plasma CVD (RCVD), plasma-enhanced CVD (PECVD), and

5 combinations thereof.

I1. The process according to claim 10, wherein the CVD process flow is

carried out in a pressure range from about 10 Torr, to about 2 X 10™ Torr.

12. The process according to claim I, 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 ctch process flow.

13. The process according to claim |, further including oxidizing the first layer
and the sccond 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;

14



|, $10%¢*h#h& () - Y&Z10% h& () - &10% h& () - &310% h&' () - 22H333T44dEuV7 10 |1 9' 10%
h& ()-3%0% h& ()-,#g 10% h& ()-&& -10% h& ()- y10% h& ()-&10%

h& ()-45"5n55 6j 6aBuV7 10 |310% h& ()-1110% h& ()-f/10% h& ()- - 10%

h& () - 9Y+MIYRANBYG 1 8(9409XhXh& () - Fj 66 7! 7" 7#737D7~8uV7 1@CTAZNifi¢3 -

, #10% U&' ()-10% U& ()- 10hh 10hh 10hh! 579! 10%h& ()-510%

h& ()-~88) 9} 999V: dEUV7,10. ! 10% U& () - MLO% U& () - & 10% U& () -f 10% U& ()-10%
U 8 Y102%) }u& ()-V: u &@Eéég’ﬁwu%fégdﬂ“%@}&8&‘(’%‘?‘%&‘?‘( Wfﬁ@&!é‘&éyf')&%gg’ 10%
U8 () - F% 10% UE' ()= (@ 10% U& ()-10% U& ()- a==?p?q?r ?s??2?2uV7 10

| #310%4| & () - 100/41%"&@3)‘! MUY 10UV 10UU! &7! 109U () -y/ 10% U& () - s-10%

' () - ?@GANAA&B[ BdBuV7 . . .
Ve () - 7@ [ anisotropically removing the boron doped oxide film from the active base

region and the layer of etch resistant material leaving doped spacers of boron
5 doped oxide film adjacent the active base region at a perimeter of the active base
region;
depositing an epitaxial polycrystalline 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
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.
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layer from a nitride;
5 patterning a mask over the second layer;

anisotropic dry etching the second layer; and

wet etching the first layer.

( 17.  The process according to claim 16, wherein the anisotropic

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

10 18.  The process according to claim 14, wherein the process is a
complementary metal oxide semiconductor (BiCMOS) process, including:

utilizing the etch resistant material as a protective layer ove

insvireaverardy Vv @

dry etching is a

bipolac-

ra 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 [ayer 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 topo

a spacer that cxtends through the recess;

logy,

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

16



10@B: 10%@& () - 110%@' () - WV XGXX* Y{ YXV7_@ 10 F"10%r& ()-! 9&$10966& ()- !4
,9%40% & ()- ,9%0%a& ()-! Fs!10%& ()-T)Fs!10%m& ()-{YPZzzzzz7[{peZ; 10
109%G& ()- 10m 10m 10nL910%m& ()- { . 10%& ()-!(. 10%& ()-! f&&109%& ()-[[[[I
\\{Y7eZ; 10WO 03/034839& ()-!, % 0% p p& ()-!%0% & ()- YdORCI/USH2/39405
&() - | KOAO%&: () -1 #1098 ()-\\]]~"_{Y:eZ; 10 1's3] 105 () -! 3+GLOUGE: () -

IBETY, 0 RS g i i b it 1
10G 8109%3& () -y5109%& ().-| ,.+a{aabhbaB~\= 10 ! 9/'10%& ()- 10%& ()-
-109&28&' () - 10°/<Z&' ()struc;tgfon;@ﬂpqi)copg_gu/@_tggn(g)raqmbthat extends toward the spacer;

an emitter structure disposed over the epitaxial base layer; and
an emitter/base junction region disposed in the epitaxial base layer between

5 the substrate and the emitter structurc.
20.  The BJT according to claim 19, wherein the spacer is a doped spacer.

( 21. The BJT according to claim 19, wherein the (irst layer is an oxide first layer
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 cpitaxial 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
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an emitter-base dielectric layer disposed on the epitaxial base layer and

including a recess that exposes the epitaxial base layer.

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 emitter 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,
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30.  The BIT 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 em itt;r/basejunction
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, whercin 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.

20



