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m ddl e- or @rﬁql‘t@ROHN&@ﬁﬁH&EVENT(@htter STI) 22, and a base- proxi mate
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Additional ly, a Abgplajink@nttansipbi(@IBexhibits siktifiinoresittaRe 37 aBstag base tap
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un d e?g? o Ogaﬁﬁé@g{“ﬁg Io lgl?g{c?gy,ehlog gos?: rlrtgpllagtgnon, the useaof a?lgav?ly do;lacrc]iesubstratc
" “layer, and the use-of high temperature cycles all significantly degrade CMOS
performance. Independent optimization of the deep collector plug (DCP) implant and the
buried layer (BL) is difficult especially in the presence of CMOS devices.
20 Figure 9 iliustrates an existing BIT 10. The BJT 10 includes a substrate 12, a
collector structure 14 disposed in substrate 12, a buried layer 16, and deep trench isolation
(DTI) structures 18. BIT 10 also includes shallow trench isolation (STI) structures that
. include a coilector-proximate STI (collector STI} 20, a middle- or emitter-proximate STI
o \) o _(emitter STI) 22, and a base-proximate STI (base STI) 24. Upon substrate 12, an epitaxial
' 25  layer 26 is formed. An emitter stack 28 is disposed above the epitaxial layer 26.
Additionally, a deep collector plug 30, a collector tap 32 and a base tap region 34 are part
of BJT 10.
Total resistivity from the collector séructure to.the collector tap in a BJT has a
significant effect on performance. In Figure 9, three significant résistivity paths exist.
30 | Although each path is depicted schematically by a dashed line, it is understood that the
 -Tesistivity paths are actually located in 3-dimensional solid space in substrate 12 that is
“approximated by the dashed lines. A downward vertical first resistivity path 36 passes

from collector structure 14 into substrate 12 toward buried layer 16. First resistivity path
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vi.ew depi-cti ng eI ect e?l structures of BJT 10 w thout depicting el evational
di¥ferences. ARged i arpentPgwiatse affeq effiBiercyl Accprginsthbecausc of edges 44
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46. 1t is best&T et petiof epiard dingubat is dACGEseE BPBIT pérmetitaneanh enitter STI
22. 25 exptaxial base layer perimeter 46 is also depicted that relates to epitaxial base layer 26 in
2Q Figure 9. Emitter stack 28 is.depicted by its perimeter, and an intrinsic base region 48, is
also dép_icted by its perimeter as it forms substantially above collector structure 14. Other
selected structures include collector tap 32 and a base tap 50 portion of epitaxial layer 26
. that is located within epitaxial base layer perimeter 46. It is noted that current flows
through substrate, beneath emitter STI 22.
25 :
BRIEF DESCRIPTION OF THE DRAWINGS
Inorder to further illustrate 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 reference to specific embodiments thereof which are illustrated in the
30  appended drawings. Understanding that these drawings depict only typical embodiments
of the invention that are not necessarily drawn to scale and are not therefore to be
considered to be limiting of its scope, the invention will be described and explained with

additional specificity and detail through the use of the accompanying drawings in which: -
_ " _
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15 of various structures are depicted;

Figure 8 is a flow chart that describes an inventive process flow according to an
. ~embodiment of the presentinvention; -~ -~ LT Lo
Figure 9 is an elevational cross-section of a semiconductor structure according to
present technique; and
20 Figure 10 is a plan view of a prior art BIT layout wherein the perimeters of

various structures are depicted.

() DETAILED DESCRIPTION OF THE INVENTION

| 25 The present invention relates to a process of forming a bipolar junction transistor
(BIT) that has a compact, super self-aligned collector (SAC) layout. Embodiments of the
present invention include both monojunction and heterojunction BJT devices. A
monojunction BIT is made with materials that all have the same semiconductive band gap.
A heterojunction BIT is made with materials that all have different semiconductive band

30 gaps. |

Figure 1 illustrates the beginnings of a process flow according to an embodiment.

The precursor of a bipolar junction transistor 1 10 is fabricated from a substrate 112, that

includes deep trench isolation (DTI) structures 114. Shallow trench isolation (STI)




présent techni que; -and Figure 10 is a plan view of a prior art BJT Iayout
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2 illustrates further processing. A collector structure 122 1s formed in
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process flow may be carried out in a pressure range from about 107 Torr, to about 2 X 10°
Torr. The CVD gas may be supplied as a silane type gas or~a. doped silane type gas.

20 . T_hereafter, an emitter stack 126 is formed that includes emitter polysilicon 128, an
emitter cut 130 and an interlayer dielectric (ILD) layer 132. In one embodiment, an oxide
layer is formed over substrate 112 and epitaxial base layer 124, and patterning is done in

the oxide layer to configure ILD layer 132 and to form emitter cut 130 therein. Asa
D result, emitter cut 130 will facilitate formation of an intrinsic base as set forth herein. In
25  one embodiment, the formation of emitter stack 126 is carried out after a hard mask 134 is
. patterned above emitter polysilicon 128. Etching is done with hard mask 134 such that the
polysilicon film is patterned into emitter polysilicon 128.
Hard mask 134 is a material that will etch in an etch recipe that is selective to
s_ubst‘rate 112 and epitaxial base layer 124. For example, hard mask 134 is a nitride layer
30  such asasilicon nitride (such as stoichiometric Si;N, dr the like or an Si N, non-
stoichiometric solid solution). In another embodiment, hard mask 134 is a metal nitride
layer such as a refractory metal nitride. In one embodiment, the metal nitride layer is

tungsten nitride. In one embodiment, the metal nitride layer is titanium nitride. In one
_ _ 4
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In one embodiment, doping of emitter polysilicon 128 is carried out once, and the

presence of hard mask 134 is useful in protecting emitter polysilicon 128 from any

20  subsequent doping or implanting process flows. For example, an emitter polysilicon film
is blanket deposited and in sit doped above substrate 112. Thereafter, a hard mask
materia! is blanket deposited, and hard mask 134 and emitter stack 126 are patterned,

either simultaneously or sequentially.

Figure 3 illustrates further processing in which a mask 136 is patterned in order to
25  -create a self-aligned recess 138. Mask 136 is patterned in order to expose at least a part of
first STI 116 and also at least a portion of hard mask 134. Thereby, first STI 116 and hard
mask 134 act to create a self-aligned exposure of a portion of substrate 112. In one
embodiment, mask 136 isa photorésist material that is spun on, cured, and patterned.
Etching is carried out through mask 136 between the emitter polysilicon 128 and first STI
30 116 to form a self-aligned recess 138 in substrate 112, that stops at a level into substrate
112 to form a recess floor 140. Hard mask 134 acts as a selfaligning ageat on one edge of
the seif-aligned recess 138. In one embodiment, the level to which recess floor 140 cuts

into substrate 112 substantially eliminates the equivalent resistance of third resistivity path
s s

mask 134 is an oxynitride |ayer such as silicon =~
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20 Figure 5 illustrates further processing. Hard mask 134 (Figure 4) is removed by a

wet etch that is selective to the emitter polysilicon 128, to epitaxial layer 124, aad to self-
aligned collector tap 144. Thereafier, a spacer layer is deposited and spacer etched to form
a spacer 146. Spacer 146 extends into recess 138, both on one side of emitter stack 126
and on one side of first STI 116.

25 Spacer 146 acts to protect and isolate substrate 112 and emitter stack 126 during

further processing. In one embodiment, spacer 146 is a CMOS composite such as an

oxide-nitride layer wherein the oxide layer is deposited first and the nitride layer is
deposited second, or visa versa. In another embodiment, spacer 146 is a first nitride layer
7 and a second oxide layer. In another embodiment, spacer 146 is a first oxide layer and a
30  second oxide layer, wherein the first and second oxide layers exhibit different reactivities
to etching and oxidation. Inanother embodiment, spacer 146 is a first nitride layer anda
second nitride layer, wherein the first and second nitride layers exhibit different

reactivities to etching and oxidation.




path 38 (Figure 9) is also substantially elimnated in BJT 110. 5 Figure 4
“illustrates further processing. After the formation of self-ali§REDT£2086
138 (Fi gureY3)03/aa048¢l f-al i gned inplanting 142 is carried ougcT/dusksshg6,
first- STI 116, and hard mask 134 further act as maski ng during
self-aligned inpl | | self-aligned collector tap 144
is formed in sqbsl?%'%g& ﬁ%?rﬁ%gﬁ%eqéﬁgoﬁ?rné%?ﬁ eostpﬂceégé?ﬁ ?Pdcerﬁcg’mg s

sel f - al i gnedcarsedeas witBgn anightropip ldaretdhing toformabicenl 46g Madadiaitopicdpr tap 144

-are done 10 Wi | ' |n, one enbodi nent, the self-aligned
et chi ng and %%H%*é%frgg%ﬁ%gl{a%{émﬁ ?Cg%we%ﬁy NEUGR AT ctsgfb?s 15 fnoyyn in

‘col | eet ort apthe an. Rhcspatee biyarmayap sclenedNe be eitlep64iy, nitdicdDoxidd ghtrad, dittitie-
col | ect ors ta "del Qxi?not.ger.tre adi nment, coql l ectﬁr tap 144 has no doping that
i s di fferent YT oR Fhat S Mgy Tide o ofhenvise aerording ioaspecitic PRSI MSERIM. done i n

“a singl e todforekanple,svhierBIT 106 &thaft OF a RRicOtrGdus UabticASorfof afi BMbidatd €t ch or a
foll owed by an inplanting. Wiere BJT 110 is an

reactive ion etchini?yé{Rl ) , an .

NPN t ransi stBf7 > £ &Y qugﬁ’é(?"msf"é‘&aﬁrmaﬁ’&ﬁ“ fon 2 nitededayer ardanaxiie layer-as an N
sour ce/ dr ai nin (iiSEainpies thtspaos 1@t Ry bd fhe %ﬁhﬂéﬁﬂﬁ%&ﬂ?@&érthg%%&qwg upon
whet her BJT 110 is an, NPN or a PNP transistor, self-aligned. collector tap
144 is sel eCRERPTY RERAUPRS propgsaing ofthe BRT 1. p- col | ector tap, a P col | ector
tap, a Re col | ecF@knek Snd’i artied bi idolidgt i Rpcessing.
Hard mask 134 (Figur eﬁ%msi g@r e?mved tggfogmg\[/‘v'e'lt&ﬁeéftc[{??%ﬁg@ Fll!'isé@g 'éa(?{[a?ve to the
em tter pol Yasellaxehhi4 Ag ong embegimen thermal agasessing 4s usedhio form meric badei gned
col l ector tanickdks. : : g | S osited. and spacer
efkhed to 1 otiortas DARE GRLiBhe kRamBR6R kX Ble Bl BP0 &l 50t 1 o
one side of diirtricdiLDYayek(ngtapictedovonB BhE Osind eorndct fidleésthotFEpickd)ihat25 Spacer

146 acts to ' t, trate 112 and em.tter stack during

further pr 08@%“ g{) ﬁ%ﬁax{ag&g%ﬁé@ éerratlﬁgd? ?r’e%%&er, §%°§a{i’éra“€£’€°ﬁ? 1gne 1% f‘?ﬂég‘?t e such

as an bxi de- ni t@nalentodirent athier wésantiventiod @Ritek By18E renfovalePeshiies: f i rst and
cond, or visa versa. |n another

the nitride layer | deposited.s .
embodi nent , rcgﬁvdérpa%ﬁ’éyﬁ tgatﬁx'is‘fegE‘c‘g‘?‘l?’t“?‘iaﬁeCPW%‘F““&ﬁEF%d‘%@@ﬁd oxi de | ayer .

~L.n_anot her .entaithergtsistioRARBITI40 s 1Swak that b pleyvidns BEr. | VLY, E&%mfﬂo}? ; second . .
| |

~oxide layer, wherein the first and second oxide | ayers exhi different
reactiviti e@?“g'bs‘g’ﬁ%“r h beiteen shegallqcisn stryctire W3t and thesolietimamida ispacer 146
is a first mykedeslQedi®RYey %_ﬁpﬁﬂhatﬁgﬁﬂltﬁﬂ} ﬁlbl%%irL&%%l’altm%E%hpenE Agyfirst and
second nitride |ayers €xhibit different Teactivities 0 ot Chi ng and

oxi dat i%8n. mevespByrauzh§-dimensional solid space. Further, self-aligned recess 138 actsas a

contact corridor for a metal contact (not pictured) that may include a tungsten plug, a

tft;nium-lined recess for a metal plug, and the like. -
| - Figure 6 is a top layout schematic view depicting selected structures of BJT 110
- >) : according to an embodiment. Figure 6 illustrates projections of the perimeters of various
25  structures. A BIT perimeter 152 measures the BJT 110 from the outer edges 44 of first
. STI 116 and second STI 118. In one cmibodiment, first STI 116 and second STI 118 are
part of a guard ring that is delineated by BIT perimeter 152. An exptaxial base layer
perimeter 154 is also depicted. Emitter stack 126 is depicted by its perimeter, and intrinsic
base region 148 is also-depicted by its perimeter as it forms substantially below the emitter
30 cut I30. It is noted that the emitter stack perimeter 126 and the epitaxial base layer

perimeter 154 intersect.




Paiir oy

WD 03/ 050881 PCT/ US02/ 39408 5 In one exenpl ary embodi nent, after formng of
‘the spacer |ayer, spacer etching is carried out with an ani sotl@dlo(ﬁlﬁz 06

et ching to ferognseacer 146. The anisotropic dry etching i e ion
etch (RIE), followed by an alternative wet clean as is kno%cﬁ‘{ﬁs‘ﬁ%%hé’

The spacer | ayer | ected . to be either oxide, nit
oxi de-nitride, C{)Tﬁ%/r EC‘B%%&““B%I"B’Q PgEmetgg ?frCP@FémﬁFaPrlﬂ‘Hé“d hasoBRer wi se

accordi ng tom;ﬁﬁ@etefpmm&régm.m Bise ¢lyat | @ Nhat ng&ﬁ&%ﬂ%@mﬂ&m BJT 110 is
-part of a logic, structure, fabrication of an e nmenory array

el sewhere or®¥R& substrate may call - for a nitride Iayer and an oxi de | ayer.
In this exanple, HfiRe §ARGHHes'sA¥AEd HRYRE %Qﬁns &)Bég bredBinpadt O COVer

t he enbedded rrermry array e(ilfrl ng procl:’esgl ng qlatt g% relg zlijrther
processi ng it8at@EFviquUs BIB strictusest dripmetpble ﬁlﬂ?QOqut@tmaHé shagepi agubstat@ailycoepi t axi al
15 base | ayQfpedidthst Uoﬂn&%S@’%@hﬂﬁ&%b&l& W@éccﬂpﬂ&géﬁy @9 sélfa!%ﬁgﬂ i for m
intrinsic base region her processing 1s carri as

f ormati on ofand optigrR! implagtingfpeititatediby hawsitmask 134 (]Higurdfayer (not depi ct ed) over
BJT 110 and cont hai pen .t ial base | ayer.
124, to enmitter g‘f{zﬂ:k bgglm(egﬁdls %BEe%@g}qa ‘b"ﬁ%&" sl'sé%@yo‘?&f Lﬁx‘ﬂ)lft i

enbodi nent , in Figaiesy, isuiot gnciimbdBddTbylalf ellel ST\mehtah&tthaprﬁrreMideplsedﬂ'FxodF&th her,

current ;fl o ough su tra t.ween the tor structure 122 and
the col | gct\gr Athr%" L?“F%“ resﬁh“r”ﬁz‘@ﬁ}gﬁ%‘mg fcéetd%’ S*ﬁ‘igf P, ftdpundpisiood o

subst ant i al khat m@ﬂvadttrrﬁ:ﬁtﬂlmpdth BdtivEsaLD Nectatisirdhire I 2 20Md B cRrR@d iyt of the
present invention (el ates to the renoval of significant resistivity

pat hways t haibsyiiallydyasinele dketPior art. Consequently, according to an 20

moves through 3-glio¥e 8mbsidtnt IRkikShtA PEEBvin phtl Wrepr:?s%bt@a?t{ gn6H b&gess 138
acts as a 2p contact, corridor fora netal cont act (not tgured) t hat may

include a t ¢ p FAPout 00 ohmga ks thﬁétpfﬁ%é@s@of‘félof @fﬁ}’rﬁm&ﬂafp‘led@f and t he
l'i ke. Flﬂurﬁeﬁpdr§n<§edt|§3 cité}lfﬁ)dﬂtab&ﬁ@@%%'sﬁbgéh gqngﬁ’kx %l{ﬂ g'x?er g?ﬁ Galigd structures

of BJT 110 according to an enbodi nent es projections of
t he peri metappsoxgnatodby karigontaltresigtivify path 130, Bdfnquemcmb@cmncritsﬁe apastols the BJT

110 fromt S Llls I n one
“enbodi nent, % a? sFﬁe B@%Pq'ﬁléééc%%%goﬁ&dc% thaf%goug‘:gg%' %}a‘b”fa '"gausé'??&e ring that
~i's deli neatdad:ctu;n Bares mmxn'eztteﬂbyﬂlﬁﬁzonﬂni resiquitiaX path limasIEarloa})eeme@i’nhém,t er 154

is al so depjcted. er 126 i s, de cted its perinmeter, and
i ntr| nsi ¢ q}'le amotint 0 to lmpc nce hlat 1s experience }s greater than about 89/0[[1

20  -substantially in a single direction that is approximated by horizontal resistivity path 150.

In one embodiment a current flow path scheme is selected that allows for higher

and shorter current flow between the collector structure 122 and collector tap 144 as

) depicted in Figure 5. Figure 7 is a top layout schematic view depicting selected structures

: /) ' of BJT 110 according to an embodiment that may also be described in cross-section by

- 25 Figure5. A BIT perimeter 160 measures the BJT 110 from outer edges 44 (Figure 5) of
first STI 116 and second STI 118. In one embodiment, first STI 116 is a U-shaped guard
structure that is enclosed by BJT perimeter 160. Second STI 118 comprises an elongate,
substantially linearly symmetrical structufe that is also enclosed by BJT perimeter 160, ;
An exptaxial base layer perimeter 162 is also depicted. Emitter stack 126 is depicted by

30 - its perimeter, and intrinsic base region 148 is also depicted by its perimeter as it forms L

r
substantially below the emitter cut 130 (Figure 5). Other selected structures include i

1
- collector tap 144 and a base tap 164 portion of epitaxial base layer 124 (Figure 5) that may 51

or may not be additionally doped. In this emb'odimcnt,‘coilector tap 144 is laid out as a U-
g :




base region 148 is also depicted by its perinmeter as it forns substantlallrg
-bel ow the emtter 30 cut 130. It is noted that the enmitter stackOg&3n208

126 and t hewepisisgxskal base | ayer perineter 154 i ntersect. PETW}Q?)G@@OG WO
03/ 050381 PCT/ US02/ 39403 Ot her sel ected structures include the perineter of

col | ector taﬁﬂpl44 and a base tap 156 perineter portion of epitaxial base
| ayer 124 t heapedipustureriat dllows foe curctal flovo ethiey gerdop b sutliagintly c6-plankust r at es

sel ected st HHE&HB?@CY\Q@BH%&LF&C?&QR@?%F pﬂ%tre lsap n}:go{!IE'\ctor,?gS)?'zfli‘r4 4 5 that

~previous BJT structures 'S Nno shares a
substantially coFllguméaHummiseldotadlmta:nyesxﬁa Bdﬁrtinbedmtrﬁ Gfatlstxta:ﬂ:é(co]rﬁﬁctas

-g;cggpg' ﬁgggq % N&g égﬂr %ru%reQ“ﬁ.s &Rgﬁa Fes q%ﬁea 4%mg}°%u%tﬁ%@§gf aC't 'h[,; ated

hori zontal hesr ﬁtsnt bmmazpaﬁdilwmﬁémmd&}muanmd% afaccbifiplisReddy thesselfaligesac unber ed

nor zont al - eeu el bR hedipedt lrbi 8 shtmen Sl spata 10"

under st ood adﬂa‘:trmaergtmﬁﬂrcaﬂﬁ #re bt shbsmmtigtat do- ;haiay\@enewéelul &6lafibnabtiossct ure 122
and collector ta.d:l g substantially in a single direction. In one
enbodi nent , ﬁtécﬂ & "resistivity path 150 represents a range from about

300 ohmtm 2 to &b@ldtso?xeﬁbleﬂﬁf)éﬂllgctoﬂtﬁb Pﬁ@ﬁﬁrcé’\éj{ugﬁantfaﬁﬁcoalmldmcc&lﬁ t ot al
[ rrpedan e t hat iés experienced is greater than about 80%in
subst ankt al toyndasy 16& it pritagint basq lays perimter 162,5 el 2 m&el@@nwimeﬂm%m al

resi stivi {MRRbAER).170 i OGlaRRT naEROd pBR AL 1° IATRU ol tRLA | mPedance

that is experienced is gir eater than ab substantially 1n a single
di) ection theapdang 16fpmdd rm@h%lﬂomnaz@ht\aith eack ot vity pat h 150. In

aftot her - embod ek ol MARAIPHEbSBhobel Bl AFBERENGR ANt eI EnCe0 1o

greater than about 99%in nasin rectron that is

appr oxi mat éaiFigyrerois shori¢ralian hedontal second rpﬂﬂhltﬂﬁd}h 38 rdcpmai mrﬂmgmh frent a
and shorter

current,.fl eIe

cur r ont'31 1 QBB pEARE TR Dt el Slielot B e, P Rt BofREeoPatl e s

~ depicted i moﬁa:gmdxiedﬁonflIguﬂ@en?botlﬁneat, héizohQyeLikti ey PRS0 @pitsa 2apeCt | Ng

~_selected s ructuréﬁ3 3 BT 1l:)L ?qcﬂc rdi ng an enbodi nent thai1 may al so be

““described FTRTAPSUS 08 Eh tB? g (g‘l‘]} Bﬂqﬂ"b@-ﬁ?tﬁléf“@Fdaﬂﬂf HeBsures the
BJT 110 fr expepigicd neﬂigﬁsdn‘é&loﬁﬁsgtéﬁ@rﬁin ﬂfout 0% 8t thexblal. Th@newet second STI

118. In one nhodi ment, first 116 is a U-shaped guard

mbodiment, current flows in three substantially coplanar directions and the amount of
20  total impedance that is experienced in these directions is greater than about 99% of the
- total directional current flow. In another embodiment, current flows in the three
substantially coplanar directions and the amount of total impedance that is experienced in

these directions is greater than about 99.9%. In each selected embodiment, the current

flow paths cross at least one of first boundary 166, second boundary 168, and third
25 boundary 170.
Figure 8 is a process flow diagram 800 that illustrates one embodiment of the
~ present invention. In one embodiment, the inventive process commences with forming
810 spaced-apart first- and a second isolation structures in a substrate. The process
continues by forming elements of a bipolar junction transistor between the first and second
- 30 isolation structures. The process includes forming 820 an emitter stack between the first
and second isolation structures. Next, the process flow forms 830 a self-aligned recess in
the substrate between the emitter and the first isolation structure. Thereafter, optional

implanting 840 of a self-aligned collector tap is accomplished in the self-aligned recess.
g




structure that is enclosed by BJT perineter 160. Second STI 118 conprises
-an elongate, substantially linearly symmtrical structure t hat 104 &% 43006
encl osed bywBhkyark] meter 160. - An exptaxial base |ayer perﬂcﬁ‘?ﬁs‘ﬁ';/sﬂi@@ is
al so depicted. Emtter stack 126 is depicted by 30 its perineter, and
intrinsic base region 148 is al so de |cted by iits perimeter as jt forns
subst ant i al e BECEH PHEUeRYICOBPiciRg 35% Ropr ginegongyansigtpihsivesa thedired
structures h&@&ggejmggﬁﬁﬁﬁﬁaﬁegap 144 and a base tap 164 portion of
-.epi taxi al base |ayer 124 (Figure t hat ma not be addltlonally
doped. 1n this elbdtibeesadily ?thé@df@rthSa&“ %ﬂ“i@ aﬂaﬁlaélvail?ﬂs etherghenegs m
10/05/ 2006 tﬂ%e&%ﬁ%&%%a Q;fa A ER paht %éﬁdd%&%é&fvﬁuéma% gdhows for
current flowin three gener ut substant ? co-pFanar directions
bet ween ﬁhedwtlb@fcﬂﬂdnlitsmtctbm@r@rlpthpf(amtbqnaeur@ thndwe@lmewche maslf) 144.

Figure 7 il IS nore
co?rpact thg%ﬁ%lgt?&[?ﬁn%é%ﬁEngEIECEﬁIﬁJrHeHS %tlhgm?% gﬁ?é&%ﬁﬂ%ﬂ f ect or tap
144 shares subfeibrsitcdaitms.al |y co- 5 |inear first boundary 166 with emtter
structure 126 as acconplished by the self-aligned etch and inplanting
facilitated by hard mask 134 (Figure 4). However, collector tap 144 and
emtter structure 126 are not substantially co-planar as viewed in
el evational cross section in Figure 5. It is also notable that collector
tap 144 shares a substantially co-linear second 10 boundary 168 with
epi taxi al base |ayer perineter 162, as well as a substantially co-linear
thlrd boundary 170 with epitaxial base |ayer perineter 162. It is also
not ed that second boundary 168 and third boundary 170 are parallel with
each other. In one enbodinent it is also notable that horizontal
resistivity path 150, depicted in Figure 5, 1is shorter than horizontal
second resistivity path 38, depicted in Figure 9. 15 However, because of
the U shape of collector tap 144, current flows in three substantially
copl anar directions. In one enbodi nent, horizontal resistivity path 150
represents a range from about 300 ohmcm 2 to about 700 ohmcm 2. The
~anmpbunt of total inpedance that is experienced in these directions is .
greater than about 90% of the total. 1n another enbodinent, current flows"
in three substantially coplanar directions and the anmount of 20 total
i npedance that is experienced in these directions is greater than about 99%
of the total directional current flow. 1n another enbodi nent, current
flows in the three substantially coplanar directions and the amount of
total inpedance that is experienced in

0
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these directions is greater than about 99.9% In each sel ected enbodi nent,
the current flow paths cross at |east one of first boundary 16@9/5%%3\806
boundary 168, and third 25 boundary 170. Figure 8 is a process flow di agram
800 that illustrates one enbodi ment of the present invention. In one
enbodi ment, the inventive process commences with formng 810 spaced-apart
first- and a second isolation structures in a substrate. The process

cont i nues Whafisrciaimgddd:enents of a bi polar junction transistor between the
first and second 30 isolation structures. The process includes form ng 820
an emtter stack between the first and second isolation structures. Next,

the procesp f'Wbi&@l'éﬁa%@toﬂcéﬁksﬁsiﬁbi gned recess in the substrate between
ot . !

the emtter and t irst isolation structure. Thereafter, optional

i npl ant i ndn 84ubgiratg, 8 firstisplatipnesiruséured spaeed apart oaca segandinelation t he

sel f-aligngd.fesess. 9 10/05/2006 WO 03/050881 PCT/ US02/ 39408 The process
conti nues by conpleting 850 a bipolar junction transistor between the first
and seconchniesoittat stank dispasediabeve the subktratecandebetivegn tinelfirss isotatioho t hose

skilled in,the art that varioys.other changes in the details, material,
and ar r an§EHEHTE %4 %Q%%ecﬁﬁpt‘iolf%tfﬂf %E{Oﬁ'ﬂfﬁ' st ages whi ch have been 5 descri bed

and il ustrratest dispsyedaidjdcnesnd delivddifthaadriitier Sack Bha theWeisoRiioRBY be
made w thout departin romthe principles and scope of the invention as

expr essed SIHCHIR Wherein dhe earess skpesesierlleoi0 3m@0d Wat is clained is: 1. A
bi pol ar 1 éépé?éﬁéiépcfs%%H tg\b%iﬁbps@cﬁ,%érﬁﬁttﬁe sﬁaé%rr eé{tﬁrtncfsgé)@%é’@ilg%t ructured

spaced apar roma second isolatron’ structure, r stack di sposed
above t hetrendnftintattke sembsh dietvesan theeerhittes stack ahd tthefirst solationsteichunel. t he
second isolation structure; a recess disposed adjacent and between the
emtter stack and the first isolation structure, wherein the recess

exposes cpl | ecA dfpoldHiandi¥or comprising:

in a substrate, a first isolation structured spaced apart from a second isolation
structure;
an emitter stack disposed above the substrate and between the first isolation
structure and the second isolation structure;
a recess disposed adjacent and between the emitter stack and the first isolation
structure, wherein the recess exposes collector tap; and
a spacer disposed on the emitter stack, wherein the spacer extends on one side

- thereof into the recess between the emitter stack and the first isolation structure,
and wherein the space is selected from an oxide, a nitride, an oxide first layer
and a nitride second layer, a nitride first layer and an oxide second layer, an
oxide first layer and an oxide second layer, and a nitride first layer and a nitride

second layer.

3. A bipolar transistor comprising:
in a substrate, a first isolation structured spaced apart from a second isolation

structure;
an emitter stack disposed above the substrate and between the first isolation

structure and the second isolation structure;

11




a spacer disposed on the emtter stack, wherein the spacer extends on one
side thereof into the recess between the enitter stack and thelfi//0&R/2006
i solation structure. 2. A bipolar transistor conprising: in a substrate, a
first isolation structured spaced apart froma second isolation structure;
an emtter stack di sposed above the substrate and between the first
isolation structure and the second isolation structure; a recess di sposed

adj acent anfbcags H%ﬁﬁséd‘ﬁd}%@ﬁttaﬁfd tsetdekn ﬂ’ﬂéjer’h!]f’er fsie{cﬁtanidstgé fikst Mdblatiinr uct ure,

wherein the recess exposes collector tap, and a spacer disposed on the
em tter stdlriurgheherem threeegnscaxposss avgledar @peasd de thereof into the

recess betmﬂz ] th LSt | i : and
wherein the spggggpgggs%{ﬁ&%%ﬁﬁ%%&g}ﬁ’ ‘g)ﬁf’%é'{; ﬁ1ae %Pﬁ%kféégﬂgﬁgéﬁéﬁfﬁ rst

| ayer andherenf into the reeessisetivegr ithe emittdrrstats dridr the firstysolatiordsteuctane| de

i i de. | ERETSI5iE S SaCEn S furltiet ClepBEeh an (a8 st IS IEURNGISGILGF Sfians st or
conpri si n@gxtdndsantoUhstecalse, a first isolation structured spaced apart from
a second isolation structure; an emtter stack di sposed above the

substrate and between the first isolation structure and the second

i sol ati t t ri ' d adj t d bet
he om C1dr ot achdartet Pl R FARRE cHRBRINGC “Lharein (he recess

exposes aavpepitexiaibasedpyergratineetepacer di sposed on the emitter stack,
eof, into the recess between the

wherein the spacer, extends on.one side her

em tter sPAERTGHPERRPTITEE” PisgPSed b Measpdayeraaiier 8 the spacer i<
further dhgpmsser @P pgefithdtér, Whetsintid PRt IStatkiparthaiBdaneiHecdtlléciont o t he
recess. 4. A bipolar junction transistor (BJT) |ayout conprising: an

epi t axi al ApREEIMeOLshase & Gaslingar figs bovnda’r st ack perineter di sposed above
the base | ayer perineter; and a collector tap perineter, wherein the
emtter stack perinmeter and the collector

5. The BJT layout according to claim 4, wherein the emitter stack perimeter

and the epitaxial base layer perimeter intersect.

6. The BJT layout according to claim 4, wherein the coliector tap petrimeter
shares a co-linear second boundary and a co-linear third boundary with the

epitaxial base layer perimeter.

7. The BIT layout according to claim 4, further including: a base tap
perimeter, wherein the base tap perimeter is enclosed by the epitaxial base layer

perimeter.

8. A bipolar transistor comprising:
~ in a substrate, a first isolation structured spaced apart from a second isolation
structure;
- an emitter stack disposed above the substrate and between the first isolation
structure and the second isolation structure;
_arecess disposed adjacent and between the emitter stack and the first isolation

- structure, wherein the recess exposes a collector tap; and wherein the emitter

12




tap perineter share a co-linear first boundary. 5. The BJT | ayout accordin
to claim4, wherein the enitter stack perimeter and the epitaxi8/ 46800
| ayer perimeter intersect. 6. The BJT |ayout according to claim4, wherein
the collector tap perineter shares a co-linear second boundary and a

co-linear third boundary with the epitaxial base |ayer perineter. 7. The
BIT | ayout according to claim4, further including: a base tap perineter,

wher ei n t h@ahesfuréSR RahHARLEIh the refsdsosed by the epitaxial base |ayer
perimeter. 8. A bipolar transistor conprising: in a substrate, a first

I solation structured spaced apart froma second isolation structure; an

emtter stgack iﬁBBI%?ﬂaﬁQQt‘é?péﬁlﬁri§iH§St rate and between the first isolation

structure and e’'second iso oh Structure; a recess disposed adj acent

and bet wedm atdubsteatef & éirst ddcdationestaictured spasdéd apart fibmoa secdnduisdlatien wher ei n
t he recess ex&os_es a collector tap; and wherein the emtter 12 10/ 05/ 2006

stack shat¥8°%r®oundary with the recess. 9. A bipolar transistor

conpri si Ngin diittdr StdbR HispbSed abdid e Jubstralel MY Sdtivideh Wieflrst Raggidnapart from
a second isolation structure; an emtter stack di sposed above the

subst r at e SHHeturR e the sasendiisalationsgfruptyreh  structure and the second
> ot _ : . oty
I solatl Onafrhéé%c’rﬂé;?oseﬁ %OZ%C?E?‘I? aflly ?’Qﬂﬁ?e%r@,@é&ﬁﬁ% Istﬁegﬁnﬁrt!’(@ﬁﬂét fRftipR tter

stack and I SO Ion struc € recess exposes a

col | ect or straqturen whepéih dvé pdcebs expbsasca collestaniap;han epitaxial base éfer and a
he emtter stack, wherein the spacer extends from one

spacer di sposed on. .
si de theréglp“ﬁtﬁ?(?nf’h‘ér stagean between the emitter stack and the first
i sol at i ong sphéatcdispdseddthelephigbnstabie VIRFERthE $Spatéte@énd Méfihesi de
t hereof onto the epitaxial base layer. 10. A bipolar junction transistor
conpri si ng_de thereof into the recess between the emitter stack and the first isolation
structure, and wherein the spacer extends on another side thereof onto the

epitaxial base layer.

10. A bipolar junction transistor comprising:

in a substrate, a first isolation structure spaced apart from a second isolation
structure,;

an emitter stack disposed above the substrate and between the first isolation
structure and the second isolation structure and further including an emitter stack
perimeter;

a recess disposed adjacent and between the emitter stack and the first isolation
structure, wherein the recess exposes a collector tap;

a spacer disposed on the emitter stack, wherein the spacer extends on one side
thereof into the recess between the emitter stack and the first isolation structure,
and wherein the spacer is further disposed on the first isolation structure and

_extends into the recess;

an epitaxial base layer below the emitter stack, including an epitaxial base layer
perimeter; and
a collector tap including a collector tap perimeter, wherein the emitter stack

perimeter and the collector tap. perimeter share a co-linear first boundary.
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in a substrate, a first isolation structure spaced apart froma seconz
isolation structure; an enitter stack di sposed above the subst A&/ 244006
between the first isolation structure and the second isolation structure
and further including an emtter stack perinmeter; a recess disposed
adj acent and between the emtter stack and the first isolation structure,
wherein the recess exposes a collector tap; a spacer disposed on the
emtter stack, wherein the spacer extends on one side thereof into the
recess bet1 en,fhe emtter stack and the first isolation structure, and
"spa

wherein th derbipQlar iunciipn transisige aecasding e claimsl0. fustheaincbiling:rfuct ur e and
extends | ni@iekisydref éd?ﬂ‘tl‘%oé trafdl bdtideen ity fifst REIMON SRGcRIE bhEthest ack,

i ncluding an epitaxial base |ayer perineter; and a coPIector tap 1 ncluding
a col | ect giecongp ispationstreiciurgherein the enmtter stack perimeter and the
collector tap perinmeter share a co-linear first boundary. 13 10/05/2006 11.
The bi polar junction transistor according to claim10, further including: a
buried | ayex dﬂ'ﬁlpdﬁmﬂad jonttvn Wtﬁﬁé@o&ﬁhg\wma&rgeojrﬁhégeirhH'Td@’hitt@ﬁ _
structure an e second isqlation structure. : e bi polar junction
transi stoﬁ?%?g(c'%ﬁaﬁ‘?%@%%"%%“mhl CIGHRSeein the enmitter stack shares a
boundary with the recess. 13. The bipolar junction transistor according to
claim 10, wherein the collector tap is self-aligned. 14. The bi pol ar
junction t1Bansil8e¢ bipokardunationdransistoraacepnding theaisn A0; Whenelrchesallecton cont act

corridor. té]p4is self-aligned.

14. The bipblarjunction transistor according to claim 10, wherein the recess is
a contact corridor.
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