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Al t hough each path is depicted schematically by a dashed line, 1t is
under st oodTherpsiglitiog &f high energy, high dose implantation, the use of a heavily doped substrate

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 illustrates an existing BJT 10. The BJT 10 includes a substrate 12, a
collector structure 14 disposed in substrate 12, a buried layer 16, and deep trench isolation
(DTI) structures 18. BIJT 10 also includes shallow trench isolation (STI) structures that
include a collector-proximate STI (collector STT) 20, a middle- or emitter-proximate STI
(emitter STT) 22, and a base-proximate STI (base STT) 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 sfructure to the collector tap in a BJT has a
significant effect on performance. In Figure 9, three significant resistivity paths exist.

30  Although each path is depicted schematically by a dashed line, it is understood that the
resistivity 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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20  Figure 9. Emitter stack 28 is depicted by its perimeter, and an intrinsic base region 48, is
also depicted 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

In order 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:
2



In order to further illustrate the manner in which the enbodi nents of the
invention are obtained, a nore particular description of the invention
briefly dweasiobmsl above will be rendered by reference toprepasot/zaos
enbodi nents thereof which are illustrated in the 30 appended dr awi ngs.
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and expl alg wth, additional specificity and detail through the use of

t he acconp: ﬁ‘&‘?lprﬁe MANFPHYE i n which: 2 WO 03/ 050881 PCT/ US02/ 39408 Figure 1
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further processing; Figure 3 is an elevational cross-section of the

sem conducfﬁ&}lfe%{*ﬁetﬁcf@lﬂ}eep@é‘fﬁ’@ged in Figure 2 after further processing;

Figure 4 is anpgheygid ARadvafdbSoS8ediorbr @k sérﬂf%o&ﬁ@@o?ﬁﬂféﬁ&é @bicklnnct ure
depicted in Figure 3 after further processing; 10 Figure 5 is an
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peri metser E‘OfOzfrlouyéﬂ"doﬂlié‘s £¢ depidiet: es are depi cted.
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
20 Figure 10 is a plan view of a prior art BJT 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
(BJT) that has a compact, super self-aligned collector (SAC) layout. Embodiments of the
present invention include both monojunction and heterojunction BJT devices. A
monojunction BJT is made with materials that all have the same semiconductive band gap.
A heterojunction BJT 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 110 is fabricated from a substrate 112, that

includes deep trench isolation (DTI) structures 114. Shallow trench isolation (STT)
3



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 The present invention relates to a
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process f IRRGEREPYBAL RS Gariisd W A e 5rees ’&B@%Plahg}btz BnoaboRe 15 Tor P
to about ZroX. B EVD gas may be supplied as a silane type gas or a doped silane type gas.

20 Thereafter, an emitter stack 126 is formed that includes emitter polysilicon 128, an
emitter cﬁt 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
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
substrate 112 and epitaxial base layer 124. For example, hard mask 134 is a nitride layer

30  such as a silicon nitride (such as stoichiometric Si;N or the like or an SixNy 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



Torr. The CVD gas nmay be supplied as a silane type gas or a doped sil ane
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al uni num ni t ri deanodisdembedimpiéehe hard orask Eifusamatsnial thatdantagragste ardaide s an
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deposi ti on,16fand k@S 18I tri dation, and the like. In another enbodi nent,
the hard mask 134 is a material that integrate a.njtride or. oxide

layer that is aF% PUPHEen: Jorjng el enifigiRhsilison gtsigi’%‘i“? R ofeppandety  exanpl e,
several ofp¢dgocrhad Bl s aletfiah bidtdefind dhhifierfofel1REM I AG alge Used with a
o1 pol a2rO- subsequent doping or implanting process flows. For example, an emitter polysilicon film
is blanket deposited and in situ doped above substrate 112. Thereafter, a hard mask
material 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 is a photoresist 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 self-aligning agent on one edge of
the self-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
5



conpl ementary netal oxide sem conductor (Bi CMOS) process flow. Accordingly,
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134 act t e Bate34 f%‘?*f ach py @%&gé%?ﬁ&gﬁ%ﬁ@fleddnﬁlﬂnﬂ%w%%@ Wgafe 112. In
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fl oor 140. Hard 134 acts as a self-aligning 3@nt on one edge of the
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140 cuts t he equi val ent
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110 is brlc he efity I eSTI
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o1 oceasi g RPCEPIRERE ot Poiebonrb el lboed *r el SR E yire 3,
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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, and to self-
aligned collector tap 144. Thereafter, 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
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. In another embodiment, spacer 146 is a first nitride layer and a
second nitride layer, wherein the first and second nitride layers exhibit different

reactivities to etching and oxidation.



of self-aligned recess 138 and inplanting of self-aligned collector tap 144
are done 10 wi thout changi ng masking. In one enbodi nent, the self-aligned

et chi ng awo oslosossel f- al i gned inplanting 142 are done in &CIiusgt/zo4v®0l t hat
is first used for an etch such as a sputter etch or a reactive ion etching

RIE), foll i i R
gel f?al i gnegwﬁgf]?é%%lpb@p&%ﬂfn%ﬁt’%@{%@ggﬁ %é%@%aeg R%i Ctseggt?%g{ir ain
(NSD) ) i scahtiddrrplltw’rthendanis*.qtrogitcrderetdring)@ifmmm;merdé@eﬁm amg;ou@mﬂdrylS whet her
S‘éreé%g dl S?tc?h&rr;ﬁnglgl rgarctl 1ng1\| F‘)cglg 3 %g'ﬂ?ltlcg%'d bi/%}'n ltéilg.tgn%’ tglgial.ll agcf 18'1 pol Ol‘l4t4alp,s a

P+ col | ectihe attaphe @a&éﬂayemhdtﬁbmalectbdm beamthéd—omdeahtrfde,ta)aidet—lamde,antrlkile-
N+ col )l ecto

col l ector tap, an N .collector p, and an +

col I corbr P ofleRiR MRt Rtids Ruorfhvish pfeRi it L apeei G mBB D ng ¢ na
is differefdr ef(dirﬁpirbtvbl&tem Hobspdradia laélastrdéwrézlfzgiulbﬁloﬁ of bh eabéddeds furt her
processi ng. Hard mask Vé‘reéleﬁé’:: gurbe 4 IS ved ({gi t et 9 that is

sel ective PEMPHTEREEHEer tb ™ ?tﬁ% mi’é%a b2 Mpidedaennd apg HE and to
sel f- al i gRaH;s 6QArhRE R spicdPladddnay Beareabfdeadyer matsaaﬁqsseodeaﬁleremsdda@pos' t ed
and spacer etched to form a_spacer 146 Spacer 146 extends into recess

138, both @ﬁn%@r@ygglrg@rqgﬁf$qgé}ftlgq%@‘kl 5.)26 and on one side of first STI

116. 2f» Spacer Flétﬁexé}ﬁso%ssﬁ@ PERLECSut 8 Fbrih 80 kdtiRicWARSleERh 848 hlepitidatem t t er
stack 126 during further %rocesa ng. I n one enbodi nent, spacer 146 is a
m

CMOS conpoise layeii. Hionggmbedimeat, Hiermal @EcPsaipg s whpkiocprm ansishage | ayer is
deposi t ed xfeg n@mg‘”@m&ﬂﬁo&k&ﬁg @%arh@d &t shch as‘i'l%‘}‘é}ﬁﬁatu%g oPE6ARGhterRyevi S Versa.

I n anot her odi nent,” spacer Is afirst nitri | ayer and a second
oxi de | ayedlele¢tn0élh@D e (@Wtﬁ@ﬂlﬁﬁé}mer Bplatkyand gentpos heles (np‘sdepmddélat ayer and a

30 second cﬁfé cf | ﬂ\}l iﬁlrbasé’\igﬁgrqbﬂ' th Ql%lt{el‘ %ﬁ%{xllégdanﬁ?&&%l@ﬁécfj&llla&é{ﬁ n}%éﬁ( mag![ t

di fferent I es et chi at’ 1 on not her
spacerl5146 i s aifd anslx)dunemrofdbe ;brespahnmmdomrelasact@thd rgmaval dissignafjeant, wher ei n
the first an secord ni di f ferent

r.ide l.a activities to
et ohi g arfaar SRS i PYER RS et bbb BR i B exenpl ary
enbodi mentemiafdireent,fresisiivingindBJTt 16 isloaerthatl agyeiious BIAC Enrtlet,cduirag flosv carri ed

out 4 1 30,2 SOLLOR A SAELR LA SBSCE 145, The apisot oplc Oy
as is knowbrizBntal resistivity path 150 that is substantially monodirectional although current flow
20  moves through 3-dimensional solid space. Further, self-aligned recess 138 acts as a
contact corridor for a metal contact (not pictured) that may include a tungsten plug, a
titanium-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 BJT perimeter 152 measures the BJT 110 from the outer edges 44 of first
STI 116 and second STI 118. In one embodiment, first STI 116 and second STI 118 are
part of a guard ring that is delineated by BJT 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 130. It is noted that the emitter stack perimeter 126 and the epitaxial base layer

perimeter 154 intersect.



the art. The spacer |ayer may be selected to be either oxide, nitride,
oxide-nitride, nitride 5 oxide, oxide-oxide, nitride-nitride, or otherw se
accor di ngwoesasespeci fi c process integration. For exanpl ePCesow3BIST 110 is
part of a logic structure, fabrication of an enbedded nenory array

el sewhere on th@m%#é%weé&t?uc s if@hde tﬁeg rﬁné?érto"fb&i}%ctbla%ﬁrM@M AsOupde |ayer.

In this exanple, the spacer |ayer e the sane | ayer that acts to cover
t he embeddbi parisreiar poion agfepdaxmlrt@sqolamé% thatymay onkay rRY e adigionally Fur t her
processi ngy @ carried out to forman intrinsic base region 148 in epitaxial
base | ayer 2 I n one enbodi nent, thermal processing is used to form
intrinsic base F1gegi6dhus]lrdlﬁs seﬁctedrstrm’mrces@iw éngbodiarent @alt iporesagptpacts t he

f o} d
Bf]j _rl_mﬂl()? gn @ ﬁ¥1§%st jnoﬁEructur %g{t is dqé%'ta%ieerﬁ%cbﬁef%&%rlfa@ 144%‘9{ s a %anqgﬁ (%e ) over

axi a ase | ayer
124, to eniihdaefirss bacidary 268 w&h\elmitter sadkf szalas gcwenhphshbdl bycmerSelf-alpgnMdtch 15 One
enbodi nent

t.he pre ent ven the renoval of significant
resistivi t?fn‘{)%’ﬁﬂﬂ PEHHe f@?]l'tgtféh ardtn}"f‘é Ef‘% @f‘guff’ . Consequent |y, according
to an enbodi Meltone eRBbdEmEMIiTY alstindddble hhOhdrizohtalwesistivitapath 150, depiod BJIT.
Further, current f]low throu subst 2 between the coll ector
St ruct ur e AR, BRGSOy %raﬁd%igﬁi“??@és g PRS ATtAePFEd ittty pat h
150 thag is. mla@igmbf@ntayrdmﬂ@gx ﬁaﬂﬂﬂOQQ@ép@édﬁ}%t&Ehe@llhﬁlé aths uhdepitoc0 noves
t hrough 3-di nensional solid gqace Further, self-aljgned recess 138 acts as

a  cont act theb# giverorurienirlow pagh betwessrollegtorsibgtussile? Eﬁdé‘(ﬂ’}le‘ttWéﬁp HiySi ncl ude a

t ungst en p!:dﬂ)gt’an@ally1h5§19%19mr(1:dt16ﬁ.d recess for a netal plug, and the |ike.
Figure 6 is a top’layout schematic view depicting sel ected structures of

BJT 110 accor mnr@e@mb@dim@ﬁﬁmm@ﬁtresmvgmp@h65(? Tepigsantsa 1@Bgefrsy akf ons of

t he perine v U res the
BIT 110 11 o ThE AR o0 Shy L B Eadty Heanhihl TR RS T ) one

ermbodi kent is ekperencegTs greater thmbgero&s)ﬁ(dmsmbstamglbam@ singlgrdiregtfionghajisar d ri ng t hat
I's del | ”ea%ﬁjq?ﬁ%. a8l by RSN RLiorhvig pathf) s6 B Al gllebnpo%ﬁﬁqe!n?XﬁeramcRﬁ{éf”Et er 154

is also de er s epl cte perinmeter, and
intrinsic tolmdﬂﬁpe’c’ﬂme(th'at isdb&permneddsmgrda:pr ﬁnarea:boby%%m splestantiellyein aassngle  f or ns
substantlall ted.that, the %mtter

stack peri % k‘?ﬁissﬁ%”{lw&%@@% P%%OBF Be§§téwfyf39@rl%op N A0RHeEF M o sect |
7 WO 03/ 05&8&&10%&&&2&@&1&&& that is experienced is greater than about 99% in

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  Figure 5. A BJT 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 structure 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
substantially below the emitter cut 130 (Figure 5). Other selected structures include
collector tap 144 and a base tap 164 portion of epitaxial base layer 124 (Figure 5) that may

or may not be additionally doped. In this embodiment, collector tap 144 is laid out as a U-
8



O her selected structures include the perineter of collector tap 144 and a
base tap 156 perineter portion of epitaxial base |ayer 124 that nmay or may
not be adwptososmBly doped. Figure 6 illustrates sel ect edpstrrusor/sa4es of a
BJT enbodi nent t hat is nore conpact 5 that previous BJT structures. It is

not abl e that coll ect t 44 s subst an I 1.y co- ar_first
boundary fg@ aﬂr"r‘f’t‘ér %‘foe‘?t]f%f “i%é%gsm%%%ﬂa@%@a“%?n?% cggf 241 gned
et ch  and dapitions BbtwesPiha Bilietigr daciukd 12AYEGuRS) hiad ebllsRskarl B4, (Figure 4). In
one enbodinent _it is_al so notable that hori zonflﬁdaarea Sti Vi tﬁorﬁgﬁt h 150,

depicted in FFEFe’ Blustales elpcled i 842 By em prit thafrs naqig %t n the

prior art ianirel 86 BIM strlc@iEe It 1490t8b1e Nat EIMEDr e 42PAkah siRBhEdi\dot y pat h
150 is depicted by a dashed line, i s _under st ood that a%?gg ven current

f1 ow pat h lwé%r\iﬁé@rbozé@ﬂanédehseemmrtSHP%“ri2%6 ayrecoBplished Ryrthe seii-afigned s
substanti aldnanl ﬂn@a&iﬂg%m%a 8¢ Ldr@ thasi rs4qpﬁgu@mo%wsm ,cohmﬁ&wml

resistivity path represents a ranlgy from about 300 ohment2 to about
700 ohm crendemitier sirusdire Wiy aignotspistaaylirro-pianat e viewadripelawatiosalicrpse 15 i s
experiencegd.d ey than about 80%in substantially in a single
directi on%t of u?gfgg%pr oxi mated by horizontal resistivity path 150. In
anot her enbodl ftein 8150 hoteblathataoileasdr tap bidasharesipaudatantially herdingas seogpér i enced i s

greatgp t t |s

appr on SR s VT bt as B pBhotel Rp% 3 bl OUR

t he armuntthlm‘ bdmﬁabrlﬂ@rwﬁﬂapita@iat beat laysr pexipeter €61 dtlisialso gotedthet setérahn about 99%
in 20 sub sin recti,on t appr oxi mat ed by

hori zont aI H%ﬂ“ﬁi&‘ Q%n(%%lﬁqrep%%geleﬁge%h&h{ a current flow path
schene is sel e¢ﬁ61€betn|ﬂ:&iim@dn‘t oislsbawtahlegle horiantl skistigpahisosdepictddow bet ween
t he col |l egt ure and oIIetor t.ap cte in Figure 5.
Figure 7 i% @uf %}9‘6%"1}%‘ éec\‘?ll ’{E/S‘até‘ﬁ‘iyé’ﬁ]hrd?é @eé’fcéeg'tg ’gé‘f GUctures of
BJT 11@ at}we%lngedaaseaﬂt&rmgﬁwwwléda@tta@m alrfet Devaa siGed flctanthally
cross-section by 25 Figure 5. A BJT perineter 160%%12%) ures the BJT 110 from

outer edgé8p amr(dmamné @)On%f:mchklmgl# f@*rlizorﬂeesa%ﬁlamé IgRIeseiSd 1aRge one

enbodi menteonf htout 3@Idhnddf? foabButF08 Bﬁiﬁ%ﬂl 20 UPHethmowht 0 tMl i@ pédaade tha iencl osed
by BJT perinmeter 160. Second STl 118 nprises an el ongate substantial ly

linearly Wpﬁ’f@ﬂ?qddalth%% dirpetions ds greaier ﬂl‘“’él a&P‘ét(?Oé’rﬁﬂﬂéfst@‘iﬂl B9 2potherper i met er  160.
An expt axig g-l ogﬁfeﬁt 'ct¥t 1106 fn%@gub%tggtlaﬂ ? cBpISRr Qﬁ&'tl@ﬁseaqd tfeinldut ofst ack 126

is depicted by 307its perineter, rinsic base region 148 is also
depi ct28d Isgtal 1mgpem|cq‘: thet is pxmgeqcpd fnothepﬁg dlrectlons 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.
9



substantially below the emtter cut 130 (Figure 5). Qher selected
structures include collector tap 144 and a base tap 164 portion of

epi t axi alwbas®sdsayer 124 (Figure 5) that may or nay not PeTasd/sdonal |y
doped. In this enbodi nent, collector tap 144 is laid out as a U 8 WD

03/ 050881 -PCT/ US02/ 3¢ Gi - - Foen Gldrrgnt flow in
t hree gengﬁgpﬂggF%Q%@§§§H¥ﬁgﬁﬁgﬂ%gg%?a%g%gwg??%é?+%ﬁéﬁﬁetﬁgen ghe col |l ector
st ruct ur e ah@2chid Folaborbytruatackscol | ector tap 144. Figure 7 illustrates

sel ected structures of BJT dj : I tohaddd@) prior
art BJT structdr lgﬁbelr?ad?}p dc?fsgqg)ﬁgo {hlgge{]sli (}:lfglf}?ﬁe%l% %‘F‘*ﬁ%ga“%ﬁ%&g Snarees

subst ant i ahd detaile; matetalnadrarhigesentb ofithel parts ah6 Getliot] Istagesivittidrhage besst ure 126 as

acconpl_i shed @ t he self-aligned etch. and i nting. facilitated by hard
ok 15" egitatnibi sl peds RSP 0B M R oAb s B ot ure 126
are not sulgloaiddpaltiny froprtid piiRipledand kepedf heinebtivats padssedrings section in
Figure 5. It is_also notable that collector tap 144 shares a substantially
co- | i near SYREBRAHCRIhoundary 168 with epitaxial base |ayer perineter 162,
as well as a substantially co-linear third boundary 170 with epitaxial
base | ayer perineter 162. It is also noted that second boundary 168 and
third boundary 170 are parallel with each other. In one enbodinent it is
al so notable that horizontal resistivity path 150, depicted in Figure 5,
is 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 coplanar directions. In one enbodi nent, horizontal
resistivity path 150 represents a range from about 300 ohmcm(err) to
about 700 ohmcm 2. The anobunt of total inpedance that is experienced in
these directions is greater than about 90% of the total. In another

enbodi nent, current flows in three substantially coplanar directions and
the amount of 20 total inpedance that is experienced in these directions
is greater than about 99% of the total directional current flow 1In

anot her enbodi ment, current flows in the three substantially copl anar
directions and the anount of total inpedance that is experienced in 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 166, second
boundary 168, and third 25 boundary 170.

10



Figure 8 is a process flow diagram 800 that illustrates one enbodi nent of
the present invention. In one enbodinent, the inventive process comences
wi t h for mwog3/o8B81 spaced-apart first- and a second i sol at ipam/Es02/8%08Ir €S i n
a substrate. The process continues by formng elenents of a bipolar
junction transi tAngISbetween the first and second 30 isolation structures.
The process includes formng 820 an emtter stack between the first and
second i sol at i Ovhativadmad &ss. Next, the process flow fornms 830 a
self-aligned recess in the substrate between the emtter and the first

i solation structure. Thereafter, optional inplanting 840 of a self-aligned
col l ector tap ils aceosptdsstwatbrisingt he sel f-aligned recess. 9 WO 03/050881
PCT/ US02/ 39408 The, process continues by conpl eting 850 i pol ar junction
transi stor between t %S"&’thfaé‘?%%W%@BHB‘}{?@BEEWWH SS@P%‘EHM PNt 11 be
readi | y5 under sti@pdioh@irtdi@se skilled in the art that various other changes
in the details, material, and arrangenents_of the pggs'élsag_and net hod st ages

whi ch have been 5 d&é¥BYReAREIHIRY siorl broveeRRGfiistangseron YTt CHShe nat ure

of this invention maybeusiBals foMifWsHf-AiBRAT febAGbdtivem thd\@niRtéd ik ph€s and
scope of the invention as expressed in the subjoined clains. 10 WD

03/ 050881 PCT/ UsoiEsGisadaidn sapdprsdhat is clainmed is: 1. A process
conprising. 1n a Su}?&fnril?gta@bipglﬁjﬁﬂcpgn Barlsisio? betws Ol Bk R arRf deblfildYEdRation

spaced-apart froma second "5 i'solation structure; formng an emtter stack
bet weeld t he fi sguctamssl second i sol ation structures; in the substrate,
formng a self-aligned recess between the emtter stack and the first

i solation structure; and form ng a bipolar junction transistor between the
first and secord i sdhapiooess adOrdirtgrtactaim ésfurtRer ifdheligg: ocess according to

claimi, further | n(i:rlrlllillgrlltlr}x%:a self-aligned collector tap in the self-aligned recess.

3. The process according to claim 1, wherein forming a self-aligned recess
further includes:

15 patterning a mask that exposes a portion of the first isolation structure, a
portion of the emitter stack, and a portion of the substrate located between the first
isolation structure and the emitter stack; and

etching the self-aligned recess with an etch recipe that is more selective to

the first isolation structure and the emitter stack than to the substrate.

20 4. The process according to claim 1, wherein forming a self-aligned recess
further includes:
patterning a mask that exposes a portion of the first isolation structure, a
portion of the emitter stack, and a portion of the substrate located between the first
isolation structure and the emitter stack; and
25 anijsotropically etching the self-aligned recess with an etch recipe that is
more selective to the first isolation structure and the emitter stack than to the

substrate.

11



inplanting a self-aligned collector tap in the self-aligned recess. 3. The
process according to claim1, wherein formng a self-aligned recess

further iwoloadsms: 15 patterning a mask that exposes a por ticarusot/3ube first
|sgl ation structure, a portion of the emtter stack, and a portion of the
substrate | ocated between the first . isolaiion.sifuctur he emtter
stack; and etchi'ng ﬁﬁfgpgoéﬁg-agﬁofd He c%aé%gsgﬁ%ap ﬁrﬁglﬁﬁl[@lgc%ﬁgléf'gg SEel that is nore
Sﬁl ect Lve dofiectbinep fri the belf-slt¥nad jecess Btludet ure and the emitter stack than to
the substrate. 20 4. The process accordi 0 _cl.ai erein formng a
sel f-aligned recess pa‘ﬁ?ﬁ??&éf”“?ﬁ@ﬁ?&@%sgs E)tg?atsé?‘%ﬁﬂ“ ‘%ﬂtﬁ%@ﬁ%mﬂf%aglonexposes a
po(rjt| on of the s}gﬂlétﬁiednﬂg{eeﬁlﬂiﬁﬁsﬁlﬂf;uﬁd ure, a portion of the emtter stack,
and a portion of the substrate | ocated between.the firs i,sol. ati,on
structute and the er’r’inP]taE‘i‘ngs"t&oPé’%r}t inoy the subsRfe dhat isfripesss F’S’/%}’Sts%lﬁf‘lh%ieflhe

sel f-aligned reggegsg With an etch recipe that is nore selective to the
first isolation structure and the emtter stack than to the substrate. 11
WO 03/ 050881 PCT/ US02/ 39408 5. The process according to claim1, wherein
inpl anting a sejf-alignade&ablfih@h dAR 1l WhébR iﬁ?iaﬁﬁr@d QEadgtaacess
includes: patterning a mask that exposes at |least a portion of the first

i sol ation C%k@@b‘tamfpthaﬁ@f-ﬁllf%ﬂeé??ﬂsﬁé\cmélfﬁsack; and 5 inplanting a dopant into
the substrate that 'fanﬁﬁmg%%slpbﬁaﬁéisos%%tﬁe@{ag&asln of tBEERBisolfionThE Process
according to claim I, erein inplanting a self-aligned collector tap in

t he sel®-al i gnetrurtvoeeand tharmitiefstack;padt erni ng a mask that exposes at |east a
portion of the first. i . af | r : ! - and

i npl anting a dopant lfnhfaghﬁée&)@%ti@ i g‘%eesu;fp %{e??@%%%g%ggg%ﬁiH%ses?@%g&

wher ei n i npl antiphagtingesasiltssn & B--aolRector tapl, b Betadlectontpp, adf P@lledaithpettor tap, a P
col l ector tap,

+
%llepctor tap, a P++ collector tap, an N-- collector tap, an N- collector tap, an N

collector tap, an N+ collector tap, and an N+ collector tap.

15 7. The process according to claim 1, wherein forming the bipolar junction
transistor between the first and second isolation structures includes:
in the substrate, forming an epitaxial layer;
forming a polysilicon film above the epitaxial layer; and

patterning the polysilicon film into emitter polysilicon.

20 8. The process according to claim 1, wherein forming the bipolar junction
transistor between the first and second isolation structures includes:
in the substrate, forming an epitaxial layer;
forming a polysilicon film above the epitaxial layer;
patterning the polysilicon film into emitter polysilicon; and

25 forming a spacer on the emitter stack.

9. The process according to claim 1, wherein forming the bipolar junction
transistor between the first and second isolation structures includes:
in the substrate, implanting a collector structure;

in the substrate, forming an epitaxial layer;
12



collector tap, a P++ collector tap, an N-- collector tap, an N- collector
tap, an N collector tap, an N+ collector tap, and an N++ collector tap. 15
7. The prwoasssmscording to claiml1l, wherein form ng the pcpaisaz/3j4oscti on
transi stor between the first and second isolation structures includes: in

the substrate, formqg . Liaxi | ; ephiiQkidi 19k an@0! ysilicon fil mabove
the epitaxial |ayer ;ﬁgﬁggag@?%‘%h?% 0t rgﬁepe I_ysllgli ?%(r)n nfi Iminto emtter
pol ysilicon. 20 8. Tatepingtegslaidicor fimigta anitergiotpsiicomndewinihé emitithg t he

bi pol ar | unpti Opno sElEc%Q?si cflﬁ)%rsedb%wﬁ{]cc}llggtoxf gt[u%ttureand s_econ_d i sol ati 9” .
structures incluaes: " In e substrate, Tormng an epitaxial |ayer; formng

a polysilicon filmabove the epitaxial layer; patterning the polysilicon
filminto emtt p silicon; and 5 formn S er . emtter
stack. 9. The pﬁj(r)ce2@%’5%08?Scﬁcﬁoégifl%toccl%%rinr%’ %&rﬁﬁef?ré?lnga %no(%mn@%g&atlaﬁe bi pol ar
junctioft tocmidsd: st or between the first and second isolation structures
includes: in the subhstrate, inplanting.a collector structure; in the
substrate, formng dﬂﬂé@pﬁug%‘i%fegﬁm}’%é?,gpl%él%ﬁsl 050881 PCT/ US02/ 39408
form ng a pol ysili co@rhing BpelysilicdnfBmepodeaid &itakiayleyer; and patterning the
polysilicon filminto emtterm[fyo il

|ysiljcon, wherein the emtter olysilicon
i s di sposed above t H&ttegmedhs S‘s‘%?‘h b“hinép enjigier pRysilisply ’éelr’a}??ﬁtB‘i‘lg]gng to

claim 1, whereifiehokSiitch @ @ik pslyafikon frthdieicudes: in the substrate,
form n%an epitaxial layer; formng a polysilicon_film above the epitaxial

| ayer; patterning the polPgksrpingahardmagk ahove thepobedicondiny si | i con, wherein
patterning the polysilicon filminto emtter polysilicon further includes:
10 patterning a hard mask above the polysilicon film 11. The process
accordi ng to cl bi.m 1Thewteqess ascardingiordeian, shpreindprgipg akemitter stack

includes:
in the substrate, forming an epitaxial layer;
forming a dielectric layer above the epitaxial layer;
15 forming an emitter cut in the dielectric layer;
forming a polysilicon film above the epitaxial layer; and

patterning the polysilicon film into emitter polysilicon.

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

in the substrate, forming a buried layer.

20 13. 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;
25 a recess disposed adjacent and between the emitter stack and the first

isolation structure, wherein the recess exposes a collector tap.

14.  The bipolar junction transistor according to claim 13, further including:
13



includes: in the substrate, formng an epitaxial layer; formng a
dielectric |l ayer above the epitaxial layer; 15 formng an emtter cut in

t he di el ewDrosmsisayer; formng a polysilicon film above thecagisvazi4as | ayer;
and patterning the polysilicon filminto emtter polysilicon. 12. The

process according tgq gll(%ha%ﬁ‘dse% Y D& Rl PG RN A oin s sﬁan%r SHBRL bRbge  fOrmng
a buried layer. 20 5 pol ar junction transistor conprising: in a
substrate, a fidddthérsof iatoitiaresdss btweanehspaitedtaapand the ficmisalagacond i sol ati on
structure; an erp’tter stack di sposed above the substrate and between the
first isolation "§"fucture and the second isolation structure: 25 a recess
di sposed adj acent and between the emitter stack and the first isolation

structure, whergin the recess exposes a collector.tap.. 14.. The bipol ar
Tunot on trans Bror ESHRI RGeS GRAFR K5 higrt Raim 1l hghngs o
03/ 050881 PCT/ US02/ 3%48&%r ddpsspdetthe eihepsadt, @hertin@hesphdel extertb a6 kne Wher ei n

t he spacer extends. on one side thereof into the recess between the emtter
stack and the fiifsthereaigntotheizeessbetyyean jheemiyer St@ﬁén‘gﬁﬁgf%fsolaﬂ?fbti on

transi stor accofi@ime, hid whetbilthedpackhik bdledted fsih HAlbXIBE, aRitAds BR6AHe issposed on
the emtter stack, wherein the spacer extends on one side thereof into the

el p . € )
recess between ley a_é‘ilrﬁ fitdde seeand laysain @ nitrde ﬁ"ﬁtrl%?(er P%‘b?rhﬁﬁlé?ﬁeC@Ei |14¥_§1t: @te, and
wherein the spaggde it 1§§?e|r @ﬁclt SfbidQB a0 1R, 4% a ﬁtrfﬂetffrét%er eﬁlg axlide first

| ayer and a nitride second layer, a nitride first layer and an oxi de second
| ayer, 1&n oxi dwcdrdlayer] ayer and an oxi de second |ayer, and a nitride first
| ayer and a nitride 10 second | ayer. 16. The bipolar junction transistor
according to claim 13, further including: a spacer disposed on the emtter
st ack, wherein tthe Siheddrolanenastirapsisionacording to claim 13, further including:

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

15 and extends into the recess.

17.  The bipolar junction transistor according to claim 13, further including:
a buried layer disposed in the substrate between the first isolation structure

and the second isolation structure.

18.  The bipolar junction transistor according to claim 13, further including:
20 in the substrate, an epitaxial base layer disposed below the emitter stack;
a collector structure disposed in the substrate below the emitter stack; and
an intrinsic base structure disposed between the emitter stack and the

collector structure.
19.  The bipolar junction transistor according to claim 13, further including:

25 in the substrate, an epitaxial base layer disposed below the emitter stack;

a collector structure disposed in the substrate below the emitter stack;

14



side thereof into the recess between the emtter stack and the first
isolation structure, and wherein the spacer is further disposed on the
first isovetsomsstructure 15 and extends into the recessPCIMSOTbObi pol ar
junction transistor according to claim 13, further including: a buried

layer disposed i n the;liatial ihakGRTe iiSuldi®lnd BObRUI MR Lk Ur e and

the second isol ation structure. polar junction transistor

accordi ng to clvdiemin Be dialectrivdpyeir ingludesi angmitie? Qut dispoprel abovssthe eallectormn

epi t axi al baseshaggk, }ﬁposed bel ow the emtter stack; a collector
structure disposeJ h e substrate below the emtter stack; and an
intrinsic base struetintensii spossdtupadispesad tehveeer thetendfter stiteol thend t he
collectpr structyre. 19.. The bipolar junction transistor according to claim
13, further inépﬂ %ﬁﬁ%udyg'in tﬁe subgtrate, an epitaxial base Iager

di sposed bel ow the emtter stack; a collector structure disposed in the

substrate bel ow,.t he itter.stack: 14 WD 03/050881 [ JS02/.39408 a
dielectric |ayer: di Jﬁgbﬁ’a%é%\cltéontﬁﬁgsléﬁfbaé:f?rg]tng?Oa%lﬁl%g?g'{#ﬁtewgc%%n%t er stack,
wherei n the di el ect ij thelsatysehte] Nellledasapdispised ih @le rectks, dhhsposkéelcdlbove t he
collector structure; and an jntrinsic base structur | sposed between the
emitter cut and@R ﬁéele@ecggf’mé t'b“rolilgctt‘?rﬁ?i’f ﬁ?é?o@ﬁt.or Phe? ‘ﬁ?‘ﬂlﬁ?@?taﬁ ction

transi stor accpflbdé thy) aPHaicBlldtor tdpysd e kolldatl tghl HON- dollettheagubd rate, a
collector tap disposed in_the recess, wherein the collector tapis

sel ect &¥ from aFoﬂgc-torcfﬁﬂ:Ia%é{J’cﬁO”?cé‘ﬁ,tapaarlﬁ-a”ﬁ%ﬁl%’&IFGP”P%p, a P collector tap, a
P+ collector tap, a P++ collector tap, an N-- collector tap, an N

collector tap, an N 10 collector tap, an N+ collector tap, and an N++
col l ector tap. 2d1. e biopsiuwmetignirmasisterpceording faelaim Be ddeginibe Postetiai m 13,
wherein the su ifolrlcHAB R midndly Btk xR0 SRhiBSRALBE oBifRIOR) Oxi de

sem conduct or ?E‘?I%%)blﬂogﬁrcgc?ure. %’2. Tﬁ}é bi poll ar | un(?:Btli on ?ransi st or
according to clsauptuk3, wherein the BJT is

22.  The bipolar junction transistor according to claim 13, wherein the BJT is

15  selected from a monojunction BJT device and a heterojunction BJT device.

23. A bipolar junction transistor (BJT) layout comprising:
an epitaxial base layer perimeter;
an emitter stack perimeter disposed above the base layer perimeter; and
a collector tap perimeter, wherein the emitter stack perimeter and the

20 collector tap perimeter share a co-linear first boundary.

24.  The BIT layout according to claim 23, wherein the emitter stack perimeter

and the epitaxial base layer perimeter intersect.

25.  The BIT layout according to claim 23, wherein the collector tap perimeter
shares a co-linear second boundary and a co-linear third boundary with the epitaxial base

25 layer perimeter.

26.  The BJT layout according to claim 23, further including:
15



15 selected froma nonojunction BJT device and a heterojunction BJT devi ce.
23. A bipolar junction transistor (BJT) |ayout conprising: an epitaxial
base | ayewopafosiset er; an emitter stack perinmeter di sposedPahaise2shes base

| ayer perimeter; and a collector tap perineter, wherein the emtter stack
erinmeter and the first
Boundary. 24. The B§$ i%qéflﬁe?ﬁ%ieéo |ﬁ€{h$g§%ﬁé3%?ﬁ%%r\?\sh§rglglkéﬁ ﬁ%e emtter

st ack peri net erepitawial basgdaxgpperamétert base | ayer perineter intersect. 25. The
BJT | ayout according to claim23, wherein the collector tap perineter
shares a co-linear second boundary and a co-linear third boundary wth the
epi taxi al base 25 layer perineter. 26. The BJT |l ayout according to claim
23, further including: 15 WD 03/050881 PCT/ US02/ 39408 a base tap
perimeter, wherein the base tap perineter is enclosed by the epitaxial
base | ayer perineter. 16
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