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FI ELD The present invention relates generally to sem conductor technol ogy
and nore 5 specifically to a nethod and apparatus for manufacturing
heteroj unction bipolar transistors. BACKGROUND ART A bi pol ar junction
transistor (BJT) is a three-term nal device that can controllably vary the
magni tude of the electrical current that fl ows between two of the
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the emtter termnals, varies dependent upon variations in the voltage on
the base term nal thereby causing the nmagnitude of the current to vary.
Thus, the current flow through the emtter and collector termnals is
controlled by the voltage across the base and emtter termnals. The
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and emtter structures formed in a sem conductor substrate. BJTs conprise
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emitter terminals. The terminals of a BJT are connected to their respective base, collector,

15 and emitter structures formed in a semiconductor substrate. BJTs comprise two p-n Junctions
placed back-to-back in close proximity to each other, with one of the regions common to both
junctions. There is a first junction between the base and the emitter, and a second junction
between the emitter and the collector. This forms either a p-n-p or n-p-n transistor depending
upon the characteristics of the semiconductive materials used to form the HBT.

20 Recently, demand for BJTs has increased significantly because these transistors are
capable of operating at higher speeds and driving more current. These characteristics are
important for high-speed, high-frequency communication networks such as those required by
cell phones and computers.

BJTs can be used to provide linear voltage and current amplification because small

25 variations of the voltage between the base and emitter terminals, and hence the base current,
result in large variations of the current and voltage output at the collector terminal. The

transistor can also be used as a switch in digital logic and power switching applications.
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5 material used in formng the base-emtter junction preferably is a
conpound sem conductive material such as silicon-germanium (Si Ge) or
silicon-germani um carbon (Si GeC). HBTs using conmpound sem conductive
materials have risen in popularity due to their high-speed and |ow
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deposited into the emtter w ndow over _the caonmpound
20 processed to form a base structure in contact with a portion of the intrinsic base region. One
portion of the base structure is formed with an opening in which an emitter structure is
subsequently formed.
A first insulating layer is deposited over the base structure and is removed in the
opening of the base structure over the intrinsic base region by etching down to the intrinsic
25  base region to form an emitter window. The etching process inherently produces a rough
surface on the substrate since the etchants used are not particularly selective between the
polysilicon layer forming the base structure and the underlying silicon substrate.
To get higher performance, compound semiconductive materials such as SiGe and
SiGeC generally are grown over the insulating layer and on the rough surface of the substrate.
30 The rough surface causes a major problem because the growth of the compound

semiconductive material is irregular and its thickness is not constant as a result of the

roughness of the substrate. This leads to performance problems with the device and



sem conductive materials and processed to forman emtter structure, which
is encircled by 5 and overlaps the base structure. The overlap is
necessary to provide roomfor an emtter contact, but it causes another
maj or problem w th unwant ed capacitance between the emitter and base
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elements of the HBT, such as the deposition and etching of oxide layers, nitride layers and
subsequently deposited polysilicon layers. Several of these processes inherently damage the
compound semiconductive material. Etching polysilicon over a compound semiconductive
layer, for example, adversely affects the compound semiconductive material because the
25  etchants used do not selectively etch only the polysilicon. Some of the compound
semiconductive material is also etched during this processing, resulting in HBTs that exhibit
relatively poor noise performance and in leakage current, which in turn reduces integrated
circuit yield.
One attempt to overcome the above mentioned problems involves selective epitaxial
30 growth of the compound semiconductive material only over the active region of the HBT to
form a self-aligned epitaxial intrinsic base structure. Selective epitaxy also may be used in a

self-aligned emitter-to-base process in which an emitter window is defined by growing an in

situ doped epitaxial layer over a patterned thin oxide/nitride pad.



epitaxy, the intrinsic base is grown in the silicon substrate only in the
active region of the silicon substrate. A polysilicon |ayer heavily doped
with a dopant of a conductivity type opposite that of the substrate is
deposited over the active region of the sem conductor s substrate having a
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process, however, alters t e profi
compound semiconductive layer results in leakage current which either increases the power

consumption or results in integrated circuit yield loss.
Furthermore, to improve the operating speed of a HBT, it is important that the base
25  structure be thin enough to minimize the time it takes electronic charges to move from the
emitter to the collector, thereby minimizing the response time of the HBT. It is also
important, however, that the base structure have a high concentration of dopant in order to
minimize base resistance. Typically, ion implantation techniques are used to form a base
layer. However, this technique has the problem of ion channeling, which Iimits the minimum
30 thickness of the base layer. Another disadvantage of ion implantation is that the compound
semiconductive layer is often damaged by the ions during implantation.
Additionally, high-temperature annealing typically is required to drive dopants into

the various material layers. This annealing process, however, alters the profile of



4 concentration |levels of the dopants within the various |ayers of

sem conductive materials formng the transistor to create undesirable
dopant profiles within the various material |ayers. Existing nethods of
manuf acturing HBTs still have the problens associated with over-etching,
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an intrinsic base region of a conpound sem conductive material “over the
col | ectBftformargeon, an extrinsic base region, an enmitter structure, an
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di el ect taight| aysmpgdseedt &y adhlic@ctm0, (g gnutidﬂaemem&sreidprabl@n@aﬁee n&g emdand the
emtter strgj ture. The emtter structure is formed by formng a reverse

eni t t erth@p dgpéreathe intrinsic base region, which subsequently is
selectively etched to forman emtter window having a multi-Ilayer reverse
i nsul ati ng spacer therein. 20 The HBT of the present invention overcones

thejgpr obl ems associ at ed WoISCLOSUREEOFNIHIOINVERTHSAr | nental effects of ion
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in reduced base resistance,and. 25 increased speed and noi se perfornance of
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structure. The emitter structure is formed by forming a reverse emitter window over the
intrinsic base region, which subsequently is selectively etched to form an emitter window
having a multi-layer reverse insulating spacer therein.

20 The HBT of the present invention overcomes the problems associated with over-
etching, the detrimental effects of ion implantation and annealing, and inconsistency of
manufacturability experienced in existing methods of manufacture of HBTs. Additionally, in
accordance with the present invention, the base of the HBT can be made relatively thicker,
for example in excess of 2000 angstroms, which results in reduced base resistance and

25  increased speed and noise performance of the HBT.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.



FIG | is a cross-sectional view of a HBT in an internedi ate stage of

manuf acture in accordance with the present invention using selective
deposition of a conmpound sem conductive layer; 5 FIG 2 is the structure
of FIG 1 after deposition and processing of a first insulating |ayer over

a portion of the conpound m conductive layer: FIG 3 is the structure of
FIG 2 after depositi O%IHEESDWJIQNSQFJ RAWENGSver the first

insulating layer to forma reverse emtter window, FIG 4 is the structure
of FIG 3 afflér 1depesossisestionhl wiepaifyssHBilcioranl iatgemediait Gtagk Gf nnufactune in
structu f EIG..4 atter processi.ng of. the polysilicon layer; FIG IS
the st r%%?@ra% S ViHY 351355551& I?Y‘Félhglgcl}ﬂﬂgi ﬁeé%‘l? i APISERA: 9fs 2r SABPEERd F) G
7 is thenfitsndattivedand; FIG 6 after formation of a reverse spacer above the
first insulating layer; FIG 8 is the structure of FIG 7 after formation
of & nulti-|&Efer 1sdiepswtiraofiFig hgften denpsitioarand myocassingriof adirstinsulating e

FIG 9 ys..t f .orm.ng a base contact, an emtter
cont act!a§%n%@3§5%ﬂgﬁ+§£ﬁ1§r og%)h a%%n%ﬁ@cﬁge ]iggera cross-sectional view of an
al ternate enfiGlBrete sfuctrdBITFIG 2adtter idep@diticecdd secohdiBuiafingrbiyef aedruke i n

accor dgﬁrce. with the present invention using selective 20 deposition of the
conpountSERIaUGIa%E" ) domyg Eversp eritier Windowhe structure of FIG 10 after an

anor phous p Sigl;d [of 186 : ' : L ElG 12 is the
rrueture of D G SERehOUEIorFIG, SR acREEG) bIE DIV AIAM VS aver on top of
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after formng a base contact, an emtter contact, and ector contact;
30 FI G inggating lgyery oss-sectional view of a further alternate enbodi nent of a

BT S0 TR, i TR A SRR S
15  spacer and an emitter structure;
FIG. 9 is the structure of FIG. 8 after forming a base contact, an emitter contact, and a
collector contact;
FIG. 10 is a cross-sectional view of an alternate embodiment of a HBT in an
intermediate stage of manufacture in accordance with the present invention using selective
20 deposition of the compound semiconductive layer;
FIG. 11 is the structure of FIG. 10 after an amorphous polysilicon layer has been
selectively grown;
FIG. 12 is the structure of FIG. 11 after processing of a first insulating layer on top of
the amorphous polysilicon layer;
25 FIG. 13 is the structure of FIG. 12 after a reverse emitter window has been processed
to form a multi-layer reverse insulating layer;
FIG. 14 is the structure of FIG. 13 after formation of an emitter structure;
FIG. 15 is the structure of FIG. 14 after forming a base contact, an emitter contact,
and a collector contact;
30 FIG. 16 is a cross-sectional view of a further alternate embodiment of a HBT in an
intermediate stage of manufacture in accordance with the present invention using field

deposition of the compound semiconductive layer;



FIG 17 is the structure of FIG 16 after formation of a first insulating

| ayer and a second insulating layer; FIG 18 is the structure of FIG 17
after formation of a reverse emtter window, Fig. 19 is the structure of
FIG 18 after deposition of a polysilicon layer; 5 FIG 20 is the structure
of FIG 19 after further processi ngl of the polysilicon layer; FIG 21 is

t he struct urldGofl 7Hs dhe sucinrec! ke 16eafter formationtafra firstdowliting layer and a

ani sot r gpi . to forma nulti-layer reverse insulating spacer;

FI G 22‘%?!% gmg?%l%)%?e of FIG 21 after form ng a base contact, an

enmitter contElQ. 8 isthd saucolel FFIQN 7Gfit AtinatidPofd feverdd einsttdr R@n&dwi;uct ur e of
FIG 18 after. formati on of ap_insulating spacer around the reverse emtter

wi ndow i n aco8r thidee stuche of BYG- H8aliar deopision o abelysivies layet;t he present

i nvention; K 4 118 <trhGust u -

pol ?2 ili conF[IbIg}ygr8 I%ﬂr}\lg San I|%r?g E‘lf%'t {9;% rwfﬁg%r pﬁceﬁu&%&&@ﬁaé@%ﬁg&é@&g& ure of
FIG 24 aft efl( @il nnthemtrucfureact BIG. L0eaiftes theuetarseemifleCwiihw & dnivetrspicaldyt ur e

of FIG Zﬁs f&er for ll"l a base.cont.act, an emtter contact and a
col | ect GF eélgﬂ ?"ﬁ‘ﬁlﬁ ag’F’t{e"?'?eFE‘ug“PgB%C%art of the nmethod of the present
i nvention. BEST MYGREFGRIGABRYIFNG. QUL ATHRrMENTLN @Radk Marf Qgitﬂ;eﬁ Lbauing

description, nunerous specific details are gi'ven to provide or ough
under st &isldi endleetpr e¢mdadtnvent i on. However, it will be apparent to one skilled

in the art t he., inventio \ARs) r.acti.ced w thout. t hese specifjc
ot ST s 1 R0 IF e e SRR e O B8t i GRaces gffand the

wel | - kn@werss yafitdn WRAbWIW! chidafice it 2 FRaRS SREmBleCerMdiMbSICHOME bredeRt
detail. 25 Likew se, the draw ngs showi ng enbodi nents of the apparatus are
sem - di WYPHiMMati ¢ and not to scale and, particularly, some of the

di nensi ons a; I it p j r r.eat.l
exagger at edailElﬁ' tbﬁe15 EF%SS.&L%E&%/% f?/ ﬁ??}d@%gﬁrﬁ%@mg:&rﬁ%iogﬁgggm |rn"mgn%u

ori ent ansdatingRaf@rring nowto FIG 1, therein is shown a cross-sectional

i f h I ti 30 _hi pol t i st HBT) 100 i
:“nte ]\évr (r)red?at 2[2@; géisn IS%EW&?@%&&&‘?@%&S‘%%’%H%& aé\FF‘ﬁ)t@crﬁ@““tié‘igéggnt i nvention
using a sel egyd. v6 id@RIBLLLRLITEEN S ot BTN gt%gﬁ&ﬁa&%mﬁ&ﬁc&% Daf

been inplanted wth a dopant to forma burlg ect or An epl taxi al
| ayer 1®epllgktor contact; and

FIG. 27 is a flow chart of the method of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

20 In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent to one skilled in the art that the
invention may be practiced without these specific details. In order to avoid obscuring the
present invention, some well-known system configurations, and processes are not disclosed
in detail.

25 Likewise, the drawings showing embodiments of the apparatus are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown greatly exaggerated in the FIGs. Generally, the device can be operated in any
orientation.

Referring now to FIG. 1, therein is shown a cross-sectional view of a heterojunction

30  bipolar transistor (HBT) 100 in an intermediate stage of manufacture in accordance with the
present invention using a selective deposition method. A semiconductor substrate 102 has

been implanted with a dopant to form a buried collector 104. An epitaxial layer 106 of

7



7 substrate material has been deposited over the sem conductor substrate
102 and the buried collector 104. The term "horizontal" as used in herein
is defined as a plane parallel to the conventional plane or surface of a
waf er or substrate, regardless of its orientation. The term 5 "vertical™
refers tg a direction perpendicular to the horizontal as just defined.
Terms, Sipelkate gnategepl has @5@1« depositesh pyanthe semigendycier substraie d8deand the butgdyher " |
"l ower " golie@bE 04, @nd "under”, are defined with respect to the horizonta
pl ane. The term "beside" refers to two structures, which are side by side
wi t h nei t herTley éaria Shomupntdie aot ined. inTherehiBTs He€findtasis ad Sarkagaratislutatthag
dividers fornmed into the_se 'coq&uctor 10 substrate 102 and the_epitaxial
ayer 1SRVERIak BIARS O BIFGHES PT B JVAOTT QSAPHEHF- EPEHRESS ofdfsearicatbion( Shedgmm 08,

Beneat hefeRfeaPl fdfed | odcti I 3 ' of ch
i sol%ati ons - DTIegi£ &1%%1?30/&@%???%%‘%(;%&6 %ohtggggﬁ%éﬁ?%% ﬁsgih/%@ef() eglgg’%gaﬁ gﬁer
concent faat’j ‘whowd", dhebiwd, [side’t @pin “sodevebdl), (iighsr™t Hatvest “ovee”, land i“extler’tlakect or
104 and,f.or .3 sub-cal l ector. regian 11 Col l.ectively, the buried

ol | actdsmedai iR Yo, BE bfiralomiohegiinn o “Rrade elre e iredUEuES & 15
col | ect-whichag side Byléide AithineBherioRetidpingd@e ba¢er 116, such as an oxide |ayer,
has been deposited over the epitaxial Iaéer 106. The first insulating

| ayer 116 hakheallHyl Hédenhasy elseskasd insulating xdifvislers fyrmed hitgylths efemitdndictyr et ch,

i tk -col i 114, ant o which is.
sor Db TaBpaE 0 368 B Bpichd 150EY 108 KR 4 RRLARy 1) SuRG ¥ Bolafiors i ¢
base r e(iTis) 1088 Beeah 2 plomtinwid He Mg ardociddepligdiey bRlicepufRcRiBoRiibhe ON

ger mani (S &), silicon germanium carbon (Si GeC), or a canbination
t her eof (%#erl @r%?om%’c@{;@? RBttaxigd dayes 106 das a dowerconsanraier of & simidarsess

deposi t 408,90 "Rt 8t & Mool kSt ; erning l.qpnent ,
et chi ng, c?lga%i ng, aanc]ic/ glr% lr)em)vgfjl(?%t}Tt&t E}%‘P%t ftﬂadr?}lngl aosrﬁégﬁg%%gre§?§¥§§ga‘

r equi r edoliastifey nthauaecdiedleciond 4 and thetsubeoll@Fod mgiond 14 niil dierefatred 6 asea HBT,
t he, _sem conduct or bstrate 102 is lightly p"doped and the sub-collector

r egi®on ‘"fil&df’grelgfc’d’h][sll%y n doped. The buried collector 104 has n+ doping. The
plurality ofaSHksink@BtisanayRe 198N¥EN o8l xR xaszéﬁ%g%%ewdepoﬂ{eemfg%ﬁéie

liners filled with deposited oxide. The first insulating Tayer 1
pr ef er atititpxiaklagen 1Qonll et theulatbhgayenl i sl ajscslden prooessedefor ekathpledy de

o0 NATRLE D B PR AR, S e R Rl BT P o

epi t axi sleclioale depdified bhgroaRi dnaxirkiclbayeregibdt 181 Mhe harifss il rabiby 199atLhed,

' huzso prcg)\rlrlp%lugg Sggﬁconductive material such as silicon germanium (8iGe), silicon germanium
carbon (SiGeC), or a combination thereof.

The term “processing”, or “processed™ as used herein includes deposition of material
or photoresist, patterning, exposure, development, etching, cleaning, and/or removal of the
material or photoresist as required in forming a described structure.

25 In one embodiment for a HBT, the semiconductor substrate 102 is lightly p"doped and
the sub-collector region 114 is lightly n” doped. The buried collector 104 has n* doping. The
plurality of STIs 108 can be conventional STI trenches with grown oxide liners filled with
deposited oxide. The first insulating layer 116 preferably is silicon dioxide.

Since a highly selective wet etch can be used to remove the first insulating layer 116

30 from the epitaxial layer 106 forming the sub-collector region 114 without adversely effecting
the epitaxial layer 106, the epitaxial layer 106 will be essentially unetched, thus providing an

area for placement of the compound semiconductive material which is extremely smooth for

later processing. Use of the first insulating layer 116 thereby overcomes a problem in



area for placenent of the conpound sem conductive material which is
extrenely snooth for I|ater processing. Use of the first insulating | ayer
116 t hereby overcones a problemin 8 existing nethods that attenpt to
selectively etch the conpound sem conductive naterial after deposition of

the conpqund sem conductive material onto the sem conductor substrate 102,
e.g., tF¥itHg meheds thalgtipmp] toesetastively iefahdbn coroppmdrsgminpaductivsirhateral after

substr : ' . LR hown.t he structure FIG
1ar  or RslEh BF O hr el el ha oy b AP ol BBl ThY HEBHEB6: over

a portiap, ofinghe sdledtivielysdteh beificor &ghuind ber a RBE®T fubltgateiow to FIG 3,
therein is own, the structure of FIG 2 after depagsition of a third

i nsul ating |2§EFngReY WG 4stherein tsshgwnithg alructese of FlGiel alerglenosiienind i ng
layer 2 I8 or§8 il Bt a L ' Ao ing | ayer
300 ar elg[tg‘rzleesn1 gro ocegés?)gg Htlsg ?i ogt%fggzégégrg%%%ﬁ%eé@%hﬁfg’ucl)wgaisgégtf %llgi JFge}f erring
now to FI G Refetrimgmemntoi IGs Bothareithis shbwnchaistencofre Bf ©G.2 aftdrelepotéasofia on of

a ol ysili.con | ayer . The pol.ysilicon |ayer 400, covers the portion of
the | nﬁ‘?rﬂéi‘%‘?%%éayefégg e f_égr% 108 JRereRYh et%?eomde%\_ﬂe%n%%& 0. Fhiow
302 as ¥Rbhd aﬁulhﬁf:%le@v\éﬁa@@ afliilel @ird ﬁ%dl\éiﬁl\gfﬁs?e’r-308%8&1&4_11“&09%%&1% {% 2 S,

therein is shown the structure of FIG 4 after processing o
pol ysi | Tegesge pmitter wAslw 30% pol ysilicon | ayer 400 undergoes a chenical

mechani cal i | gvel the u r surfac ol ysi.l icon
oyl 400, wSHoRihe EHEFICh Bt FadReE sibrRefrRe: 48 BadSheon SFanen

t he pol ydydili@anlayay400.400ci folyscleRa Siager0fl0¥oVehe tHePPRtios WETRE entridic tHage t hi rd
insulating | ayer 300 using_ a short etching process. A fourth insulating

| ayer 55610 KIS poficovgicdely e verpr epiitsy svindew B 02a3sewell @9, the meversgserpifteri t her
gr ow ”Wdﬁiﬂ'ﬂo‘ipn di oxide 20 |l ayer at |ow tenperature, or depositing a TECS
| ayer Ichis then polished using CVP and then recessed bel ow the upper
surface of tRefetringrmbw tesElGats, tigeréiayeshoddDthe Raheturd AOFIRW ifter pkézesding bher ei n

is sho the structure of FIG 5 after the third insulating |ayer 300 is
r enﬁvegﬁspogfﬁ@ﬁ% yer3)0° eXasmpalistlicon lpyrs 40f upderenes A ehertignl mgpbanigd polish o
nitrid j 9 S| [ id.
25 Ret ot Cnous e B SyRE G e R o e B Sy N LR O BR SRIRR T E 1,
f or mat i bird gisulating dayer 3€0.s Pharethe PO sidibav lyehd¢0sis caressel e lovathie mypéraypefice 00.

r. 700, i s rmed such .a fift

The rev e.space s by depositi i nsul ating
| ayer o etEe flﬂ‘[e) 1?8'2‘,16% F‘Kg 09 using 9 shpat et%@ﬁ,g pﬁ%&ss};hérfo }@B]PPB%F’@’ET ?‘J\jfj)
et chi ngistthén forned dvastHeadlalidoaYayert 200f QfidH L8y LBMET g%%w%%a& &flicéR Uioxide
Referring nowto FIG 8, therein i1s shown the structure of FIG 7 after
f or¥at i le¥eratt low temperature, or depositing a TEOS layer which is then polished using CMP and

then recessed below the upper surface of the third insulating layer 300.

Referring now to FIG. 6, therein is shown the structure of FIG. 5 after the third

insulating layer 300 is removed by etching. For example, if the third insulating layer 300 is a

nitride layer the etching process can be performed using phosphoric acid.

25 Referring now to FIG. 7, therein is shown the structure of FIG. 6 after formation of a
reverse spacer 700 above the second insulating layer 200. The reverse spacer 700 is formed,
such as by depositing a fifth insulating layer over the second insulating layer 200, and then
anisotropically etching the fifth insulating layer to form the reverse spacer 700.

Referring now to FIG. 8, therein is shown the structure of FIG. 7 after formation of an

30 emitter structure 800. The second insulating layer 200 that is not covered by the reverse
spacer 700 is removed, such as by being etched thereby exposing a portion of the intrinsic

base region 118 at the bottom of the emitter window. For example, if the second insulating

layer 200 is an oxide layer, the etch can be performed using a dilute hydrofluoric acid (DHF).



30 emtter structure 800. The second insulating |ayer 200 that is not
covered by the reverse spacer 700 is renoved, such as by being etched

t her eby exposing a portion of the intrinsic base region 118 at the bottom
of the emtter window For exanple, if the second insulating |ayer 200 is
an oxi dg, | ayer, g}he gtch can be perforned using a dilute hydrofluoric acid
(DHF) . heppay bus formgd @ mylfirkexer sevsisednsulatipgrspacey 80 ke Thersmitter stractes£606ris 801.
The em r Py -] . epositing a | ayer of
 dopert mlyiet PREMAE e BeroSiink B1ERor w0 aoBARBBY e R dhyr PrgPossB

st ruct utoefo8fGhe erhigtef situchire BOG UTHE fongthligy@itingWyer SOMIsSOsPFHiAlR] deYess@TBpSed
by etchti ﬁﬂ usi ng the.emtter séru&lture 800 that has just been formed as a
mask f oPCHRE 4S8 dhs pryitier sirpctuees800thathasriystshesn dernurgasi as mapi forthisraichiag ound
t he Lppsfocdar t4 r i Lt I
i ol et rooRE, L RO Sh e SRRt PERCEprond?he frBl BUER AL S8
| ayer 40% tReterids ag additional Ble@ceird; layhe between sthe femvittert beustmeugduasd ke Fl G
8 after ar ogesnsli n%A@Be polysilicon layer 400 to forman extrinsic base
struct " Hh Xtrinsic base structure 900 1 o is formed beside, and
speci fi cal | YRefoiringteF to KR 9etHetdifls sHowAGhe 5uBRR of FIE. §XkES %-Bb&sﬁgﬁﬁ?
structure 900 contacts the intrinsic base region 118 so the portion of the
c onpounerlysibsandayry $OP ite Eormeancxitrinsia brse stanu08. The exixinsic basecstinatee 900

stryctu ti t_of the., extrinsjc basge of._ihe HBT 100.

Al slt)b,c airstelr ﬁll%%%i é%g%éraﬁ @SE&%%ﬁgem Sy the ‘-‘f‘{{%‘;‘%‘iﬁ OerTﬁ%F’l‘tﬂé‘flﬁr 5800. A
first ssthictirededt0ayeitad94hé SnfripkicebaseVizidnne 18Xdor msip@rtmssf 3hd UeHipbnP00. A
15 second .salicjde |ayer 905 is forned qgver the emitter structure 800, and

a t hi r cSTUFINdueave mtefial thgfgoptacts shereiripyie baserrirugie 2} fumetions asengtond thel 4.

The firgly b : e j Cl I 5 and the third
salici d??%%%?ggg%tgfgﬁTo?%dAE% %gﬁg‘g gﬁltsiéé)inaagﬁ) &¢ ﬁﬁ%du%gm‘gg‘ef%?ﬁ%g a
si | i ci deructrine 30t v fimk salpade kaperf Wdnistfhemeslbdvet itliteerttayde dasepgirdeara@vyo.SW t abl e

Con t EFVRn T A0S AF lF3 50y e penrerci G 00, g i sl Layer
di‘el ect9d¢tis(fokibd bidtete WE-HASheRBIACPOST 1RE HYCLILRE 131 URLUEE Rbold C

8. Openings in the ILD | ayer 907 have been forne e various contacts.
A base wbpidadayer §08 ahd shebidipd sdligids layer98th areuigtmechesihg Boihaytonad @thaigues t he

first salici r, 904, over the xtrinsi.c base structure 900. An_emtter
cont act @Hfogrhﬁgsé %glghded eé%% ﬂaéedla? HP%{% %‘%rﬂje![heﬁﬁ 151§e Isl?ﬁfﬁ Y 70% A% S‘E‘Fﬂ-},‘-’?ﬁ’s econd
sal i ci deatesiyletsdd0foroseh 4 btdueh &l rfelediBpROQ: cobaftMHthRGkONimdeO At 912
has been deposited through the ILD | ayer 907 onto the third salicide-l ayer

90620 ov&roTiNksibgiBe-col | ector region 114.
An interlevel dielectric (ILD) layer 907 has been deposited over the structure of FIG.

8. Openings in the ILD layer 907 have been formed for the various contacts. A base contact
908 has been deposited through the ILD layer 907 onto the first salicide layer 904 over the
extrinsic base structure 900. An emitter contact 910 has been deposited through the ILD
25 layer 907 onto the second salicide layer 905 over the emitter structure 800. A collector
contact 912 has been deposited through the ILD layer 907 onto the third salicide layer 906

over the sub-collector region 114.
Referring now to FIG. 10, therein is shown a cross-sectional view of an alternate
embodiment of a HBT 1000 in an intermediate stage of manufacture in accordance with the
30 present invention using a selective deposition method. The HBT 1000 includes a
semiconductor substrate 1002 that has been implanted with a dopant to form a buried
collector 1004. An epitaxial layer 1006 of substrate material has been deposited over the

semiconductor substrate 1002 and the buried collector 1004.
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Referring nowto FIG 10, therein is shown a cross-sectional view of an
alternate enbodiment of a HBT 1000 in an internediate stage of manufacture
in accordance with the 30 present invention using a selective deposition
met hod. The HBT 1000 i ncludes a sem conductor substrate 1002 that has been

i mpl anted w pant .to forma burjed collector 1004. An epitaxial
Igger 1006 oﬁmesﬁ@gff@ibealﬁﬁp%? ingylating diyiders Hemed iirtedhe samiconductarewbgimiuct or

substr a1l ARPHANiAIEL DYE POl RCL o0y HAndiRy R 900 BES OsPRS

insulating dividers forned Iinto the senicondtctor sub : _
epi t axi 4903 aPencatiote pliwatityf of STk H08rat ilboated a phaklitpwitdeep elnils dokitiopNS

STI eath th lural.ity of s 1008 are |located a plurality of
éeepsi r 9?1@%)8 }Os@? PYfign O?E’B‘%egjta’ff_éll%?e%oﬁg L@% %1%“6? ceneengpianpliasimilangpe 1006
has s | efvgepia@nsemht aF ithd bafied ®iIBthAN 084 RAd Sofths JORI f1gihe

“IBig- e
buried col I ector 1004 and forms a sub-col I ector region . | ectively,
t he burfelectiyelyetheduriedoallester 1004 andibe shb-ealtestor regjom A0 19 3l bk Iréfetred to

referre I tor region 1015. In an npn transistor, for exanple,
t he semgsc%(%élﬁgtt%gfeggog'bis(ﬁrgate 1002 is lightly p- doped and the sub-collector

regi on 1014 Insinlripghtdnyistor dopethmplélehdstnhieshduelor §6Hseate 1004 (RS p'idggéippi ng.
The plurality %f BTIS 1008 can be conventional STl trenches W t'h gr wn
oxi de I?Iﬁ]e FUPrQOHECIRR feeiepBkt telgliky aedoprdf | The buriediicali¢ater 1@0Achas1f’le,

T008 andtHiie BB T 1 GOPaR e e R o Bl i 1o,
5 W, ot et Sl AT 21
over t e ey o et G s B4P ead i sl enliarry Seiono 10 Tand berESt | 1 st
| nsul atinddathyRYerl0I REASERSALL Hde QERASE IIF F YR GALATRe (FaLHNAL4. A

second insul ating |ayer 1018, such . ayer an I“‘nsulati ng
| ayer 182@ed Jas HY 7a suéht p$ de amgmphousapelysiiposildyer andbppsitddeoveadthesting an

i {ter. k tp fo ver se, em r wi ndow 1022 qver a portion of the
S ubSeol PaRne f%‘P’%rg.iéc?r‘?{?1 1 868 SEIaS R i ?&@F#ﬁh@w eg layoperepprepesehiey can
be procepsasthesiigoltectintegb N0 ArLEARSInVAMISR bie ﬁﬁﬁ?ﬁféh a0 9 UhEd I!a%ex' ayer
1018 preferably is processed using a wet etch process. The wet etc
pr oces A thid Wastajing dayes {3/ sueh asrenigdet laydratre [dapesited 006 patteonddesirs do

e ns- S eCHSR oo ok lerse MEHTR v o WRE L Byt RotioRorteone SEoliggoe: n 1 <
shown tregiontlOU4t (e third FhsBlatibg 1afdrein2emrembBhamSbe Br%c@éa,éd/%&ih;g;a%le%er ! ow
1102% hapsrocl:oe%se r\]rvhsxl%l %gtsle\égrll :ingsﬁl(zl\tl%ﬂg ?detr Ol%lgfpr:[efgsabf; risuggo%gseseg fusilfllg a wet «;tcrL a0
process. The wet etch process can be very selective to the epitaxial layer 1006, so the sub-
collector region 1014 is not harmed during the etch process, and therefore remains smooth for
further processing.
Referring now to FIG. 11 therein is shown the structure of FIG. 10 after an amorphous
25 polysilicon layer 1100 has been selectively grown on top of the structure of FIG. 10 in a low
temperature process. The amorphous polysilicon layer 1100 is pre-doped during the growth
process and then doped fufther to form a p* layer for the extrinsic base of the HBT 1000.
Preferably the amorphous polysilicon layer 1100 has a thickness of greater than about 2000
Angstroms. It has been discovered that this structure results in the HBT 1000 having low
30 base resistance with reduced electrical noise characteristics during operation of the HBT

1000. The amorphous polysilicon layer 1100 also can be used for the gate electrode in

CMOS transistors (not shown) located elsewhere on the semiconductor substrate 1002.
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tenperature process. The anorphous polysilicon |ayer 1100 is pre-doped

during the growh process and then doped further to forma p-' layer for
the extrinsic base of the HBT 1000. Preferably the anorphous polysilicon
| ayer 1100 has a thickness of greater than about 2000 Angstrons. It has

been di scovered f hat thILS] structure results in the HBT 1000 having | ow 30
base resi st anCETRRINW ©diUCed2 theswin is thownibe seucmgodd6r | kafterprehessingyof

oper ati oy T IVEINN er 1100 al.so can
be- uscd Tart, ndfadlayg kb0, S VR DRRENRRE ohbp of e B Ghali o lidtug

el sewhelagerohl 00hélteefoh ickudtting [sydpR0@tcan bBQRZtherl droRaf i@ra wodomgamialty G 12
therein_is shov¥n t he Ebru ture of FJG 11 after processing of a fourth

i nsul at PRYOMESYy of FoAEOS faer, san he sepaited gnd sehsequeptlp rrogresednby sholvdP

pol ysi | proeds tb d¥&vidd BROfouTthEinkPatirt1ayBS YOS Had id %Xb%ilagg@%? cglggneg%ﬁ%tt er
grown in a wet or partially wet environnment, or a ayer can be
deposi t&pcasiase bEdgdhird inpulptinglayerd@2by a OVP 5 process to provide the

fourth insulgtd | aye that.is substantially c r with the upper
surface of t%%fgl?ﬁlgrné%f {rﬁ)s%@?‘i?’nﬁe eéﬂ/@r*fsnob"?ot.%elﬁg?l@?‘?/‘i ‘Fltglg]k{a)\ﬁ/ fter|ag, empger
t her ei nwindowhi300 hehBedit fouabdir ertefthird Shsult@in@4yRF 1050 v B FIGM1ndQWHIZ00 has
been fornmed. The third insulating |ayer 1020 'shown in FIG 12 has been

r enovedSHSVEhUSRE @1 elisling PErcsese skor examplex Hithe third ihsulatingt Iayerd 020 s34 Bittridey

| aygr } IR | h ird Jdnsul ating.l ayer.10 n be
r e)r/rlgveé‘g%gi F\% %Hglh%gsdpl)%g}gil %ygrg?/ Oe?%‘hse %%Igéveg:a%%}rfﬁjai@%?}?ﬂ rf"ﬁlqlﬁégr cﬁfﬁ 8
shown isecdHidGnsulirtpelaydrel@ns showy aFIGk i 12hag bedRincREE hsiRg a6&QES: etcH probis.

second .i.nsul at i |.ayer 1018 is an oxide |ayer, the second insulating |ayer
1018 ¢ esec?féﬂ’gé'éa nglayer D1Bpar pre Jaxsedhe secppd inswlating daygr AARCad®0 i s

thus f Geiilded AsimPh BHIF teh RLLLITHE cfithdrSAhadw 1 ShEs dhidpcan be | mplanted at

this point if required to enhance the perfornmance o HBT 1000. An
intrinsic baseclpetiverintt®ei¢ coledttre(SICR 1 202 ¢anddeyimpdamshatathistgoent ibtchoimedio t he

em.tter _wind 13Q0. The jntr.insi ase Jayer 1304 is _formed, faor . exanple,
by endar RN Bdrmstraot BT Dol a il Bee duredofhrs hemairsivgoup
consi stdrogn af theibeRem I @RemidBwaRIsH M0 ams iﬁtﬁggief%se 15% 1804k §d f3fincd hgse

| ayer 1304 is grown in situ and nmay be doped during t growth prdcess to
avoi d BFamPpleorbyi dppasiingt posprapringi sgmicenductiyre matteriad selavteds Siong thes wedupas

anneal i : i | LVe .gr.ow r s .the . sem con ti,ve materi al
ot SR IOt AT B bR IaPrE SRR HER SRR R MddiF S50,

Ref er r iingitnand hiayfHe@opdd diuhigd GiezrbWwthSHoweks k1 @vdill b idh §mPlantatiGh add nadit e
formation of an emtter structure 1400. A first insulating reverse Spacer

1468, JEIRREralue, progesHue.r s4rbr 8¢ annealing.  During the selective growth process the

semiconductive material also forms to some extent on the sidewalls of the emitter window
1300.

Referring now to FIG. 14 therein is shown the structure of FIG. 13 after formation of

an emitter structure 1400. A first insulating reverse spacer 1402, such as an oxide reverse

25 spacer, is formed, for example, by depositing or growing a fourth insulating layer in the

emitter window 1300 shown in FIG. 13 over the intrinsic base layer 1304, and then etching

the fourth insulating layer to form the first insulating reverse spacer 1402. A second

insulating reverse spacer 1404 is then formed on the interior of the first insulating reverse

spacer 1402, such as by depositing a fifth insulating layer in the emitter window 1300 shown

30 in FIG. 13 on top of the first insulating reverse spacer 1402, and then etching the fifth

insulating layer to form the second insulating reverse spacer 1404. Thus a multi-layer reverse

insulating spacer 1406 comprising the first insulating reverse spacer 1402 and the second

insulating reverse spacer 1404 is formed around the periphery of the emitter window 1300,
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25 spacer, is formed, for exanple, by depositing or growing a fourth
insulating layer in the emtter w ndow 1300 showmn in FIG 13 over the
intrinsic base |layer 1304, and then etching the fourth insulating |layer to
formthe first insulating reverse spacer 1402. A second i nsul ati ng reverse
spacer n the |nter40r of t eflrst nsul ati ng reverse

spacer fﬁogmhi%% %gesflagﬁp‘jgg § g CPoseg-¢ h’*lH‘i’b(? figon Y"FraVe e formpgel, dRF t t er
wi ndow éﬁﬁ:ﬁgg)@ fb?%h&odéﬁ&sﬁhgior %?t)vﬁﬂ% Taqgﬁé?fofw&ﬁrshic%ﬁtto 'ﬁnlsﬂlrE Q{:%lﬁglr{gmﬁ?{]&fa

spacer and then'etching the Tift l'ating |aye
second Ph#sl emitiey WledeWslﬁO@pawnmosmg Tmusmétteruhask (Boler2 measky sed then

i nsul agbllageﬁgft%%rr&%oa?m glprl S{&rgb& e first |nsyl ating reverse spacer 1402

and the secohd "I'hsu pacer 1404 is formed around the

perisphery of RéBRingMdvi & FIE.NEDMeledd & HoZvnThﬁ bk 8f Fl@aﬁcﬁaﬁ@M%hn Q‘f‘ s
t hen exposed. A polysilicon layer is then fornmed, for exanp kraé e|t er
(4]

deposi t Paig C@J‘i‘ta"drlé%) g esnifiercontagt 1 1) andia qodlepfor @ﬂlﬁﬁtqt 1150 eAr%tmnaﬂ byor ti on
f th
of the I?lgglé tl&ﬁsewlt& gﬂ)\e/eég%g@ it tellq%l?nﬁﬁlggg);eQQQ% t t &l Iséf ]IlﬁP?]bayﬁl(‘)W to

and t hen rocesse to form strucf“tljr

FI G 151 100eshewn in BIGHdwn forrearséxttindic beseatrubiuge 1506. &fhte&’rolyf DE¥kI0 BarPal sdBS €
contact 1500,. an_em tter ¢ontact /1502 and a collector contact 1504. A gate

mask (PYicY 19 forppide)sopree qad graip regionsedfCMQS enistors Kmtmhawhéiar aspeformeh0 and
t hejpamogiphaisse W{%%hﬁ&%ﬂuét?ﬁ/%strété(f%f hg rHl ggJ Iéthl%Opor m nCl@fﬁgl nsic

base structure 1506. The Po mask can a € source
and dr afiransistgs ons Bdﬂmmcrmﬂmtﬁmsec( nsihg ehlyvmao Iidirﬁtnas]m A aspig dhekfhal

el sewher e sem cond r supstrate, 1002. rdi ngly, the HBT 1000
ond t heBRRRR IO SR e SRCHER 35 BECRtsrciabeRs i 150 fsrediien ATRBTOAIEP two

poly rraa&iﬁ&heemfr@dadxdﬂﬂeglbﬁabftham@!s thaRSifbraUOhe Asviean then be used to drl ve
dopants into both the emtter structure 1400 and the source/drain regions

of the CMOS 4 rsahigife treressois @ﬂﬁeefﬂem tﬂecowrstm |amadéOIpt®cmus sontetsi ethout to

cover t e Mal: se structure
150@ |sé3§ol\%('reg%et§§h %ﬁ% Irésfot% saﬁv%rl yI a@"étr Jsﬁé la gééén ??‘SFHE FRHEME 1400
I's covel4d ibyogers@ bynsctahd caltiedd Ryer 13191 @nd ansbreo of tHeOsubodollebt8r re 1on

sub- col Quﬁtor region 1014 is covered by a third salicide |ayer J.g

base i nsUrtdt pigrsidacethirdsalicide lsyer Bd2an” oxi de spacer, can opti onal ly be
formed  ar ouchabd euskling 5AGr 1336, Shth US!H Sahe el Lh° %ggl%ﬁaﬂggg fga“d an

emtter insulating spac such as ‘an oxide s Tonal | y
be f or nedumal theredtridsie eave tstrectuset 1906t afrthe HAOD 1000, palhd\ﬂnctenl&dﬂirisul@.ﬂﬁg spacer

il 2ULAR 8 LR Ao 1210 I o puer e ST ace o L e 000
base provide additional insulation. An ILD layer 1514 is formed over the surface of the HBT
1000. Openings in the ILD layer 1514 have been made for the various contacts, The base
contact 1500 has been deposited through the ILD layer 1514 onto the first salicide layer 1508
over the extrinsic base structure 1506. The emitter contact 1502 has been deposited through
25 the ILD layer 1514 onto the second salicide layer 1510 over the emitter structure 1400. The
collector contact 1504 has been deposited through the ILD layer 1514 onto the third salicide

layer 1512 over the sub-collector region 1014.

Referring now to FIG. 16 therein is shown a further embodiment of a HBT 1600 in an
intermediate stage of manufacture in accordance with the present invention using a field
30 deposition method. A semiconductor substrate 1601 has been implanted with a dopant to
form a buried collector 1602. Additional doping of a lighter concentration of the dopant used
to form the buried collector 1602 is processed to form a sub-collector region 1604. Together

the buried collector 1602 and the sub-collector region 1604 form a collector region 1605. An
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contact 1500 has been deposited through the ILD |layer 1514 onto the first
salicide |layer 1508 over the extrinsic base structure 1506. The emtter
contact 1502 has been deposited through 25 the ILD | ayer 1514 onto the
second salicide |ayer 1510 over the emtter structure 1400. The collector
contact 1504 has bge posited through the ILD | ayer 1514 onto the third
sal i ci d@‘W%Q?Y%Sﬁé)%oQgra FHBPUIG. snicRRqusHYE éaat%rhal 18pleptedrdrogt e grom t o

FI G 164r08fiRd B §%3eS QRY@C %na Wb kbR STDACBERs En Ae 4808 th eftite ficld

7
i ntermedi ate Stage o0f manufacture i n accordance W t IE(@ Re present I nvention
usi ng aofthesamic@ludtep oshstiawnl 60k vhedhe fAutsestiecondegiori6Ghibst rat e 1601 has

b i mpl ant i th t b d | | ect 602. Additi I
dopt ng of - Kiighine <Ry ioaRer A7 tesiris v B stosugeor FIStr U et hes bt o
col Isect bece%@&?to'f‘énﬂ'é@ﬁﬁﬁﬁﬁﬂjaﬂn% 1Rk rmtz SH&r £044 &&&&rayélegv&nhela%mmgeﬁ her

the buried collector 1602 and tHe sub-collector region 1604 forma
col | ect 06raadiacrcamsiopsulatingilayes di7 4 aueh a3 agisride i89e, oferahe Hrep tngnlating layer

I f
and. conbi a5 BB B SERE B LR BRUE i BRRS b PR Rlo i e

sem congidgdt etfe Silbhﬁ)llécﬁbﬁrekﬁﬁllWﬁfhetép@taﬁiub}a@@ﬂ 1608, gt figgiR0lalif®dayeRef@r ri ng
nowto FIG 17 therein is shown the structure of FIG 16 that has been 5

pr ocess¥Y the s¢cgpdinsulafipg fayey, §m4ébiltr'f§n11 apdralitywf STy E108a Bangath thageluratijser |

ovef, th kY ond insulating |layer 1704, such as
a n{otrlgfeﬁﬁayzgg &%&%%yt aeplﬁgﬂgt i nsul a??ng | ayer 1702. The HBT 1600 al so

has i nsul at ihgamlemmbelrmerﬁdomdnpmtrmsﬁﬂm sesendadhdatior sshsbater l0¢ is lightly t he
sub- coII ion 1 the e taX|aI | ayer ,160 the first insulating

| ayer e%e?HE} CRTLS lsﬁar fegiqn La0f i theaipesr noyion 9@?%1? SETgicANACHIT FUBSTALS, of
STl's 179& Banea et henp/ Hrcﬁ‘)bb& yThe’LQm@éd SMetiol 1662 Rin'! REALLOTIRE Pt} i tY

of DTls 1710. In one enbodi nent for an npn transistor, E Sem con uctor

subst r aefeSTIsA 708 sarl beypervgntigiati Sk tierhds whih gotwn @midbéulbrsrﬁlmigwmm dg8Bited s t he
uppgsr por. |on of the sem conductor substrate 1601 that has been lightly n
doped. “puried col l ector 1602 has n+ doping. The plurality of STls 1708

can be COﬂVGIQéféﬁ |noSTio K1Ge N8 BEreiM isRhewR W shtichiee bf PRY. S 7fdflet &FmatibM of
deposited 15 oxi de. Referrlng nowto FIG 18, therein is shown the

st r uct ud EvsFsemugtter] wingdome 840y r Fhe ismnéfmsuéatm\/lemel 79 has reemipaitined 86D . The
second é @l?elﬂll t%t foﬂg til9¥&re£%0%ﬁl' tu?.ﬁﬁm? oy s Q ?'gst ?ula’cet Cf%g%ZIﬂ)zf hats %] he been

reverse emtter w ndow | nsu atl g
proces sméntwocreeﬂﬂae rédige tthy tidkaes offthé fest insubling NSt ATODH 4 Bvel beldW3hd 0 a

I evzeol b%p%\{vsgr e ofothep earlhgté%%i;selsmgf the plurality of STls 1708.

Referring now to FIG. 19, therein is shown the structure of FIG. 18 after etching of
the first insulating layer 1702 that is remaining, and deposition of a polysilicon layer 1900
over the epitaxial layer 1606. The polysilicon layer 1900 has been planarized using
conventional CMP techniques to form the polysilicon layer that is coplanar with the upper

25  surface of the reverse emitter window 1800. The polysilicon layer 1900 has p* doping that
can be added during deposition of the polysilicon layer 1900,

Referring now to FIG. 20, therein is shown the structure of FIG. 19 after further
processing of the polysilicon layer 1900. The polysilicon layer 1900 is recessed from the
upper level of the reverse emitter window 1800 using a short etching process. A third

30  insulating layer 2000 is then formed over the polysilicon layer 1900 by either growing an
insulating layer, such as a silicon dioxide layer at low temperature, or depositing an insulating
layer, such as a TEOS layer which is then planarized using CMP to be coplanar with the top

of the reverse emitter window 1800.
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Referring nowto FIG 19, therein is shown the structure of FIG 18 after
etching of the first insulating |layer 1702 that is remaining, and
deposition of a polysilicon layer 1900 over the epitaxial |ayer 1606. The
pol ysilicon | ayer 1900 has been planarized using conventional CW
techniques to formthe polysilicon |ayer that is coplanar with the upper 25
surface of thderagaiozetoaeliG.t2ds thereinl dsnshosa0the Fhuctprsl ofsiFIG. @6raflenjter set@BD has

dopi : ' it f th |Lysi| i
ho00. LMy oRodHE Y sH I, AORRE LIRS Wihag TR R 0 T3P T 1o
af ter fatiddnepically emwhediteGoral ah Mesu@ing Stvdreedspacay 21001 900 - firdihRshedings ldykeon

| ayer 1? %s recessed fromthe upper level of the reverse emtter w ndow
1800 us 2%3 algiR Bt coYeEss by tsriskass msplating spregn2 ] Hkis| eighed gherale exmpeg 4 s

t hen forimg, i hk&on Al J i O OWi

[ ns{}I a&s ng | ggge, éﬂgﬁéﬁpg%éghgwi ?8?’3‘?“8‘&?‘2‘2‘10%35?2 g@%%ﬁ%@%% atrﬁ‘r/%r?e or
deposi tinmgatang spasarl2408 mgthus foreed. Aunemites saudmeR 10ayethemibredediis theanitter

| anari zed usi to be cqplanar with the top .of the reverse enjtter
Wi ndow ‘fggewsiﬂ@%@/g#m@a %afn%ltﬁs@%%é pofiaienn I3yer &Ho e TREEPIRAOMIr e of
FI G 204 ¢ thet ifaSE 6PME thirasiHbidhtip0lab@y 00l 7P OS5 Py iR l{a?fé}fisttﬂ

reverse emtter wi ndow 1800 shown in FIG 20 Is anisotfopicalfy etched to
f or m anpdtiemetsamnd redched e femn $hragreittel $OGUEHY 0 rBiusj theuloatiomgf thayepitaxiall 02

th I S1.nhot vered by the rever | psul at i ng. spacer 00Q, | ched t her eby
expifs Vel B URGHIne st lEp 2504 s it PtsB B R o £ el 1 6 dow 2100
havi ng a nulRéfetritgaiow RVEIE 2, tHesdth & BRGVSPRGEUCRAOS FI%, D Ufel ?EdE%%ing“\n
emtter structure 2104 is then fornmed in the emtter w ndow 2102, for

Sﬁgrrgh ethe pplysiisen ilwshd%o ér?ﬁgal @pp};tgi:ns:ip dese slaypbyre iZEngJ autm_hr @; éhigt lagerr 2830hdow
. | . .
pol ysi I?%g%ﬁﬁ%}g?ﬁ?es gt{'%ene %g? S 2 ?ﬂ%%dg%éﬁgt %rﬁ%%;ef:%{)cp@¥ %Opﬁgergﬁetﬂlper

st ruct wstmcRitO2104hdThe dxbrénsprobase aruofurd DBOCE poritacts Me epitaRial &y 1660 6o uRser
the emtter s ructureé 04 fgrrrs the . intrinsic base of the HBT 1600.
Ref &r r i PRIUFIORE the enriexiabayer AaPe that iis s sauRet (il tereréinpie base Reure2204 ¢ er

pr ocessfRgtions RS P by flel ek G RRid RXEEF h BT Podcer M an extrinsic base structure
2200 and an ILDpI ayer 2201.101%)5@ ext (ri)fhns?c base structure 2200 is forned

besi de, and Bpddi jagal 2301 hes beandiepositedand wpenings inshe 1dD layer 22004havd been
extrinsic base structure 2200 ntacts, t itaxi al, | ayer 160 o the 15
porti Onfogpecf‘ﬁ% tZ‘ i"?ﬂ‘%‘fsa?"“l%%fgserﬁﬁ%% CPWQ?t%aﬂﬁsg’@ﬁ? QEROS%%F‘E FPIPY@ ﬁ?tI thsi ¢

base stlapGtanne -AdQ8e idsllfihg Mysr A60PRES c@ftadt RAHENE xifiske RS StrRftule0bBT
1600. The ILD layer 2201 has been deposited and openings in the ILD layer

220% hadre epéléar contgetalP4thee bedredepapiteduibravghlectd) lageh2d ivtrdoatact 820 2hdras
been depode! il M8E U EoldRr contact 2206 has been deposited through the ILD layer

2201 into contact with the sub-collector region 1604.
Referring now to FIG. 23, therein is shown the structure of FIG. 18 after formation of
an insulating spacer 2300, such as an oxide spacer, around the reverse emitter window in
25  accordance with an alternate embodiment of the present invention. The insulating spacer
2300 is formed, for example, by first depositing or growing a first insulating layer and then
using a CMP process so the first insulating layer is substantially coplanar with the upper
surface of the reverse emitter window 1800. The first insulating layer is then etched to form
the insulating spacer 2300 around the reverse emitter window 1800.
30 Referring now to FIG. 24, therein is shown the structure of FIG. 23 after formation of
a polysilicon layer 2400 and a second insulating layer 2402. The polysilicon layer 2400 is
formed, for example, by depositing polysilicon and recessing it below the upper surface of

the reverse emitter window 1800. The second insulating layer 2402 is then formed by
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| ayer 2201 and the insulating |ayer 2000 into contact with the extrinsic
base structure 2200. 20 An emitter contact 2204 has been deposited through
the ILD | ayer 2201 into contact with the emtter structure 2104. A

col l ector contact 2206 has been deposited through the ILD layer 2201 into
contact with the sub-collector region 1604. Referring nowto FIG 23,

t her ei nd$R9sigiRBERd; Besfarming euEMEB, 50 fhe, se¢andainsalating rlapdri 24020fs suhstantially at i ng

spacer i [ round. the erse emtter windowin
25 acco@%&%ﬁ%@ﬁ gflg}egrcg%‘ gﬁz}%‘g%%ﬁ eneﬁtfg'r‘a’*ndf’%fsgﬁment i nvention. The

i nsul ati ng sRefering2@®Otol FIG, a6 Madreird Brshewa i @uchie bf FIS. 24aPRs FdrinadoR bf
growing a fjrst insulati n,glwl(ay_er and then using a CWP process so the first

i nsul at PhgRitiey eFachue <3k + Bhn sraitter steisira 4a¢0 isiternediy eipliag thegayersecamigier t he
revey sewsio 4N 8 LL i i erJsithen etched to
for %r t he iﬁ’tsngogmnngmgp%c%% %ggieg?%ﬁ{ﬁ% 0? %g{!v?iége%? g(lg%énéotﬂfszlrléovrﬁelﬁ oW 0. 30
Ref er r i pgjysibeontlayeEiSheR pattdrhat aidretéhed st fwm thb ensttergatetue 2500FI G 23 after
formati on of ol ysili er .240Q and_a second jnsul ati ng | ayer 2402.
The pol ysi | i%%fﬁl‘fﬁ’&;}é’rw 2’438?15553 Eﬁ‘%&dﬁq‘%fhsﬁgﬁf}%, Oflblil(he?éo%frer iDER§essing
pol ysi | ﬂ@%g@ﬂﬁ:oﬁq 2100 té ForBPhPkiklGc WARESnRMirt 2880 hd ahNED' BY&! 21

0 rmed by 15

emtter w ndow 1800. The second insulating layer 2402 1's then
deposi t Tehexnasipdasosmoatige 2600 fomedebesiseoant] bpesifically mgt hager thi240@itbes

subst ang.j pl-anar..wi t h. t he upper face of the reyerse jtte

wi ndow %th%hj.lglgzg?@r r]?lﬁgex%%mt Basﬁlsg”&g%‘? 26‘#&?‘3&%“? %hes%%ﬁlﬂx ﬁ@' eé_tlgﬁéts?lrt € of
FI G 24patibeof tigr epitakdih lGkr 1806 @it id 81 cSithdt Ghit &e2@@nsid BiseSiubiugs 2200
structure 2500 is forned by etching the reverse emtter 5 w ndow 1800 in

FI G 24lU86d0ns 38 Ray ehhsiexirpigicdrase plothe B R 16bed pol ysilicon |ayer. The

olysilicon 1 ] r : t to fo he 1.tter
g t rﬁct ure 2516)}8%/1?’%%&2?%%% hﬁg&é@o&égﬁ%ﬂ%gtoﬁgﬁg Snmitge );I;% t 2@ IHAVELETR e of
FI G 25foahtdforpthe cessisngpntdche Adbags icbhtacirodoayies b240depskitt@ throagh S¥tIlNSi ¢
base struct 2800 and an | LD I$ er 2601. The extrinsic base structure
2600 i sla?"?j'rg%@g e heymsulghipe LKyer? (%lgc‘é'ltq goniant Wityihe exrisicebase sepctas 2600uct ur e

2500. TRE eANidricBRiaE: RRI%aS Béé{P&éﬁE)ﬁte%%fgggﬁfﬁﬁg 1dyBE2 &R ih%&o%#ac{ %%'tﬁrﬂg%g%

so the portion of the epitaxial layer S Inh contact w
ext ri ns¢mittomsteucsure XO00r &\ 2@BQtorfeontti 2605 kes wan depdsited ehrexgh thesiLO base of

e B0l TABaL b ARG BBoR BB oPS €0, 210, open gs 1 the 110
has been depeshdugH nbfaRHENIalBR HaldbechBprb@red kB0 LnRbdindde hosuliaFia R ayer
2402 intg contact with the éxtrinsic base structure 2600. An emtter
comfactangdeiifs. fs ihwilh by epparentety omg slifed fithehe &b thatysech 26l0ddé fetyerscamnt et
with t I”ﬁovided without departing from the spirit and scope of the present invention.
Referring now to FIG. 27, therein is shown a method 2700 of the present invention.
The method 2700 of the present invention includes a block 2702 of providing a
semiconductor substrate having a collector region; a block 2704 of forming an intrinsic base
25 region of a compound semiconductive material over the collector region; a block 2706 of
forming a reverse emitter window over a portion of the intrinsic base region; a block 2708 of
forming an extrinsic base region over the remaihjng portion of the intrinsic base region; a
block 2710 of etching the reverse emitter window to form an emitter window: a block 2712
of forming an emitter structure in the emitter window; a block 2714 of forming an interlevel
30 dielectric layer over the collector region, extrinsic base region and emitter structure; and a
block 2716 of forming connections through the interlayer dielectric layer to the base region,

the emitter structure, and the collector region.
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~invention inclu

emtter structure 2500. A collector contact 2606 has been deposited through

the ILD layer 2601 into contact with the sub-collector region 1604.

Al t hough no salicide | ayers have been provided in the enbodi nrents shown in

FIG 22 20 and FIG 26, it will be apparent to one skilled in the art that
rovi ded w thout departi ng fromthe spirit and

such salicidﬁﬁgayzég'can_be p €

scope of thelBiseldit been, diseqvsred that e methodhand epparates obthe pressnkinyentions hown

a met hogy2d S ishvent T ho . f t
) B B PO Pt ARers Moy QB ol TR

havi ng adventkesc for maglfohring BRIk 27he refulfing nprogesananditcohfigiratias are?5

region qof. 0 und sem conductj.ve terial over the collector region;, a

bl ock. ZTOETPO Ty SHONGTAR]. dpcraelicai, PishlMsraRilF U PEF e, WechonFationgl

i Nt 15l NSfehrd@sifes! 86 QR thals Rla@AK sgif f ' IASi @cﬁﬁ%] j on

ove? the_renalﬁing por%ion?bfyfhgg?ﬁ?#Pﬁgﬁ%ﬂ%gg%ﬁpggé%g?thggfoc E%@%% of

et chi ngwitheonvenéonaé mamifacturingprigosses and foehmodogiesni t t er wi ndow, a bl ock 2712

of form ng Lit.er structure in the.emtter.w ndow, a.block 2714, of
Pormng an (paF s Bterdish G Bich, delertned B ForiyficPhatie BlopGifie P e &
ext ri nsfochebasdzrdtegi that aiely eifetdativess iddftisktivns, ahd vhriaBbRCil2 b GipphrehOtdTi NY
connections through the interlayer dielectric layer to the base region,

the enitPpis skilledintthe art indight pé teoforeoing deserjpidon.  Ascardingly, iit ishiatendesbte

di sgove : a . 'y t.lnvention

fur s h@qﬁﬁ%}% pell SRS @teg?%ﬁgtg&{&héﬁwgaaﬁﬁ‘gse‘é’gﬁcﬁ?ﬁﬁg‘r’fg, ESSOR s ang
f unct i amelededadiaand. agdb nfactersnidthaftafbrel sétnfprilBlSein Tdiesho@sUint the Ehc%rﬁﬁﬁﬁ@lgan d
configurations ar .strai%QIfon rd,. econom cal , unconplicated, highly

ver sat i 8V a@ftf’gte,ﬂ’?t%’?et B GHYLREVS AR nop-UBRIOIEBE- es, and are t hus
readily suited for manufacturing HBTs and are fully conpatible wth
conventional manufacturing processes and technol ogies. Wiile the invention
has been described in conjunction with a specific best node, it is to be
understood that nmany alternatives, nodifications, and variations will be
apparent to those skilled in the art in |ight of the foregoing
description. Accordingly, it is intended to i0 enbrace all such
alternatives, nodifications, and variations which fall within the scope of
the included clainms. All matters hithertofore set forth herein or shown in
the acconpanying drawings are to be interpreted in an illustrative and
non-limting sense. 17 THE INVENTION CLAIMED IS: 5
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10 15 1. A nethod of manufacturing a heterojunction bipolar transistor
conprising: providing a sem conductor substrate having a collector region;
forming an intrinsic base region of a conmpound sem conductive material over
the collector region; formng a reverse emtter w ndow over a portion of

the intrinsi ﬁgﬁﬁ ion.. formng an extrinsic base structure over a
r emai ni%gm ; SB{SE{%‘EMF’P[&:nSi c base region; processing the reverse
emtter windowto forman emtter window having a nmulti- |ayer reverse

insul ating spacer therein; formng an emtter structure in the emtter

wi ndow; forri-ng ahmettasrafananuiagiusingc haterojungteon Wpelar ransistes|comprisingr egi on,
extrinsic b 51 UCE U 1 X form ng connections
t hr ough theaqsrﬁ}’lghgleévstgﬁﬁtg)lngﬁ@g %&%‘%%‘?&ég%{’ﬁée"?% g‘ g%’t or region, the

extrinsic basaniirdncinissic dad ichpnest & compsimidi eértiicondidtivd eateriil hedr ds
clainmed in claiml wherein formng the intrinsic base region conprises
fording a |ayer JPUEHAHEEN® semi conductive material of silicon-germani um

St con- ger Rgh iRl dellem Bikr ifRIANAR bBRidh M iRAhirirndic HEErdIRI0d as

clainmed in alm1 ereln formng the intrinsic base reglo 20 conpri ses
form ng a cdiopoingdars exiriosindhast istractnmt ever ad rdnaaieing porsal ef tthey eltyinde pess t i ng,
sel ectively grow ngl;qnor field depositing, or a conbination thereof. 4. The

met hod as cl ai med*Pfi%l aim 1 wherein forming the reverse emtter w ndow

conprises foiBkdiging thd F&erdeNhikat WiktovA¥eforiNgh 8mSes APRldb R HavRle Nehdiyer .
5. The method as clained in claim| wherein processing the reverse emtter

25 Mi ndow conpr i slegeragvessstingpating spgeestlednéing the first insulating |ayer and

t he second ipasul ating..laver. to. form emitter wi ndow having a nmulti-|ayer
reverse insuﬁggmnﬁdms té‘%rr ﬁtélFee]inr{Re%%%.rwAn fhod of nanufact uri ng a

het er oj unct i fofmiigR@l iflerlbVe Al SEE APt HieN@llectDif RG] Biriasic BAeGANEUES OF
substrate having a collector region; formng an intrinsic base region of a

conpound seni condigigRilerueRrEandyer the col | ector region;
forming connections through the interlevel dielectric layer to the collector region, the

15 extrinsic base structure, and the emitter structure.

2. The method as claimed in claim 1 wherein forming the intrinsic base region
comprises forming a layer of compound semiconductive material of silicon-germanium,

silicon-germanium-carbon, or a combination thereof.

3. The method as claimed in claim 1 wherein forming the intrinsic base region
20  comprises forming a compound semiconductive material layer by selectively depositing,

selectively growing, or field depositing, or a combination thereof.

4. The method as claimed in claim 1 wherein forming the reverse emitter

window comprises forming a first insulating layer and a second insulating layer.

5. The method as claimed in claim 1 wherein processing the reverse emitter
25  window comprises anisotropically etching the first insulating layer and the second insulating

layer to form an emitter window having a multi-layer reverse insulating spacer therein.

6. A method of manufacturing a heterojunction bipolar transistor comprising:

providing a semiconductor substrate having a collector region;

forming an intrinsic base region of a compound semiconductive material over the
30 collector region;

forming a reverse emitter window over the intrinsic base region;
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formng a reverse emtter wi ndow over the intrinsic base region; 18 5 10
formng a first polysilicon |ayer over a portion of the intrinsic base

regi on uncovered by the reverse emtter window, formng a dielectric |ayer
over the first polysilicon |ayer; processing the reverse emtter wi ndowto
forman emtfer w ndow havj.ng mul ti- |ayer reverse .insulating spacer
therein: forRfREEs YistB ajﬂbefrry@m QVSH 2| PRUET \iBe ItHasig pajedegien unpeNpEtd and

into the emtter bfﬂh@‘f‘%se%hﬁﬁ@rsﬂnﬂgwt he second polysilicon layer to form
an emitter structure;, processing the first polysilicon layer to forman

extrinsi c baensgraditlactec dayer oeer plor fitsbpolysificarhleyémt ri nsi ¢ base regi on
besi de and spaced fromthe emtter.sfructure; formng. an interlevel .

di ol eotric THYERBERe FEREITLEE Sndosh b Py e cBNie, NonE™ et Miiur e,
and sthe em tter shidGhetre ind&tidepatdghdinecti ons through the interlayer
dielectric layer to the collector region, the extrinsic base structure,

and t he emni tioaningt 2 secandepolygliqon fayer wrehdw dislesttisi layer and dhiqi e enpikier ei n

forming the intri nlsi 8Wbase region conprises formng a |ayer of conpound
sem conducti ve rra‘f]élfll af of silicon-germanium silicon-germani um carbon, or

a conbi nat i ofrotdising e seBondifigdydiBddndayerSo €dra diBhitter sthatdie;6 Wwherein form ng
the intrinsic base region nprises formng a conpound sem conductive
1

material | ayRPossying kst pfél(s:fé)il erEple¥erttp dggm algex%ieﬁlé@ﬁwwn@ VT ROTEN f i el d
depgsiting, or a ﬁ@ﬁ@im@ﬁﬁﬁ%s&:?ﬁi@?f)esﬂ% 4i dgﬂtdﬂb%ﬁsepgha!s%gnﬁ claim 6

wherein formng t reverse em W NAOW ¢ nprises rmng a first
i nsul ati ng |fayengand intedeebritleousie later royet aheecollebthr réfienétehexiriasc dags nmed
in claim®6 wherei r{%ﬁr ocesai ng the reverse emtter w ndow conprises

ani sot r opi cal | y et@ifig therqmitter 1S A g | ayer and the second
insul ating  @25mlRY&hntdich b @ tﬁé“iﬁt&ﬁéo)ie%f&@&ﬂ‘ié“ﬁgéﬂgltﬁe Blekior !r@%f&{, theverse

i nsul ati ng spacer therein. 11.7 A heter unction bipolar transistor
conprising: a sesniiomebase siructudes andhthe ematidrisguetusol | ect or regi on; an
intrinsic base region of a conpound sem conductive nmaterial over the
col 1sect or 7. The method as claimed in claim 6 wherein forming the intrinsic base region

comprises forming a layer of compound semiconductive material of silicon-germanium,

silicon-germanium-carbon, or a combination thereof.

8. The method as claimed in claim 6 wherein forming the intrinsic base region
comprises forming a compound semiconductive material layer by seclectively depositing,

20  selectively growing, or field depositing, or a combination thereof.

9. The method as claimed in claim 6 wherein forming the reverse emitter

window comprises forming a first insulating layer and a second insulating layer.

10.  The method as claimed in claim 6 wherein processing the reverse emitter
window comprises anisotropically etching the first insulating layer and the second insulating

25 layer to form an emitter window having a multi-layer reverse insulating spacer therein.

11. A heterojunction bipolar transistor comprising:
a semiconductor substrate having a collector region;
an intrinsic base region of a compound semiconductive material over the collector
region;
30 an emitter window over a portion of the intrinsic base region;

a multi-layer reverse insulating spacer around the periphery of the emitter window;
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region; 30 an emtter wi ndow over a portion of the intrinsic base region; a
mul ti-layer reverse insulating spacer around the periphery of the emtter
wi ndow; 19 5 an emitter structure in the emtter w ndow inward of the

mul ti-layer reverse insulating spacer; an extrinsic base structure over
the remainin ortion of the intrinsi¢ base region; an interlevel .
dielectric | IHEE S Fucfure I e cagg ip ‘g‘i"é‘h","aféﬁg theraple-gygraewrsq ipsylpiing and
emtter structuregpaghd connections through the interlevel dielectric layer
to the collector region, the extrinsic base structure, and the emtter
structure. 1@ exTimsihbise sojahretaventhbirgoiiningtposinsi aftthbe indisnsid baseeepiom cl ai m 11
wherein the _intrinsic base reqgion rises a layer .of. conpound

sem conduct i%m&@leé’?]i g’IePES 1C kY ¢t r %gengc’l f%ﬁg‘ﬁfh Strinsic basd structure, and

si | iscon- ger mani unggidePQfictiRé:; aadconbi nation thereof. 13. The heterojunction
bi polar transistor as claimed in claim 1l wherein the intrinsic base

regi on conprioyaectipns direegh te intedessbdiclestiicdeygida e endlertopragian, theeeximnses i al .
14. The heteroju i i.nol ar istor as claimed in claim1l wherein
the wherein thenflgatrsi{er&lﬂhc?‘ilmg’ gs%é%rglgq}s%r% cot'f]?"f%'ri ses a selectively grown
conpound 15 sem.conducti.ve .mterial . 15. The heter,oj unction bi pol ar

transi st or a]sf'cl aﬁi’ﬁeg‘e'iewﬂt’:rfcgf)% BfRolgh &rABFHOF HE cq"iuﬁltefii Flatm oLle Whersin, the
conpr i simid bk drefRBOSINR s ANRHHNSE SSHDARNATKEL ENRIUBRIL Haldrial B8 -silfon-

het eroj unction bj polar transistor conprising: a sem conductor substrate
havithg germgniugt sibicon-ggfimeamnivnpgathan; qitardomiivatipadecreefgi on of a conpound

sem conductive material over the collector region; a first polysilicon

| ayer over al3vortThn heterdjiretiont bipolai drabsister raegilaimed @ diagh eldt miberdiraytee over

the first.polysilicon |ayer: a miter w ndow over a.portion of the

et neR i} teef ST eonitRES o Secllbly Ehosted et S bRt AThaBReEr oung

t he peri pherg4 of i,he em tter. window, an emtter structure in the emitter
of

wi ndow i nwar b higraifmatiqy dhipelay, draagision o5 deimed msplaiarll wherein the

wherein the inirinsic base region comprises a selectively grown compound

15 semiconductive material.

15. The heterojunction bipolar transistor as claimed in claim 11 wherein the

intrinsic base region comprises a field deposited compound semiconductive material.

16. A heterojunction bipolar transistor comprising:
a semiconductor substrate having a collector region;
20 an intrinsic base region of a compound semiconductive material over the collector
region;
a first polysilicon layer over a portion of the intrinsic base region;
a dielectric layer over the first polysilicon layer;
an emitter window over a portion of the intrinsic base region;
25 a multi-layer reverse insulating spacer around the periphery of the emitter window;
an emitter structure in the emitter window inward of the multi-layer reverse insulating
spacer;
an extrinsic base structure over a portion of the intrinsic base region beside and
spaced from the emitter structure;
30 an interlevel dielectric layer; and
connections through the interlevel dielectric layer to the collector region, the extrinsic

base structure, and the emitter structure,
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an extrinsic base structure over a portion of the intrinsic base region
besi de and spaced fromthe emtter structure; 30 an interlevel dielectric
| ayer; and connections through the interlevel dielectric |ayer to the

coll ector region, the extrinsic base structure, and the emtter structure.
20 17. The heterqjunction bipolar transistor as . clainmed in claim 16 wherein
the intri nsll%c ba ﬁ@sﬁowcewmgstranqlﬁ%ﬁs &fal%‘éﬁﬁﬁuﬁﬁﬁn&éﬁi wheglc they e

mat er i fo: oSt .l : 1j il - e : fj,nat i on
her cor e e R e i A AR e ST 8
wher ei rgerneniuf, silicen-peimenbasearbeyicon combpratison sherecfel ect i vel y deposi t ed
conpound sem conductive material. 19. The heterojunction bipolar transistor
as clainmed i18.cl d@ite héesh@icdon Yipwdar trahdistos ke diimed riaoelaim denpheas tia
sel ectively. grown conmpound sem conductive nmaterial. 2Q. The, heterogjunction
bi pdl arinfrPsicass seloRLoppPEsReisalgstively depasstedremppynd ssecqndustivednaienals o
region conprises a field deposited conpound sem conductive material. 10 21
19. The heterojunction bipolar transistor as claimed in claim 16 wherein the

intrinsic base region comprises a selectively grown compound semiconductive material.

20. The heterojunction bipolar transistor as claimed in claim 16 wherein the
intrinsic base region comprises a field deposited compound semiconductive material.
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