HETERQIUNCTI ON Bl POLAR TRANSI STOR USI NG REVERSE EM TTER W NDOW TECHNI CAL
FI ELD The present invention relates generally to sem conductor technol ogy
and nore 5 specifically to a nethod and apparatus for manufacturing

het eroj unction bi polar 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 twy of the

termnals. The tHEIERQIFNGHION RIPOIAR TRANSISKORIPING ol | ect or

termnal, and an emtter termnal. The 10 novenent of electrical charge
carriers, which produce eRIENERSEIEMITEER WINMIVet ween the collector and
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
termnals of a BJT are connect d8CHINIKI#di FIkldspecti ve base, collector, 15
and emtter structures formed in a sem conductor substrate. BJTs conprise

two p-n junthé GissenPlidedonackidsogbaekly o Geas@naueni edhnologyeaah nedrber ,
wi th one of the regions conmmon to both_ junctions. There is a first

j untt i speciiicrliietna misthod 484 appatatin forapnuiasiuringlierospetsid  pAACEIHIOHet ween
the emtter and the collector. This forns either a p-n-p or n-p-n

transi stor depending upon the characteristics of the sem conductive
materials used to formthe HBIga2QdRe66R XxrTdemand for BJTs has increased
significantly because these transistors are capable of operating at higher

speeds and drj.vi .nor.e current. ese characteristics e. i for
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ter NsI'st or <Tan a a swtchin digital 1ogic and
power syidcEitidng tapRhiigat te@itials, darfisclepBddeat tipardvaiyplons at itlonvolmgareml thg and
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wher e Eh@gug%néhtete%iﬁplagrﬁi EHRELY P udifals is controlled by the voltage across the base and
emitter terminals. The terminals of a BJT are connected to their respective base, collector,

15 and emitter structures formed in a semiconductor substrate. BITs 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.




formed fromtwo different sem conductive materials having simlar
characteristics. One 5 material used in form ng the base-emtter junction
preferably is a conpound sem conductive material such as silicon-gernmani um
(Si Ge) or silicon-germani umcarbon (Si GeC). HBTs using conpound
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openi ng of the basé structure over the intrinsic base region by etching

down t os¢ tve paiysiliosi grucBedh age forayi onitteosthunture.amdensecordt foniandogwstradiee
et chi ng E’ﬁ(%cess i nherently produces a rough surface on the substrate since
the et hAKtENHS®G are not particul arly selective between the polysilicon

layer form pmshge has@rRtuidC by ii8pRRent RQIIDA QLN aROwEh lal d@ansSdlsbriat e. To
get hi gher performance, conpound sem conductive materials such as Si Ge and
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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




A second | ayer of polysilicon is deposited into the emtter w ndow over the
conpound 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
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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.




In one nethod for fabricating a self-aligned doubl e-pol ysilicon HBT using
selective 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
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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 clectronic 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 limits 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




the various material |ayers. This annealing process, however, alters the
profile of 4 concentration |evels 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
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enitte&m$sg%ﬁ%f%V%ga he emtter structure is formed by fornmng a reverse
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selectively etched to forman emtter window having a multi-Ilayer reverse
i nswl ati ng spacer therei MISELONREBF DAEINYBENEEBNt i nvention overcones
the probl ens associated with over- etching, the detrinmental effects of ion
i npl ant at i orhanste@nnaaldation prRidescorstEbRNCYor0fbipdian thadstor qbﬁBlTi); ymd
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acconpanyi ng
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.




BRI EF DESCRI PTION OF THE DRAWNGS FIG | is a cross-sectional view of a HBT
in an internedi ate stage of manufacture in accordance with the present
i nvention using selective deposition of a conpound sem conductive |ayer; 5
FIG 2 is the structure of FIG | after deposition and processing of a

first insulating |ayeip@eyeheecrReFtioMNOeTHHORGONPQURD sem conductive
|l ayer; FIG 3 is the structure of FIG 2 after deposition of a second
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wi ndow; FI ructure o er deposititon o pol'ysilicon
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pol ysilicon Iag FIG 6 is the structure of FIG 5 after the second
i nsul atantigonday Yeﬁagefrem)ved FIG 7 is the structure of FIG 6 after
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the structure ter rmation & reverse i ns | ati ng
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inter ngg? ﬂtsﬁlaﬁhgglg'sptfg HRYTARL Y EnikiBr RG@8%dance with the present invention

using selective eposi tion of the conpound sem conductive |ayer; FIG
1 is the sFiGuctistle srbrﬁmﬁt@fﬂl@ afafer deposiaion o hpokspeby &yet; con | ayer has

been selec romn; F i.s the struture of...Fl after

pr 8tessi ng Eifﬁyaélfsr %%?fghc%é Erfﬁts’foceﬁl tst polygilic ¥ hous pol ysi i con

layer; igt% 613 tﬂesstﬁllaﬁtres@)ﬂ'l“@ %rﬁtepfhe%la@ndjigsﬁtﬁ%rla}'f’erﬁ@r‘éﬁt’o’fz/@d em tter

wi ndow has een processed forma multi-layer reverse insulati ng | ayer;
1rst

FIG 14 is Fffé Biy thetstruetuof oﬁFt.t‘;r 4 3ftaf foemafior pheireverss spageedionve dhe
structure, 15 is the structure of FIG 14 after form ng a base
cont act?s4 ]é‘Hn% Yfrer contact, and a collector contact: 30 FIG 16 is a

cross-secti pralg vi ew @fucurd be‘Flf@.r7%'ﬁ%ﬁfdiﬁlfaﬁoﬁl&bgdhﬂﬁinlfa%@freacttBTnsiu_mtiﬁQ _
internedi ate stage of manufacture in accordance with the present invention

usithg $nagbrhnddwpite] HcwEe;t he conpound seni conductive | ayer;

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 polystlicon 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;




6 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 @id a7 fsuht Rehctie0sesEl. NG Sfert Benpinyst 4 fR@ninkanely layéd £&8d 21 i
the structure of FIG 20 after the reverse emtter windowis

ani sot%@@icblalﬁllliytm@tﬂ&ﬁed to forma nulti-layer reverse insulating spacer;
FIG 22 is et 2 .f or Rl t, an
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a collector 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. I, 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




been inplanted with a dopant to forma buried collector 104. An epitaxi al
| ayer 106 of 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
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sem conductive material such as silicon germanium (Si Ge), silicon gernmani um
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matgri abll@tobgbarnesi st as requrred in formng a descrrbed structure 25 In
one enbodi nent for a HBT, the sem conductor substrate 102 is lightly p
_doped and 4 Kestsigpuladng deor |6.egicBrasian oxislel laytit hys Reerydprasitedrisgenihe ed
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adv%r S%&)leguridegélﬁﬂgnductwe material such as silicon germanium (SiGe), 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 [02 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




the epitaxial layer 106, the epitaxial |ayer 106 wll be essentially
unet ched, thus providing an area for placenent of the conpound

sem conductive material which is extrenely snooth for |ater processing.
Use of the first insulating |ayer 116 thereby overconmes a problemin 8
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r ever sehigdrinstiatingMaydos0BGach 40a Refids iyag onewthe gedein@inghlatingdrpirr200s Trown

the structyre of FIG 3 after deposition of a | ysi.licon |ayer 400. The
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not coy igYepse emtter window 302 as well as the reverse
emtte\r{&e\?\n&n S%E%Iél. 8F{eferri ng nowto FIG 5, therein is shown the
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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 1s 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 (DHE).




Referring nowto FIG 8, therein is shown the structure of FIG 7 after

formation of an 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 hereby exposing a portion of the intrinsic base region 118 at the
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e
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|'s thus, of g?dpgtii@z{ N fg%dglmﬁvlape%cu@fg@gme%ehh&er BES Sr3faces00 409 the

provi de an ona electric between the emtter structure 800
and t heolygidonsuldrelon. | ayer 400. Referring nowto FIG 9, therein is shown

the structure of FIG 8 after processing. the olysilicon layer 400 to form
an extrinsi RefBEEE iﬁ’c@@-e{” grserein thehoayy the ﬁgP‘E?B‘P?a‘{f 15 gﬁ%?’h?‘)é‘:%@lg % s

for mdg(?lgsﬁggtﬁi 1a?€9qLO§ RE R f SR nHObasH R el Btk @insRITabCitHIcB, 8980 The

extrin ase structure 900 contacts the intrinsic base region 118 so the
potd i o fofméc bestdmypod speciBertiycordudes, viee amitar isahictutra80% oRbackisinsisebase
extrinsic base structurﬁ 900, fun tions.aslggrt f the. ex Q%nsic basg of
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struct w6 .80fRctifs hhfeshl 3l dontfes ha¥eiindRbatSsthRIFBI0O VBIctibReasSekl 6GEC base
structure 900. A 15 second salicide |ayer 905 is forned over the emtter

st r uct enten80Oasearfdhe T f 80.s dil§c iadbirl ayener 90D ayshef Hrmed apyad thehemitter

sub-col |l ector,.regi@n 114. The first salicide |ayer. 90 the sec

ol o deisp apbogs Bk dtfsies Pier 8Lk DRHEL G AP HGhabesy RREE P g
copyentdcon@kalfcReNBlGURS is Gbrnicdr dVieh thederSittet Gid®ure B0, drit £itidl salisigld 1y@r f or m
the salicide layers may be any suitable material used for such a purpose
such a806 fsoforesémwpkiethezsudotpdlettor regien Uhd-nilhei ferst salickly lapa {0do thangecondi ci de.
An interl evel diglectric.(lLD). | [ :

St uct oS a5 G i el Rss PP A Ry RBE ST RIS ke o
the vapf eumigOatsdtlid. Ahbasgetdnisadtio 908 thasalkaknlagapasiit bd ahhrsaitghlet he

I LD | ayer 907 onto the first salicide |ayer 904 over the extrinsic base

st r uct taterigb@isedadore fiaht &r PWBRtCastcho1d RasCXIBWIE: db 583 - BEntRE-Biligde ey | LD 25
| ayer . e second salicide |ayer 905 over the emtter structure
80%? Rgéﬁﬁié %#ﬁ'contact 912 has been deposited through the ILD | ayer 907
ont o t he thArdntsgbvet dibbedirdy dE.DIQG/er 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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over the sub-collector region 114. Referring nowto FIG 10, therein is
shown a cross-sectional view of an alternate enbodinent of a HBT 1000 in
an internedi ate stage of nmanufacture in accordance with the 30 present
i nvention using a selective deposition nethod. The HBT 1000 incl udes a
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during the etch process, and therefore remains snooth for further
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10 %f t eprroc%rsls arﬂolept%e Rcond insulating layer 1018 preferably is processed using a wet etch

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 further 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) focated elsewhere on the semiconductor substrate 1002.
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25 polysilicon |layer 1100 has been selectively grown on top of the
structure of FIG 10 in a low tenperature process. The anorphous
polysilicon |layer 1100 is pre-doped during the gromh process and then
doped further to forma pb layer for the extrinsic base of the HBT 1000.
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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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an emtter structure 1400. A first insulating reverse spacer 1402, such as
an oxi de reverse 25 spacer, is forned, for exanple, by depositing or
growing a fourth insulating layer in the emtter wi ndow 1300 shown in FIG
13 over the intrinsic base |layer 1304, and then etching the fourth

i nsul afjehiANEbab® 1R M3bh s frhdrS bxpdisdl aki fgysiRvar Bgeaspageh balad, Brsecond
insul ating reverse spacer 1404 is then fornmed on the interior of the first

i nsul atdample, dyerither dgpatiog or 4oevinguchyesofinel véliresite ifitythe rempieeg pastipat i ng

el ath s PayBy b g S B ReE U bl e A0 R S o

| ayer Ig;@(;és@édmotfagn@@c@ﬂﬁte} fiaehat ingp.rever se spacer 1404. Thus a multi-I|ayer
reverse insulating spacer 1406 conprising the first insulating reverse
B

spater 1402Refedingveowsdedid. 15 thassiats showe i gpickpe ebF Q404 after frwga ar ound
t he pefi fenb N ] i R [ I RS} r 1304
ot bl BB sl G Flngtik POk Cytjcoe pdfifr 1364 RSkl RSP f

ei t[l_ermdgg](p%stﬁﬂn p_&{cz(e@'t(hﬂ@f(ﬁlgﬂﬂinitggﬁoﬂg lagzc:rpidlogghdi tteamdrphdusl ﬁoljzsl’riﬁ:onéalr(m gi Ing ,
portion o e emitter window 1300 patterned using an. enitter 0
mask) AHW shRwh in 5lGckblodam gn esiipsichaseiuciuss 194G, Ucheciody 1 4prsk can a3 Qig" ri né
now t o erein i ; : of. . fit. 8", FLAg a
base. o 4o (L HRLIEHeE i FAROLACoF LG WalhiRhr Thr] ot e REALEE,? A
gate neistwldroby the semisdduber msstiated 0020 dassrdirtydy, floaHBA 1 0iunditha GMQYer

1200 and the anor olysilicon layer, 1100 sho i n, Fl 14 to form an
ext ri nSRSIHYE en é‘tlﬁag/ﬁ$ 21?‘1%?)8?‘“ I?ehg’r&’(? Ve =11 t“@aﬂ‘)\qgl‘%kfle% @B@o&?@w?or m
the SOHuR @%Pg@b&s 89D fse MR 114 BBSIELIRISHAA A e SRR buhdat 1308

for med el sewhere on the sem conductor substrate 1002. Accordingly, the
HBT 106@i thndourhe/d@MOS gidrs afi §iediMOS trmsmtdBs OMIS dgeigece can be fornmed using

only two poly sks. A rapid thermal anneal (RTA) process can_ then,be used
to drive doﬁaﬁﬁr‘gldlerﬁ%c%ﬁt‘g C?lﬁlgge%rtr&? Ve &ﬁcatr%ﬁﬁef%gﬁ%_o Yane (fcﬂletactésou?g%/ drain
regi ongyAhsit BEs VR nlE 2986 &t Q@vere@yt Nerd MiG® 1aferSEIOBCI TR PhideesiBudnse

carried out to cover the areas for the various contacts. The 15 extrinsic
base st4@tiswrored0® i seemdenbeidbyaygr flioitandag peitige af djesubrselictoriegieni tt er

struct ?Qﬁ%‘scl?g}(?%%‘iﬁ%%%g %eagiﬁ%%i%/fi%@d salicide layer 1510, and a portion

of the is"covered by a third salicide |ayer

1512. A basg bdisUuhallhig §Ra&erS155L6ch ssah cxsdeatpacet] den spaceilly Earfbrmed
optionally be forned around the extrinsic base structure 1506 of the HBT

1000, awgndmeritinge bpspstirustirnd>apat dic HBY H99gandse Amiter dRsubtingeragsacer
i ot R R A T
HBT  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 [LD 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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1000. Openings in the ILD | ayer 1514 have been nade for the various
contacts. The base contact 1500 has been deposited through the ILD | ayer
1514 onto the first salicide |layer 1508 over the extrinsic base structure
1506. The emitter contact 1502 has been deposited through 25 the ILD | ayer

1514 o @F@axﬁﬂﬂa?@c 080 S h Goftgolay eeml&hduener niab@iabeletRt Sbmueieleup400.
The | ector contact 1504 has been deposited through the ILD | ayer 1514

ont o t lkengisiingdf Safie.cigeC, a@m@s@@%meqfﬁ@s daen ¢prpiEsk der Hegindie fiolds.
Ref err I ?gle ngi 0%duct§ SL&%?’EYF&EF?%@? &et’ﬁl @Ctgylre%{{b%rl6ﬁarb0dl ment Of a HBT

1600 i1 & et he of nanu ure i i accordance with the

present i nVRrefanm usiwng BICG.1 El cheredd mlelpmn theostrusnirb od . F1&. dénthaohaiuisdenr
substrate 1601 has been_ inplanted with a _dopant tqo forma buried collector
1603. RESFEFS Hafor@oapﬁﬁ@irwlaang lgjeit szcW@ﬁ@Pé’NdﬁﬁaW= Pethgspiatauiasd  to

for m t NeoBld SRl RGRAR: HAA2) 1 BIAGESSAMid:Qafe MeRuRUitsGRbIBGQydied! On

1604. oge urie ecfor € su ect or reg on 1604
form a1Gok.| &ht BT égD@waEsmGﬁS .ins;&tatmgaineﬁeﬂseﬁ&rméd In&y dre sleﬁ@@miﬁctax sahspetend

i d terial sel d f i f S Si GeC,
ond condhabs sHsoe i aare Rad ohEahe oamuet etk ovls. BEtunding it TR e
sem Coqg@g{eosrﬁa@t}ﬁm%ﬁg 1&9&11 TOY Bt e ég&&@ b@gmrm@gseﬁeaa@% phﬁsif I ng

now to herein s shown the structure of t hat has beén
prooessédTﬁnﬁmBmm:@cﬁﬁdsmhndsubétﬁﬂngﬁyer 1702, such as an oxi de Iayer,
over the epitaxial

606 and a sec insulating, | ayer 170 uch as
o e de | Bhe Sbudihe e frodeBE BE SrapRRe o oRe e sl IeRYal o
has i ngtlopbd gt ﬂﬁ'e‘éh%é%c&&ﬁ@%@n i BOPistiR uSRITpe ARAURLRY sehtBsHdualoe subkBld, the
sub-col'l ector region 16 ﬁﬂtaXIal | ayer 1606, the first insulating

| ayer ﬂﬁOEﬂu&hdSbﬂmfgédﬁnddMﬁﬁul fthﬂayéﬁdQWUﬁDﬁWam ﬂ@pmkaqﬁﬁuﬂ@ﬁhﬁw of

R P T e g T
substr akelel601 is lightly p' doped and the sub- collector reglon 1604 is the
upper portion of the sem conductor substrate 1601 that has been lightly n

doped. The R¢fardag e@w@&lﬁr1816*@281na%8hﬁ>wm®ﬁ|sﬁgcturpﬁé F;SGui"érlft%ly’foua@t@mfs 1708

can be .copn r%%‘émﬂ%g Wl§§é\?/ 1sBAChaR §@c§rg:l Ellr @éﬂ&g?&i){éﬁ 1O EES hidyl }%ﬁgrﬁg‘tﬁd

deposi i fed errrng now erein s sh

st ruct wicheofto Fbita thk/reabdse endfitdrnminilon 00, aliefist $subnhg tlgrer W7N2Gas 18H0. The
second insul ating |layer 1704 has beenfpatter ned and etchﬁg tﬁ f?rnlthe

r ever s @eghprocessediniganra Beshicrss of fstfihuwsrlainghyraldy @ 209vHLEAMBE  been

pr %es%@ﬂeﬁsﬁrf&@é&?%éﬂﬁraﬁ@&@ﬁﬁ?@’g. the first insulating layer 1702 to a
ow t he

| evel
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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20 upper surfaces of the plurality of STls 1708. 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

| ayer 1900 over the epitaxial |ayer 1606. The polysilicon |ayer 1900 has

been pl anar Reeghitshévg to GGV 2Nt thaweal is GhRvh elthftgues owlcr}ozmnﬁdstethe@bmﬂl i con
layer that is coplanar with the u&l per 25 surface of the reverse emtt
wi ndowimsglting Tayer b4 Srminghparhgkihe rooscrRaaitpr WH@ﬁWn'g‘ﬂOPﬁat)Wﬂé%ﬁ %ez%ded

during aHEQt?@dn&d s ﬁrfedttﬁefoﬁﬂ' %ﬂn@*lﬁ%eﬁ%%‘é %9&9 Phd kPG a3 El& 20,

therein s e structure ter urt processing of the
pol ysi lI7oDrhat dyest cb98Bd bihtbe poleysi ihsudaing spyesr 21900s eshedathe@gdex&mmrrg tthe

upper level of the reverse em tter w ndow 1800 a short etchin
pr ot es $OTURNLHi e eBENIHSAYHL 1HG: 14 SMIBBOY! gwt%@ gt TRty devette

pol ysi Lig gﬁl@inF a@er R0 %S%EH&T AGF QWkBOsiARturk DY RUhOOFAYE N the Ualiuds a

silicon diox l'layer at [ow tenperature, or depositing an insulating
I ayer vanddw 2§02 fEﬁEmmpég;énry d/elpomhng 8 dopehpglsiier ked in®i thg e@\Pert windew

pl anar ,wi t of r e em.tter_w ndow 1800. 14 Referring now
C P Frang'Pn' i aitdscs o€ uih a8k fief ohb o] P8 5o elise T S tising
I nsul a?ht’ﬂ&né@é{ﬁd etJ:H&l‘ltof R Y Ehibar §tru‘éfur& heod. evRGS ahe BbitloRlofWhe dp1:d800
shown is anisotropically etched to forman insulating reverse

spdter 1@2@@606%@161‘ ihuemmitmimuaturm@l (4efpans the Tgpingih dse of tImHB&“oké@Bed by the

he et t ai Ao Y08 Can ek er ViAo Y05 RAb Iy 5! AuF: PSRy

rever sehe palliadn RYersSPRVED RHA3nI @(tﬁlﬁ&kﬁbis@rsﬂﬁdtuleAMMI{dtﬁ{ [1SD Nasek ener.2104
is then formed in the emtter w ndow 2102, for exa by dEEOSItIng a

doped ﬁ@byegmusceobﬁsa ajteeturq20q iefosmpd bevide andcnecifad yoﬁotttn@csd ¢ SEBIUST t he

third | ﬂ Ellliaetilg)q ext%ggg balg'g 90?191%%2%8' é](_)gltfxcls_rﬁ@ elpﬁ%()ﬁ faPert hﬁﬂi sooﬁ}tet erned

and et ¢HE tte ructur 2 rtion of

epiit axipaltionlér ﬂlla)é@ﬁax]iﬁoléyuﬂd’f% tlhhﬁsam dohekt stthuhé lef(lemgﬂz%sé SR uleE2 00
intrinsic base of the HBT 1600. Referrin now to FIG 22, therein is shown
the st furatigreasparimidhe 9’1“1&?1?@?13%% fed Bil§00t he poI yS| licon layer 1900 to

forman ext F['hg?legd%ae?22§f fléﬁcﬁ 1‘;%999(:1 Ql&pol?erﬁngsg cal b 1%%9']2201 T8 &f?gr i nsic

base structur or rre spe not under,
em t t efornsddr fise ther earidli®4onfhbi. eé(tblasmsomadnagez $ihs be@uai@oﬁ&@l&humghahe §LDhe

epltaX|aI | aye 065 the 15 rtion of the epitaxial |ayer 160 i's
‘n cont@st 2abt Nl ﬁ@ esF R ED0 (ePraetst é“‘?z*g%)ex?‘ﬂﬁ&ﬂ’?%?n%““&&“’ﬁ?r?{) of the

exbpl n%irperﬁﬁt%ﬁc&'{ti& QFOMQJS @&QQ%G Js}"t%d ltlkr%éi@%%rlL%aQQm hag| hagroAeRasi e and

openings In ayer 2201 ave
emitter structure 2104. A collector 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 [800. 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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formed for the various contacts. A base contact 2202 has been deposited
through the ILD |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 layer 2201 into contact with the emtter

St r uct iR siddbR4and p&oichesd Qr ccmtsacmeZS%@&tdwa@qu depogidrd shseughallyhe | LD
| ayer 201 into cont act with the sub-coll ector %I on 1604. Referring now

to FI Gopk@ar piifértes Wnessﬁwftwemfﬁﬁwuﬁeéwﬁfdoﬂ @0 18 after formation of
an insul ati acer n
. . lgg(ﬂ't ng oy (o 31-0[93 2 &cre?r?tsasﬁ an aei %ter na? of F ol ;ﬂ"tes ?&@a‘a\éﬁ

emtter wn accordance w't odi ment " 0

presendn éMiRALr@ture PHE0.1 TBdIbALteR Snsid@e @50@ BA0rmhed Bpétﬁﬁdg tooevaxaeplter by
first depositing or growing a first insulating |ayer, and then usi n a Cw
pr dceswinsiowt h&0F i EIG i Hs anhthenglapayibing ios %%@gaaqfip%ﬁdr polyghsankiyenn thet he

UPPer YL (i86P1L0 i{ Men L ENEhSRaFILLIA o WhAIRY G siclhed 23R! | Nsul ating

| ayer en e e 1 nsulating spacer 0 around the reverse
em tter w nEeftiB0thw 3O FRef 26 thcpgn novhdwen fBleGiru2dire bhEI@I 1P af‘sex sirowmssihpe

structure of FIG. 23 after formation of a polysi 8on Ia ?400 d a
secondtherolysiGopdayssyapo i‘llé‘zfm T EXEEEF e Slgpet r&y?edo “for

exanpl ¢y, by, JeRAREL lsr?@ctt?r%'y 1's Hnarng?]sra%cgﬁéls hifidal ll?ferlrd?vt{nﬁ&e MPBRls UT f ace

of the reverse emtter wn 00. The Second i nsulating [ayer 2402 is
then farueede 50015 deposdic rbaswstdwpee 2600ricngtacts OWP cpitadtidldagrd®id sonbal at i ng

| ayer 2402 is substantially anar with the upper. surface of t everse
or bt ePoRPRARRa Sobakdrst TionG Thesar o cpest it b BnSt ba%C Hofhieb 200

st ruct gregls & gt*t o%’t'h@éxttﬁt’isré LEREHRMHBT [c@m em tter structure 2500. The
emtter struct 500 is forned by etching the reverse emtter 5 w ndow

1800 | n FI Grh@m&tujreth@t e posi dénogitat angrapeiings & deped ipxﬂr)léi)l hasrbecayer .

The si | nlaer i t he atter etchedto er
struct é‘ gj% CRETY P?f; a(ﬁ% a$|ﬁnpa§g2$@dp%s krlleeinsdegﬂ%v\ﬁ tﬂ]’f%’“ggtﬂtﬂ fare of
FIG 2Ryaf 5601 MO8 $SulSing tiheer RALY $ith icoMAct iR the?40Andio b siuar€X600. NSi ¢
base structure 2600 and an |ILD | ayer 2601. The extrinsic base structure

2600 i Snfepnittenicdséast de04 asbespdepasiteditiqughche Unladeyer 2AB! e eendpcttdthstheuct ure
2500. Th t 1606
2 S SR ERRER SR 05 SRTORR, R BRI AL Y

extri ng6@1 Maseonidct Wethuiesud2@lectorrgidores®4as pail of the extrinsic base of
the HBT 1600. The ILD | ayer 2601 has been deposited and openings_ in_the ILD

| ayer 2601 hétheughermsalicigiedweers bivetbgen t?la?rfrd@dén Herfimpadiments oy Bdiitadt 2602
S%begr?d (11?(80? r? qrv H] {Iiﬁ% 400 lohP sichRa! ANRE ROR e @lﬂ% %rggtd'eqﬁ)lr&@tchﬁ'%el ayer

O Ccon extrinsic base structur
provided 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 remaining 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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An em tter contact 2604 has been deposited through the ILD | ayer 2601 into
contact with the emtter structure 2500. A collector contact 2606 has been
deposited through the ILD layer 2601 into contact with the sub-coll ector
region 1604. Al though no salicide | ayers have been provided in the

enbodi ment s TRAOWhdsThdth @1508%&@%5@%’6 fe@od20d dpbaittdsl ofRBe PRB@TtEAVertiBnONE
skilled in the art that such salicide | ayers can be provided w thout
departﬁngmhﬁbﬂﬂ@hémgpﬂmdtmmﬁdﬁséOWéW@ﬂﬂﬂ%embﬂﬁgén@aWﬁMéﬁﬁidﬁd RercEpralng now

to FIG .27, therein 2700 of the pre n The
met hod 2975485t Ohénﬁngé ?“%ﬁ@@ﬁguon ndPidEe g“ﬁ?&%f%§Yg§Hg¥%%%3§|%|ng a
sem coBgehiPsrvakt) Tbéing cdlavhddgnicarl] BighQrverRdlcoid &fdatiogkis2 torventiofiadr m ng
an intrinsic base 25 region of a conmpound _semni conductive materi al over t he

col § ecmhncrlegnes;randaarb toskreadibeswted o manHGcaing Fé Se arhte BHY woRweW sver a

portlon t he r 708 of formng an extrinsic
base r@@ ‘ﬁ“&ﬁgbg?‘éﬁﬁg%§|n égg%? Q@ﬁqgﬁ‘gﬁgwgntrln5|c base region; a

bl ock 2710 @fhiki bimgntifiehdsheen sleseitiet tieconjiimdow with 4 eperifarbesnmbierit wi ndow;

a block 2712 of formng an emtter structure in the enlt@%@ W ndow,

bl ock vaﬂl@ﬂﬁ$6Wﬁﬁh§‘ﬁﬁﬁiﬁﬁ%ﬂﬂ%ﬁﬁi“ﬁ@‘&@%?@%@?@émpﬁyﬁﬁ'% e?ﬁ%“?HWPector
' egl On’tho%étsl’( hfdsifs (DR 1‘? il %ghp{)‘%ﬁl@dfo fnge&eséﬁ thit uA@QOL&Heg it tpln?f@ﬂfde%?t@ﬁ of
form ng connec ions hrou yer electrlc yer to the base

r ego onembidee atinuth altersdtives tmsdficainest dnd vadhtiestvdrich &gl within ];Ee Fops of fhie has
been di scovered that the ne tus of t r.es i nvention

fur ni sHE3UdeRpBRENt A Qﬂﬁmﬁg?éﬁggggg ﬁgﬁgﬁﬁéﬁﬁ@1§6ﬁg?wgﬁ§t EAPATHHYEs, and
functi opali, sag\é%'ﬁ@ @éFJe&rd TR AehHLE Al HBISmitiRRefRsul ting process and
conflguratl ns are straightforward, econom cal, "unconplicated, highly
versatile and effective, use conventlonal 5 technologles and are thus
readily suited for manufacturing HBTs and are fully conpatible wth
conventional manufacturing processes and technol ogies. While the invention
has been described in conjunction with a specific best node, it is to be
understood that many alternatives, nodifications, and variations wll be
apparent to those skilled in the art in |ight of the foregoing
description. Accordingly, it is intended to 10 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 | NVENTI ON CLAI MED | S:
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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 5 collector region; formng a reverse emtter w ndow over a portion of

t he | ntpENSIVENRRSN e ®EDTOrm ng a polysilicon |ayer over the reverse
emtter window and the remaining portion of the intrinsic base region;

perform ng a chem cal nechanical polish of the polysilicon |ayer to |evel

the upper {0 SUATAGR.Obr hiGuRALYSE b hERRLRYEH bioldd t&haseépe&ﬁgﬁyﬁg;ace of

the reverse emtter wndow; recessing the polysilicon |ayer bel ow the
upper surf apevofing hecmicvehsor enbstiatr haninwlowllettor fegram an extri nsi ¢ base

structure oyer . a remai.ni.ngU orti.on (t)f the intrinsic ase r (I:Jii n; 15
orowing a dlOETEL A CUFESIEY SFEith T dx EPTRAME SSRESIIPRR B abP Y ng
thesreverse em tt@lecwirpdguy;to forman emtter w ndow having a multi- |ayer

reverse insulating spacer therein;, formng an emtter structure in the
em tter w nfowing oraversg eaitdrntiaddve per apastierelthe intayde besgsesivhe col | ect or

region, extrinsic base .structure 20 and emitter st.r ur.e; an [.m ng
connect i ons{:qrﬁ‘r‘%ﬁhp‘?lﬁiqéﬁf%} iﬁ‘yle%\?éffn gl?eelr%v(?fsrei %mﬁta%e“fm#%&t Y (t:%l ?eélgzat %@k
region, the ext bb@i@h(éfﬂﬁﬁﬁtrﬁgﬂ’clmgdjfe@io;@nd the emtter structure. 2. The
nmet hod as claimed in claiml wherein formng the intrinsic base region

conpri ses fperfitmung 2l chgafcabmeshanienl peligent Berinlisilicpa lapardpilayel ghe upper

si |l | con-ger mani u 25 .sili - LUk . i i ther eof .
3 e mathod as T ahs REGRLER FER: URTRE ABfs RErdh SO AP i 2EC
regi on conprisesifdyrwri ng a conpound sem conductive material |ayer by

sel ectively depositing, _selectively gr owi ng, or field depositing, or a
conbi nat i ontecheoihe palysifiven Fyehbdoyshe FaRGeartaGs of It FRYPTSRISBTAsrVindey

formng the reverse et Lot W cQWSﬁQ&H{ei (?\%g aft%fn'?ﬂ-rﬁlxg% EOMO sif B3kt ng
| ayer and a second I hulrati ng layer; and 18 processing the reverse enmtter
wi ndow conpri sesbagirsgibnopi cal ly etching the first
15 growing a dielectric layer over the extrinsic base structure;
processing the reverse emitter window to form an emitter window having a multi-
layer reverse insulating spacer therein;
forming an emitter structure in the emitter window;
forming an interlevel dielectric layer over the collector region, extrinsic base structure
20 and emitter structure; and

forming connections through the interlevel dielectric layer to the collector region, the

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,

25 silicon-germanium-carbon, or a combination thereof.

3. The method as claimed in claim 1 wherein forming the intrinsic base region
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 | wherein:
30 forming the reverse emitter window comprises forming a first insulating layer and a

second insulating layer; and
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insulating |l ayer and the second insulating layer to forman emtter w ndow
having a nulti-layer reverse insulating spacer therein. 5. The nethod as
claimed in claiml wherein formng an intrinsic base region of 5 a
conmpound sem conductive material over the collector region forns the

intrinsic b;ﬁ@&asélﬁgl 108 reldisd BRid@t & RALANCOBPrided Gnfottepicaly ehdimritet Bist
w ndow. 6. A nethod of manufacturing a_ heterojunction bipolar transistor

conprising:  provkdiing kysed difdireoet l%%ilﬁélﬂ‘gd@féﬂ HaVPHY 28 EBIMCREHRACY egi on;
formng an intripngic z?x%?lﬁl—l: ggﬂ @Uer?é m@.uﬁagge& tfl? nj conductive nmaterial over
er

the 10 collector region rever ‘Wi ndow over t he

intrinsic base r |on f.or flrst sildcon |a over ortion of
the intrinsic babd PEGRgR %Hﬂ%ﬁ@ ity et GoERle B ltindy BhocTaBRp o
per4 or Jri. g, cﬁma%lm&%huaﬁ&mm%lovmhb shl1@hortBEoR @nEithé GRfndiayae ré@od evel

t he upper 15 surface of the ponS|I|con | ayer with the upper surface of

t he rewghgkotbom anden thﬁlsﬂﬁf@\ﬂfﬂw@@@g@‘%@ PWe polysilicon layer below the
upper surface of the reverse emitter window to forman extrinsic base
structure oser tAendthed ofwaoufbaseng 2hetorjunvion bipetir bynsisthecomguense enitter

wi ndow;, 20 ng a dielectrig |ayer r the first polysilicon |ayer;
processi ng lﬁé\%%/%?‘?élc “ﬁoéﬁ&m %ﬁ\ﬁv‘t“@af‘i?ﬁ FFhT€Ii% t er “ wi ndow having a
mul ti- | ayefonﬁﬁl\lg,ememhﬂs%lb%&é R SPBE &I cdahfuBl Nemf @Bl canaREMNGver the
polysilicon layer over the dielectric layer and into the emtter w ndow,

251(pr ocessi ng th@)lbe@omglqanl ysili con |l ayer to forman enitter structure;
processi ng fhe first %ﬂ |co(£ ger{E éotrfogmaan e>1<c'§nr| nsi ¢ base structure
over a por t OGRS VRS PRI HdpOheEE DefirsR DEET & Shd spaced fromthe
emtter strghies first @bRkiMdo@MybNbed laayetiodbeliRGhtinsiclbayeregtieinch heed
col l ector regi on the extrinsic base structure, and the emtter structure;

and 30 form ng cb&‘]ﬂ@@ﬁ%wmlﬁﬁb‘ﬂgﬁowe interlayer dielectric layer to the

oo enr Eek SR DS RGNS O RS SOy NS T Be BRENSL T e

19 7. The al med the intr
region surface of the polyszhoon layer with the upper surface of the reverse emitter

window;
recessing the polysilicon layer below the upper surface of the reverse emitter window
to form an extrinsic base structure over the intrinsic base region uncovered by
the reverse emitter window;
20 growing a dielectric layer over the first polysilicon layer;
processing the reverse emitter window to form an emitter window having a multi-
layer reverse insulating spacer therein;
forming a second polysilicon layer over the dielectric layer and into the emitter
window;
25 processing the second polysilicon layer to form an emitter structure;
processing the first polysilicon layer to form an extrinsic base structure over a portion
of the intrinsic base region beside and spaced from the emitter structure;
forming an interlevel dielectric layer over the collector region, the extrinsic base
structure, and the emitter structure; and
30 forming connections through the interlayer dielectric layer to the collector region, the

extrinsic base structure, and the emitter structure,
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conprises formng a |l ayer of compound sem conductive material of
silicon-germanium silicon-germani um carbon, or a conbination thereof. 8.
The nethod as claimed in claim6 wherein formng the intrinsic base region
5 conprises form ng a conpound sem conductive material |ayer by selectively
deposi ting, 7. sel &6t in&hyd @¢ oMinng, inoglaifd 6lwhald@pdsiingahe Oitrigsic badei regiohon
thereof. 9. The nethod as clainmed in claimé6 wherein: forplng the reverse
em t t e COMPRIFSWOBBIST it SB¥ET oF APRBOURS F%l@oqdr\@uwm%aqu BfetilicHusgmaB@yngd

| nsul atj g, ggéﬁafmumgrb%ﬂ @f@@mhm&ﬁ& severse emtter wndow conprises

ani sot roprc etchin |rst |nsu ating layer and the second

! nsul at! ng Layer lﬁl? ﬁléer as ¢! 1m m clau g V\ﬁerggvf‘o%n i nth%mglg%gge lrcg rse

i nsul ating Space d as-CIai e i hoc

for g n@omprisddt fotMBigCa Q}@&Q}Ohﬁ@ [ s@1®1d@hdu@1v@0rﬁ§)t@tlﬁlldla§€ﬂb9 QsRfbtitdly Etidfliaﬁ&ﬁg,al
over the collector region forns the intrinsic base region 15 in the bottom

and on selagivelsogewie, phieldeppatingond spmbpgtion 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; and
10 processing the reverse emitter 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.

10.  The method as claimed in claim 6 wherein forming an intrinsic base region of
a compound semiconductive matetial over the collector region forms the intrinsic base region

15  in the bottom and on the sides of the emitter window.
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