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Transistors are used as either amplifying or switching devices in electronic circuits.

10 In the first application, the transistor functions to amplify small ac signals. In the
second application, a small current is used to switch the transistor between an “on”
state and an “off” state.

The bipolar transistor is an electronic device with two p-n junctions in

close proximity. The bipolar transistor has three device regions: an emitter, a

15 collector, and a base disposed between the emitter and the collector. Ideally, the
two p-n junctions (the emitter-base and collector-base junctions) are in a single layer

of semiconductor material separated by a specific distance. Modulation of the
current flow in one p-n junction by changing the bias of the nearby junction is called

“bipolar-transistor action.”

20 External leads can be attached to each of the three regions and
external voltages and currents can be applied to the device using these leads. If the
emitter and collector are doped n-type and the base is doped p-type, the device is
an “npn” transistor. Alternatively, if the opposite doping configuration is used, the
device Is a “pnp” transistor. Because the mobility of minority carriers (i.e., electrons)

25 in the base region of npn transistors is higher than that of holes in the base of pnp
transistors, higher-frequency operation and higher-speed performances can be
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device Is a "pnp" transistor. Because the nobility of mnority carriers
(i.e., electrons) 25 in the base region of npn transistors is higher than
that of holes in the base of pnp transistors, higher-frequency operation

and hi gherg erformances can be *ACTI ON* WO 03/ 0016G:3-iphi/bdt?/ 06919
2 obt ai ne&véﬁﬁlﬁﬁﬁ'%n devices. Thereforg, npn transistors conprise the

majority of bipolar transistors used to build integrated ciftcuits. As the
vertical dinmensions of the bipolar transistor are scaled nore and nore,
serious device operational lintations have been encountered. (ne ac{ ively
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nmet al - oxi de- sem conduct o I technol ogy uses a silicon-gernmani um base
in the Hease: dustcstruntuiesase salled heterajungtion|transistorsi gh frequency (such as
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a chip. and the base of a silicon-germanium (SiGe) alloy have recently been developed.
The silicon-germanium alloy (often expressed simply as silicon-germanium) is
narrower in band gap than silicon.

The. advanced silicon-germanium bipolar and complementary

15 metal-oxide-semiconductor (BICMOS) technology uses a silicon-germanium base in

the heterojunction bipolar transistor. In the high frequency (such as multi-GHz )

regime, conventional compound semiconductors such as GaAs and InP currently

dominate the market for high speed wired and wireless communications.

Silicon-germanium BiCMOS promises not only a comparable performance to GaAs

20 in devices such as power amplifiers, but also a substantial cost reduction due to the

integration of heterojunction bipolar transistors with standard CMOS, yielding the
so-called “system on a chip.”

For high performance HBT fabrication, yielding SiGe/Si HBTs, a conventional way
to reduce the base resistance is through ion implantation onto the extrinsic base.
25 The ion implantation will cause damage, however, to the base region. Such damage

ultimately may lead to degradation in device performance.

To avoid the implantation damage, a raised extrinsic base (REXT) is formed by
depositing an extra layer of polycrystalline silicon (or silicon-germanium) atop the



For high performance HBT fabrication, yielding SiGe/Si HBTs, a conventional
way to reduce the base resistance is through ion inplantation onto the
extrinsic base. 25 The ion inplantation will cause danage, however, to the
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See patent fromco , line 53 to colum 9, line 17. Fig. 1 B also
20 shows an n-type epitaxial collector layer 13. The approach disclosed in
the ' 606 US-A-5 523 606 discloses a process using selective epitaxy. Referring

to Figs. 1A and 1B, which correspond to portions of Figures 7C and 7E, respectively,
of the ‘606 patent, the extrinsic base poly silicon 21 is deposited before the intrinsic
base 23 is deposited. Shown in Fig. 1A are silicon nitride film 15, silicon nitride side
15 wall spacers 17, and semiconductor substrate 1. The films (not labeled) undemeath
the extrinsic base poly silicon 21 are etched away to form a cavity (or void) 22 of an
over-hanging structure. The intrinsic base 23 is then selectively deposited, as
shown in Fig. 1B, only insizde the cavity 22 on the silicon and polysilicon exposed
surface. See ‘606 patent from column 8, line 53 to column 9, line 17. Fig. 1B also
20 shows an n-type epitaxial collector layer 13. The approach disclosed in the ‘606
patent avoids a CMP step, but has several drawbacks such as poor process control
in filling the cavity 22 and stringent requirements for selective deposition conditions.

US-A-5 620 908 applies| an approach similar to that disclosed in the

25 ‘606 patent. Specifically, as illustrated in Figure 6F of the ‘908 patent and discussed

in column 13 (specifically, at lines 24-26), there is disclosed a process that
incorporates selective epitaxy and the step of etching an overhang to form a cavity.



patent avoids a CVWP step, but has several drawbacks such as poor process
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forma r& sedCMRtrinsic base involves a CMP step. US-A-5 015.594 proposes
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achi eved by thermal oxidation, 5 however, which is not feasible in high
per f or mance devi ce$helisecondttype mfgprocessnthatacan bet applied tofore s raised” sun -

d J. W k discl i NyabBi el :
o e "SRR PRSP LR AR P Fiem, WSS OB prhpo T RNR S
pages 29%xfinsicoase pdi§Siidon by CMPIi Tip isolation dsl achisved bycthleanal oxidatioh, 10
The extrinsic base portion is forped.in diyect confact with the intrjnsic
base, ShbRwerer, whichol nghifeasible Angwh FRejlormance, VMSCSPPei%gh%n*E'S Fi gure

1 of the ' A\ ence to Figs. 2A and 2B, the extrinsic base
torfbhipfinE thefiil gt

pol ysi li [ directly above the intrinsic base region 5,
which is also on the emtter opening region, wthout any interfacial filns

to stop the enittey ®penhngndt s Whiinsdk Hisdd@ 8xprdcassC idaPeodesy fdrl acon
21. This process exhibits poor process control and, therefore, cannot

yi el d gobtighpPedormance BipolarBasedBICMOS:” M Techniealddisglosure Bullating val.

r epr oduc

lL.al e bipgol ar deyice.,oT t I.NSk Lol uring
f or mat i ofPof0t ﬁg' B399% g%‘%&ﬁﬁhébggh 0258%@ Spéllsgeﬁ&ﬁﬁéléibe%ggc& ?Q‘Fd
mat er ijgl TheUskiripSicobasts portidn ke fdirhedsinddiréet ucaitactendth thee imtrinsicnbase, base
pol ysilicon. This etch stop |ayer cannot coveé t he )
however, without any etch stop. Figs. 2A and 2B correspond to Figure 1 of the
article. With reference to Figs. 2A and 2B, the extrinsic base polysilicon 21 is
deposited directly above the intrinsic base region 5, which is also on the emitter
opening region, without any interfacial films to stop the emitter opening etch 31 of
15 the extrinsic base polysilicon 21. This process exhibits poor process control and,
therefore, cannot yield good production control and cannot yield a highly reliable and

reproducible bipolar device.

To stop the extrinsic polysilicon etch during formation of the emitter

opening, an etch stop layer of dielectric materials such as oxide must be disposed

20 undemeath the extrinsic base polysilicon. This etch stop layer cannot cover the

whole extrinsic base region, however, in order to form an electrical contact between

the raised extrinsic base and the undemeath base 25. Therefore, a need remains

for a feasible approach to achiéve those required features with CMOS circuit
integration capability.

25 The deficiencies of the conventional methods show that a need still
exists for an improved process of fabricating an HBT with a raised extrinsic base.
To overcome the shortcomings of the conventional methods, a new process is
provided. An object of the present invention is to form an HBT with a raised extrinsic
base by CMP integrated in a CMOS circuit. A related object is to property design



whol e extrinsic base region, however, in order to forman electrica
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To achieve these and other objects, and in view of its purposes, the

present invention provides a process for forming a bipolar transistor with a raised

15 extrinsic base, an emitter, and a collector integrated with a complementary

metal-oxide-semiconductor (CMOS) circuit with a gate. An intermediate

semiconductor structure is provided having a CMOS area and a bipolar area. An

intrinsic base layer is provided in the bipolar area. A base oxide is formed across,

and a sacrificial emitter stack of silicon layer (referred to below as an emitter stack

20 silicon layer) is deposited on, both the CMOS and bipolar areas. A photoresist is

applied to protect the bipolar area and the structure is etched to remove the emitter

stack silicon layer from the CMOS area only such that the top surface of the emitter

stack silicon layer on the bipolar area is substantially flush with the top surface of the

CMOS area. Finally, a polish stop layer is deposited having a substantially flat top

25 surface across both the CMOS and bipolar areas suitable for subsequent
chemical-mechanical polishing (CMP).

Two specific embodiments of the present invention are possible,
depending upon the relative thicknesses of the various layers. In the first
embodiment, the thickness of the emitter stack silicon layer is approximately equal



intrinsic base layer is provided in the bipolar area. A base oxide is
formed across, and a sacrificial emtter stack of silicon |ayer (referred
to below as an emtter stack 20 silicon layer) is deposited on, both the
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It is to be understood that both the foregoing general description and
the following detailed description are exemplary, but are not restrictive, of the

15 invention.
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The invention is best understood from the following detailed
description when read in connection with the accompanying drawing. It is
emphasized that, according to common practice, the various features of the

20 drawings are not to scale. On the contrary, the dimensions of the various features
are arbitrarily expanded or reduced for clarity. Included in the drawings are the

following figures:

Figs. 1A and 1B correspond to a portion of Figures 7C and 7E,
respectively, of US-A- 5 523 606;

25 Figs. 2A and 2B correspond to Figure 1 of above mentionned article by
Y.C. Sun and J. Wamock, “Process for a High-Performance Bipolar-Based



15 I nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is best
understood fromthe follow ng detailed description when read in connection
wi th the acconpanying drawing. It is enphasized that, according to conmon

practice, j gus features of the 20 draw ngs are notpéfrspRkfio On the
contrary, %‘{gﬂs@#\ggsi ons of the various features are ar bll’trari{ay expanded

or reduced for clarity. Included in the drawings are the follow ng
figures: Figs. 1A and 1B correspond to.a portion of Figures 7C and 7E,

respectively of USA- 5 523 606; 25 Figs. nd 2B corres; 'tq Figure 1

of aboveﬂﬁ%@%nm ‘Eechnigad Disclosyre Bullg -‘fé%&% cﬂégesli?:bgg&égﬁ% a

Hi gh- Per nce Bi pol ar-Based WO 03/ 001603 PCT/ EP02/ 06919 7 BICMOS, " | BM
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Techni cal closure Bulletin, vol. 35, no. 4B, pages 295-97 (Sept. 1992);
Fig. 3 shows the structure that results follow ng application of the first -

Lhree steps of therg 3camadive HudiiB YA sl ilofing Sopicaort o Uhatffat ot o5

the fourth step of The process o resent 1 nventi on, I ghting
sever al thrpesteps afitbeprdcess of thii presentrinvandipoyr aphies; Fig. 5 illustrates
the fifth step of the process of the present invention, highlighting the
clear difference in the topography (a step) between the CMOS area _and the
bi pol af area; 10 FFig. 4dllustratas thiatfourthstepidfthe pracess pbthepresemidovemdion he

i N pal i BRNigNG sgyerd tyBes f a8 Ravibh Atelont o BbNBEY .71 2 he bi pol ar
area to formthe raised extrinsic base wth a good polish stop; Fig. 7
Iustrates a firsg epbadlnRol vl ri) Steb SRS HrB64R & Y drdsdtSnvention,

highlighting the clear difference in the topography (a step) between the CMOS area
and the bipolar area;

10 Fig. 6 highlights the different topography between the bipolar and
CMOS areas after deposition of the emitter stack silicon and SiN polish stop layers,
rending it impractical to planarize the bipolar area to form the raised extrinsic base
with a good polish stop;

Fig. 7 illustrates a first embodiment of the process according to the
15 present invention, which renders the surface of the a-Si on the bipolar area flush
with the top surface of the base oxide in the CMOS area;

Fig. 8 illustrates a second embodiment of the process according to the
present invention, which renders the surface of the a-Si on the bipolar area flush
with the top surface of the TEOS layer atop the gate polysilicon in the CMOS area;

20 Fig. 9 illustrates the structure of Fig. 8 after a silicon nitride layer is
deposited as the polish stop layer; ' ‘

Fig. 10 illustrates the next step of the process according to either
embodiment of the present invention, showing formation of an extrinsic base
opening through the emitter stack of SiN and a-Si;




15 present invention, which renders the surface of the a-Si on the bipolar
area flush wth the top surface of the base oxide in the CMOS area; Fig. 8
illustrates a second enbodi mnent of the process according to the present

i nventi on, \ nders the surface of the a-Si on the bippglephy@bRA ! ush
with the tc%\el(s)t%r g@e of the TECS | ayergatop the gate polysi?i con In the

CMOS area; 20 Fig. 9 illustrates the structure of Fig. 8 after a silicon
nitride layer is deposited as the polish stop layer; Fig. 10 illustrates
the next step of the process according to either enbodinent of. the present
i nvention, showi ng Fi@rhkillugrates fosmation of #8Pac&iase openi ng t hrough t he
emtter stack of SiN and a-Si; WO 03/001603 PCT/ EP0O2/06919 8 Fig. 11
illustrates formati on of a spacer; Fi%h@flz illustrates renoval, qf .the base

oxi de in the extri fig.c1Bdlustraigse femeV ther hase axidg in Hae rextdnsic base nsic -
base; Fi ' friidki ' nar isolation layer; 5 Fig. 14
shows thgebpsei.'rﬁ.{gc%'tdrje reglgﬁﬂ}%en%\is{egr%%gﬂ;p as%?ir I sol ation layer is stripped
fromthe CMOS area; Fig. 15 shows the structure resulting after etching,

usi ng the pl anar {F?@"?L‘E?&[A‘e%r"."%ﬁ°ffﬂf§§hnap %Ia‘%ﬁgﬁ'a&f the silicon

nitride | ayer and ayer mtter 1s and in the
supporting island; 10 Fig. 16 shows the structure resulting after an

emtters pol ysilicom; | | : ' fhtionBidyesisa sk
to forr%the em tte?'é’gﬁféﬁﬁs 5%92@&%@%8@3@%%?%8?@3@ on Ithe )s(faflusgtur e;
Fig. 17 strippedfremthe GMOBareasulting after the SiN layer and the emtter
polysilicon | ayer are renoved outside the emtter area, using the
photoresi st as a 15 nask, and a photoresist |ayer cor(espoqdinﬁ to the
extrinsic base regFigm tHshows\tbeistycture resuling @fte etchingpusing dhe planar

isolation layer as a mask, the stack of the silicon nitride layer and the a-Si layer in
the emitter island and in the supporting island,;

10 Fig. 16 shows the structure resulting after an emitter polysilicon layer is
deposited, a SIN layer is deposited as a mask to form the emitter contact, and a

photoresist is coated on the structure,

Fig. 17 shows the structure resulting after the SiN layer and the emitter

polysilicon layer are removed outside the emitter area, using the photoresist as a

15 mask, and a photoresist layer corresponding to the extrinsic base region and
covering the CMOS region is applied; and

Fig. 18 shows the structure resulting after all of the oxide layers are
stripped, a SiN etch stop is deposited, a borophosphosilicate glass layer is
deposited and planarized, and the various contacts for the emitter, base, collector,

20 and other components are formed to complete the integration of the structure.

DETAILED DESCRIPTION OF THE INVENTION

CMP has been extensively used to form the shallow trench isolation

(STI) and the back-end-of-line (BEOL) isolation regions during semiconductor
fabrication. Conventional processes have not addressed, however, using CMP to

25 achieve planarization for silicon devices fabricated in a BICMOS circuit with different



Fig. 18 shows the structure resulting after all of the oxide |ayers are
stripped, a SiN etch stop is deposited, a borophosphosilicate glass |ayer
is deposited and pl anarized, and the various contacts for the emtter,

base, coll %?;/06030 and ot her conponents are forned to cegRl@bfodoite
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to 25 acKppegraphy hetwees:the bipdlar and CMOS aeas cthe Z&rmaélat‘&?v?ﬁ%%" HSeR18S
circuit ws R 6QRiRG P en
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| ayer as 4 silicqrosubstrata infthe ehily btage of émewaterprotessing.y onto the flat surface
of a silicon substrate in the early stage of the wafer processing. In the

process of the present invention, the extrinsic base layer is 5 deposited
over an enmtter sabv thé predess! ofgtheTpeesent inventionp thee extrinsise bpse \iaysrsisal | i ne

silicon, pr "PC' silicon,.which.i.s, ofter,refel "“RO Y " The
t hi ckngs égoﬁfed PYRY %Sﬂ“ﬁ'aa&r'f'%?'tﬂ“@nﬁ hﬁh%&lr’isg‘? b%?e ?ﬁ@ %\kﬂ%&é@ﬂgﬁﬁe
proper |y sigbHs6E P EilRBN! WhichdS oRER réfefred 16 ak i“pblysiliein.’s ThHeathickhesses of

pl anari zati on bﬁ\;)iaclja\éﬂp@g;ge maj or di fferences between the process of the

]
present ithesact dvbatreshef theeCMQS asea ase preperivoadivstadase & to

Crinsi ' ) . . . th
ext 11 noi RHBYE F Preepblstlatabluidie fof bietiaRator By THEL T TAAb! dffferche | 12,
sacrif Lcibdtw?]qn'_i the pﬁpdié b} tHehpresentr ihlflémticml_ amd ngmwrﬂionhl_emeﬂmdsotﬁf flokmir@VE)S
areas have thei t hi.cknesse er st to Ve a.pre- i S

1 ot <0 e talres extinsic brsa by AP 185an el ihtsblie o a R frclig B tnes
accor di ngxirthsid'Badti RYBPIn tHeVSrésbANinvdRtidPTs dépusitedtoved anhemiiep daerificlani ce
with a raised extrinsSic bas integrated into_.a CMOS circuit, are

provi ded piug, oand Kby dhe isagﬁﬁeejalb@g gadgthenresy, of theuGMPS areas daveethelr
numbers nebeteds8s properly adjusted to achieve a pre-polish flat surface for CMP
planarization. The detailed steps of the process according to the present invention,
15 for fabricating the bipolar device with a raised extrinsic base by CMP integrated into

a CMOS circuit, are provided below.

Referring now to the drawing, in which like reference numbers refer to
like elements throughout, Fig. 3 shows the result of the first three steps of the
process of the present invention. The starting structure includes a silicon active

20 area 100 with a dielectric-filled isolation region 110 and a buried collector region
105. A protective layer 120 is deposited and opened for CMOS fabrication. The
protective layer 120 protects the bipolar area. Although the bipolar area is an
NPN-type in the example described, the bipolar area is not limited to that type. This
completes the first step of the process.

25 In a second step, conventional CMOS devices (including a PFET 140
and an NFET 150) are fabricated, with p-well and n-well implantation followed by
appropriate threshold voltage adjustment doping. The gate dielectric is formed, then
the gate conductor 130 is deposited. In a third step, a protective dielectric layer 160
is deposited to provide CMOS protection. An optional layer 170 may be deposited



| i ke el ements throughout, Fig. 3 shows the result of the first three steps
of the process of the present Invention. The starting structure includes a
silicon active 20 area 100 with a dielectric-filled isolation region 110

and a buri |.lector region 105. A protective la j [
Het o _ : yer 12c1erodesi t ed and
opened for"sgﬂiﬁﬁ"% gbl’l cation. The profective |ayer 120 prot engl; sﬁﬁi\e bi pol ar

area. Al though the bipolar area is an NPN-type in the exanpl'e descri bed,
the bipolar area is not limted to that type. This conpletes the first
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n-wel | I%@g?@%@g{’é‘iﬁp&g by appropriate threshold voltage adj ustnent

dopi ng. _ cis fornmed, then the gate conductor 130 is
deposited. In athird step, a protective dielectric layer 160 1is deposited
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as shownqygd) Fig. 4. Fig. 4 also shows the STl area 108 and the base opening

180. As s own in Fig. 5 the epitaxial SiGe base 190 is deposited using
techni ques well known to those skilled in the art. Athin layer (typically

| ess than 50 nm i [ 6C i iGoex ibak i '
passi vation. The cﬁagpgg??lhgﬁq?g Sf ik epitaxialside: sertgp deposited Gsing

57305 el ey o R i T 01 DSR R RO
210, bef“@zﬁf Frﬁé&% %@é}sl%oghgﬁ?gb%? po arﬁ,artI egsallgg?ﬁ'ojmgro?tbgﬁﬂg%e?s
igg.r OXd Noit epiaxialUSiGe basacl Sleiagdithé foovation 6 basp passivaliogdayer 289 @fet or

conventional and well known to the artisan. Fig. 5 highlights the clear difference in

the topography, step 210, between the CMOS area 175 and the bipolar area 165.

The step 210 is approximately equal to the height (1 00 2- 50 nm) of the gate

conductor 130.

15 Fig. 6 highlights the different topography between the bipolar and
CMOS areas. After the base oxide 200, a stack of a-Si layer 230 and a SiN layer
240 is deposited, each layer about 50-2 00 nm and preferably 1 00-1 50 nm in
thickness. The SiN layer 240 will be used as the polish stop for the following steps.
Note the height difference, step 250, by which the NPN bipolar area 165 is lower

20 than the CMOS area 175. Step 250 is about the same as the CMOS gate thickness
(step 210). If the topography remains with the SiN layer 240 standing high on the
CMOS area, step 250, it is impractical to planarize the bipolar area 165 to form the
raised extrinsic base with a good polish stop: there is no polish stop layer with a flat
surface to form the raised extrinsic base via CMP.

25 The solution resides in providing a pre-polish stop layer with a planar
or flat surface across the entire wafer, taking into account the different topography
between the CMOS and NPN areas as shown in Fig. 6. A pre-polish flat surface is
provided by properly designing the layer sequence and the thicknesses of the
deposited materials. Both the layer sequence and the thicknesses are



15 Fig. 6 highlights the different topography between the bipolar and CMOS
areas. After the base oxide 200, a stack of a-Si layer 230 and a Si N | ayer
240 is deposited, each layer about 50-2 00 nmand preferably 1 00-1 50 nm

in thickn .. I1he SiN |ayer 240 will be used as the poli #0 r the
fol |l ow ng ‘gﬁiﬂgmgml\lote the height difference, step 250, bf/é]r %6J1 e NPN

bi polar area 165 is |lower 20 than the CMOS area 175. Step 250 is about t he
sanme as the CMOS gate thickness (step 210). If the topography remains with
t he S|Nlayer 240 standlng high on the CMOS area, step it is
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area 16%0th tite CNISS @inddbigolar aagxposed and the filnms are etched away wth
a proper etch stop. The next step is deposition of the polish stop SiN

| ayer 240. The top surface of the polish stop SiN layer 240 will be flush

acrosgp both the @H@&aﬂd bMSObpl’orw ders thléOpFBoalse de;mndmgocpnltbeslayer this
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thickness of the a-Si 230 is approximately equal to the thickness of the gate
conductor 130. After the base oxide 200 is formed, the emitter stack a-Si 230 is first
deposited. The a-Si 230 thickness is chosen so as to be equal'to the step height
15 difference delta, the same as the difference between the CMOS stack and the NPN
epitaxial SiGe base 190, which is about the same as the gate conductor 130. The
photoresist masked etching will stop on the base oxide 200; the a-Si 230 is removed
only in the CMOS area 175 by the resist mask etch. The result is that the surface of
the a-Si 230 on the bipolar area 165 is flush with the top surface of the base oxide
20 200 in the CMOS area 175. Therefore, the subsequently formed SiN layer 240 will
have a flat top surface across the entire wafer for both the CMOS and bipolar areas.

The second option is illustrated in Fig. 8, in which the thickness of the

_a-Si 230 plus the thickness of the epitaxial SiGe base 190 is about equal to| the
25 thickness of the gate conductor 130. Because the thickness of the gate conductor
130 is about 2 00 nm, often greater than the thickness of the a-Si 230 of about 50-1

50 nm, it is feasible to etch the a-Si 230 further through the base oxide 200 with the
underlying epitaxial SiGe base 190 also removed. The etch will stop on the CMOS
protective layer 160. This process requires that the combination of the two films

30 (a-Si 230 and the epitaxial SiGe base 190) have a thickness equal to the gate



t hi ckness of the a-Si 230 is approximately equal to the thickness of the
gate conductor 130. After the base oxide 200 is formed, the emtter stack
a-Si 230 is first deposited. The a-Si 230 thickness is chosen so as to be

equal to 't eight 15 difference delta, the same aspitRepgickésr ence
bet ween thg%d%@'%g?ack and the NPN epjtaxial SiGe base 19%, V\:thCh i s about

the sanme as the gate conductor 130. The photoresist nasked etching wll
stop on the base oxide 200; the a-Si 230 is renmoved only in the CMOS area

175 by the resist mask etch. The result is that the surface of .t gg a-Si
230 on t hendugien 330.arTherafese,i thersustace\afitheardi 230 asutheaRiRoler area 16848 oxi de

20 200 i g the. r 75 r ently formed SiN | ayer
240 wi |l | ﬂuﬂg%‘%}o%%esﬁrtgggemégrpggts&{iﬁaeﬁgﬁff% waf er for both the CMOS
and bi pol ar areas. The second option is illustrated in Fig. 8, 1in which the
t hi ckness of the Sh t ' t | L idldest ase
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protective |ayer 1 I'S process requires that the conbination of the two

films 30 (a-Si 230 and the epitaxial SiGe base 190) have a thickness equal
to the gate WD 03/001603 PCT/ EP02/ 06919 12 conductor 130. Therefore, the
surface of the a-Si 230 on the bipolar area 165 is flush with the Lop

surface of the CMBegausecthe fabricajion progessiig. similan fQrspothy OpONR: Ik ith@ct ur e
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example based on the second option.

In the next step of the process according to the present invention, the

15 extrinsic base opening resist block is coated (not shown). As shown in Fig. 10, the

stack RIE of layer 240 and the layer 230 forms an extrinsic base opening 270,

leaving an emitter island 280 and a supporting island 290. The RIE step stops at
the base oxide layer 200. "

As illustrated in Fig. 11, a spacer 300 is formed next. The spacer 300 can be a
20 single or a composite dielectric spacer. The base oxide 200 is stripped in the

extrinsic base opening 270. The base oxide 200 on other areas is protected by the

emitter island 280 and the supporting island 290. '

Fig. 12 shows that a raised extrinsic base 310 is formed. Extrinsic base 310 is
formed, for example, by depositing a polysilicon layer 313 and subsequently
25 planarizing back to a level 315 that fills the extrinsic base opening 270 using layer
240 as the polish stop, followed by recess etching back. The raised extrinsic base



10 discuss the bipolar fabrication. The process steps that would conplete
the fabrication for the structure of the first option (Fig. 7) can be
directly derived based on the discussion below Such steps would be known
to the art iEM/Of the exanple based on the seconge ﬂ@iﬁﬂﬁm9'” t he
next step e process according tohe present invention

extrinsic base opening resist block is coated (not shown). As shown in Fig.
10, the stack RIE of layer 240 and the layer 230 fornms an extrinsic base

270, | tter Island 280 and a ting islgnd.290.
The R & 310 ganalba ormedbiselecive aniary aposiian oni cRive expesasteRiveicy. 11

a spacer lsyad next. The spacer 300 can be a 20 single or a
conposi tggggepecbgiéc?&spacer. The base oxide 200 is stripped in the

extrinsic base openi ng 270. The base oxide 200 on other areas is prot ect ed -

by the emtter hﬁg %ﬁgvﬁqgitgé‘ﬂleﬂfh?ﬁ@fsglaﬂ@'Ia?)e‘?‘%%%%ge pbiifed. 1%

that a raised extri ase insic base 310 is ormed
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I mage asfﬁgﬁéa{s P?f%?@ﬁé? gﬁ'ﬂdg%zlaqon t &mcﬁﬁﬁé he bi pol ar area 165 Then

the rema ayer area 175 (along wth any
residue filnms fromthe spacers if applicable) is stripped. The resulting

strucygre is illusipatiogoddd &f fhe posent invention next uses the planar isolation
layer 320 as a mask. The sacrificial stack layers 230 and 240 in the emitter island
280 and in the supporting island 290 are etched away. The etch stops at the
protective layer 160 in the CMOS area 175 and at the base oxide 200 in the bipolar
area 165. The resulting structure is illustrated in Fig. 15. '

15 As shown in Fig. 16, the base oxide layer 200 is etched within the
emitter opening and an emitter layer 350 is deposited. Then a dielectric protective
layer 360 is deposited as a mask to form the emitter contact. A photoresist 370 is

provided to facilitate subsequent processing.

Using the photoresist 370 as a mask, the dielectric protective layer 360

20 and the emitter layer 350 are removed outside the emitter area. The planar isolation
layer 320 and the CMOS protective layer 160 serve as etch stops. A photoresist
layer 380, patterned to cover both the extrinsic base region and the CMOS region
175, is applied as illustrated in Fig. 17 and opened. A directional etch is applied to

the exposed regions, first etching oxide isolation layer 320 and base oxide layer 200,

25 then the polysilicon films of raised extrinsic base 310 and NPN epitaxial SiGe base
190, stopping on the protective layer 160. The dielectric protective layer 160 is then



10 The process of the present invention next uses the planar isolation

| ayer 320 as a nask. The sacrificial stack layers 230 and 240 in the
emtter island 280 and in the supporting island 290 are etched away. The
etch stops h protective layer 160 in the CMOS area t he
base oxi de D‘B}(’Pﬁm% he bipolar area 165. The resulting st%@%ﬁ?&ﬁg
illustrated in Fig. 15. 15 As shown in Fig. 16, the base oxide |ayer 200 is
etched within the emtter opening and an emtter |ayer 350 is deposited.

Then a dielectric protective |ayer 360 is deposited as a mask.to formthe
em tter ramovad through ovalrarsdrytetal techniquescand taptiopald CMQSiireplanissaadient

processi ng. Wy e photoresist 370 as a nmask, the dielectric protective
| ayer SGBﬁn%Lfgé'?%ttﬂﬂg &t er | ayer 350 are renoved outside the emtter

area. The planar isolation |ayer 320 and the CMOS protective |ayer 160 -
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such st thecfabricatian; progess f de jpresen. inyention conventional’ methods.
Several major differences exist between the present invention and the disclosure in

the article by Y.C. Sun and J. Wamock. Among those differences are: (a) the

extrinsic base polysilicon in the present invention is deposited over an emitter
15 sacrificial plug, and (b) the sacrificial plug and the rest of the CMOS areas have their

thicknesses properly adjusted to provide a pre-polish flat surface to achieve the

CMP planarization. In the referenced article, in contrast, the polish stop is assumed

to be the CMOS gate dlalqctric. In the present invention, the CMOS top surface is

no longer the same height as the emitter plug by default, and to achieve this flat
20 surface is one of the important objects of the present invention.

Several major differences also exist between the present invention and
the disclosure of USA- 5 523 606. Two of those differences are highlighted. First,
the extrinsic base polysilicon of the present invention is deposited after the intrinsic
base formation. Second, the extrinsic base is formed via CMP made possible by :

25 proper film stack design to provide a polish stop, and hence no selective epitaxy is

necessary for the intrinsic SiGe base.



10 A nunber of inportant differences should now be apparent between the
fabrication process of the present invention and the conventional nethods.
Several mmjor differences exi st between the present invention and the
disclosure_in_ the article by Y.C. Sun and J. Warnock. Apgeroheme

di fference‘goéﬁ/@“ml a) the extrinsic bgse polysilicon in the present

I nvention is deposited over an emtter 15 sacrificial plug, dnd (b) the
sacrificial plug and the rest of the CMOS areas have their thicknesses
properly adjusted to provide a pre-polish flat surface to achieve the CM
pl anarization. In the referenced ar GLAIMS in contrast, the polish stop is
assuned to be the CMOS gate dielectric. In the present invention, the CMOS

top surface i no | opge e ul t,
and to athi evé RrAfess F‘gttro gs%%'%%lgre 'gn%'ﬁ@‘&nfﬁemléﬁépfrg gir?? ﬁo (ejégteéﬁof t he
present t Pintégrated With EGU el&tbqpnma'lmxmnesemmn tetopr esent
I nventi O%R‘gﬁég A&Ea @ﬁ%{@lbosnu(fgéf of USA- 23 606. Two of those differences
are hi gh(COS)girceit, the proceaecemﬂsmguﬂae BieP8 9ol ysi | i con of the present
invention is deposited after the intrinsic base formation. Second, the

extrinsic base is forned via CVP nmade possj bl 25 ro r film. k
desi gn5to provi de (@) pviding Qﬂd@teﬂaﬁﬁ'a%ﬁ%‘@'cﬁﬂg‘é‘g%% | iﬁ?‘f’%& r@?'é&g?
necessar for 03/ 001603 PCT/ EP02/ 06919 15
CLAI M5 1° 9,3 ?J?%ggﬂatﬁarg?g@ﬂ\%ngﬁ Q%?‘g%?té\? transistor with a raised
extrinsic base, an emtter, and a collector integrated with a

conpl ement ary et a@gﬁﬂ%&%ﬂ.&%&% o lay&7VRaVIng 4 titkness)in theasipstar

conprising the ste provi n'intermedi ate sem conduct or
structurgrds@avi ng a bipolar area and a CIVDS area with a gate conductor; (b)
providing an intrinsic base |layer, having a thickness, in the bipolar area;
(c) form ng a base oxide across both the CMOS and bi pol ar areas;

(c) forming a base oxide across both the CMOS and bipolar areas;

10 (d) depositing on both the CMOS and bipolar areas an emitter stack

silicon layer having a thickness;
(e) applying a photoresist to protect the bipolar area;

(f) etching to remove the emitter stack silicon layer from the CMOS
area only such that the top surface of the emitter stack silicon layer on the bipolar
15 area is substantially flush with the top surface of the CMOS area; and

() depositing a polish stop layer having a substantially flat top surface
across both the CMOS and bipolar areas suitable for subsequent

chemical-mechanical polishing (CMP).

2. The process according to claim 1, wherein the thickness of the

20 emitter stack silicon Iay'er deposited in step (d) is approximately equal to the
thickness of the gate conductor of the CMOS area and the process further
comprises, in step (f), using the base oxide as an etch stop such that the top surface

of the emitter stack silicon layer on the bipolar area is substantially flush with the top

surface of the base oxide in the CMOS area.



10 (d) depositing on both the CMOS and bi polar areas an emtter stack
silicon layer having a thickness; (e) applying a photoresist to protect
the bipolar area; (f) etching to renove the emtter stack silicon |ayer

fromthe only such that the top surface of th é}ﬂt 915t ack
silicon | %%@%‘ﬁe bi polar 15 area;d s substantially erP ﬁ the top
surface of the CMOS area; and (g) depositing a polish stop | ayer having a
substantially flat top surface across both the CMOS and bi pol ar. areas

sui tabl e for subsequent chem cal -nechani cal, polishin

process according 3.0 clEheprocessaseqrdingre alaim: tnwaer Qﬁté%gwsﬁrﬂ-{&%r
stack si he
thi cknosemifeh 1EHE SIECR TAviresodndd i st (i nERg hiERhEsS o eTintit 2,
conpris febaset Iay&t (ﬂm\(ldéd wsiepg(by liueappvmumatelyeeqml do the uncl:)MQsp of ibe gateit t he-
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wherein ness emtter sfack silicon |ayer dePosMed in step
(d) pl usateaconty; withes SMDStpretectiva layer actingas ampigh ﬁiﬂﬁvﬁﬁ@!’bl hat the é?P (b) is
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bot h t hetrtopistifasé of thespriotactive Imelnthoccmms ameme oxi de fromthe CMOS area
only, with a CMOS protective |ayer acting as an etch stop, such that the
top surface of the emtter stack silicon |layer on the bipolar area is

substantially flush wi tThe ploees®accordihgde aldint hewpereiretiei palishastep layer t he
CMOS area. 4. The process according to claim1l1l, wherein the polish stop

| ayer 10 1i5 3 dielectfice| ectric. 5. The process accor di ng to claimi1, wherein the
bi pol ar transi stor

5. The process according to claim 1, wherein the bipolar transistor
is a heterojunction bipolar transistor and the Intrinsic base layer is
silicon-germanium.

6. The process according to claim 1, wherein the emitter stack

15 silicon layer comprises:
(a) an a-Si layer having a thickness of 50-2 00 nm; and
(b) a SiN polish stop layer having a thickness of 50-2 00 nm.

7. The process according to claim 2, wherein the gate conductor
has a thickness of 1 00-2 50 nm and the emitter stack silicon layer comprises:

20 (a) an a-Si layer having a thickness of 50-2 00 nm; and

(b) a SiN polish stop layer having a thickness of 50-2 00 nm.

8. The process according to claim 3, wherein the gate conductor
has a thickness of 1 00-2 50 nm and the emitter stack silicon layer comprises:



I's a heterojunction bipolar transistor and the intrinsic base |ayer is
silicon-germanium 6. The process according to claiml, wherein the emtter
stack 15 silicon layer conprises: (a) an a-Si |ayer having a thickness of
50-2 00 n a SiN polish stop layer having a thic 0-2 00

7. Thg“gfgkegggaccording to claime, wherein the gategggggﬁg%%? has a
t hi ckness of 1 00-2 50 nmand the emtter stack silicon |ayer conprises: 20
(a) an a-Si layer having a thickness of 50-2 00 nm and (b) a SiN polish.
stop layer having a thickness of 50-2 00 nm 8. The process according to
claim 3, wherein tf® ajua-Silayenhaviog a thigknass ¢f 2:3809mrand 0o- 2 50 nm and
the emtter stack silicon |ayer conprises: WO 03/001603 PCT/ EPO2/ 06919 17
(a) an a-Si |ayer havin&ka t hi ckness of 50-2 %g nm .and b ) a SiN polish
stop | ayer having haStknelish step layephaying s thickness.ef 30-30040WM.according to
claim1l1, further conprising the step (h) of etching to forman extrinsic
base opening, the etch stopping at the base aoxide, he process

) 5 10. TI

according to clainB9, flhesecessnancording torlaigy 1pturther comprisipgnthegstar
spacer, SLr ) : : ni ng.
11 The ietenibl s Réinf e sxfFintsBoefind, B SEA iiid thetas o Ot
(k) fosmng the raised extrinsic base in the extrinsic base opening. 12.
The process according to claim 11, further conprising the steps of (I)
depositing an isolation |ayer, and (nm using the flush surface of the
polish stop |ayer100 aPphé praddestaccording o plaim$, fuderacoraprising the steps The

process a¢oB dhnfhg’ 8 Spevel” ard () ‘Lhigiihg REdsd' b5db Hori tR8Sextrinsic base

opening.

11.  The process according to claim 10, further comprising the step
10 of (k) forming the raised extrinsic base in the extrinsic base opening.

12.  The process according to claim 11, further comprising the steps
of () depositing an isolation layer, and (m) using the flush surface of the polish stop
layer to apply CMP to form a planar isolation layer.

13.  The process according to claim 12, further comprising the steps
15 of (n) applying a photoresist to protect the bipolar area, and (o) stripping the planar
isolation layer from the CMOS area.

14.  The process according to claim 13, further comprising the step
of (p) using the planar isolation layer as a mask and etching the emitter stack silicon
layer and the polish stop layer, the etch stopping at the base oxide in the bipolar

20 area and at a CMOS protective layer in the CMOS area.

15. The process according to claim 14, further comprising the steps
of (q) depositing an emitter stack silicon layer, and (r) depositing a mask to form the
emitter contact.



15 of (n) applying a photoresist to protect the bipolar area, and (0)
stripping the planar isolation |ayer fromthe CMOS area. 14. The process
according to claim 13, further conprising the step of (p) using the planar
i sol ation_ ] ayer a mask and etching the emtter stack i} ayer and

t he polisﬁﬂéﬁﬂﬁnagyer, the etch stoppgng at the base oxigngn tngbipolar
20 area and at a CMOS protective layer in the CMOS area. 15.° The process
according to claim 14, further conprising the steps of (q) depasiting an
emtter stack silicon layer, and (r) depositing a mask to formthe emtter
contact. WD 03/001603 FPha/precsyscaaoeding 3o cRim T fther comprising thenglepo cl ai m

15, furt I Si th t f .f ] o | tt

by’ si mul(ELALGIEIG S paringe Beseheetid spCuiriliEhels gt oo ech, | 2" "
CMOS ar qhe biftihsRi d¥e hd thé-CNIDS areadrssehing di ng to claim 16, further
conprising the step 5 (t) of formng the various contacts for the emtter,

base, and collector of the bipolar area and the various contacts for the
source, drain, andygat ghefprotess@édordingao claim 18) firtherrovenprising thenstepnduct or

structure useful during the process of forning a bipaolar trgnsistor with a
rai sed ditofifaaninglhe e',a%aus eantacts; for meﬁ‘m%gl’?g%t%‘% 'quﬂﬁg'ﬁf QE @be tRAPP Fa

compl e I = Ox] (e ' g\ﬁ@é, ' \ _Structure
conpri graﬁé&aédglﬁ %g%%%a%ééagm%gpfe%' |Bncl'u |dngg?}§°f!(;%qg‘ﬂﬂsa%ﬂe&;% a gate

conductor having a thickness, and a protective layer with a top surface;
an intrinsic base4kayen, hﬁ &E ! Raplieifictor Nsfnit@ud’ RRLAII duddy the a base
oxi de across both1tbhe évtgﬁén I?‘So:ygr areas, the base oxide, l(rii{zfagvi ng a

t hi cknegwocess efrfotmieg esbipolar siansiston withya raissd extdnsic hasei gemittesy aad and over
the collector integrated with a complementary metal-oxide-semiconductor (CMOS)

10 circuit, the structure comprising:
a bipolar area;

a CMOS area including a top surface, a gate conductor having a

thickness, and a protective layer with a top surface;
an intrinsic base layer, having a thickness, in the bipolar area;

15 a base oxide across both the CMOS and bipolar areas, the base oxide

having a thickness;

an emitter stack silicon layer only on the bipolar area and over the
base oxide, the emitter stack silicon layer having a thickness and a top surface
substantially flush with the top surface of the CMOS area; and

20 a polish stop layer having a substantially flat top surface across both
the CMOS and bipolar areas suitable for subsequent chemical-mechanical polishing

(CMP).

19.  The intermediate semiconductor structure according to claim 18,
wherein the thickness of the emitter stack silicon layer is approximately equal to the
25 thickness of the gate conductor of the CMOS area and the top surface of the emitter



base oxide, the emtter stack silicon |ayer having a thickness and a top
surface substantially flush with the top surface of the CMOS area; and 20
a polish stop |ayer having a substantially flat top surface across both

t he CMOS aW%@r areas suitable for subsequent chem caériRBdgdscal
polishing ( . 19. The internedi at gg sem conductor structure according to

claim 18, wherein the thickness of the emtter stack silicon |ayer is
approxi mately equal to the 25 thickness of the gate canductor of the CMOS
area and the top surface of the emtter, WO .03/ 001603 PCT/ EP02/ 069 19
stack si Istacksiicandayeypn the hipolar areads §5bqtgntg]j52lyg Witk the top slirfach ‘gfﬁh? he top

surface : | I.A~-t he CMOS area. 20. The internedi ate
sem cond(lp;:s%:&%scle?ﬁgtﬁﬁ?yggcdﬁ%i ng to claim 18, wherein the thickness of

the emtter stack silicon layer plus the thickness of the 5 intrinsic base-

| ayer is approxi mabgly ?ﬂg%teh@?&igﬁ dofiédridRetor Struttdfe a_eécﬁdmpndwmrwqf the

CMOS area and the top surface the emtter stack silicon l'ayer on the
bi pol ar whesein| thesthticknass iofithe @mitten stackisilicon laper pluss theethickngse: obtheect i ve

| ayer in.the. area. 21. The | nier [ : ' r

accor disndf‘tf'as"g%«%%ﬁ Igyer 'Swwgw %ﬁ@@ﬁ'ﬁﬁ"@f‘%@ggﬁ b?t;? %&r{(# gfogc ric.
22. The ithé ONIOSi &rea fiitheof wuirfate of tHecemitier stavirsilicon lagercdrative bipolar
wherein the bipolar transistor is a heteroj L#I’]Ct i on b%‘ ar trﬁ{jgabgkgé and
the intriafed is substantiallydlushswith thetap. Rt dRe pratectiyg. laygRr ki

sem condyeior structure according to claim18, 15 wherein the emtter
stack silicon |ayer conprises: (a) an a-Si |ayer having a thickness of 50-2
00 nm and (b) a SIN polish stop |layer having a thickness of 50-2 00 nm

24. The internedi atgy sefhg fiigkfddateSemicnduttor staswiddcéctdiplgab ElalmIts,
10 wherein the polish stop layer is a dielectric.

22. The intermediate semiconductor structure according to claim 18,
wherein the bipolar transistor is a heterojunction bipolar transistor and the intrinsic
base layer is silicon-germanium.

23. The intermediate semiconductor structure according to claim 18,
15 wherein the emitter stack silicon layer comprises:

(a) an a-Si layer having a thickness of 50-2 00 nm; and
(b) a SiN polish stop layer having a thickness of 50-2 00 nm.

24. The intermediate semiconductor structure according to claim 19,
wherein the gate conductor has a thickness of 1 00-2 50 nm and the emitter stack

20 silicon layer comprises:
(a) an a-Si layer having a thickness of 50-2 00 nm; and

(b) a SiN polish stop layer having a thickness of 50-2 00 nm.



wherein the gate conductor has a thickness of 1 00-2 50 nmand the emtter
stack 20 silicon layer conprises: (a) an a-Si |ayer having a thickness of
50-2 00 nm and (b) a SiN polish stop | ayer having a thickness of 50-2 00
nm WO 03/&8%@8@6&CT/ EP02/ 06919 20 25. The internedi ate pefkfRgHst Or
structure according to claim20, whegein the gate conductor has a
t hi ckness of 1 00-2 50 nmand the emtter stack silicon |ayer conprises:
(a) an a-Si layer having a thickness of 50-2 00 nm and 5 (b) a Si N polish
stop | ayer having a thickness of 50-2 00 nm L »

2 The intermediate semiconductor structure according to claim 20,

wherein the gate conductor has a thickness of 1 00-2 50 nm and the emitter stack
silicon layer comprises:

(a) an a-Si layer having a thickness of 50-2 00 nm; and

5 (b) a SiN polish stop layer having a thickness of 50-2 00 nm.



