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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



transi stors, higher-frequency operation and hi gher-speed perfornmances can

be WD 03/001603 PCT/ EP02/ 06919 2 obtained with npn devices. Therefore, npn
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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
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st ruct ut.e nedelatte Epitaxygent process requirenents for good selectivity, 10
and suffers from poor process control. US-A-5 523 606 di scl oses a process
usi ng selective epitaxy. Referring to Figs. 1 A and 1 B, which correspond
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co

an n-type epitaxia ector layer 13. The approach disclosed in the 606
patent avoids a CVMP step, but has several drawbacks such as poor process
control 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) underneath
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 inside 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.



in filling the cavity 22 and stringent requirenents for selective
deposition conditions. US-A-S 620 908 applies an approach simlar to that

di scl osedwon3bbmsos 25 “ 606 patent. Specifically, as ill ust ratraPor/mcoi® gure 6F
of the 908 patent and discussed in dolum 13 (specifically, at |ines
24-26), there is disclosed a process that incorporates selective epitaxy
and the step of etching an overhang to forma cavity. WO 03/001603

PCT/ EPO /069 4 2. CMP The second type of process that can be applied to
forma fTaise trinsic base involves a CWP step. US-A-5 015 594 proposes
the formation of extrinsic base polysilicon by CWP. The isolation is
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polysilicon. This etch stop |ayer cannot cover
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 underneath 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 underneath base 25. Therefore, a need remains

for a feasible approach to achieve 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 properly design



whol e extrinsic base region, however, in order to forman electrical
contact between the raised extrinsic base and the underneath base 25.
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SUMMARY OF THE INVENTION

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



sem conductor structure is provided having a CMOS area and a bi pol ar area.
An intrinsic base layer is provided in the bipolar area. A base oxide is
formed acwogsjooieand a sacrificial emtter stack of silicomciraperodneferred
to below as an emtter stack 20 silicon layer) is deposited on, both the
CMOS and bipol ar areas. A photoresist is applied to protect the bipolar
area and the structure is etched to renove the emtter stack silicon |ayer
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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.

BRIEF DESCRIPTION OF THE DRAWINGS

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. Warnock, “Process for a High-Performance Bipolar-Based
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follow ng detail ed description are exenplary, but are not restrictive, of
the 15 iwoaawiwns BRI EF DESCRI PTI ON OF THE DRAW NGS The ipaT@Ph2/0d919 S best
understood fromthe follow ng detailed description when read in connection
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practice, the various features of the 20 drawings are not to scale. On the
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figurestgda)gs. 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 nmentionned article by Y.C Sun and J. Warnock, "Process for a
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Techni cal Disclosure Bulletin, vol. , ho. 4B, pages 5-97 (Sept. 1992);

Fi g. 3 thresnstephof the pcese of tig prasent invehtibhowi ng application of the first
three steps of the process of the present invention; 5 Fig. 4 illustrates
the fourth step of the process of the present invention, highlighting
seversal types of Fgeddlustratesgthei folighestep Db ogpagoiess ©f the present investionf es

the fifth step of the process of the present inventjon, highlighting the

cl ear d]'&?'@:@ﬁ@éqvﬁ“ﬁﬁﬁpq%ﬁﬁﬂﬁéﬁwvf‘; @'ﬁ@[ﬁntﬁ%ﬁ‘%%@ﬁh'teﬁe CMOS area and the

bi pol ar area; 10 Fig. 6 highlights the different topography between the

bi pol ar and CIVDS_areaT after de;?.gsition of the emtter stack silicon and

Si N polish stop IFgepdllustrates the tifth step of the process of the present invention,
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;



rending it inpractical to planarize the bipolar area to formthe raised
extrinsic base wth a good polish stop; Fig. 7 illustrates a first
enbodi nervoaB/obtse3 pr ocess according to the 15 present i npemtEPOR)6Yi Ch
renders the surface of the a-Si on the8 bipolar area flush wth the top
surface of the base oxide in the CMOS area; Fig. 8 illustrates a second
enbodi nent of the process according to the present invention, which

renders the surfagce of .th -S}_on,.the bipolar area flush wth the top
surface of the TE%Q.ﬁa)}@s?@ﬁl%%*o[rwgtlggtoéapﬁqa);gﬁ icon in the CMOS area; 20
Fig. 9 illustrates the structure of Fig. 8 after a silicon nitride layer is
deposited as the polish | ayer; O illustr ext. ste
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showi NgydeHi han | A : gpi ng through the emtter stack
of SiN a‘gneg{"ggté‘ra 3@%%@?@83@&%%%@@@?8@51% 8 Fig. 11 illustrates
formation of a spacer; Fig. 12 illustrates renoval of the base oxide in the
extrinsic base ni s aj insic base; Fig. 13
“llustrates for oy opngg'#&g'%é‘%é;ﬁ’gﬁ‘t"?'gﬁl"g%i%%ﬁ?ggg'r%?ﬁgg?%}.égrt 14 shows the
structure resulting after the planar isolation layer is stripped fromthe
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and t hestApSéd fraytethd OMQO®Seareari tter island and in the supporting island; 10
Fig. 16 shows the structure resulting after an emtter polysilicon layer is

deposited, a SiN layer is deposited as a mask to formthe emtter contact,
and a photoresi stigi 95CeR6WS tAE StARtSe" KSUMITRY after etching, using the 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. 17 shows the structure resulting after the SiN layer and the emtter
polysilicon | ayer are renoved outside the emtter area, using the

phot or esiwD 880803 15 nmask, and a photoresi st |ayer correspordirogodd t he
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 |ayer is
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pl anari zation by CWP. The major differences between the process of
pr esEhtthermaisedi extringicl base by{itMErfar andiBbidegfatédima (GMOS clrmntr@redeuthe

oxt 11 nePArBaE D3k, BYor Y ecPiselL Ve o B (450 Lot S35 PO PE GG 1 1 or
Zgg;lsf Ih gegl tang! g@) e achlicihlsRcdrd ithé alesP! IRRNEMOS aesds HaviehehdiMOS
thicknesses 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



t hi cknesses properly adjusted to achieve a pre-polish flat surface for CWP
pl anari zation. The detail ed steps of the process according to the present

i nvent i omyvolB/obwmo3 f abri cati ng the bi polar device with a r@acyawbozrdms nsi c
base by CWP integrated into a CMOS circuit, are provided below. Referring
now to the drawing, in which like reference nunbers refer to |ike elenents
t hroughout, Fig. 3 shows the result of the first three steps of the

et ve. o asgelbEogRtin 2YaRe) SleehlBeT bREY [ Eased Mo thled EAIERITAR ' "
buri ed splidters fusti@adan Fig@d. 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 exanple descri bed,
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step of the process. 25 In a second step, conventional Vi ces
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depositegh In a third step, a protective d| electric layer 160 is dep05| ted

to provide CMOS protection. An optional |ayer 170 nay be deposited WO
03/ 001603 PCT/ EPO2/ 06919 10 to facilitate nucl eation of the subsequent

base. These firsta % r? yse trid bEﬁaxuﬁl R?é Heel 166/'98 d?ér?%gné&‘ e

These steps are fo Iowe ening u regi on usi conven |onal

phot ol |1tebbg|qa|pbwvelhkhdwn¢m¢mmsagskllimj prtblem:ntl Veethiraieses (ww:,ally@@ss thad 56 120,

as shown in Fig. 4, Fig. 4 also.shows th STI rea 108 and he ,base _.openi ng
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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



nm of a dielectric such as an oxide nmay be fornmed for passivation. The
deposition 10 of epitaxial Si Ge base 190 and the fornation of base

passi vat iwo i3aymn3 200 are conventional and well known toPpcharazibdéssan. Fig.
5 highlights the clear difference in 11t he t opography, step 210, between the
CMOS area 175 and the bipolar area 165. The step 210 is approximately
equal to the hei ght (1 00 2- 50 nn) of the gate conductor 130. 15 Fig. 6

hi ghl i ghts,the different t hy bet en t.h | o ar eas.
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t hi ckness. The SiN [ayer 240 will be used as the polish stop for the

foll owi ng steps. Note the height difference, step 250, by which the NPN

bi pol ar area 165 tg réélylﬁé éﬂ%ﬁﬁiﬁ??@g%) ri|§$‘ue17tﬁe fikrRPdepibited wdIgKE the

same as the CMOS gate thickn t’he topography remains with
t he Si Nhiegyadish 346p §iMIHyem@4n|rgbstdne flagh acidss the a\za,ferst.érblu%@mface ican be
ar, area 165 to fo sed exfrinsic
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in providing a pre-polish stop layer wt | anar " or flat surface across
t he entetcbed/amay witha lai m@penetnrastopu nthe hextdstépes daposmpongalp@pohsieSMBn t he

or ov 32 NVer BB 1 (e sirane ot Bie Syish S68 s davel 2AQ il b 3R acdess of

the depapithe M?geéﬁ@b%daﬁcgrgag_he | ayer sequence and the thicknesses are
WO 03/ 001603 PCT/ EP02/ 06919 11 "predeterm ned" because they are reasonably

predictable within a certain range, as opposed to random and cal cuI at ed
itgsﬁg?l ng ?i ?ﬁélfepom ted e@tron@?ﬁ%ﬁeg@}s st opquﬁr@hg 05851}8&21%
fl ush abiokeess hie thef structédrd.| uBie Jinstt aptiorc as |Il15trated in Fig. 7, in which the
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



5 realized by a nmasked etch process. In this process, a photoresist 235 is
use to protect the bipolar area 165. The CMOS area 175 is exposed and the
filns arewoaBobhmsd3s away with a proper etch stop. The next PCFEPIF0SEPOSIition
of the polish stop SiN layer 240. The top surface of the polish stop SiN
| ayer 240 will be flush across both the CMOS and bi polar areas. 10 There
are two options for this process depending on the |layer thickness in the
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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 sane as the difference

bet ween the OVOS igaghtehibdithd EictaRl bF¥igab aflePBiRAaer S isddbited, about
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have a flat top surface across the entire"wafer for both the CMOS
and bi pol ar 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
t he thi ckness of Béeauset ¢the dabricdtion pit@iesssisalsonidar2 f@0both optibes igr Had er

than the thick f the a-Si 230 of gbout &0-1 50 it is feasible t
et cn 1 NS0 56651 tha AFoR obligh (ks BnaBT sl WD BECISRE A (L SERAR 191 ng.
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protective layer 1 I's process requires that the conbination of tehe t wo
filns JFabfieattin #8Gharsiruchaeeyfi thaXirsl officRe(Figse) ¢a0 behdivectly dérivekineasedqual

to the oqnage WO 03/.8rq]b6(l)ng L/]CI%PQ /069191

12 : L
he discussi e eps would be known to the artisan in view of the

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



conductor 130. Therefore, the surface of the a-Si 230 on the bipolar area
165 is flush with the top surface of the CMOS protective |layer 160. Fig. 9
il lustratwe Bheless ructure of Fig. 8 after SiN |ayer 240 i ecadmpoyidsed. (An
etch stop layer of TECS 245, about 101350 nmthick, is optional atop the Si N
5 layer 240.) Note that the top surface of the SiN |ayer 240 on the bipolar
area 165 is flush with the top surface on the CMOS area 175, necessary for

opt 1 one 1GEARa s afERICr RGNS A ST ARDHIATERT obpE Rpolha o8t ' be

used ashzd SYeiRge7b0 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

woul d be known tq:i%]_h% %hbig%%ﬁ%ﬂ'QdYélé&Yriefisdef?on raﬁ/%%b@ iﬁgéggsﬁ’é&th@ﬁﬁfond

option. In the next step e process according tot resent 1 nvention,
the 1Ssteptisiappliedbtes thepeolation dawers 8281 tocklanarize dhatl ldyes; feiming)planar shown

in Fig. 10, the ck_ RIE of | ayer 240 and the |.gyer 23Q forns an

oxt r idndatian Bies 3RB g Gyer PAGI Red pbiias e polidl Sp Babs AP suppor ti ng
I sland 290. The RIE step stops at the base oxide |ayer 200. As illustrated
in Fig. 11, a spacer. 300 is fornmed next. The spacer 300 can be a 20 single

or a conposite ditPdctmnOtagastmasky the samsinroeas Phetaresishgda CAR ke
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by the emtter 1sla 0 and the supporting Is ws
t hat a CMICRdreattithsalonpasith 20y residue fikds fEorhrthesspadeas df applicablef & med,

for exanpl e, , by deposjting a polysilicon.layer, 313 and subsequently 25
pl anar isr}TRP@e%a%ﬂetr‘gsét"l‘%ﬁ!mﬁg%'st'ﬁ'é?""’ftﬁal'%%319164ext rinsic base opening 270
using layer 240 as the polish stop, foll owed by recess etching back. The
rai sed extrinsic _base WO 03/001603 PCT/ EPO2/ 06919 13 . )
10 The process of the present 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



310 can also be forned by sel ective epitaxy deposition only on the exposed
extrinsic base opening 270. Fig. 13 shows that a dielectric isolation

| ayer 323woDv3dewosi ted. A CMP step is applied to the isolratriem2b@yer 323
to planarize that layer, formng plangr 5 isolation |layer 320. The | ayer
240 is again used as a polish stop in this step. Next, a photoresist mask
of the sane i nage as photoresist 235 can be wused to block the bipolar area

165. Then the mai ni n atl I er 320 pn the (al

ot arpreditkiESTon Wt oSt HeholssBies and fontihand EMOS s End e
resultlé}%eﬁgméy.ltraﬁelﬁadé lustrated in Fig. 14. 10 The process of t he
present invention next uses the planar isolation |ayer 320 as a mask. The

sacrificial stack layers 230 and 240 in the emtter island 280 and in the

supporting island : t ive
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area 16@1d Ebldeotelsuﬂ thiertgipstar acdain 65 isndi the usintadts do itme Bogrce] Hraid5ars gateown in
Fig. 16, oxi de_lLayer 200 is etched within th emiter o i.ng and
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are rem)ved outside the emtter area, The
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380, padthsiiied t,mjsq,(él\(,fg irPei h1 he extrinsic base region and the CI\/DS regi on
175, is app e as ustr in Fig. 17 and opened. A directional etch is

applied to the exposed reglons first etching oxide isolation |ayer 320

and ppse oxide | XSuraflh of BnhdYEhi! GReRRICES! SHARR ol BB SbpdiBhf BenGadr | NS! ©

base 310 and NPN epitaxia ase stopping on t protective |ayer

160. Theedfabrieation copresecfithe prsent ibdentont had W @3H0&IEDNAI methods.
PCT/ EPO2/ 06919

everal major differences exist between the present invention and the disclosure in
the article by Y.C. Sun and J. Warnock. 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 dielectric. 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.



14 renoved through wet or dry etch techni ques and (optionally) CMOS

i npl ants and anneals nay take place. Al of the follow ng steps, of

form ng twemonteaxts to the emtter, base, and coll ector pofi/EPamoddiipol ar
area 165 and the contacts to the sourtse, drain, and gate 5 of the CMOS
area 175, are well-known to the artisan. A SiN etch stop 430 is deposited,
foll owed by deposition and planarization of a borophosphosilicate gl ass
(BPSG | ayer 440. The formation of m@l@? contacts 450 for the emtter,
base, <collector, and other conpone npletes the integration of the
structure. Such structure is illustrated in Fig. 18. 10 A nunber of

i mpor tapt di A h |5§é
processpof theﬁ%reggiz 'Spﬁwe %ylﬁ%ﬂpﬁgggg}ﬁv@ﬁ%%(zgﬁwa ‘?)Hhﬁge ver al

maj or derhftmr;amdaa aoliestor ietegestad twith arcesgriémientaapimetal-axidetdemidosdlicteur e in
t he artéqcmﬁlg Y. C.. Sun and J. Warnock. Armég those differences are: (a)

t he S @"ﬁﬁ%éhﬁcﬂ@%@qq %ﬂpf'ﬁnglﬁ@eﬁ t invention is deposited over
an emtter 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 s@ Paedding arintereediate semsopaapiar isisciun having ﬁé)lpolar
refere i sh stop is assuned to be the CMOS
gate dlnéle:r??eg eﬁof%@l\ffé)s %eﬁ%ﬂg%t?ﬁgﬁ% cﬁélh the CMOS top surface is no

| onger the sane height as the emtter plug by default, and to achieve this

Lot (20, it ace b3 oRARaRh 40 RA g8l ol b shBRBEE TR oo SRGRE e
di scl osareg; 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

(s formed via CVRcyRSmiRGadtenlic ABradsansh td omesast Sippiadiaréds;pr ovi de a

pol i sh stop, ence no selective epitaxy is necessary for the intrinsic
Si Ge base.
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

(9) 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 layer 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 CMQOS area.



WO 03/ 001603 PCT/ EPO2/ 06919 15 CLAIMS 1. A process for formng a bipolar
transistor with a raised extrinsic base, an emtter, and a collector

I nt egr at estowsbneas conpl ement ary mnet al - oxi de- sem conduct or PCTEWB)69ce r cui t,
the process conprising the steps of: B (a) providing an internedi ate

sem conductor structure having a bipolar area and a CMOS area with a gate
conductor; (b) providing an intrinsic base |ayer, having a thickness, in

t he bi pol . f ] id :

bi pol ar areas: 10%(4) ) B bR AR SR goBiio e oheldhdnb dfickhre 8l the,

e tt erermittkstadk lsilieen IhgyetepasitetDirestdp (dNBRIS: thethickPRbY i didtha pliHss esi st
to protect the bipolar area; (f) etching to renove the emtter stack

si | i corbassylayer poavided it (kirisappipyimaiely equal toHbettbigksass ot theatae

itt t [l 4 bi_pol i b ially flush
wth B hEMTY Ao Rt e BL0CT e BofBestont 95800 Bientad
| ayers havientove BolpsirnbhitdrysthtiisilicOR 1ayérl ane thé WaeesSoXeé irdmeh&Mosd
bi pol ar areas suitable for subsequent chem cal - mechani cal gﬂkg;g’iengpp( C\VP) .

2. The geacedy, witbor &MQS: proteciiven layemnaeting @st are efeh slamesSsiC

the.  crdecd e 'Fillel S6EK sHRBRIIT oot FenhiBBibbres BARMANAT Rk B

f urt hertheqgprRuHaES of the ?icﬂ@ct(vﬁa)la¥ék5ihﬁ§eTGMd$§|féaQXi de as an etch stop such
that the top surface of the emtter stack silicon layer on the bipolar

area is substantially flush with the top surface of the base oxide in the
CMOS area. WO 03/ 901608 FElddeRaHRBRAAg to claim 1, wherein the polish stop layer

10 is a dielectric.

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:



16 3. The process according to claim11, wherein the thickness of the
emtter stack silicon |ayer deposited in step (d) plus the thickness of the
i ntrinsi cwolaseichayer provided in step (b) is approxi mat elrgT@EpPoab6ot® t he

t hi ckness of the gate conductor of tite CMOS area and the process further
conprises, in step (f), etching 5 to renove both the emtter stack silicon
| ayer and the base oxide fromthe CMOS area only, with a CMOS protective

| ayer acting as ap,etch op, .such that the t rface of the emtter
stack silicon layd %na-ﬁiﬁea»’t%fmmg aaﬁlé%l‘rleéssqﬁ%@f%ﬁbi’m?ﬂ lush with the
top surface of the protective layer in the CMOS area. 4. The process
according to claim?1, .wherein th ol.ish st ayer O.is a dielectric. 5.
The process accor@)ﬁgs'\[f\}gpelfsﬁ ?FPE?a)%ﬁé}aé(ff}g ?ﬁgch%ﬁ %{rQQ'?é)z)s'i‘@t'or is a

het er oj unction bipolar transistor and the intrinsic base |ayer is
silicon-germanium 6. The process accordi ng to claiml1, wherein the emtter

stack 15 silicondl ayef h@dHpeesseaccqrdingaip glagn 1.afpsther ompyising the Istis of
50-2 004k j ' r ' hi -2 00
om 7. et SFHAR e eRBrsE e BoesfH 2Rl brdio S BEGaEY orivel o
t hi ckhess of 1 00-2 50 nmand the emtter stack silicon |layer conprises: 20
(a) an a-Si layer having a thickness of 50-2 00 nni and (b) a Si N polish
stop layer having a thickness of 50-2 00 nm 8. The process according to
claim3, wherein the gohe predulscacordingStoaclain Ok hesiseroforhpféing the stepsind
the emtter stack silicon |ayer conprises: WO 03/001603 PCT/ EP02/ 06919 17
(a) an 9 € formyieg & HPaggr.aandi(Bkstepringf thepbasexide feam the extrinsic 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 (I) 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 CMQOS 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.



(b) a SiN polish stop layer having a thickness of 50-2 00 nm. 9. The
process according to claim1, further conprising the step (h) of etching
to form awoamstoniensi c base openi ng, the etch stopping at tmreTEPs®R0®9de. 5
10. The process according to claim9,18further conprising the steps of (i)
formng a spacer, and (j) stripping the base oxide fromthe extrinsic base
opening. 11. The process according to cI ai m 10, further conprising the step
10 of (k) form ng ai sed extrinsi.c sg.i en| ng.

xtrinsic ba
19 e boeas 21607 e PR AcdbidiRortraialy 150 s coldaind e S "Y1
deposi t(g %f @&me'aﬂ éﬁﬂné@ﬂgﬁpﬁ?gerh"ﬂ gﬁmm&nfeaﬁsfylé&)énﬁgr\mﬁ:gheforééi@t

polish s | ayér to apply forma planar i'solation |ayer. The
processtha(m«bmmﬁlcngaseaokiathMOSfane’aHbenem’mmgS| ng the steps 15 of (n)

applying a photoresist to protect the bipolar area, and (o) stripping the
pl anar isolation |ayer fromthe CMOS area. 14. The process according to
claim 13, furtheriZonpfhe pnacdsseacioedingdd dlaim dsj hgﬂtelne:thmi&img tsenistep on

| K d etchi th tt t d.th lish
stop 3 ?@e& e lie Vet paniast Pk 8 caattas ihrser AndirolBEITEIcL The Spaiaba. hnd
at a ﬁ%t\}a‘f%ug%‘?ﬁadté‘fchhﬁe%Gﬁ:é‘rdfé‘l?q%ﬁ% ggr@optrh%@ﬁ@@é%ﬁd' ng to

claim1l furt er co e steps positing an emtter stack
silicon Iayer and (r) depositing a mask to formthe emtter contact. WO

031001603 PCT/ EPOR 06%4% ki Seigaaafie Siiha8 \Beflabhg e ther

conprising the step an éxtrinsic base patt
simult f]meoa&t %f fopndnig agnmlahtrahsxbmramrsa raisbé exxinsicnbase, s emittet, ahd aCMOS
area then etchin

collector mtggrated 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



17. The process according to claim 16, further conprising the step 5 (t)
of form ng the various contacts for the emtter, base, and collector of the
bi pol ar woea/0aered3 t he vari ous contacts for the source, dr@cm/EPazidbogat e of
the CMOS area. 18. An internedi ate semw conductor structure useful during
the process of formng a bipolar transistor with a raised extrinsic base,
an emtter, and a collector integrated with a conpl enentary

et bR EEh L] B tRRDho S kit 1D LB O HERE T L 2

a thi ckaessxidand tife CMOSGIreye | ayer with a top surface an intrinsic base
| ayer, having a thickness, in the bipolar area; 15 a base oxide across both

the CMOS and bi pol ar areas, the base oxide having a thickness; an emtter

stack silicon laygs onfye ﬂﬂeFrh@dth@QérﬁfcoﬁH@éto@@ﬂu@t\(@é abBSrdﬁ{fﬁﬁclﬁ?ﬁﬁqgg the
emtter stack silicon layer having a thickness and a top surtace

subst anwhetdiy the ublckness$ of tbet empittanrdtacie sdicon nay@vpBisathen thiaknessooh thl i sh

stop Jayer having,a substanti.al flat top surface acrpss both  the

ond’ bt BTG base e 1S pBRpRataly sadabl heninGiaes HARS et popdnciSnoho
(CWP) . ﬁa% ciiess 'a'?é&%lﬂBQhéttép%Qma‘éeQﬁ‘{ﬁéCHmlﬂbF Bﬁédkréih&ﬁp%'y@l' BH the tﬁﬂ)é‘hl‘n 18,
wherein the thickness of the emtter stack silicon |ayer “is approxi mately
equal tareahis substantiadi flush with tihe tomisurface diidhe protectivie layapdn dhe LMRE t he
top surface of the emtter WO 03/001603 PCT/ EP02/ 06919 19 stack silicon
| ayer o %the bi polar area is substantially flush with the top surface of
the base oxide in the CMXS area. 20. The internediate sem conductor
structure accordi Eq toTﬁcla ?ntermedlate semiconductor structure according to claim 18,

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 thickness of the emtter stack silicon |layer plus the thickness
of the 5 intrinsic base |ayer is approximtely equal to the thickness of

t he gat e wordweteos of the CMOS area and the top surface ofPCtriEPoRNGIS er
stack silicon |ayer on the bipolar aea is substantially flush with the
top surface of the protective layer in the CMOS area. 21. The internedi ate
sem conduct or structure according to claim18, 10 wherein the polish stop
| ayer is a dieleciric..22. . The i.nfernmediate senm conduct tructure
according to cl ai '18,Th%\m@?r@%d'?{?esedp158Pg'r’CtPF§k§?té’f%?C é@i@@t%&&' aﬂcti on
bi pol arwhéirs tifd gateapdhdifol RAS ianBickneBaTt 11 6YEY 50 R idndcChi GRARIERYHIHER  23.
The internmedi ate sem conductor structure according to claim18, 15 wherein
t he emisiliean lgyeceomplisesin | ayer conprises: (a) an a-Si layer having a

t hi ckness of 50-2 00 nm and (b) a SiN polish stop |layer having a thickness
of 50-2 00 nm 24. The internedi ate sem conductor structure according to
claim19, wher ei(a)aha-§atayec badingtaothidimessa of BDeX@@swn;cdndl 00-2 50 nm and
the emtter stack 20 silicon |ayer conprises: (a) an a-Si |ayer having a

t hi ckness of 50-2 00 nm and (b) a SiN polish stop |ayer having a thickness
of 52 00 nm WO 03/(@) 2Bl pHHENEOR 1HEP bavingla Hickndss ofrBRR POchmt e

sem conduct or structure according to claim20, wherein the gate conductor
has a thickness of 1 00-2 50 nmand the emtter stack silicon |ayer
conprises: (a) an a-Si |ayer 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



