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Recently, demand for bipolar transistors has increased significantly because these
15 transistors are capable of operating at higher speeds and driving more current than CMOS
transistors. These characteristics are important for high-speed, high frequency
communication networks such as those required by cell phones and computers.
Most bipolar transistors in use today are the so-called “double poly” bipolar
transistors, which use a two polysilicon structures; one for an emitter structure and a second
20  for a base structure.
The conventional bipolar transistor is difficult to manufacture and cost 1s a major
problem. The transistor is manufactured by implanting a substrate with a dopant to provide a
buried collector. An additional layer of silicon covers the implanted substrate. Insulating
dividers called shallow-trench isolation (STI) are formed in the silicon substrate. The STI's
25 define an intrinsic base region over a buried collector and a collector tap connected to the
buried collector between two of the STI's and separated from the intrinsic base region.
Subsequently, a first layer of polysilicon is deposited over the upper silicon and is
processed to form a base polysilicon structure in contact with the intrinsic base region. One
portion of the base polysilicon structure is formed with an opening for an emitter polysilicon

30 structure to be formed within.
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The collector contact extends through the inner layer dielectric and the second
insulating layer to the collector tap connected to the buried collector.
The base contact extends through the inner layer dielectric, the first insulating layer,
the silicon germanium, and the second insulating layer, and into the base polysilicon
25 structure.
The emitter contact extends through the inner layer dielectric into the emitter
polysilicon structure. As previously mentioned, the emitter polysilicon structure overlaps the
base polysilicon structure because it is necessary to provide room for the emitter contact.
Since it is desirable to make the overlap as small as possible, it is desirable to have the
30 emitter polysilicon structure as small as possible. However, this means that variations in the
size of the emitter contact will lead to a further major problem referred to as emitter

shadowing effect where the size of the emitter contact cause different current gains through

the emitter polysilicon structure because the emitter dopant will be implanted at different
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Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a bipolar transistor in an intermediate stage of
manufacture in accordance with the present invention;

FIG. 2 is the structure of FIG. 1 after deposition and processing of a base material;

FIG. 3 is the structure of FIG. 2 after deposition of an emitter structure layer and

25 during an emitter structure implant;

FIG. 4 is the structure of FIG. 3 after deposition of a third thin dielectric layer over the
emitter structure layer and patterning of the emitter structure;

FIG. 5 is the structure of FIG. 4 after deposition of spacer layers and formation of the

spacers around the emitter poly;




FIG 6 is the structure of FIG 5 after deposition of an extrinsic base
structure layer and during a base structure inplant; FIG 37 ijgithe:;
structure of FIG 6 after chemical nechanical polishing of the base”
structure layer; 5 FIG 8 is the structure of FIG 7 after processing and
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ith th N ti . 1) FOR CARRYI NG . THE. | NVENTI ON
Ret o 1 og nEREL D e S e 1671 M o mr o TDEDALAL PORITE, Phloobick

bi pol agy&if@Ngest or 100 in an internediate stage of manufacture in
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| ayer 106. The epitaxial |layer 106 on the other side fromthe collector tap
112 has a lower concentration of a simlar type of doping as that of the
bunved col |l ect or 1BESAMODa MBRAARRY IEGIDECIIGE iegEDAIQ@N4. Col | ecti vel y,

the buried collector 104, the collector tap 112, and the sub collector

region 114 wickdrile no®f € rad. tQ @dereth &OLh@OR A cFRGs&toddBviel bSta afidiaecond
thin dielectric layers 116 and 118 have been deposited over the 25
epi t axitrahsistey d PO 1i06an Thiermediale W ebowmaiachirn igi edcewtense Wiy dres pres@itand

118, and h | S0, | Ceub
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selectivity to the surface 120. This | eaves the surface 120 extrenely
smbdt h seiptcandycts subsieate B andihe burigdgiededdnnl ¢ef ect free. 30 The term

Chor zontal gsge QuInselg Lot hyfagle T Resal okl 61l N,
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the hor(iSPlZ“I(’)sr}F %lirsta asndj slécszcgnddSerItIi’ snFOdS' an-lcieirl r632{1'6: gl‘llj giﬂle?gide of a collector tap 112, which is
connected to the buried collector 104, and which is a heavily doped implant in the epitaxial
20 layer 106. The epitaxial layer 106 on the other side from the collector tap 112 has a lower
concentration of a similar type of doping as that of the buried collector 104 and forms a sub
collector region 114. Collectively, the buried collector 104, the collector tap {12, and the sub
collector region 114 will be referred to as a collector region 113.
First and second thin dielectric layers 116 and 118 have been deposited over the
25  epitaxial layer 106. The first and second thin dielectric layers 116 and 118, and have also
been processed to expose a surface 120 over the sub collector region 114. The second thin
dielectric layer 118 can be dry etched and the first thin dielectric layer 116 can be wet etched
with high selectivity to the surface 120. This leaves the surface 120 extremely smooth with
less than 20 A variations and defect free.
30 The term “horizontal” as used in herein is defined as a plane parallel to the

conventional plane or surface of a wafer or substrate, regardless of its orientation. The term

“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as
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4 "on", "above", "below', "side" (as in "sidewall"), "higher", "lower",
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20 junction leakage property. In one embodiment, the base material 122 is silicon germanium,
which greatly enhances the speed of the bipolar transistor 100.

Also shown in FIG. 2 is an optional selectively implanted collector (SIC) 105, which
can be separately implanted to improve the performance of the bipolar transistor 100 by about
10%. The SIC 105 in one embodiment has a N+ doping.

25 Referring now to FIG. 3, therein is shown the structure of FIG. 2 after deposition of
an emitter structure layer 124 and during an emitter structure implant 126. In one
embodiment, the emitter structure layer 124 is of polysilicon and the emitter structure implant
126 is of a N+ dopant.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 after deposition of a

30 third thin dielectric layer over the emitter structure layer 124 of FIG. 3. The third thin
dielectric layer and the emitter structure layer 124 have been processed to leave a CMP stop
layer 130 over an emitter structure 134. In one embodiment, the CMP stop layer 130 has a
thickness under about 1500 A.
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t he structure implant 152 is of a P+ dopant.

20 Referring now to FIG. 7, therein is shown the structure of FIG. 6 after chemical
mechanical polishing (CMP) of the extrinsic base structure layer 150. The CMP removes
material from the extrinsic base structure layer 150 and stops on the CMP stop layer 130 to
leave a top surface 154 of the extrinsic base structure layer 150 substantially coplanar with
the top of the CMP stop layer 130.

25 Referring now to FIG. 8, therein is shown the structure of FIG. 7 after processing the
extrinsic base structure layer 150 to form an extrinsic base structure 156. The extrinsic base
structure 156 is formed beside, and by definition not under, the emitter structure 134.

A rapid thermal anneal (RTA) is performed to drive dopant from the extrinsic base
structure 156 into the optional selected elevated source/drains 144 and 146 and/or into the

30  base material 122 to form the extrinsic base part 136 of the base material 122. The RTA also
drives dopant from the emitter structure 134 into the base material 122 to form the intrinsic

base part 138 of the base material 122 and a shallow emitter structure (not shown) in the

intrinsic base part 138,
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30 base material 122 to formthe extrinsic base part 136 of .the base
material 122. The RTA al so drives dopant fromthe emtter stir et urel 134
into the base material 122 to formthe intrinsic base part 138 of the base
material 122 and a shallow emtter structure (not shown) in the intrinsic
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region; a step 2006 of forming an emitter structure over the base structure; a step 208 of

forming an extrinsic base structure over the collector region beside and spaced from the

emitter structure; a step 210 of depositing a dielectric layer over the substrate; and a step 212

of forming connections through the dielectric layer to the extrinsic base structure, the emitter
25 structure, and the collector region.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and

30 scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.




those skilled in the art in light of the aforegoing description.
Accordingly, it is intended to enbrace all such alternatives, ;i o

nodi fications, and variations which fall within the spirit anJ’éb"'ééope of
the included clains. Al matters hither-to-fore set forth herein or shown

in theTpRCREMPRNKHING (K RYENGS: are to be interpreted in an illustrative and
non-limting sense. 7 THE INVENTION CLAIMED IS: 1. A nethod of

manufacturing a bipolar transistor conprising: formng a substrate having
a col | ect or 1r egi dnmethod nf mgnafablagiag 8 bineddrirassistpe compresieg| | ect or region; 5

depositing a first po Llicon | ayer over the base structure; doping the
first pol ys?qllné%a ?%h)ﬁf%thgvpéﬁﬁo%&grrﬁeﬁo& pol ysilicon layer; depositing a

thin di el ectdriind ayf¥e sBVBurd her 8 dolletoPRizdont | 1 con layer; formng the
emtter polysilicon |layer to forman emtter structure having the thin

di efectric Hegpsitingvefirst prdyehsanlayer SVeiee birse, streeturdr mi ng a spacer around the
emtter Stryclul Gie fﬁirspﬁ?oﬁgstifi&%l ST ﬂloér%gi%'exl (ﬁ?{?ﬁéo@'lg ePVEr the emtter
Finsi ¢ bas opi Ng

structure andthe ex region, e sectohd polysilicon

| ayer to foumaithasehpodiyisitictorr bastehe emplinpslyziliogh labe; base pol ysilicon
| ayer down to the first thin dielectric |ayer to renmove 15 the base

poi ysi | i confarayes the emitsy drolysHiconydrele Drmya grgter isgupiuRg haviag he ghin

pol ysilicon | ayel: - ) ri.nsi .structure over the collector
regi on beside angK%%g%ggp%ﬁgﬁf?%ghgﬁéﬁ?ggﬁg%ructure by the spacer;

depesi ting &nmimg espayesrodieiheemiita straytare; over the substrate; and form ng
connections .through the |nterl. di el ect er to thg}exttins'c base

baye ric | a%/
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met hod as cl ai ”Egegiéh-d aim1l wherein: formng the emtter structure is
perfornmed before forming the extrinsic base structure and after formng
t he base st dogihgtie; scamdl fadysiicrg layre tekirmi misise pbbysiéicet layet; ur e i ncl udes: 25

rogion o Phecqs Ut aRet GRBBER: o tnbededana Pargetreol fEE over
thegsextrinsi c bagg haE polysilicon layer from over the emitter structure;
forming the base polysilicon layer to form an extrinsic base structure over the
collector region beside and spaced from the emitter structure by the spacer;
depositing an interlayer dielectric layer over the substrate; and
forming connections through the interlayer dielectric layer to the extrinsic base

20 structure, the emitter structure, and the collector region.

2. The method as claimed in claim 1 wherein:
forming the emitter structure is performed before forming the extrinsic base structure
and after forming the base structure; and
forming the extrinsic base structure includes:
25 doping the base structure to form an extrinsic base part on the collector region
of the substrate; and

depositing the second polysilicon layer over the extrinsic base part.

3. The method as claimed in claim 1 additionally comprising:
depositing first and second dielectric layers over the substrate;
30 exposing the collector region through the first and second dielectric layers;
forming silicon germanium over the collector region exposed through the first and

second diclectric layers;




3. The nmethod as clainmed in claim1 additionally conprising:; .deposi;ting
first and second dielectric |ayers over the substrate; 30 éxbosrng the

col l ector region through the first and second dielectric |layers; formng
silicon germani umover the collector region exposed through the first and

second di el eglfihEad BMARSE bgsef;sawefrﬂfge @ﬂcc%eri x‘nﬂﬁﬂufv‘n BASEr AL thefmdl Agnil;l | con
ger mani um usi ng a rapi d thermal anneal d wherein: depositing the first

ponS|I|conah®y@m669p03|ts the first ponS|I|con Iayer over the first and

second di el ctrlc t he .siligcon os t n second
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polysilicon | ayeand sdtdnd Ofeldchg: 1@{@5 Bﬁd!h@%llﬁob@%ﬁn@ﬂzﬁ of the SI I icon
germaniumusing the rapid thermal anneal. 4. The met hod_as cl ai med in

clafm | whetdepasitingdhe iswad |p91y@dwgn |1@46ﬁ@cp%ms thersepany polgelicostlpye avpetlist ed

source/drain as sic base structure and around the
emtter structurg%’rat%88);]&1109{‘?lag)é hQand performng a rapid thermal anneal

after form mgntife a@nintdeic dhdcupirtiiod Badilidoa gxihhingl asinpase epkiutictna. 5.
The method as claimed in claiml wherein: 15 form ng the substrate having a
col | ector regionamﬁ@iudes forning a collector tap, formng a buried

col lector, and Har %éﬂ%daas%wmgﬁ) ﬁﬁﬁl?'f v&rh%%u? ddxgc%}ﬁallgt g hbl‘ﬂ al l'y

conprising: 20 forning a selectively inplante he sub
colibect or r égimng afselehves elositedbeurce/Brain as part of the extrmSIc base structure and
around the emitter structure and the spacer; and

performing a rapid thermal anneal after forming the emitter structure and the extrinsic

base structure.

5. The method as claimed in claim 1 wherein:
15 forming the substrate having a collector region includes:
forming a collector tap,
forming a buried collector, and
forming a sub collector region; and
additionally comprising:

20 forming a selectively implanted collector in the sub collector region of the substrate.




