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METHOD FOR EPITAXIAL BIPOLAR BICMOS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method of fab 
ricating integrated circuits and, in particular to a method of 
forming ?eld effect transistors (FETs) and bipolar devices on 
the same substrate. More speci?cally, the present invention 
provides an integration scheme that is capable of fabricating 
a base-after gate BiCMOS (i.e., bipolar device and comple 
mentary metal oXide semiconductor (CMOS) device) inte 
grated circuit Which solves the problems typically associated 
With prior art integration schemes. 

BACKGROUND OF THE INVENTION 

[0002] In the ?eld of semiconductor device manufactur 
ing, it is Well knoWn to fabricate BiCMOS integrated circuits 
using a so-called base-during gate process. Base-during gate 
processes are described, for example, in D. L. Harame, et al. 
“Si/SiGe Epitaxial-Base Transistors-Part I: Materials Phys 
ics and Circuits”, IEEE Trans. Elect. Devices, pp. 469-482, 
March 1995; D. L. Harame, et al., “Si/SiGe Epitaxial-Base 
Transistors-Part II: Process Integration and Analog Appli 
cations”, IEEE Trans. Elect. Devices, pp. 469-482, March 
1995; and D. Ahlgren, et al., “A SiGe HBT BICMOS 
Technology for Mixed Signal RF Applications”, Proc. of the 
1997 BCTM, pp 195-197, 1997. In such base-during gate 
processes, the gate polysilicon is formed at the same time as 
the base epitaXial silicon is groWn. 

[0003] An alternative method of fabricating BiCMOS 
integrated circuits is to employ a base-after gate process. In 
this process, the gate polysilicon is formed before the base 
epitiXial silicon is groWn. Such a process is described, for 
eXample, in US. Pat. No. 5,665,615 to Anmo and US. Pat. 
No. 5,665,616 to Kimura, et al. 

[0004] Several problems are evident in using such prior art 
processes. A ?rst problem is controlling the base outdiffu 
sion during CMOS source/drain (S/D) and lightly doped 
drain (LDD) anneals. A second problem is hoW to provide a 
high quality epitaXial surface for base groWth; and a third 
problem is hoW to protect the CMOS device during bipolar 
device formation. When a base-after gate integration scheme 
is employed, the folloWing tWo additional manufacturing 
requirements must be taken into consideration: First, FET 
spacer structures must not be produced on the bipolar 
devices; and secondly, bipolar ?lms must not be left on the 
FET devices after fabricating the same. 

[0005] In vieW of the aforementioned draWbacks With 
prior art integration schemes for BiCMOS fabrication, there 
is a continued need for developing a neW and improved 
base-after gate integration process Wherein all of the above 
mentioned problems and requirements have been met. 

SUMMARY OF THE INVENTION 

[0006] One object of the present invention is to provide a 
method of fabricating a BiCMOS integrated circuit in Which 
the FETs and bipolar devices are fabricated on the same 
substrate. 

[0007] Another object of the present invention is to pro 
vide a method of fabricating a BiCMOS integrated circuit 
using an integration scheme in Which no thermal limitation 
is put on the CMOS device during bipolar device formation. 
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[0008] A still further object of the present invention is to 
provide a method in Which a high quality surface for 
epitaXial base groWth is provided. 

[0009] A yet further object of the present invention is to 
provide a method of fabricating a BiCMOS device in Which 
the CMOS devices are protected during bipolar device 
formation and vice versa. 

[0010] An additional object of the present invention is to 
provide a method of fabricating a BiCMOS device in Which 
bipolar ?lms are not left on the FET devices. 

[0011] These and other objects and advantages are met by 
forming portions of bipolar devices on a substrate, protect 
ing the portions With a protective layer While forming FET 
devices, and protecting the FET devices While forming other 
portions of the bipolar devices. Speci?cally, the method of 
the present invention comprises the steps of: 

[0012] (a) forming a ?rst portion of a bipolar device 
in ?rst regions of a substrate; 

[0013] (b) forming a ?rst protective layer over said 
?rst regions to protect said ?rst portion of said 
bipolar device; 

[0014] (c) forming a ?eld effect transistor device in 
second regions of said substrate; 

[0015] (d) forming a second protective layer over 
said second regions of said substrate to protect said 
?eld effect transistor device; 

[0016] (e) removing said ?rst protective layer; 

[0017] forming a second portion of said bipolar 
device in said ?rst regions of said substrate; and 

[0018] (g) removing said second protective layer. 

[0019] In one embodiment of the present invention, a 
portion of the second protective layer remains in the struc 
ture covering a portion of said bipolar device. In other 
embodiments of the present invention, a portion of the ?rst 
protective layer remains over the FET device or portions of 
the ?rst and second protective layers remain in the structure 
after fabrication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a How chart illustrating the integration 
scheme, including the various processing steps that are 
employed in the present invention. 

[0021] FIGS. 2A-2M are cross-sectional vieWs shoWing 
the fabrication of bipolar and NMOS devices on the same 
substrate using the method of the present invention. 

[0022] DETAILED DESCRIPTION OF THE INVEN 
TION 

[0023] The present invention Which provides a method of 
fabricating a BiCMOS integrated circuit using a base-after 
gate processing scheme Will noW be described in more detail 
by referring to the draWings that accompany the present 
application. It should be noted that in the accompanying 
draWings like and corresponding elements are referred to by 
like reference numerals. 

[0024] Reference is ?rst made to FIG. 1 Which is a How 
chart illustrating the basic processing steps of the integration 
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scheme of the present invention. The various steps shoWn in 
the How chart Will be described in more detail by referring 
to FIGS. 2A-2M and the discussion to folloW hereinbeloW. 

[0025] Insofar as FIGS. 2A-2M are concerned, those ?g 
ures are cross-sections shoWing the various processing steps 
that are employed in the present invention in fabricating a 
BiCMOS structure containing bipolar devices and NMOS 
devices. Although an NMOS device is shoWn and illustrated 
the present invention can be used in fabricating PMOS 
devices. In embodiments Wherein a PMOS device is formed, 
the same sequence of processing steps as described herein 
beloW is employed except for the source/drain regions Which 
are formed after completion of the bipolar devices. 

[0026] As stated above, the ?rst step of the present inven 
tion involves forming a ?rst portion of a bipolar device in 
?rst regions of a substrate. This step of the present invention 
is shoWn in FIG. 2A (Which corresponds to process step 1 
of FIG. 1). Speci?cally, the structure shoWn in FIG. 2A 
comprises a P-substrate 10, a buried N+ region 12, an 
N-epitaxial layer 14 and a patterned masking layer 16. The 
N+ region becomes the subcollector region of the bipolar 
device. 

[0027] The structure shoWn in FIG. 2A is fabricated using 
conventional bipolar processing steps that are Well knoWn to 
those skilled in the art. Moreover, conventional materials are 
used in fabricating the same. For example, the substrate is 
composed of any semiconducting material including, but not 
limited to: Si, Ge, SiGe, GaAs, InAs, InP and all other III/V 
semiconductor compounds. Layered substrates comprising 
the same or different semiconducting material, eg Si/SiGe, 
are also contemplated herein. Of these materials, it is 
preferred that the substrate be composed of Si. Although a 
p-doped substrate is shoWn, n-doped substrates are also 
contemplated herein. 

[0028] Speci?cally, the structure shoWn in FIG. 2A is 
fabricated as folloWs: An oxide ?lm, e.g., SiO2, (not shoWn 
in the draWings) is formed on the surface of substrate 10 
using a conventional deposition process such as chemical 
vapor deposition (CVD), plasma-enhanced CVD or sputter 
ing, or alternatively the oxide layer is groWn thermally. The 
buried N+ region is formed in the substrate by a conven 
tional ion implantation step. The buried region is activated 
by employing a conventional anneal (rapid thermal anneal 
(RTA) or oven anneal) and then the N-epitaxial layer is 
formed utiliZing a conventional epitixial groWing process. A 
layer of masking material, eg Si3N4, is formed on the 
surface of the N-epitaxial layer utiliZing a conventional 
deposition process such as CVD and then it is patterned by 
conventional lithography and etching (reactive ion etching 
(RIE)). 
[0029] The above processing steps lead to the formation of 
the structure shoWn in FIG. 2A. It is noted that the draWings 
of the present application include labels Which indicate the 
region Wherein the NMOS device is to be fabricated and the 
region Wherein the bipolar device is to be fabricated. 
Although the draWings shoW only one NMOS device region 
and one bipolar device region, any number of NMOS device 
regions and bipolar device regions may be formed utiliZing 
the method of the present invention. Also, it is possible to 
form BiCMOS structures containing NMOS, PMOS and 
bipolar devices or BiCMOS structures including PMOS and 
bipolar devices. 
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[0030] The patterned masking layer is employed in the 
present invention to etch deep trench isolation regions 18 for 
the bipolar devices. The deep trench isolation is shoWn 
complete in FIG. 2B (corresponding to step 2 of FIG. 1). 
Speci?cally, the deep trench isolation region is formed by 
etching a trench in the structure utiliZing a conventional dry 
etching process such as RIE or plasma etching. The deep 
trench is lined With a conventional deep trench liner material 
20, eg an oxide, and then CVD or another like deposition 
process is used to ?ll the deep trench With polysilicon or 
another like dielectric material 22. Aconventional planariZa 
tion process such as chemical-mechanical polishing (CMP) 
is used to provide the planar structure shoWn in FIG. 2B. 

[0031] Next as indicated in step 3 of FIG. 1, shalloW 
trench isolation (STI) for the CMOS devices and the bipolar 
devices, as Well as the collector reach-through for the bipolar 
devices are formed in the structure shoWn in FIG. 2B. These 
processing steps are illustrated in FIGS. 2C-2F of the present 
application. Speci?cally, as is shoWn in FIG. 2C, a masking 
layer 24 is formed on the surface of the structure utiliZing 
conventional deposition processes such as CVD. This mask 
ing layer may be composed of the same or different material 
as the previous masking layer. Masking layer 24 is patterned 
and shalloW trenches 26 are then etched through exposed 
portions of masking layer 24 providing the structure shoWn 
in FIG. 2D. 

[0032] The shalloW trenches are then subjected to conven 
tional processes Well knoWn to those skilled in the art that 
are capable of providing STI regions 28, See FIG. 2E. This 
includes STI dielectric ?ll and planariZation. Optionally, the 
STI procedure may include: forming a liner in the shalloW 
trench prior STI dielectric ?ll; and densifying the STI 
dielectric. 

[0033] After completion of the STI regions, a reach 
through region (or collector) 30 for subcollector 12 is 
formed in the bipolar device region utiliZing conventional 
procedures that are capable of forming the same. This 
includes ion implantation and annealing. The structure that 
is formed after STI and reach-through formation is shoWn in 
FIG. 2F. 

[0034] Next, as indicated in FIG. 1, step 4, a ?rst protec 
tive layer is formed over a portion of the bipolar device 
region. Speci?cally, as shoWn in FIG. 2G, ?rst protective 
layer 32 is formed over N-epitaxial layer 14 (and overlap 
ping the deep trench) upon Which the bipolar device Will be 
formed. One type of protective layer employed in the present 
invention for protecting the bipolar device region comprises 
a Si3N4 layer. The Si3N4 layer typically has a thickness of 
from about 10 to about 1000 A, With a thickness of from 
about 500 to about 800 A being highly preferred. The Si3N4 
layer may be formed by any conventional deposition pro 
cess, With a loW pressure CVD process being highly pre 
ferred. It is noted that the present invention contemplates the 
use of other protective materials besides the Si3N4 layer 
mentioned above that are capable of protecting the bipolar 
device region during CMOS fabrication. 
[0035] After protecting a portion of the bipolar device 
region With a protective layer, the FET devices are com 
pletely fabricated, With the exception of PFET source/drain 
regions Which occur after completion of the bipolar device 
regions; See FIG. 1, step 5. 
[0036] The FET devices are formed utiliZing conventional 
processing steps that are capable of fabricating transistor 
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devices. Included in the conventional transistor processing 
steps are: N-Well for pFET photolithography, N-Well 
implant, PFET thin oxide tailor implant, P-Well for nFET 
photolithography, P-Well implant, n-FET thin oxide tailor 
implant, dual gate oxide photolithography, dual gate oxide 
regroWth, FET gate photolithography, FET gate etch, ther 
mal oxide spacer formation, nFET extension photolithogra 
phy, nFET extension implant (lightly doped drains (LDD)), 
?rst spacer formation, pFET extension photolithography, 
pFET extension (LDD), second spacer deposition, second 
spacer etch, nFET S/D implant photolithography, nFET S/D 
anneals. 

[0037] These transistor processing steps form the FET 
device in the structure shoWn in FIG. 2H. Speci?cally, the 
FET device includes P-Well 36, S/D regions 38, S/D exten 
sions 40, gate region (gate and gate oxide) 44, spacers 46. 
The spacers depicted in the draWings include various layers 
that are formed on the sideWalls of the gate region as Well 
as a horiZontal layer that is formed on the substrate. 

[0038] Next as described in FIG. 1, step 6, a second 
protective layer 50 is formed over the structure shoWn in 
FIG. 2H providing the structure shoWn in FIG. 2I. Speci? 
cally, the second protective layer is formed over the FET 
device and the reach-through region of the bipolar device. 
Second protective layer 50 may be composed of a single 
layered material or multiple layers of the same or different 
materials can be used as second protective layer 50, eg the 
second protective layer could be composed of an oxide layer 
and polysilicon layer. For simplicity, reference numeral 50 is 
used herein to include a single layer protective layer or a 
multilayered protective layer. 

[0039] Any material or materials that are capable of pro 
tecting the FET devices during completion of the bipolar 
devices may be employed in the present invention and any 
knoWn deposition process may be employed in forming a 
layer (or multilayers) of the same on the structure. It is 
preferred in the present invention that the second protective 
layer be composed of an oxide Which is deposited by a 
plasma-enhanced CVD process. The thickness of the second 
protective layer(s) may vary, but typically the thickness of 
the second protective layer(s) is from about 100 to about 500 
A, With a thickness of from about 150 to about 250 A being 
highly preferred. 

[0040] After protecting the FET devices of the structure 
With the second protective layer, the bipolar devices are then 
completed, See FIG. 2], utiliZing conventional processing 
steps that are capable of completing the fabrication of the 
bipolar devices. These processing steps create additional 
?lms that overlay the second protective layer. Speci?cally, 
the bipolar devices are completed by groWing an epitaxial 
base and then forming any bipolar emitter device thereon. 
The bipolar devices contemplated in the present invention 
can be non-aligned or self-aligned. One preferred process 
that may be employed in the present invention in forming the 
bipolar devices includes: etching a bipolar WindoW through 
second protective layer 50 and ?rst protective layer 32 that 
overlay a portion of collector region 12, forming an emitter 
pedestal SiGe in the bipolar WindoW, extrinsic base forma 
tion, second collector implant, de?ne emitter polysilicon and 
extrinsic base polysilicon. It is again emphasiZed that the 
above process description represents one technique that can 
be employed in the present invention in forming the bipolar 
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devices. Other techniques that are Well knoWn in the art in 
forming bipolar devices can also be employed in the present 
invention. 

[0041] These processing steps result in the structure 
shoWn in FIG. 2J. Speci?cally, FIG. 2J comprises the 
structure of FIG. 2I containing N-layer 52, P+ polysilicon 
layer 54 (it is noted that in FIG. 2J reference numeral 54b 
represents the P+ polysilicon formed on the bipolar device) 
and N+ polysilicon layer 56, Wherein layer 52, 54, 54b and 
56 form the completed bipolar device. It is noted that during 
the WindoW etch, substantially all of the ?rst protective layer 
is removed from the structure. In one embodiment of the 
present invention, some of the ?rst protective layer remains 
in the bipolar device region of the structure. 

[0042] Next as described in FIG. 1, step 7, portions of 
bipolar layer 54 and all of the second protective layer are 
removed from the structure utiliZing a conventional etch 
process Which is highly selective in removing those tWo 
layers Without attacking the underlying structure. If PFETs 
are previously formed, then the PFET S/D regions are 
formed folloWing the above etch step by conventional 
implantation and activation anneal. These processing steps 
produce the structure shoWn in FIG. 2K. 

[0043] Although the draWings shoW removal of substan 
tially all of the second protective layer from the structure, 
the present invention also contemplates leaving some of the 
second protective layer over the collector region of the 
bipolar device. 

[0044] As described in FIG. 1, step 8, metal polysilicon 
contacts 58 are formed on the S/D implants and gates as Well 
as the bipolar collector and base regions, See FIG. 2L. The 
contacts are formed utiliZing conventional processing steps 
Well knoWn in the art that are capable of forming the contact 
regions. Included in these contact formation processing 
steps include: resistor silicide block mask, Ti deposition and 
Ti anneal. 

[0045] Next, as shoWn in FIG. 1, step 9, and FIG. 2M, 21 
passivation layer 60 and dielectric layer 62 are formed over 
the PET and bipolar devices and metal vias or contact studs 
64 are formed through those layers to metal polysilicon 
contacts 58. Conventional deposition processes are used in 
forming the passivation and dielectric layers and the contact 
openings are formed by conventional lithography and etch 
ing. The contact openings are ?lled utiliZing a conventional 
deposition process and, if needed, a conventional planariZa 
tion process is employed. 

[0046] Any conventional passivation material such as 
Si3N4 or a polyimide may be employed in forming layer 60; 
and any conventional dielectric material such as SiO2 or 
Si3N4 may be employed in forming layer 62. Insofar as the 
contact studs are concerned, any conventional conductive 
metal such as Ti, W, Cu, Cr and Pt may be employed in the 
present invention. 

[0047] While the preferred embodiment illustrated above 
is described for using a SiGe bipolar device, the present 
invention is not limited to SiGe device, but includes other 
epitaxial devices. 

[0048] While the present invention has been particularly 
shoWn and described With respect to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
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the foregoing and other changes in form and detail may be 
made Without departing from the spirit and scope of the 
present invention. It is therefore intended that the present 
invention not be limited to the exact forms and details 
described and illustrated, but fall Within the scope of the 
appended claims. 

Having thus described our invention in detail, What We claim 
is neW, and desire to secure by the letters patent is: 
1. A method of forming a BiCMOS integrated circuit 

comprising the steps of: 

(a) forming a ?rst portion of a bipolar device in ?rst 
regions of a substrate; 

(b) forming a ?rst protective layer over said ?rst regions 
to protect said ?rst portion of said bipolar device; 

(c) forming a ?eld effect transistor device in second 
regions of said substrate; 

(d) forming a second protective layer over said second 
regions of said substrate to protect said ?eld effect 
transistor device; 

(e) rernoving said ?rst protective layer; 

(f) forming a second portion of said bipolar device in said 
?rst regions of said substrate; and 

(g) rernoving said second protective layer exposing said 
?eld effect transistor device. 

2. The method of claim 1 further comprising forming 
metal polysilicon contacts on portions of said exposed ?eld 
effect transistor device and on portions of said bipolar 
device. 

3. The method of claim 2 further comprising forming a 
passivation layer on said exposed ?eld effect transistor 
device, said bipolar device and said metal polysilicon con 
tacts. 

4. The method of claim 3 further comprising forming a 
dielectric layer on said passivation layer. 

5. The method of claim 4 further comprising forming 
contact studs through said dielectric layer and said passiva 
tion layer to said metal polysilicon contacts. 

6. The method of claim 1 Wherein step (a) includes 
providing a subcollector region in said substrate and groW 
ing epitaxial silicon on said substrate. 
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7. The method of claim 1 Wherein step (b) includes 
etching trenches in said substrate, lining said trenches With 
a liner rnaterial, ?lling said trenches With a dielectric mate 
rial and planariZing. 

8. The method of claim 1 Wherein said ?rst protective 
layer comprises a Si3N4 layer. 

9. The method of claim 8 Wherein said Si3N4 layer is 
formed by loW pressure CVD. 

10. The method of claim 8 Wherein said Siu3N4 layer has 
a thickness of from about 10 to about 1000 A. 

11. The method of claim 10 Wherein said Si3N4 layer has 
a thickness of from about 500 to about 800 

12. The method of claim 1 Wherein step (c) includes 
forrning Well irnplants, source/drain regions, source/drain 
extensions, gate oxide groWth and spacer formation. 

13. The method of claim 1 Wherein said second protective 
layer is composed of a multilayer comprises a layer of an 
oxide and a layer of polysilicon. 

14. The method of claim 1 Wherein said second protective 
layer is composed of an oxide. 

15. The method of claim 14 Wherein said layer of oxide 
is formed by plasrna-enhanced CVD. 

16. The method of claim 1 Wherein said second protective 
layer has a thickness of from about 100 to about 500 

17. The method of claim 16 Wherein said second protec 
tive layer has a thickness of from about 150 about 250 

18. The method of claim 1 Wherein step includes 
groWing an epitaxial base in a bipolar WindoW. 

19. The method of claim 18 Wherein said epitaxial base is 
SiGe. 

20. The method of claim 1 Wherein step (g) includes a 
reactive ion etch process. 

21. The method of claim 1 Wherein a portion of said ?rst 
protective layer is not removed. 

22. The method of claim 1 Wherein a portion of said 
second protective layer is not removed. 

23. The method of claim 1 Wherein a portion of said ?rst 
and said second protective layers are not removed. 

24. The method of claim 1 Wherein a plurality of bipolar 
devices and ?eld effect transistor devices are formed. 

25. The method of claim 1 Wherein said ?eld effect 
transistor device is a PFET or an nFET. 


