
(19) United States 
US 20010051413A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0051413 A1 
Chantre et al. (43) Pub. Date: Dec. 13, 2001 

(54) PROCESS FOR FABRICATING A 
SELF-ALIGNED DOUBLE-POLYSILICON 
BIPOLAR TRANSISTOR 

(75) Inventors: Alain Chantre, Seyssins (FR); Michel 
Marty, Varces (FR); Helene Baudry, 
Grenoble (FR) 

Correspondence Address: 
CHRISTOPHER F. REGAN 
Allen, Dyer, Doppelt, Milbrath & Gilchrist, P.A. 
P.O. Box 3791 
Orlando, FL 32802-3791 (US) 

(73) Assignee: STMicroelectronics S.A., Gentilly (FR) 

(21) Appl. No.: 09/796,116 

(22) Filed: Feb. 28, 2001 

(30) Foreign Application Priority Data 

Mar. 6, 2000 (FR) ............................................ .. 0002855 

Publication Classi?cation 

(51) Int. Cl? ................................................ .. H01L 21/331 

(52) Us. 01. ............................................................ ..438/364 

(57) ABSTRACT 
The process includes successively forming, over a base 
region of a semiconductor substrate, a poly-Ge or poly-SiGe 
layer, an etch-stop layer over a selected Zone of the Ge or 
SiGe layer, a layer of poly-Si of the same conductivity type 
as the base region, then an outer layer of dielectric material. 
Etching the layers includes stopping at the stop layer to form 
an emitter Window preform, removing the stop ?lm and 
selectively removing the Ge or SiGe layer in the emitter 
Window preform to form an emitter Window and to form an 
emitter made of poly-Si of conductivity type the opposite of 
the base region in the Window. 
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PROCESS FOR FABRICATING A SELF-ALIGNED 
DOUBLE-POLYSILICON BIPOLAR TRANSISTOR 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to the 
fabrication of double-polysilicon bipolar transistors (i.e. 
extrinsic base and emitter made of polycrystalline silicon 
(poly-Si), in contrast to the single-polysilicon bipolar tran 
sistors With only the emitter made of poly-Si). More par 
ticularly, the present invention relates to a process for 
fabricating a self-aligned double-polysilicon bipolar transis 
tor having an epitaxially-groWn base. 

BACKGROUND OF THE INVENTION 

[0002] The conventional process for fabricating a double 
polysilicon bipolar transistor includes, as shoWn in FIG. 1a, 
forming, in or on a semiconductor substrate 1 having a ?rst 
conductivity type (for example a substrate made of single 
crystal silicon having an n-type conductivity), a region 2 
having a second conductivity type the opposite of the ?rst 
(for example a region made of silicon and/or SiGe alloy of 
p-type conductivity). Thus, a base region 2 of the second 
conductivity type (p) and a collector region underlying the 
base region 2 and of the ?rst conductivity type (n) are 
formed in the substrate 1. The next step includes forming, on 
the base region 2, a ?rst thick layer 3 made of poly-Si of the 
second conductivity type (for example, a heavily-doped p+ 
layer), and, on this thick poly-Si layer 3, a thick layer of a 
dielectric material 4 such as SiO2 or an SiO2/Si3N4 bilayer. 

[0003] An emitter WindoW 5 is then formed by conven 
tional photolithographic etching of the dielectric material 
layer 4 and the thick poly-Si layer 3 doWn to the base region 
2 (FIG. 1b). As shoWn in FIG. 1c, after depositing a 
passivation layer 6 on the sideWalls of the WindoW 5, the 
WindoW 5 is ?lled and the dielectric material layer 4 is 
coated With a second poly-Si layer of the ?rst conductivity 
type (for example heavily doped With n") to form, after 
masking and conventional etching, an emitter region 7 made 
of poly-Si of desired geometry and siZe. The rest of the ?rst 
thick p+-doped poly-Si layer forms the extrinsic base region 
of the transistor, Whereas the remaining part of the thin 
silicon or SiGe alloy layer 2 located under the emitter region 
7, forms the intrinsic base region of the bipolar transistor. 

[0004] The doping of the various layers can be carried out 
conventionally, either in situ, i.e. during the formation of the 
layers, or after formation of the layers by ion implantation. 
Also in a conventional manner, it is possible for the various 
doped layers to undergo activation annealing of the dopants. 
Furthermore, the base region 2 may be conventionally 
formed from a single-crystal SiGe/Si bilayer. 

[0005] The etching of the WindoW 5 usually comprises a 
?rst conventional step of etching the layer of dielectric 
material 4, for example SiO2, stopping on the ?rst poly-Si 
layer 3, then a second step Which is also conventional 
etching of the ?rst thick poly-Si layer 3 stopping at the base 
region 2 (overetching). This overetching may, in practice, 
result in removing the active base region of the transistor, 
therefore leading to a defective device. 

SUMMARY OF THE INVENTION 

[0006] An object of the invention is to provide a process 
for fabricating a double-polysilicon bipolar transistor, While 
avoiding any risk of overetching the active base region of the 
transistor. 
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[0007] It has been found, according to the invention, that 
it is possible to avoid any risk of overetching the active base 
region of a double-polysilicon bipolar transistor during its 
fabrication using a process comprising: (a) the production of 
a substrate comprising a collector region of a ?rst conduc 
tivity type and a base region of a second conductivity type 
the opposite of the ?rst; (b) the formation on the base region 
of an interlayer made of germanium and/or SiGe alloy 
(preferably polycrystalline) of the second conductivity type; 
(c) the formation over a predetermined Zone of the Ge and/or 
SiGe alloy interlayer of an etch-stop ?lm; (d) the formation 
on the interlayer and the etch-stop ?lm of a ?rst thick layer 
made of polycrystalline silicone (poly-Si) of the second 
conductivity type; (e) the formation on the ?rst poly-Si layer 
of an outer layer of a dielectric material; the etching, 
through an appropriate mask, of a WindoW preform in the 
layer of dielectric material and the ?rst thick polysilicon 
layer, stopping on the etch-stop ?lm, then removal in the 
WindoW preform of the etch-stop ?lm; (g) the selective 
removal in the WindoW preform of the Ge and/or SiGe alloy 
layer in order to form an emitter WindoW having a bottom 
formed by an exposed Zone of the base region and of the 
sideWalls; (h) the formation of a passivation layer on the 
sideWalls of the emitter WindoW; the formation of a 
second polysilicon layer of the ?rst conductivity type, so as 
to ?ll the emitter WindoW and cover the outer dielectric 
material layer; and the etching of the second polysilicon 
layer of the ?rst conductivity type in order to form an emitter 
region of the desired geometry and siZe. 

[0008] The processes of forming Ge and/or SiGe alloy 
layers are Well knoWn and it is possible to use, for example, 
conventional chemical vapor deposition (CVD) processes. 
Similarly, polysilicon layers may be formed by any conven 
tional process such as CVD and plasma-enhanced chemical 
vapor deposition (PECVD). The formation of layers made of 
dielectric material, for example SiO2 or Si3N4, such as the 
layer of step (c) and the passivation layer of the sideWalls of 
the emitter WindoW, is also conventional in bipolar transistor 
technology. 

[0009] The Ge and/or SiGe interlayer of step (d) has a 
thickness Which usually varies from 2 to 125 nm and is 
preferably about 2 to 40 nm. The ?rst polysilicon layer 
usually has a thickness of 50 to 250 nm, and preferably of 
125 nm to 250 nm. The doping of these layers is carried out 
conventionally, either by in situ doping With a dopant of 
appropriate conductivity, or, after deposition of the layers, 
by conventional ion implantation of a dopant of appropriate 
conductivity. Conventionally, annealing steps may be car 
ried out in order to activate the dopants. 

[0010] SiGe alloys are Well knoWn. Among these alloys, 
mention may be made of Si1_XGeX Where alloys 0<x<1 and 
Si1_X_yGeXCy Where alloys 0<x§0.95 and 0<y§0.05. Pref 
erably, SiGe alloys With a relatively high germanium con 
tent, usually 10 to 50% at germanium, Will be used, since the 
SiGe alloy etching selectivity With respect to silicon and to 
SiO2 increases With the germanium content of the alloy. 

[0011] The masking and the etching of the various layers 
to form the emitter WindoW preform may be done by any 
process, such as a isotropic etching by dry means, for 
example by plasma. The selective removal of the Ge or the 
SiGe ?lm may be carried out conventionally via a chemical 
oxidant, for example With a 40 ml 70% HNO3+20 ml 
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H2O2+5 ml 0.5% HF solution or by isotropic plasma etch 
ing. This removal is controlled so as to take off that part of 
the poly-Ge or poly-SiGe layer Which is located at the 
bottom of the emitter WindoW preform and possibly so as to 
etch a small fraction of this layer under the ?rst polysilicon 
layer. 

[0012] The presence of the etch-stop ?lm, for eXample 
made of SiO2, means that the etching of the ?rst polysilicon 
layer, Which is usually by plasma etching, Will de?nitely 
stop at the stop ?lm. This is because the plasma etching of 
polysilicon is selective With respect to SiO2 and an end-of 
etching detection signal can be used conventionally. So, 
While the ?rst polysilicon layer is being etched, the inter 
layer de?nitely cannot be etched to such an eXtent that this 
layer is pierced, With consequent etching of or damage to the 
base region. The etching of the stop ?lm and consequently 
of a fraction of the interlayer may then be carried out Without 
risk of damaging the surface of the base region, by using 
knoWn etching techniques Which are gentler and more 
selective. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The rest of the description refers to the appended 
?gures: 
[0014] FIGS. 1a to 1c are schematic cross-sectional vieWs 
of the main steps of a process for fabricating a double 
polysilicon bipolar transistor, according to the prior art; and 

[0015] FIGS. 2a to 26 are schematic cross-sectional vieWs 
of the main steps of a ?rst embodiment of the process 
according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0016] One embodiment of a double-polysilicon bipolar 
transistor With an npn structure, in accordance With the 
process of the invention, Will noW be described With refer 
ence to FIGS. 2a to 26. Of course, the process may also 
apply to a bipolar transistor With a pnp structure. 

[0017] As in the process of the prior art, the process starts 
by producing an n-doped silicon substrate 1 comprising a 
p-doped base region 2. This base region may be formed by 
appropriate doping of the substrate region, immediately 
subj acent to a main surface of the substrate 1, that part of the 
substrate 1 Which remains n-doped then forming a collector 
region. This base region may also be produced by forming 
an appropriately doped SiGe/Si bilayer or SiGe layer on a 
main surface of the substrate. 

[0018] A layer 3 made of Ge or p+-doped SiGe alloy is 
then formed over the base region 2. A stop ?lm 10, for 
eXample made of SiO2 or Si3N4, is formed in a manner 
knoWn per se over a predetermined Zone of the Ge or SiGe 
layer 3, folloWed by a thick p+-doped polycrystalline silicon 
layer, and ?nally an SiO2 layer 5. Usually, the stop ?lm 10 
has a thickness of 10 to 50 nm. After masking (not shoWn), 
the SiO2 layer 5 and the poly-Si layer 4 are etched, for 
eXample by anisotropic dry plasma etching, doWn to the stop 
?lm 10 in order to form an emitter WindoW preform 6 (FIG. 

2b). 
[0019] During this etching of the poly-Si layer 4, as shoWn 
in FIG. 2b, it is certain that the entire poly-Si layer 4 has 
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been etched Without any risk of the interlayer, and subse 
quently the base region 2, being etched. The etching of the 
stop ?lm 10 and the selective etching of the Ge or SiGe layer 
3 are then carried out to eXpose the surface of the base region 
2 and thus complete the opening of the emitter WindoW 6, as 
shoWn in FIG. 2c. This selective removal of the Ge or SiGe 
layer 3 usually leads to slight etching of the layer 3 under the 
remaining parts 10a, 10b of the stop ?lm and the poly-Si 
layer 4 on each side on the sideWalls of the emitter WindoW 
6. 

[0020] NeXt, the process continues conventionally With 
the formation on the sideWalls of the emitter WindoW 6 of a 
passivation layer 7 made of dielectric material, for eXample 
SiO2 or Si3N4, as shoWn in FIG. 2d. Then a second layer of 
n+-doped poly-Si is formed by ?lling in the emitter WindoW 
6 and by covering the outer layer 5 of dielectric material 
Which, after masking, is then conventionally etched to form 
the emitter region 8. The bipolar transistor may then be 
conventionally ?nished by forming contacts and depositing 
an encapsulation layer. 

[0021] Thus, by the process of the invention, a self-aligned 
double-polysilicon bipolar transistor is formed Without any 
risk of overetching the base region 2. 

That Which is claimed is: 
1. Process for fabricating a self-aligned double-polysili 

con bipolar transistor, characteriZed in that it comprises the 
folloWing steps: 

(a) the production of a silicon substrate (1) comprising a 
collector region of a ?rst conductivity type and a base 
region (2) of a second conductivity type the opposite of 
the ?rst; 

(b) the formation on the base region (2) of an interlayer 
(3) made of Ge and/or SiGe of the second conductivity 
type; 

(c) the formation over a predetermined Zone of the 
interlayer (3) of an etch-stop ?lm (10); 

(d) the formation on the interlayer (3) and the etch-stop 
?lm (10) of a ?rst thick layer (4) made of poly-Si of the 
second conductivity type; 

(e) the formation on the ?rst poly-Si layer (4) of an outer 
layer of a dielectric material; 

(f) the etching, through an appropriate mask, of the outer 
layer of a dielectric material and of the ?rst thick 
poly-Si layer (4) stopping on the etch-stop ?lm (10), 
then removal of the corresponding part of the etch-stop 
?lm; 

(g) the selective removal of the Ge and/or SiGe layer in 
order to form an emitter WindoW (6) having a bottom 
formed by an eXposed Zone of the base region (2) and 
of the sideWalls; 

(h) the formation of a passivation layer (7) on the side 
Walls of the emitter WindoW (6); 

(i) the formation of a second poly-Si layer of the ?rst 
conductivity type, so as to ?ll the emitter WindoW (6) 
and cover the outer dielectric material layer (5); and 
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the etching, through an appropriate mask, of the second 
poly-Si layer of the ?rst conductivity type in order to 
form an emitter region (8) of the desired geometry and 
siZe. 

2. Process according to claim 1, characteriZed in that the 
stop ?lm is a ?lm made of dielectric material 

3. Process according to claim 2, characteriZed in that the 
stop ?lm is a ?lm made of SiO2 or Si3N4. 

4. Process according to any one of claims 1 to 3, char 
acteriZed in that the stop ?lm has a thickness of 10 to 50 nm. 

5. Process according to any one of claims 1 to 4, char 
acteriZed in that the Ge and/or SiGe layer (3) has a thickness 
of 20 to 125 nm, and preferably of about 50 nm. 
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6. Process according to any one of the preceding claims, 
characteriZed in that the ?rst thick poly-Si layer (4) of the 
second conductivity type has a thickness of 50 to 250 nm, 
and preferably of 125 to 250 nm. 

7. Process according to any one of the preceding claims, 
characteriZed in that the SiGe alloy contains from 10 to 50 
at % germanium. 

8. Process according to any one of the preceding claims, 
characteriZed in that the outer layer of dielectric material (5) 
is made of SiO2. 

9. Process according to any one of the preceding claims, 
characteriZed in that the passivation layer (7) is made of 
SiO2 or Si3N4. 


