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(57) ABSTRACT 

A method for manufacturing a semiconductor device 
includes forming a buried layer of a semiconductor sub 
strate. An active region is formed adjacent at least a portion 
of the buried layer. At least part of the active region is 
removed to form a shalloW trench opening. Adielectric layer 
is formed proximate the active region at least partially 
Within the shalloW trench opening. At least part of the 
dielectric layer is removed to form a collector contact 

region. A collector contact may be formed at the collector 
contact region. The collector contact may be operable to 
electrically contact the buried layer. 
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METHOD FOR MANUFACTURING AND 
STRUCTURE OF SEMICONDUCTOR DEVICE 
WITH SHALLOW TRENCH COLLECTOR 

CONTACT REGION 

RELATED APPLICATIONS 

[0001] This application is related to Application Ser. No. 
, entitled “Method for Manufacturing and Structure 

of Semiconductor Device With Sinker Contact Region,” ?led 
on Oct. 1, 2001. 

TECHNICAL FIELD OF THE INVENTION 

[0002] This invention relates generally to semiconductor 
or devices and, more speci?cally, to a semiconductor device 
With a shalloW trench collector contact region and a method 
of manufacturing the same. 

BACKGROUND OF THE INVENTION 

[0003] In advanced bipolar and BiCMOS technologies, 
electrical contact to buried layers plays a key role in the 
performance of the technology. A sinker contact is generally 
required to reduce the resistance of the collector contact. In 
a standard process integration sequence, collector sinkers 
are realiZed by using high-energy ion implantation of p-type 
or n-type dopants into the collector epitaxy. Dopant activa 
tion and diffusion are then realiZed by a thermal step 
(furnace or rapid thermal anneal). The diffusion penetrates 
into the collector epitaxial layer to contact the underlying 
buried layer. 

[0004] To accomplish this, one or tWo lithographic steps 
CO) are necessary to selectively introduce dopants into the 
collector epitaxy. Moreover, high-energy high-dose ion 
implant capability is used for higher voltage applications in 
Which thick collector epitaxy is used to guarantee high 
breakdoWn characteristics. 

[0005] This can lead to a bottleneck in manufacturing 
since the total time required to achieve the proper dose at 
these energies is limited by the equipment and thus sloWs 
doWn the processing of Wafers. Furthermore, high energy 
implants require signi?cantly thicker photoresist masks 
Which make it more dif?cult to control critical dimensions 
during implants. It is also possible that some of the high 
energy implants can reach through the photoresist and 
potentially contaminate critical devices or structures. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a semiconductor 
device and method for manufacturing the same that sub 
stantially eliminates or reduces at least some of the disad 
vantages and problems associated With the previously devel 
oped semiconductor devices and methods for manufacturing 
the same. 

[0007] In accordance With a particular embodiment of the 
present invention, a method for manufacturing semiconduc 
tor device includes forming a buried layer of semiconductor 
substrate. An active region is formed adjacent at least a 
portion of the buried layer. At least part of the active region 
is removed to form a shalloW trench opening. A dielectric 
layer is formed proximate the active region at least partially 
Within the shalloW trench opening. At least part of the 
dielectric layer is removed to form a collector contact 
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region. A collector contact may be formed at the collector 
contact region. The collector contact may be operable to 
electrically contact the buried layer. 

[0008] In accordance With another embodiment, a semi 
conductor device includes a buried layer of a semiconductor 
substrate. An active region is adjacent at least a portion of 
the buried layer. A shalloW trench isolation structure is 
adjacent at least a portion of the active region. A collector 
contact region is adjacent at least a portion of the shalloW 
trench isolation structure. The collector contact region has a 
depth approximately equal to a depth of the shalloW trench 
isolation structure. The semiconductor device may include a 
collector contact formed at the collector contact region. The 
collector contact may be operable to electrically contact the 
buried layer. 

[0009] Technical advantages of particular embodiments of 
the present invention include a method of manufacturing a 
semiconductor device utiliZing shalloW trench isolation to 
make an electrical contact With a buried layer. Such a 
method requires less lithographic steps to complete the 
manufacturing process since separate sinker masks are not 
needed to electrically contact the, buried layer. Accordingly, 
the total time it takes to manufacture the semiconductor 
device and the labor resources and costs required are 
reduced. 

[0010] Another technical advantage of particular embodi 
ments of the present invention includes a method of manu 
facturing a semiconductor device that does not require high 
energy ion implantation to make the contact betWeen a 
collector and the buried layer since the collector can be 
formed Within a shalloW trench and therefore closer in 
proximity to the buried layer. This can reduce the amount of 
time it takes to manufacture semiconductor device. It can 
also decrease the potential for contamination of critical 
devices or structures since the use of high energy implants 
can lead to such contamination during the manufacturing 
process. 

[0011] Other technical advantages Will be readily apparent 
to one skilled in the art from the folloWing ?gures, descrip 
tions and claims. Moreover, While speci?c advantages have 
been enumerated above, various embodiments may include 
all, some or none of the enumerated advantages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a more complete understanding of the particu 
lar embodiments of the invention and their advantages, 
reference is noW made to the folloWing descriptions, taken 
in conjunction With the accompanying draWings, in Which: 

[0013] FIG. 1 is a cross-sectional diagram illustrating a 
semiconductor device With collector contact regions at one 
stage of a manufacturing process, in accordance With a 
particular embodiment of the present invention; 

[0014] FIG. 2 is a cross-sectional diagram illustrating a 
semiconductor device With an active region and a buried 
layer at one stage of a manufacturing process, in accordance 
With a particular embodiment of the present invention; 

[0015] FIG. 3 is a cross-sectional diagram illustrating the 
semiconductor device of FIG. 2 at another stage of a 
manufacturing process shoWing openings for shalloW trench 
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isolation structures and collector contact regions, in accor 
dance With a particular embodiment of the present invention; 

[0016] FIG. 4 is a cross-sectional diagram illustrating the 
semiconductor device of FIG. 3 With a dielectric layer and 
photoresist at another stage of a manufacturing process, in 
accordance With a particular embodiment of the present 
invention; 
[0017] FIG. 5 is a cross-sectional diagram illustrating the 
semiconductor device of FIG. 4 With collector contact 
regions at another stage of a manufacturing process, in 
accordance With a particular embodiment of the present 
invention; 
[0018] FIG. 6 is a cross-sectional diagram illustrating the 
semiconductor device of FIG. 5 With collector contact 
regions and shalloW trench isolation structures at another 
stage of a manufacturing process, in accordance With a 
particular embodiment of the present invention; 

[0019] FIG. 7 is a cross-sectional diagram illustrating a 
semiconductor device With collector and emitter contacts at 
one stage of a manufacturing process, in accordance With a 
particular embodiment of the present invention; 

[0020] FIG. 8 is a cross-sectional diagram illustrating a 
semiconductor device With a dielectric layer and photoresist 
at one stage of a manufacturing process, in accordance With 
a particular embodiment of the present invention; 

[0021] FIG. 9 is a cross-sectional diagram illustrating the 
semiconductor device of FIG. 8 With collector contact 
regions and shalloW trench isolation spacers at another stage 
of a manufacturing process, in accordance With a particular 
embodiment of the present invention; and 

[0022] FIG. 10 is a cross-sectional diagram illustrating the 
semiconductor device of FIG. 9 With collector and emitter 
contacts at another stage of a manufacturing process, in 
accordance With a particular embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] FIG. 1 illustrates a semiconductor device 10 at one 
stage of a manufacturing process, in accordance With an 
embodiment of the present invention. Semiconductor device 
10 includes collector contact regions 26 formed using meth 
ods of the present invention. Collector contact regions 26 
provide areas for collector contacts to be subsequently 
formed. Collector contact regions 26 are formed betWeen 
shalloW trench isolation structures 24. Subsequently forming 
collector contacts Within collector contact regions 26 Will 
facilitate electrical contact betWeen the collector contacts 
and a buried layer 16. Such electrical contact alloWs for the 
How of an electrical current betWeen the collector contacts 
and buried layer 16. 

[0024] Forming collector contact regions 26 and locating 
collector contacts Within such regions requires less litho 
graphic steps to complete the manufacturing process since 
sinkers are not needed to make the electrical contact With the 
buried layer. Furthermore, high energy ion implantation is 
not required for a collector to electrically contact the buried 
layer since the collector can be formed Within collector 
contact regions 26. This can reduce the amount of time it 
takes to manufacture semiconductor device 10. It can also 
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decrease the potential for contamination of critical devices 
or structures since the use of high energy implants can lead 
to such contamination during the manufacturing process. 

[0025] Semiconductor device 10 includes semiconductor 
substrate 11 Which comprises a Wafer 13. As discussed in 
greater detail beloW, in this embodiment semiconductor 
substrate 11 also includes an oXide layer 14 and a buried 
layer 16. An active region 18 is disposed adjacent buried 
layer 16. Deep trench isolation structures 20 are also adja 
cent buried layer 16. A nitride layer 22 is adjacent active 
region 18. 

[0026] FIG. 2 illustrates a semiconductor device 10 at one 
stage of a manufacturing process, in accordance With an 
embodiment of the present invention. Semiconductor sub 
strate 11 comprises Wafer 13, Which is formed from a single 
crystalline silicon material., Semiconductor substrate 11 
may comprise other suitable materials or layers Without 
departing from the scope of the present invention. For 
eXample, semiconductor substrate 11 may include a recrys 
talliZed semiconductor material, a polycrystalline semicon 
ductor material or any other suitable semiconductor mate 
rial. 

[0027] Semiconductor device 10 includes an oXide layer 
14. OXide layer 14 may be formed by any of a variety of 
techniques Well knoWn to those skilled in the art and may 
comprise any suitable oxide. Other embodiments of the 
present invention may not include an oXide layer. 

[0028] Buried layer 16 is formed Within semiconductor 
substrate 11 using any of a variety of techniques Well knoWn 
to those skilled in the art. Buried layer 16 may either be 
negatively-doped to form a negative buried layer (“NBL”) 
or positively-doped to form a positive buried layer (“PBL”). 
In an NBL, electrons conduct electricity during operation of 
semiconductor device 10, While holes conduct electricity in 
a PBL. Any of a number of dopants may be used to form an 
NBL, such as arsenic, phosphorus or antimony; and dopants 
such as boron or indium may be used to form a PBL. 

[0029] Active region 18 is formed adjacent buried layer 
16. Active region 18 is a substantially undoped or lightly 
doped region. Active region 18 may contain some diffusion 
of atoms from buried layer 16 migrating upWard. Active 
region 18 may be formed by any of a variety of techniques 
Well knoWn to those skilled in the art, such as epitaXial 
groWth. 

[0030] In the illustrated embodiment, deep trench isolation 
structures 20 are formed adjacent buried layer 16. Deep 
trench isolation structures 20 provide isolation betWeen 
elements of semiconductor device 10 during use of semi 
conductor device 10. Other embodiments of the present 
invention may or may not include deep trench isolation 
structures 20 or may provide isolation betWeen elements of 
a semiconductor device in other Ways, such as through 
diffusion. 

[0031] Deep trench isolation structures 20 may be formed 
using photoresist and etching. Other means knoWn to those 
of ordinary skill in the art may also be used to form deep 
trench isolation structures 20. Deep trench isolation struc 
tures 20 may be ?lled With a suitable semiconductive 
material such as intrinsic polycrystalline silicon or a suitable 
insulative material such as silicon dioXide. Such material 
may be deposited Within deep trench isolation structures 20 
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using a suitable deposition process such as chemical vapor 
deposition. Deep trench isolation structures include a liner 
oxide 23 formed around at least some of the edges of deep 
trench isolation structures 20 in accordance With techniques 
Well knoWn to those of ordinary skill in the art. Other 
embodiments may not include liner oxide 23. 

[0032] Nitride layer 22 is formed adjacent active region 
18. Nitride layer 22 may be formed by any of a variety of 
techniques Well knoWn to those of ordinary skill in the art. 
For example, a nitride may be deposited upon active region 
18. Aphotoresist may be formed upon the nitride. A solvent 
may be used to remove portions of the photoresist and the 
deposited nitride, leaving photoresist portion 25 and nitride 
layer 22. Other embodiments of the invention may or may 
not include nitride layer 22. 

[0033] FIG. 3 illustrates semiconductor device 10 of FIG. 
2 at a further stage in the manufacturing process. Openings 
21 have been formed through a masking and etching pro 
cess. Portions of active region 18 have been etched aWay in 
the formation of openings 21. Openings 21 provide a loca 
tion for subsequent formation of shalloW trench isolation 
structures and collector contact regions, discussed in greater 
detail beloW. 

[0034] FIG. 4 illustrates semiconductor device 10 of FIG. 
3 at a further stage in the manufacturing process. Dielectric 
layer 30 is formed adjacent active region 18. Dielectric layer 
30 may comprise any suitable dielectric, such as tetraethyl 
orthosilicate (TEOS) or borophosphosilicate glass (BPSG). 
Dielectric layer 30 may also comprise a material With a loW 
dielectric coefficient. Dielectric layer 30 may be formed by 
any of a variety of techniques Well knoWn to those of 
ordinary skill in the art. 

[0035] Semiconductor device 10 may also include other 
layers, such as a liner oxide formed prior to the formation of 
dielectric layer 30. Such liner oxide may have a thickness on 
the order of ten nanometers. 

[0036] Aphotoresist is formed adjacent dielectric layer 30. 
An reverse shalloW trench isolation (“RSTI”) mask is used 
to cover the photoresist in all areas except area 29 above an 
active region 18 and areas 27 above Where collector contacts 
Will be formed later in the manufacturing process. The 
photoresist is then exposed to a solvent Which removes 
portions of the photoresist not covered by the RSTI mask, 
leaving photoresist adjacent dielectric layer 30. 

[0037] FIG. 5 illustrates semiconductor device 10FIG. 4 
at a further stage in the manufacturing process. Collector 
contact regions 26 have been formed. An etchant, plasma or 
other material is used to react With the areas of dielectric 
layer 30 of FIG. 4 Which Were not covered by photoresist 
31. Such areas of dielectric layer 30 are etched aWay leaving 
collector contact regions 26 Where collector contacts Will be 
subsequently formed. Collector contact regions 26 may have 
a depth of approximately 3,000 to 10,000 angstroms. 

[0038] FIG. 6 illustrates semiconductor device 10 of FIG. 
5 at a further stage in the manufacturing process. Photoresist 
31 of FIG. 5 has been removed. Portions of dielectric layer 
30 have been grinded aWay using a chemical, mechanical 
polishing method in accordance With techniques Well knoWn 
to those skilled in the art, leaving shalloW trench isolation 
structures 24. 
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[0039] ShalloW trench isolation structures 24 are adjacent 
a portion of active region 18. ShalloW trench isolation 
structures 24 provide isolation betWeen active regions of 
semiconductor device 10. ShalloW trench isolation struc 
tures 24 may have a depth of approximately 3,000 to 10,000 
angstroms. The depth of shalloW trench isolation structures 
24 may also be equal to the depth of collector contact 
regions 26 due to the formation process of shalloW trench 
isolation structures 24. 

[0040] As stated above, collector contacts may be subse 
quently formed Within collector contact regions 26. This Will 
enable the collector contacts to be formed closer to buried 
layer 16, reducing the need for ion implantation steps or 
other methods to facilitate the electrical contact betWeen the 
collector contacts and buried layer 16. 

[0041] Forming collector contacts Within collector contact 
regions 26 in this manner provides several technical advan 
tages. Less lithographic steps are needed to complete the 
process since the openings for the formation of the collector 
contacts are formed When forming shalloW trench isolation 
structures 24. Furthermore, high energy ion implantation 
may not be required for a subsequently-formed collector to 
electrically contact buried layer 16 since the collector can be 
formed Within collector contact regions 26. 

[0042] Standard processing steps are undertaken to com 
plete the manufacture of semiconductor device 10. Such 
processing steps may include the formation of base layers, 
dielectric portions, silicide portions, spacers and other layers 
and/or structures Well knoWn to those skilled in the art. 
Appropriate metal interconnections are formed and passi 
vation is undertaken. Source/drain or extrinsic base ion 
implants and diffusion may be performed to further com 
plete the connection With buried layer 16. Other appropriate 
methods or steps may be performed to complete the manu 
facture of semiconductor device 10. 

[0043] FIG. 7 illustrates a semiconductor device 50 at one 
stage of a manufacturing process, in accordance With an 
embodiment of the present invention. Semiconductor device 
50 includes collector contact regions 66 formed using tech 
niques of the present invention. Collector contacts may be 
subsequently formed Within collector contact regions 66 to 
provide electrical contact With a buried layer 56 Without 
using sinkers that require extra lithographic steps and high 
energy implants. 

[0044] Semiconductor device 50 includes semiconductor 
substrate 51 Which comprises Wafer 53. Semiconductor 
substrate 51 includes oxide layer 54, buried layer 56, active 
region 58 and nitride layer 62. Buried layer 16 may either be 
negatively-doped to form an NBL or positively-doped to 
form a PBL. 

[0045] Semiconductor device 50 includes deep trench 
isolation structures 60 Which provide isolation betWeen 
elements of semiconductor device 50 during use of semi 
conductor device 50. ShalloW trench isolation structures 64 
provide isolation betWeen active regions of semiconductor 
device 50. 

[0046] Semiconductor device 50 includes a base layer 7 
that comprises a polysilicon material, such as a silicon 
germanium polysilicon. Through the formation of base layer 
70, residual portions 71 exist Within collector contact 
regions 66. Semiconductor device 50 also includes spacers 
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72 Which comprise any suitable material, such as a nitride or 
a material With a loW dielectric coefficient. 

[0047] An emitter contact layer 76 is formed adjacent base 
layer 70. Emitter contact layer 76 comprises polysilicon 
material. Dielectric portions 78 are formed adjacent emitter 
contact 76 using any of a variety of techniques Well knoWn 
to those of ordinary skill in the art. Silicide layers 74 are 
formed and source/drain G implants 80 are made to facilitate 
the electrical connection betWeen collector contacts 82 and 
buried layer m 56 Within collector contact regions 66. 
Collector contacts 82, emitter contact 84 and base contacts 
86 are formed adjacent silicide layers 74. Collector contacts 
82, formed Within collector contact regions 66, may elec 
trically contact buried layer 56. 

[0048] FIG. 8 illustrates a semiconductor device 110 at 
one stage of a manufacturing process, in accordance With 
another embodiment of the present invention. Semiconduc 
tor device 110 includes semiconductor substrate 111 Which 
comprises Wafer 113, oxide layer 114, buried layer 116 and 
active region 118. Nitride layer 122 is formed adjacent 
active region 118. Deep trench isolation structures 120 With 
liner oxide 123 are formed adjacent a portion of buried layer 
116. Dielectric layer 130 is formed adjacent active region 
118. Photoresist 131 is formed adjacent portions of dielectric 
layer 130. 

[0049] FIG. 9 illustrates semiconductor device 110 of 
FIG. 8 at a further stage in the manufacturing process. 
Collector contact regions 126 and shalloW trench isolation 
spacers 134 have been formed. An etchant, plasma or other 
material is used to react With the areas of dielectric layer 130 
of FIG. 8 Which Were not covered by photoresist 131. Such 
areas of dielectric layer 131 are etched aWay leaving col 
lector contact regions 126 and shalloW trench isolation 
spacers 134. 

[0050] This process of formation can enable a manufac 
turer to form collector contact regions 126 having a speci?c 
Width. For example, the lateral dimension of collector con 
tact regions 126 can be smaller than collector contact 
regions 126 formed Without shalloW trench isolation spacers 
134. This method can also help to minimiZe parasitics and 
resistances during the operation of semiconductor device 
110 as a result of a smaller lateral dimension of collector 
contact regions 126. Furthermore, residuals that can accu 
mulate Within collector contact regions 126 during the 
subsequent manufacturing process can be reduced or elimi 
nated. 

[0051] FIG. 10 illustrates semiconductor device 110 of 
FIG. 9 at a further stage in the manufacturing process. 
Semiconductor device 110 includes shalloW trench isolation 
structures 124, base layer 170, residual portions 171, spacers 
172, silicide layers 174, emitter contact layer 176, dielectric 
portions 178, source/drain implants 180, collector contacts 
182, emitter contact 184 and base contacts 186. Collector 
contacts 182 are formed Within collector contact regions 
126. Components of semiconductor device 110 may be 
formed according to the techniques discussed herein With 
regard to other embodiments of the present invention. 

[0052] The illustrated embodiments incorporate embodi 
ments of the invention in a bipolar technology. Particular 
embodiments of the present invention may be incorporated 
into bipolar complementary metal oxide semiconductor 

Oct. 21, 2004 

(BiCMOS) and complementary bipolar complementary 
metal oxide semiconductor (CBiCMOS) that utiliZe shalloW 
trench isolation as Well. Other technologies Well knoWn to 
those of ordinary skill in the art may utiliZe particular 
embodiments of the present invention as Well. 

[0053] Although particular con?gurations and methods 
have been illustrated for particular embodiments of the 
present invention, other embodiments may include other 
con?gurations and/or methods. The present invention has 
been described in detail; hoWever, various changes and 
modi?cations may be suggested to one skilled in the art. It 
is intended that the present invention encompass such 
changes and modi?cations as falling Within the scope of the 
appended claims. 

1. A method for manufacturing a semiconductor device, 
comprising: 

forming a buried layer of a semiconductor substrate; 

forming an active region adjacent at least a portion of the 
buried layer; 

removing at least part of the active region to form a 
shalloW trench opening; 

forming a dielectric layer proximate the active region at 
least partially Within the shalloW trench opening; and 

removing at least part of the dielectric layer to form a 
collector contact region. 

2. The method of claim 1, further comprising forming a 
collector contact at the collector contact region, the collector 
contact operable to electrically contact the buried layer. 

3. The method of claim 1, Wherein the collector contact 
region has a depth of approximately 3,000 to 10,000 ang 
stroms. 

4. The method of claim 1, Wherein removing at least part 
of the dielectric layer comprises: 

masking a ?rst portion of the dielectric layer; and 

etching a second portion of the dielectric layer to form a 
collector contact region. 

5. The method of claim 1, Wherein removing at least part 
of the dielectric layer comprises forming a shalloW trench 
isolation structure adjacent at least a portion of the active 
region. 

6. The method of claim 1, further comprising forming a 
?rst isolation structure adjacent at least a portion of the 
buried layer. 

7. The method of claim 6, Wherein the ?rst isolation 
structure comprises a deep trench isolation structure. 

8. The method of claim 7, Wherein the deep trench 
isolation structure comprises a liner oxide. 

9. The method of claim 1, Wherein removing at least part 
of the dielectric layer comprises forming a shalloW trench 
isolation spacer adjacent at least a portion of the active 
region. 

10. The method of claim 1, further comprising forming an 
oxide layer adjacent at least a portion of the buried layer. 

11. The method of claim 1, further comprising forming an 
emitter contact of the semiconductor device proximate the 
active region. 

12-20 (cancelled). 


