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(57) ABSTRACT

A semiconductor device includes an emitter region, a collec-
tor region and a base region. The emitter region is implanted
in a semiconductor substrate. The collector region is
implanted in the semiconductor substrate. The base region is
disposed between the emitter region and collector region. The
base region includes no more than one L.DD region and no
more than one halo region. The base region contacts directly
with at least one of the emitter region and the collector region.
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SEMICONDUCTOR DEVICES INCLUDING A
LATERAL BIPOLAR STRUCTURE AND
FABRICATION METHODS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of pending U.S.
Provisional Application No. 61/769,577, filed Feb. 26, 2013,
the entirety of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure relates generally to semiconductor
devices. More particularly, it relates to fabrication methods
and semiconductor device including a lateral bipolar struc-
ture.

BACKGROUND

[0003] Silicon semiconductor processing has evolved
sophisticated operations for fabricating integrated circuits.
An integrated circuit may include an interconnected array of
active and passive elements, such as transistors, resistors,
capacitors, and inductors, integrated with or deposited on a
substrate by a series of compatible processes.

[0004] A bipolar junction transistor (BJT or bipolar tran-
sistor) is a type of transistor that relies on the contact of two
types of semiconductor for its operation. BJTs may be used as
amplifiers, switches, or in oscillators. BJTs may be found
either as individual discrete components, or in large numbers
as parts of integrated circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The disclosed method and apparatus may be better
understood with reference to the following drawings and
description. In the figures, like reference numerals designate
corresponding parts throughout the different views.

[0006] FIG. 1 shows a cross-sectional view of a semicon-
ductor device according to a first exemplary embodiment.
[0007] FIG. 2 shows a cross-sectional view of a semicon-
ductor device according to a second exemplary embodiment.
[0008] FIG. 3 shows a cross-sectional view of a semicon-
ductor device according to a third exemplary embodiment.
[0009] FIG. 4 shows a cross-sectional view of a semicon-
ductor structure according to a fourth exemplary embodi-
ment.

[0010] FIG. 5 shows a plot of current gain under different
collector currents of a semiconductor structure according to
an exemplary embodiment.

[0011] FIG. 6 shows an exemplary method to manufacture
a semiconductor device.

DETAILED DESCRIPTION

[0012] The operation of bipolar transistors generally
involves both electrons and holes. These two kinds of charge
carriers are characteristic of the two kinds of doped semicon-
ductor material. In contrast, unipolar transistors such as the
field-effect transistors have only one kind of charge carrier.
Charge flow in a BJT is due to bidirectional diffusion of
charge carriers across a junction between two regions of
different charge concentrations. A BJT includes three regions
called emitter, collector, and base. A discrete transistor has
three leads for connection to these regions. By design, most of
the BJT collector current is due to the flow of charges injected
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from a high-concentration emitter into the base where they
are minority carriers that diffuse toward the collector, and so
BJTs are classified as minority-carrier devices.

[0013] In communication systems, there is an increasing
stringent requirement for in-band phase noise of oscillators.
BJT may be a potential candidate to solve this problem
because of its low flicker noise. CMOS-compatible bipolar
devices such as lateral and vertical BJTs have been consid-
ered while their popularity is prevented by their relatively
larger sizes and lower current gains.

[0014] This disclosure presents a novel structure that can be
fabricated using a sub-30 nm manufacturing process. For
example, the structure may be used to fabricate a complemen-
tary metal-oxide-semiconductor (CMOS) or a BJT using a 20
nm process or a 28 nm process. The fabricated BITs have low
1/f noise and very high current gains.

[0015] FIG. 1 shows an example of a cross-sectional view
of'a semiconductor device 100 according to a first exemplary
embodiment. The semiconductor device 100 may be an NPN
device formed from an n-type metal oxide semiconductor
(NMOS) structure or a PNP device formed from a p-type
metal oxide semiconductor (PMOS) structure. The semicon-
ductor device 100 includes an emitter region 120 and a col-
lector region 130. The emitter region 120 is implanted in a
semiconductor substrate 102. The collector region 130 is also
implanted in the semiconductor substrate 102. The semicon-
ductor device 100 further includes a base region 170 between
the emitter region 120 and the collector region 130. The base
region 170 includes a well 110. The well 110 may be a P well
in an NPN device.

[0016] The semiconductor substrate 102 may be a p-type
substrate made of p-type material. The p-type material may
be obtained by a doping process by adding a certain type of
atoms to the semiconductor in order to increase the number of
positive carriers (holes). Alternatively, the semiconductor
substrate 102 may be an n-type substrate. The well 110 may
be formed by implanting a first material having a first con-
ductivity type into the substrate 102. The wells 140 and 150
may be formed by implanting a second material having a
second conductivity type into the substrate 102. In an NPN
device, the first material may be a p-type material such as
boron or other suitable materials. The second material may be
an n-type material such as phosphorous, arsenic, or other
suitable materials.

[0017] For example, in an NPN device, the emitter region
120 and the collector region 130 are doped with an n-type
material and the base region 170 is doped with a p-type
material. In a PNP device, the emitter region 120 and the
collector region 130 are doped with a p-type material and the
base region 170 is doped with an n-type material.

[0018] InFIG.1, the baseregion 170 contacts directly with
the emitter region 120 and the collector region 130. In other
words, the right edge of the emitter region 120 and the left
edge of the collector 130 completely touch the base region
170. The base region 170 does not include a halo region or a
lightly doped drain (LDD) region between the emitter 120
and the collector 130. Without the halo region or the LDD
region, the fabricated semiconductor device 100 has a better
performance with a higher current gain value.

[0019] The semiconductor device 100 includes a shallow
trench isolation (STI) region 124 on the well 140 and adjacent
to the emitter region 120. The semiconductor device 100
includes a STI region 134 on the well 150 and adjacent to the
collector region 130. The STI region 124 may include a
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dielectric material, such as SiO, or other suitable material.
The STI region 124 provides isolation and protection for the
NMOS structure.

[0020] The semiconductor device 100 further includes a
gate structure 160 disposed on the base region and between
the emitter region 120 and the collector region 130. The gate
structure 160 has a gate upper surface 168. The gate structure
160 is disposed on the well 110. The gate upper surface 168 is
higher than the emitter region 120 and the collector region
130.

[0021] The gate structure 160 includes a gate silicide layer
163, a gate layer 165, and a gate oxide layer 166. The thick-
ness of 163 is between 10 nm and 20 nm. The gate structure
160 may be located between two spacers 162 and 164. The
spacers are typically a dielectric material, such as SiO,,
though any suitable material can be used. The gate layer 165
is on top of the gate oxide layer 166. The gate silicide layer
163 is on top of the layer 165. The gate silicide layer 163 may
include an alloy of metal and silicon. The semiconductor
device 100 may include other silicide layers on top of the
emitter region 120 or on top of the collector region 130. One
use of silicide layers is to form a low resistance interconnec-
tion between other devices with the semiconductor device
100.

[0022] The device 100 may also include a well 104
implanted on the substrate 102 and under the wells 110, 140,
and 150. The well 104 may be a deep N well doped with
n-type material.

[0023] FIG. 2 shows a cross-sectional view of a semicon-
ductor device 200 according to a second exemplary embodi-
ment. One of the differences between the device 100 and the
device 200 is that the base region 170 includes a LDD region
126 and a halo region 128. The L.DD region 126 is disposed
under the gate structure 160 and on the halo region 128. For
example, in a PNP device, the LDD region is doped with
p-type material in the ranges of 5x10*7 cm™ to 5x10"® cm™>,
which means that there are about 5x10'7 to 5x10'® p-type
material atoms per cubic centimeter. The halo region in a PNP
device may have a concentration of n-type material in the
ranges of 5x10'7 cm™ to 5x10'® cm™>, which similarly means
that there are about 5x10'7 to 5x10"® n-type material atoms
per cubic centimeter. In a NPN device, the LDD region is
doped with n-type material in the ranges of 5x10'7 cm™ to
5x10'® em~ and the halo region in the NPN device may have
a concentration of p-type material in the ranges of 5x10"7
cm™> to 5x10"® cm™. Both the LDD region 126 and the halo
region 128 are disposed adjacent to the emitter 120. In the
device 200, the left edge of the collector 130 directly and
completely touches the base region 170.

[0024] FIG. 3 shows a cross-sectional view of a semicon-
ductor device 300 according to a third exemplary embodi-
ment. One of the differences between the device 200 and the
device 300 is that the device 300 further includes a L.-shaped
well 136 in the base region 170 adjacent to the collector 130.
The L-shaped well 136 is disposed partially under the collec-
tor 130 and partially under the gate structure 160. The well
136 may be doped with material that has the same conduc-
tivity as the material in the collector 130. For example, in a
NPN device, the well 136 is an N well doped with n-type
material.

[0025] FIG. 4 shows a cross-sectional view of a semicon-
ductor device 400 according to a fourth exemplary embodi-
ment. One of the differences between the device 300 and the
device 400 is that the base region 170 further includes a layer
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138 adjacent to the L-shaped well 136 and under the gate
structure 160. The layer 138 may be a lightly-doped substrate
layer.

[0026] FIG. 5 shows a plot of current gain under different
collector currents of a semiconductor device according to an
exemplary embodiment. The current gain changes smoothly
when the collector current increases from 107'2A to 1072A.
The maximum current gain is around 30 when the collector
current is around 107°A. Generally, the base width, which is
the distance between emitter and collector, is around 0.01 pm
to 0.1 um. The maximum current gain is reached when the
semiconductor device has a base width around 0.1 pm. The
maximum current gain may be further increased by adjusting
the base width.

[0027] FIG. 6 shows an exemplary method to manufacture
a semiconductor device. In general, the disclosed semicon-
ductor devices may be fabricated using a sub-30 nm manu-
facturing process. The method 600 is for illustration only, and
the processes described below do not have to be carried out in
the described order. Also, other fabrication steps may be
introduced.

[0028] In the fabrication process 600, a STI region is fab-
ricated by etching semiconductor regions in a semiconductor
substrate (610). This may include depositing an etched semi-
conductor substrate with a dielectric material such as SiO,,
though any suitable material can be used, to form shallow
trench isolation regions. For example, fabricating a STI
region 124 adjacent to the emitter region 120 and on the well
140 and another STI region 134 adjacent to the collector
region 130 and on the well 150 provides isolation and pro-
tection to the semiconductor device 400. Forming additional
STI regions may increase the breakdown voltage of the
device.

[0029] A deep N well is fabricated by implanting a semi-
conductor substrate with an appropriate impurity to form a
deep N well (620). This may include implanting an n-type
material into the substrate 102 in FIGS. 1-4. The formed deep
N well 104 is disposed under the base region 170 as shown in
FIGS. 1-4. In FIG. 3, the deep N well 104 is under the wells
140, 110, 136, and 150. In FIG. 4, the deep N well 104 is also
under the layer 138 and the wells 140, 110, 136, and 150.
[0030] A lightly doped layer is fabricated by blocking
p-well implant between two wells having different types of
conductive material (630). This step may further include
implanting a layer of p type material between the P well 110
and the N well 136. The fabricated lightly-doped substrate
layer is adjacent to the collector as illustrated in FIG. 4.
[0031] A base region is fabricated between the emitter
region and the collector region by implanting a conductive
material into the semiconductor substrate (640). This may
include implanting the semiconductor device with a conduc-
tive material that has a different type of conductivity as the
emitter region and the collector region. For example, the
fabricated base region has a p-type material in NPN device
and an n-type material in a PNP device.

[0032] A gate structure is formed by fabricating at least one
semiconductor substrate on the base region (650). This may
include depositing polysilicon on top of the whole semicon-
ductor structure and etching the polysilicon to define a gate
region partially on the base region and between the emitter
and the collector. This may include implanting a semiconduc-
tor substrate with polycrystalline silicon, though any suitable
material can be used, on top of a gate oxide to form the gate
structure. The gate may be doped with appropriate impurity
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depending on the application purpose. The gate may be
formed by high K dielectric and the gate is formed by a work
function metal with additional suitable layer of materials.
[0033] A collector region is fabricated by implanting a
conductive material into the semiconductor substrate (660).
This may include implanting a semiconductor substrate with
an appropriate impurity to form an n-type emitter in a NPN
device or a p-type emitter in a PNP device. In FIGS. 1-4, the
collector region 130 is fabricated adjacent a second STI
region 134. The emitter and the collector have the same con-
ductivity types. For example, both the emitter and the collec-
tor may have a p-type material or an n-type material.
[0034] An emitter region is fabricated by implanting a con-
ductive material into a semiconductor substrate (670). This
may include implanting the semiconductor substrate with an
appropriate impurity to form an n-type emitter in a NPN
device or a p-type emitter in a PNP device. In FIGS. 1-4, the
emitter region 120 is fabricated adjacent a first STI region
124. For example, implanting the substrate with phosphorous
or arsenic, both n-type materials, forms the n-type emitter,
while implanting the substrate with boron, a p-type material,
forms the p-type emitter.
[0035] A spacer may be fabricated by depositing a dielec-
tric material such as SiO, on top of a semiconductor substrate
to form spacers. This may include fabricating a spacer on a
side of polysilicon or dummy polysilicon of the gate structure
after implanting an LDD partially under the gate structure.
The spacer is adjacent to the gate structure. For example, one
spacer is adjacent to the source structure and in contact with
the gate structure and separate the gate structure from the
source structure. The other spacer is adjacent to drain struc-
ture and in contact with the gate structure and a STI region and
separates the gate structure from the raised drain structure.
[0036] The method may further includes forming a silicide
layer that includes depositing metal on top of poly silicon and
then alloy to create silicide, though any suitable material can
be used, on top of the gate, the emitter, and the collector of the
semiconductor device to form the connection between the
fabricated device and a metallization layer. The metallization
layer forms the interconnections between the fabricated
device and other devices.
[0037] The disclosed semiconductor device does not have
two halo region or LDD region. In one embodiment, the
semiconductor device has a single halo region and a single
LDD region in the base region. The base region contacts
directly with at least one of the emitter region and the collec-
tor region. In other embodiments, the semiconductor device
does not include a single halo region or a single LDD region
in the base region. The fabricated devices have better perfor-
mances with high current gains.
[0038] The embodiments disclose are for illustrative pur-
poses only, and are not limiting. Many other embodiments
and implementations are possible within the scope of the
systems and methods. Accordingly, the devices and methods
are not to be restricted except in light of the attached claims
and their equivalents.
1. A semiconductor device, comprising:
an emitter region implanted in a semiconductor substrate;
a collector region implanted in the semiconductor sub-
strate; and
a base region between the emitter region and collector
region,
wherein the base region contacts directly with at least one
of the emitter region and the collector region.
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2. The semiconductor device of claim 1, further comprising
a halo region disposed in the base region and adjacent to the
emitter region.

3. The semiconductor device of claim 1, further comprising
a lightly doped drain (LDD) region disposed in the base
region and adjacent to the emitter region.

4. The semiconductor device of claim 1, further comprising
a gate structure disposed on the base region.

5. The semiconductor device of claim 1, further comprising
a N well adjacent to the collector.

6. The semiconductor device of claim 5, further comprising
a deep N well implanted below the semiconductor substrate.

7. The semiconductor device of claim 5, wherein the emit-
ter region and the collector region are doped with an n-type
material and the base region is doped with a p-type material.

8. The semiconductor device of claim 7, wherein the emit-
ter region and the collector region are doped with a p-type
material and the base region is doped with an n-type material.

9. A semiconductor device, comprising:

an emitter region implanted in a semiconductor substrate;

a collector region implanted in the semiconductor sub-

strate;

a base region between the emitter region and collector

region; and

ahalo region below a lightly doped drain (LDD) region, the

halo region and the LDD region in direct contact the
emitter.

10. The semiconductor device of claim 9, further compris-
ing a gate structure deposited on the base region.

11. The semiconductor device of claim 10, further com-
prising a N well adjacent to the collector.

12. The semiconductor device of claim 10, further com-
prising a deep N well implanted below the semiconductor
substrate.

13. The semiconductor device of claim 12, wherein the
average half-pitch in the semiconductor device is less than 30
nm.

14. The semiconductor device of claim 13, wherein a maxi-
mum current gain of the semiconductor device is around 30
and a width of the base region is around 0.1 pm.

15. The semiconductor device of claim 9, wherein the
emitter region and the collector region are doped with an
n-type material and the base region is doped with a p-type
material.

16. The semiconductor device of claim 9, wherein the
emitter region and the collector region are doped with a
p-type material and the base region is doped with an n-type
material.

17. A semiconductor device, comprising:

an emitter region implanted in a semiconductor substrate;

a collector region implanted in the semiconductor sub-

strate; and

a base region between the emitter region and collector

region, wherein:

the base region comprises a lightly doped drain (LDD)

region adjacent to the emitter region; and

the base region comprises an [.-shaped well partially under

the collector region.

18. The semiconductor device of claim 17, further com-
prising a gate structure on the base region.

19. The semiconductor device of claim 18, wherein the
L-shaped well is an N well partially under the gate structure.
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20. The semiconductor device of claim 19, further com-
prising a shallow trench isolation (STI) region that directly
contacts both the L-shaped well and the collector.
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