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REPEATER EMITTER FOR LATERAL BIPOLAR TRANSISTOR
{0001} Examples of the present disclosure generally relate to bipolar transistors and, in
particular, to manufacturing bipolar transistors.
BACKGROUND
{0002] Bipolar transistors are commonly used in semiconductor devices, especially for high-
speed operation and large drive current applications. The bipolar transistor is formed by a pair of
P-N junctions, wncluding an emitter-base junction and a collector-base junction. An NPN bipolar
function transistor has a thin region of p-type material providing the base region between two
regions of n-type material providing the emitter and collector regions. A PNP bipolar junction
transistor has a thin region of n-type material providing the base region between two regions of p-
type material constituting the emitter and collector regions. The movement of electrical charge
carriers which produces electrical current flow between the coliector region and the emitter region
is controlled by an applied voltage across the enmuitter-base junction,
{0003] A bipolar transistor 100 1s shown in FIG. 1. The bipolar transistor 100 includes an n-
type buried layer (NBL) 102 formed over a substrate 101, The bipolar transistor 100 also includes
an epitaxial layer 104 grown over the NBL 102, The collector region 120 of the bipolar transistor
100 1s a doped region of one conductivity type in epitaxial layer 104, and the base contact region
118 is formed by doped regions of the opposite conductivity type that that of the collector region
120. The base region can be formed by doped (e.g., n-type) regions of the epitaxial layer 104
disposed between the emitter region 116 and the collector region 120, and the base contact region
118 18 connected to the base region. The emiiter region 116 18 a doped region of the same
conductivity type as the collector region 120 and is disposed adjacent to the collector region 120
The bipolar transistor 100 also includes deep trenches 128, 130 to encircle the transistor 100 and
isolate the bipolar transistor 100,
SUMMARY
j0004] This Summary is provided to comply with 37 C.F.R. §1.73, requiring a summary of the
invention briefly indicating the nature and substance of the invention. It is submitted with the

understanding that it will not be used to interpret or limit the scope or meaning of the claims.
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{6005} According to some examples, a semiconductor device includes a substrate, a collector
region in the substrate, and a plurality of emitter regions in the substrate. Each of the plurality
emitter regions are separate from each other, and the plurality of emitter regions is disposed in an
area bounded by the collector region.

{0006] According to some examples, a method for manufacturing a semiconductor device is
described. The method includes forming a collector region in an epitaxial layer of a
semiconductor substrate. The method includes forming a plurality of emitter regions in the
epitaxial layer of the semiconductor substrate. The plurality of emitter regions are disposed in an
area bounded by the collector region.

{6007} According to some examples, a bipolar transistor is described. The bipolar transistor
includes a collector region; and a first emitter region and a second emitter region. The first
emitter region and second emitter region are disposed on a semiconductor substrate in a ring-
shaped area formed by the collector region.

{0008] These and other aspects may be understood with reference to the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

j0009] So that the manner in which the above recited features can be understood in detail, a more
particular description, briefly summarized above, may be had by reference to example
implementations, some of which are illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical example implementations and are
therefore not to be considered limiting of its scope.

[8010] FIG. 1 is a cross-sectional diagram of a bipolar transistor.

{0011} FIG. 21is across-sectional diagram of a bipolar transistor having multiple emitter regions,
according to some examples.

{0012} FIG. 3 is a top view of a bipolar transistor having multiple emitter regions, according to
some examples.

{0013} FIG. 4 is a top view of a bipolar transistor having multiple emitter regions, according to
some examples.

[0014] FIG. 5 is a graph illustrating the change in the current gain as a function of the emitter
area, according to some examples.

j0015] FIG. 6 is a graph illustrating the change in the current gain as a function of the emitter
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area, according to some examples.

j0016] FIG. 7 is a graph illustrating the current gain as a function of collector current density for
devices with different number of fingers, according to some examples.

[0017] FIG. 8 is a top view diagram of a bipolar transistor having multiple emitter regions,
according to some examples.

{0018] FIG. 9 is a flow diagram illustrating manufacturing a bipolar transistor with multiple
emitter regions, according to some examples.

[0019] To facilitate understanding, identical reference numerals have been used, where possible,
to designate identical elements that are common to the figures. It is contemplated that elements of
one example may be beneficially incorporated in other examples.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

{0020} The present invention 18 described with reference to the attached figures, wherein like
reference numerals are used throughout the figures to designate similar or equivalent elements.
The figures are not drawn to scale and they are provided merely to illustrate the instant invention.
Several aspects of the invention are described below with reference to example applications for
thustration. It should be understood that numerous specific details, relationships, and methods are
set forth to provide a full understanding of the invention. One having ordinary skill in the relevant
art, however, will readily recognize that the invention can be practiced without one or more of the
specific details or with other methods. In other instances, well-known structures or operations are
not shown 1o detail to avoid obscuring the invention. The present invention is not limited by the
hustrated ordering of acis or events, as some acts may occur in different orders and/or concurrently
with other acts or events. Furthermore, not all illustrated acts or events are required to implement
a methodology in accordance with the present tnvention.

[0021] Vertical bipolar transistors can be designed to handle higher current by increasing the
emitter length and/or the number of groups of emitter regions (called “fingers”). However, lateral
bipolar transistors are often constructed with circular and/or small square emitters to maximize the
emitter perimeter to enutter area ratio. Circular and/or small square emitters maximize the collector
current, which is proportional to the emitter perimeter, vis-3~-vis the base current, which has a
component proportional to the emitter area. Because of the need to maximize perimeter to area
ratios, the emitter regions of lateral bipolar transistors cannot be siraply scaled to achieve larger

current handling capabilities.
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[0022] The need to maintain emilter perimeter to area ratio f0 maintain bipolar transistor
performance often necessitates arraying a large array of repeated untts of lateral bipolar transistors
to drive large currents, which consumes large silicon area. Additionally, multiple lateral bipolar
transistors impact the cost of the device.

{0023] The area penalty of lateral bipolar unit repetition can be mitigated by integrating the
emitter regions in a collector island region. For example, the collector regions can surround each
emitter region. While integrating the emitters in the collector island region improves the area
density, this combination of the emitters and the collector island region still involves significant
area penalty since each emitter region is separated from every other emitter region by the required
spacing to each collector region. For high voltage devices, this spacing of the combination of the
emitters and the collector island region can be of the order of 10um, resulting in a minimum emitter
to emitter spacing of 20um.

j0024] Examples of the present disclosure involve retaining the circular emitter layout of the
lateral bipolar transistors to maximize the gain. Examples of the present disclosure involve
including multiple emitters associated with a collector region in lateral bipolar transistors to
maintain the total emitter perimeter to area ratio. For example, emitters are repeated in a
rectangular collector ring to minimize the loss of current gain with larger emitter area. The decrease
in current gain with multiple emitter regions is 30-40% less than the other solutions. Also, the
collector does not surround every individual emitter allowing the emitters to be spaced close
together and reducing the silicon area penalty. The multiple emitters are formed in an area
bounded by the collector region with no portion of the collector region extending between the
multiple emitters for that collector region.

{6025] FIG. 2 shows an example cross-sectional view of an integrated circuit 200 including a
bipolar transistor 201 according to an embodiment. Bipolar transistor 201 is developed on a
substrate (not illustrated). In some examples, the substrate may be formed using silicon. The
substrate may be doped with p-type dopants (e.g., group III) elements of the periodic table).
{0026} In some examples, the bipolar transistor 201 includes a buried layer 202. FIG. 2
illustrates an n-type buried layer (NBL) 202. The NBL 202 may be formed by implanting n-type
dopants in the substrate. The NBL 202 isolates active circuitry of the bipolar transistor 201 from
the underlying substrate, effectively eliminating parasitic nonlinear junction capacitances to the

substrate and reducing collector-to-substrate capacitances. The doping concentration of the NBL
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202 can have a range of le!” to 1e!” atoms/cm?®, for example, about 5e'® atoms/cm?®. While the
example bipolar transistor 201 includes an NBL 202, other example bipolar transistors as described
herein can include a p-type buried layer.

{0027} The bipolar transistor 201 includes an epitaxial layer 204. The epitaxial layer 204 can be
formed on the NBL 202 and, in some cases, formed in direct contact with NBL 202. The epitaxial
layer 204 includes a top side and a bottom side. The epitaxial layer 204 is deposited, defined, and
doped with an impurity of the conductivity type matching the base contact regions 218 disposed
on top of the epitaxial layer 204. The doping concentration of the epitaxial layer can have a range
of 5e!* to Se!® atoms/cm’, for example, 1e!” atoms/cm’. In some examples, the substrate of the
bipolar transistor 201 can include the epitaxial layer 204 and of the NBL 202.

{6028] The bipolar transistor 201 includes a plurality of emitter regions 216a, 216b (collectively
emitter regions 216) formed in the top side of the epitaxial layer 204. Each of the emitter regions
216 extend downward into the epitaxial layer 204 to a particular depth (not illustrated) and each
of the emitter regions 216 are separate and discrete. Each of the emitter regions 216 can have their
own doping concentration, and in some examples, can share the same doping concentrations. The
doping concentration of the emitter regions 216 can have a range of le!’ to 1 atoms/cm?, for
example, le' atoms/cm’. Each of the emitter regions 216 abuts the top side of the epitaxial layer
204 of the bipolar transistor 201. The emitter regions 216 can be have a variety of shapes, including
square, rectangular, and/or circular. The bipolar transistor 201 can include any combination of
two or more emitter regions 216 of any shape (square, rectangular, and/or circular) positioned to
maximize the total perimeter of the emitters exposed to the corresponding perimeter of the
collector region 220. Each of the emitter regions 216 may be surrounded by and shorted to a poly
field plate 222, which increases the breakdown voltage between the emitter regions 216 and the
base region 218. Similarly, the collector region 220 may be shorted to a poly field plate 224, which
increases the breakdown voltage between the collector region 220 and the base region 218. While
not shown in FIG. 2, the collector region 220 surrounds the emitter regions 216. FIG. 2 illustrates
a cross-section of the collector region 220 present only at the left and right side of the emitter
regions 216. However, as illustrated in the top view of FIG. 3, the collector region 220 surrounds
the emitter regions 216 and can enable placement of the emitter regions 216 in a single row. The
single row placement of the emitter regions 216 allows for each of the emitter regions 216 to face

a portion of the collector region, thus enabling current conduction between the emitter and the



WO 2022/231884 PCT/US2022/025262

collector.

{6029] By way of example, the bipolar transistor 201 of FIG. 2 includes two emitter regions 216:
a first emitter regions 216a and a second emitter region 216b. However, the bipolar transistor 201
may include any number of emitter regions 216 according to examples described herein.

{0038] In the example of FIG. 2, the first emitter region 216a includes a first lateral side spaced
from and facing the first base contact region 218a as well as an opposite second lateral side (on
the right in FIG. 2) spaced from and facing the second emitter region 216b. Similarly, the second
emitter region 216b includes a first lateral side spaced from and facing the second lateral side of
the first emitter region 216a as well as an opposite second lateral side (on the right in FIG. 2)
spaced from and facing a second base contact region 218b. Any additional emitter regions can be
disposed between the first emitter region 216a and the second emitter region 216b. For example,
a third emitter region can be disposed adjacent to both the first emitter region 216a and the second
emitter region 216b: the third emitter region is spaced from and facing the second lateral side of
the first emitter region 216a and is spaced from and facing the first lateral side of the second emitter
region 216b. In some examples, the emitter regions 216 may be arranged in a row such that each
emitter region is adjacent to another emitter region. By arranging the emitter regions 216 in a row,
more of the emitter regions 216 are exposed to the collector region 220. Furthermore, multiple
emitter regions 216 inside the perimeter of the same collector region 220 maintains the advantage
of a larger emitter implant perimeter to emitter active area ratio. Multiple emitter regions 216
increases the total combined perimeter of the emitters within a given collector region 220 versus a
single emitter perimeter of the same total area. This provides a higher ratio of total perimeter length
for the emitter regions 216 (i.e., the perimeter length of emitter region 216a + the perimeter length
of emitter region 216b + . . . ) within a given collector region 220 to emitter area within the given
collector region 220. A higher ratio of emitter perimeter to emitter area results in higher gain.
{0031} In some examples, base contact regions 218a, 218b (collectively base contact regions
218) are formed in the epitaxial layer 204 of the bipolar transistor 201. The base contact regions
218 extend downward into the epitaxial layer 204 from the top surface of the epitaxial layer 204.
The doping concentration of the base contact regions 218 can have a range about le!” to 1%
atoms/cm’, for example, 1e!® atoms/cm?®. In some examples, the base contact regions 218 have a
doping concentration different from that of the epitaxial layer 204. For example, the base contact

regions 218 have a doping concentration greater than the doping concentration of the epitaxial
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layer 204. As mentioned, the base contact region 218 is disposed adjacent to the emitter regions
on the top surface of the epitaxial layer 204.

[8032] The bipolar transistor 201 further includes a collector region 220. The collector region
220 extends downward in the top surface of the epitaxial layer 204 of the substrate. The multiple
emitter regions are bounded by collector region 220. The lateral bipolar transistor 201 allows a top
side collector contact. In some embodiments, the collector region 220 forms a ring on the epitaxial
layer 204. The emitter regions 216 and the collector region 220 can have the same doping
conductivity type and opposite to that of the epitaxial layer 204 and base contact regions 218. The
doping concentration of the collector region 220 can have a range- of le!’ to 1e*° atoms/cm’, for
example, 1e! atoms/cm?.

{0033] Asillustrated in FIG. 2, the base contact regions 218 are disposed adjacent to the emitter
regions 216 and are spaced from and facing the collector region 220. However, in some examples
such as FIG. 3, an additional base contact region 318 may be provided outside the collector region
220, which is then contacted by back end of line (BEOL) metallization. This favorably impacts
the device performance trading off some silicon area. The base contact region 318 in between the
emitter region 216 and the collector region 220 is retained here to prevent parasitic channels
forming between the emitter region 216 and the collector region 220. The bipolar transistor can
also include an uncontacted base region (such as the uncontacted base region 322 disposed
between the emitter regions 316 and the collector region 320 of FIG. 3). In some examples, the
emitter regions 216 are spaced 2-5 pm (for example, 3 pm) away from each other; the spacing
from an emitter region to the collector region 220 is about 5-12 um (for example, 7.5 pm); and the
spacing from an emitter region to a base contact region 218 is about 2-5 um (for example, 3.5
um).

{0034] In some examples, the bipolar transistor 201 includes deep trench layers 228 and 230.
The deep trench layers 228, 230 are formed to encircle the bipolar transistor 201 and can isolate
the bipolar transistor 201 from other semiconductor devices. The deep trenches 228, 230 may also
be used to contact the doped (e.g., p-type) substrate underneath the NBL 202. In some examples,
the deep trench layers 228 forms a ring on the epitaxial layer 204 and is disposed adjacent to the
collector region 220. The deep trench layers 228, 230 extend from the top of the die to below the
NBL 202.

j0035] In some examples, instead of deep trench layers 228, 230 as illustrated in FIG. 2, the
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bipolar transistor 201 includes p-type isolation (PISO) layer and/or p-type buried layer (PBL)
implants (not illustrated) when the epitaxial layer 204 is n-type. Accordingly, the implants can
replace the deep trench layers 228 and 230 and can form a ring on the epitaxial layer 204 to encircle
the bipolar transistor 201. The implants extend from the surface of the epitaxial layer 204 down
to the NBL 202. The implants can isolate the epitaxial layer 204 from other portions of the
substrate.

[8036] In some examples, instead of a PNP bipolar transistor as illustrated in FIG. 2, NPN
bipolar transistors can also include multiple emitter regions disposed in an area defined by the
collector region. In such examples, the structure and function of the NPN bipolar transistor is
similar to bipolar transistor 201 except that in the NPN bipolar transistor, the dopants are reverse
to provide a NPN transistor cell structure. As stated herein above, functional aspects of NPN
bipolar transistors are similar to the bipolar transistor 201 with reverse dopant and reverse
polarities.

{0037} In some examples, where the bipolar transistor 201 is a lateral NPN transistor with a p-
type epitaxial layer, the bipolar transistor 201 includes deep n-type wells. The deep n-type well
touches the implanted NBL 202 and extends to the top of the die providing a top contact to the
implanted NBL 202. These deep n-type wells may be disposed adjacent to the deep trench layers
228, 230, and may also extend from the top of the die to the NBL 202.

{6038] FIG. 3 is a top view of a bipolar transistor 300 having multiple emitter regions, according
to some examples. The bipolar transistor 300 includes a base contact region 318 disposed around
the collector region 320, and the collector region 320 in turn is disposed around the multiple emitter
regions 316a, 316b, 316¢c, 316d, 316e (collectively emitter regions 316). Accordingly, the
collector region 320 is disposed between the emitter regions 316 and the base contact regions 318.
As illustrated, in some examples, the collector region 320 form a ring around the emitter regions
316 and the base contact region 318 form a rectangle around the ring-shaped collector region 320.
In some examples, the collector region 320 forms a rectangle around the emitter regions 316. The
collector region 320 includes a first side and a second side that are disposed on distal and proximal
sides of the emitter regions. For example, the first side of the collector region 320 is adjacent to
the distal side of each of the emitter regions 316, and the second side of the collector region 320
is adjacent to the proximal side of each of the emitter regions 316. Correspondingly, the base

contact region 318 includes a first side and a second side. The first side of the base contact region
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318 is disposed adjacent to the first side of the collector region 320 and the second side of the base
contact region 318 is disposed opposite to the first side of the base contact region 318. In some
examples, as illustrated, the bipolar transistor 300 can include an uncontacted base region 322
disposed between the emitter regions 316 and the collector region 320, and the uncontacted base
region 322 can have the same potential as the base contact region 318.

{0039] The collector region 320 surrounding the emitter regions 316 increases the inner
perimeter of the collector region 320 exposed to the perimeter of the emitter regions 316. Exposing
more of the inner perimeter of the collector region 320 to the perimeter of the emitter regions 316
ensures the proportionality of collector current to emitter region perimeter.

{6048} FIG. 4 is a top view of a bipolar transistor having multiple emitter regions, according to
some examples. In some examples, the bipolar transistor 400 can include emitter regions 416,
collector region 420, and base contact regions 418 arranged as multiple fingers. Each finger 410,
as illustrated in FIG. 4, includes multiple emitter regions 416, a collector region 420, and a base
contact region 418. Accordingly, the number of emitter regions 416 of bipolar transistor 400 is
more than the number of emitter regions of bipolar transistor 201 of FIG. 2.

{0041} The emitter regions 416 of each finger 410 are arranged adjacent to each other and in a
column. Each finger 410 includes the base contact region 418 disposed as a ring around the emitter
regions 416, and the collector region 420 disposed as a ring around the base contact region 418.
The base contact region 418 of each finger 410 includes a first side and a second side that are
disposed on distal and proximal sides of the respective emitter regions 416. For example, the first
side of the base contact region 418 of each finger 410 is adjacent to the distal side of each of the
respective emitter regions 416, and the second side of the base contact region 418 of each finger
410 1s adjacent to the proximal side of each of the respective emitter regions 416. Correspondingly,
the collector region 420 of each finger 410 includes a first side and a second side. The first side
of the collector region 420 of each finger 410 is disposed adjacent to the first side of the respective
base contact region 418 and the collector region 420 is disposed adjacent to the base contact region
418 of an adjacent finger.

{0042} Each finger 410 can be arranged in a vertical orientation such that the emitter regions 416
form a column of emitter regions 416. Additionally, the collector region 420 of each finger 410
can be shared with each other. For example, the collector region 420 is shared between adjacent

fingers 410 The bipolar transistor 400 includes four fingers 410 but can include any number of
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fingers 410. The use of multiple fingers with multiple emitter regions 416 enables high current
products (e.g., low dropout regulators).

{0043} FIG. 5 is a graph illustrating the change in the current gain as a function of the emitter
area. The current gain is normalized to the current gain of a transistor with a minimum radius.
The graph 500 includes result 502 of a bipolar transistor similar to the bipolar transistor 100 of
FIG. 1 and result 504 of a bipolar transistor similar to the bipolar transistor 201 of FIG. 2. Result
502 show the current gain with a single circular emitter region, where the single emitter region
increases in radius. Result 504 show the current gain with multiple emitter regions. As illustrated,
as the radius of the single emitter region increases, the current gain of result 502 decreases more
rapidly compared to the current gain of result 504 corresponding to a bipolar transistor with
multiple emitter regions.

[8044] FIG. 6 is a graph illustrating the change in the current gain as a function of the emitter
area. The current gain is normalized to the current gain of a transistor with a minimum radius.
The graph 600 includes result 602 of a bipolar transistor similar to the bipolar transistor 100 of
FIG. 1 and result 604 of a bipolar transistor similar to the bipolar transistor 201 of FIG. 2. Result
602 show the current gain with a single rectangular emitter region, where the single emitter region
increases in emitter length. Result 604 show the current gain with multiple emitter regions. As
illustrated, as the length of the rectangular emitter region increases, the current gain of result 602
decreases more rapidly compared to the current gain of result 604 corresponding to a bipolar
transistor with multiple emitter regions.

{8045] FIG. 7is a graph illustrating the current gain as a function of collector current density for
devices with different number of fingers. The graph 700 includes results 702, 704, 706, and 708
of bipolar transistors, each of the bipolar transistors having different number of fingers with emitter
regions. Each of the bipolar transistors have multiple fingers (e.g., fingers 410) and each finger
has four emitter regions (e.g., emitter regions 216). Result 702 show the current gain for a bipolar
transistor with 2 fingers, each finger with four emitter regions. Result 704 show the current gain
for a bipolar transistor with 6 fingers, each finger with four emitter regions. Result 706 show the
current gain for a bipolar transistor with 8 fingers, each finger with four emitter regions. Result
708 show the current gain for a bipolar transistor with 12 fingers, each finger with four emitter
regions. As illustrated in graph 700, the current gain between bipolar transistors with different

number of fingers remains consistent as the number of fingers increases. Accordingly, bipolar
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transistors having multiple fingers with multiple emitter regions can scale the number of fingers
with generally the same current gain.

[0046] FIG. 8 is a top view diagram of a bipolar lateral transistor according to some examples.
The bipolar transistor 800 includes a collector region 220, the base contact region 218, and the
emitter regions 216a, 216b, 216¢c, 216d, 216d, 216e (collectively emitter regions 216). The
collector region 220 of bipolar transistor 800 can be the same collector region 220 of bipolar
transistor 201, the base contact region 218 of bipolar transistor 800 can be the same base contact
region 218 of bipolar transistor 201; and the emitter regions 216 can be the same emitter regions
216 of bipolar transistor 201. By way of example of FIG. 8, the bipolar transistor 800 includes
five emitter regions 216. The emitter regions 216 are arranged adjacent to one another in a row to
maximize the perimeter of the emitter regions 216 exposed to the collector region 220.

{8047} In some examples, all or some of the emitter regions 216 can be electrically shorted to
the same emitter terminal. For example, each of the emitter regions 216 can be connected to the
same emitter terminal. In other examples, emitter regions 216a and 216b are both connected to
one emitter terminal, and emitter regions 216¢, 216d, and 216e are all connected to another emitter
terminal. Accordingly, any combination of emitter regions 216 can be electrically shorted to one
or more same emitter terminal.

j0048] Some emitter regions 216 can be left unconnected or without connections to contacts to
achieve the same current gain as the number of contacted emitter regions. For example, emitter
regions 216a, 216e can be left uncontacted while emitter regions 216b, 216¢, 216d are connected
to contacts (i.e., metal contacts). Leaving the emitter regions 216a, 216e at the end of the row of
emitter regions 216 uncontacted can result in the same current gain as the current gain with three
contacted emitter regions.

{0049] Additionally, some emitter regions 216 can also go to different terminals and the
remaining emitter regions 216 remain floating to minimize interactions between emitters. For
example, emitter regions 216b and 216d can be connected to two different terminals and emitter
regions 216a, 216¢, and 216e are not connected to any terminals and remain “floating” in order to
minimize interactions between emitter regions. Minimizing the interactions between emitter
regions can decrease the dependence of gain on the number of emitter regions of the bipolar
transistor 800.

j0050] FIG. 91s a flow diagram of a process of manufacturing a bipolar transistor with multiple
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emitter regions, according to one example.

[6051] Operations 900 begin with step 902 involving providing a wafer having an epitaxial layer
and a buried layer. The epitaxial layer of the provided wafer and the buried layer of the provided
wafer may be the same epitaxial layer 204 of FIG. 2 and the same NBL 202 of FIG. 2. The epitaxial
layer provided with the wafer has a first conductivity type, and the buried layer provided with the
wafer can have the same conductivity type as the epitaxial layer. The first conductivity type can
be n-type in some examples, and in other examples, the first conductivity type can be p-type.
[8052] Operations 900 continue, optionally, at step 904 with forming trenches in the epitaxial
layer. The formed trenches in the epitaxial layer can be the trenches 228, 230 of FIG. 2. In some
examples, instead of trenches, PISO and/or PBL implants may be used. In some examples,
operations 900 further continues with forming deep n-type wells.

{8053} Operations 900 continue at step 906 with forming a collector region in the epitaxial layer
of the semiconductor device. The collector region formed can be the same collector region 220 of
FIG. 2. The collector region formed in the epitaxial layer of the semiconductor device has a second
conductivity type, and the second conductivity type is different from the first conductivity type of
the epitaxial layer. In some examples, where the first conductivity type of the epitaxial layer is n-
type, the second conductivity type of the collector region is p-type. In other examples, where the
first conductivity type of the epitaxial layer is p-type, the second conductivity type of the collector
region is n-type.

{0054] Operations 900 continue, optionally, at step 908, with forming at least one base contact
region in the epitaxial layer of the semiconductor device. The formed base contact region can be
the same base contact region 218 of FIG. 2. The base contact region formed in the epitaxial layer
of the semiconductor device has a conductivity type that matches the first conductivity type of the
epitaxial layer. Accordingly, in examples where the first conductivity type of the epitaxial layer
is n-type, the conductivity type of the base contact region is also n-type. In examples where the
first conductivity type of the epitaxial layer is p-type, the conductivity of the base contact region
is also p-type. Forming the base contact region can involve forming the base contact region on a
first lateral side of the collector region or forming the base contact region on a second lateral side
of the collector region. Accordingly, the base contact region can be disposed inside the area
formed by the collector region or outside the are formed by the collector region.

[8055] Operations 900 continue with step 908 involving forming the plurality of emitter regions
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in the epitaxial layer of the semiconductor device. Forming the plurality of emitter regions can
occur at the same time as forming the collector region using the same implantation steps, or at
different times. As described above, the plurality of emitter regions formed may have a variety of
shapes (e.g., circular, square, rectangular and the semiconductor device can have any number of
emitter regions. When forming the emitter regions in the epitaxial layer, the emitter regions can
be formed in a row so that each emitter region is adjacent to another emitter region without an
intervening collector region. In some examples, the emitter regions can be formed in an array of
emitter regions with multiple rows and columns. When forming the plurality of emitter regions in
the epitaxial layer, the emitter region, the base contact region, and the collector region may be
disposed on the epitaxial layer of the bipolar transistor as illustrated in FIG. 2. The emitter regions
formed in the epitaxial layer of the semiconductor device each have a second conductivity type,
and the second conductivity type is different from the first conductivity type of the epitaxial layer.
In some examples, where the first conductivity type of the epitaxial layer is n-type, the second
conductivity type of the emitter regions is p-type. In other examples, where the first conductivity
type of the epitaxial layer is p-type, the second conductivity type of the emitter regions is n-type.
[0056] In some examples, operations 900 can involve manufacturing the bipolar transistors in
multiple finger arrangements. When manufacturing the bipolar transistor to include multiple
finger arrangements, operations 900 can involve forming multiple collector regions, multiple base
contact regions, and multiple sets of emitter regions and arrange a collector region, a base contact
region, and a set of emitter regions for each of the finger arrangements. When manufacturing the
bipolar transistor with multiple finger arrangements, operations 900 can involve manufacturing
the multiple finger arrangements as described above, with reference to FIG. 3. As mentioned,
operations 900 can involve forming any number of finger arrangements.

{8057} In some examples, operations 900 can involve forming one or more contacts coupled to
one or more of the emitter regions, to the collector region, and/or to the base contact region.
Forming the one or more contacts coupled to the emitter regions can involve forming one contact
that electrically shorts multiple emitter regions. For example, operations 900 can involve forming
an emitter terminal that electrically shorts more than one emitter region (e.g., emitter region 216a,
216b, 216c¢, 216d, and 216e of FIG. 8). Forming the one or more contacts coupled to the emitter
regions can also involve forming one or more contacts to emitter regions but leaving some of the

emitter regions unconnected. For example, operations 900 can involve forming one or more
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contacts for emitter regions 216b, 216¢ 216d of FIG. 8 while leaving emitter regions 216a and
216e unconnected. In some examples, forming one or more contacts coupled to the emitter regions
can involve connecting some emitter regions to different contacts and leaving other emitter regions
floating. For example, operations 900 can involve forming an emitter contact connected to emitter
regions 216b and 216d of FIG. 8 and leaving emitter regions 216a, 216¢ and 216e of FIG. 10
unconnected to any contacts.

[B0S8] The operations 900 continues with BEOL processing and packaging of the
semiconductor device.

j0059]  Although the exemplary devices described above are configured as n-type transistors, the
invention also includes devices that are configured as p-type transistors or combinations of n-type
or p-type transistors. One of ordinary skill in the art would understand how to fabricate p-type
transistors in accordance with the invention, e.g., by inverting the type of dopants, as compared to
that shown in the figures.

{00608] The semiconductor substrates may include various elements therein and/or layers
thereon. These can include barrier layers, other dielectric layers, device structures, active elements
and passive elements including, source regions, drain regions, bit lines, bases, emitters, collectors,
conductive lines, conductive vias, etc. Moreover, the invention can be based on a variety of
processes including CMOS, BiCMOS and BCD (Bipolar-CMOS-DMOS) technologies.

{6061} While various examples of the present invention have been described above, it should be
understood that they have been presented by way of example only, and not limitation. Numerous
changes to the disclosed examples can be made in accordance with the disclosure herein without
departing from the spirit or scope of the invention. Thus, the breadth and scope of the present
invention should not be limited by any of the above described examples. Rather, the scope of the
invention should be defined in accordance with the following claims and their equivalents.

{0062} Although the invention has been illustrated and described with respect to one or more
implementations, equivalent alterations and modifications will occur to others skilled in the art
upon the reading and understanding of this specification and the annexed drawings. In particular
regard to the various functions performed by the above described components (assemblies,
devices, circuits, systems, etc.), the terms (including a reference to a “means”) used to describe
such components are intended to correspond, unless otherwise indicated, to any component which

performs the specified function of the described component (e.g., that is functionally equivalent),
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even though not structurally equivalent to the disclosed structure which performs the function in
the herein illustrated exemplary implementations of the invention. In addition, while a particular
feature of the invention may have been disclosed with respect to only one of several
implementations, such feature may be combined with one or more other features of the other

implementations as may be desired and advantageous for any given or particular application.

29 (14
2

29 (14
2

Furthermore, to the extent that the terms “including”, “includes”, “having”, “has”, “with”, or
variants thereof are used in either the detailed description and/or the claims, such terms are
intended to be inclusive in a manner similar to the term “comprising.” Unless otherwise stated,

2%

“about,” “approximately,” or “substantially” preceding a value means +/—10 percent of the stated
value.

{0063] The Abstract of the Disclosure is provided to comply with 37 C.F.R. § 1.72(b), requiring
an abstract that will allow the reader to quickly ascertain the nature of the technical disclosure. It
is submitted with the understanding that it will not be used to interpret or limit the scope or meaning

of the following claims.
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CLAIMS
What is claimed is:
1. A semiconductor device, comprising:

a substrate;

a collector region in the substrate,

a plurality of emitter regions in the substrate, each of the plurality emitter regions
separate from each other, wherein the plurality of emitter regions is disposed in an area bounded
by the collector region.

2. The semiconductor device of claim 1, wherein the collector region is shaped to form a
ring in the substrate.

3. The semiconductor device of claim 1, wherein the plurality of emitter regions and the
collector region are arranged to form a finger arrangement.

4. The semiconductor device of claim 3, wherein each of the plurality of emitter regions is
disposed adjacent to another of the plurality of emitter regions in a row.

5. The semiconductor device of claim 1, wherein the collector region comprises a first side
disposed adjacent to a first side of each of the plurality of emitter regions and a second side
disposed adjacent to a second side of each of the plurality of emitter regions.

6. The semiconductor device of claim 1, wherein the semiconductor device comprises a
PNP device and the collector region and each of the plurality of emitter regions comprise p-type
doped material.

7. The semiconductor device of claim 1, wherein the semiconductor device comprises an
NPN device and the collector region and each of the plurality of emitter regions comprise n-type
doped material.

8. The semiconductor device of claim 1, further comprising a base contact region disposed
on the substrate and on an opposite side of the collector region from the plurality of emitter
regions.

9. The semiconductor device of claim 1, further comprising at least one trench isolating the
collector region and the plurality of emitter regions.

10. The semiconductor device of claim 1, further comprising a field plate surrounding the
plurality of emitter region.

11. The semiconductor device of claim 1, further comprising a base contact region between
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the collector region and the plurality of emitter regions.
12. The semiconductor device of claim 1, wherein the substrate comprises a n-type buried
layer and an epitaxial layer disposed on the n-type buried layer.
13. The semiconductor device of claim 12, wherein the epitaxial layer comprises n-type
doped material.
14. The semiconductor device of claim 13, wherein the epitaxial layer comprises p-type
doped material.
15. The semiconductor device of claim 1, further comprising a p-type isolating material and
an p-type buried layer.
16. The semiconductor device of claim 1, wherein at least one of the emitter regions
comprises a circular shape.
17. The semiconductor device of claim 1, wherein at least one emitter region of the plurality
of emitter regions is coupled to an emitter terminal.
18.  The semiconductor device of claim 1, where at least one emitter region of the plurality of
emitter regions is uncoupled from an emitter terminal.
19. The semiconductor device of claim 1, wherein at least two emitter regions of the plurality
of emitter regions are coupled to a same emitter terminal.
20. A method for manufacturing a semiconductor device, comprising:
forming a collector region in an epitaxial layer of a semiconductor substrate; and
forming a plurality of emitter regions in the epitaxial layer of the semiconductor
substrate, where the plurality of emitter regions are disposed in an area bounded by the collector
region.
21. The method of claim 20, further comprising: forming at least one base contact region in
the epitaxial layer of the semiconductor substrate, wherein the at least one base contact region is
disposed adjacent to at least one of the plurality of emitter regions and adjacent to the collector
region.
22. A bipolar transistor, comprising:
a collector region shaped to form a ring; and
a first emitter region and a second emitter region, wherein the first emitter region and
second emitter region are disposed on a semiconductor substrate in an area inside the ring

formed by the collector region.

17



WO 2022/231884 PCT/US2022/025262

o
®
\
/
&
=\{g
~g
o |z S S| g | U=
“: - - -~ H%
i)
© A1z
Q1
5/ \\\\\\
\\ \
/

128



PCT/US2022/025262

2/8

WO 2022/231884

¢ DIA

N
—— w —

N WV
06z~ N\ /] sz 102

N ¥0¢ 4

Nl 0zz +2¢ ez 222 qoiz 22 eolz e esiz vz oz |/

\ \ £ £ /
- f TLrT T f ~
%

00¢



PCT/US2022/025262

WO 2022/231884

3/8

¢ DIA

99L¢ PI9lE 391¢€ q91¢€ egle
, , \ \ \
\ \ / / /
\ \ / / /
\ / /
\ / /
\ / /
©CO0000
|
\
] \
/ \
/ ) \

[ ,
0ce 8le  Tee

00€




222222222222

4/8

22222222222222222

400
\

FIG. 4

420




WO 2022/231884 PCT/US2022/025262
5/8
5(&‘
FIG. 5
1.2
1
Z 0.8
s ] \ 504
= 06 s £ g
n: i
x ]
E 7555555
0.2 502
04— T L L I
0 5 10 15 20 25 30
NORMALIZED EMITTER AREA
600
~

FIG. 6

CURRENT GAIN

02 5

10 100
NORMALIZED EMITTER AREA



WO 2022/231884

6/8

PCT/US2022/025262

902

FIG. 7
904

906

908

NIVO INJHYND

COLLECTOR CURRENT DENSITY



PCT/US2022/025262

WO 2022/231884

7/8

8 DI

812
/
7 7 S S N
( ( ) ) )
%9l P9LT %9l 991z e9le
N
022

008




WO 2022/231884 PCT/US2022/025262

8/8

900

\

902~ PROVIDE A WAFER HAVING EPITAXIAL LAYER

004~ — — — ———— v
\ll: FORM TRENCHES IN THE EPITAXIAL LAYER ]
906~ FORM THE COLLECTOR REGION
oo 7
FORM AT LEAST ONE BASE REGION
A __ FORMATLEAST ONE BASEREGION N
908 T

910~ FORM THE PLURALITY OF EMITTER REGIONS

FIG. 9




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/025262

A. CLASSIFICATION OF SUBJECT MATTER
INV. HO01L29/735 HO1L29/08 HO1L29/06 HO1L21/331

ADD. HO01L29/417 H011L.29/40

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1lL

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007/205487 Al (IKEDA TATSUHIKO [JP]) 1-7,10,
6 September 2007 (2007-09-06) 11,16,
17,19-22
Y paragraph [0038] - paragraph [0066] 8,9,
paragraph [0084] 12-14
A paragraph [0094] - paragraph [0095] 15,18

paragraph [0125]
figures 1-3,19

X US 6 034 413 A (HASTINGS ROY A [US] ET AL) 1-3,5-7,
7 March 2000 (2000-03-07) 11-15,
17,19-22
Y column 6, line 50 - column 7, line 33 8,9
A figures 3,4 4,10,1s6,
18
-/—
|__K| Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other """ document of . . - - -
. b particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
8 July 2022 18/07/2022
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Kostrzewa, Marek

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/025262

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

paragraph [0022] - paragraph [0026]
figure 2

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2020/105900 Al (PAN CHEN-WEI [TW] ET 1-7,
AL) 2 April 2020 (2020-04-02) 9-14,17,
19-22
A paragraph [0022] - paragraph [0033] 8,15,16,
figures 1-2 18
X US 4 596 976 A (MANGELSDORF CHRISTOPHER W 1,3,5-7,
[US] ET AL) 24 June 1986 (1986-06-24) 12-21
Y column 3, line 8 - line 51 9
A figures 3-6 2! 4! 8!
10,11, 22
Y US 2004/089877 Al (ZHENG JIE [US] ET AL) 8,9,
13 May 2004 (2004-05-13) 12-14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2022/025262
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007205487 Al 06-09-2007 JP 2007242722 A 20-09-2007
Us 2007205487 A1l 06-09-2007
Us 2009160025 Al 25-06-2009
US 6034413 A 07-03-2000 NONE
US 2020105900 Al 02-04-2020 W 202015240 A 16-04-2020
Us 2020105900 A1 02-04-2020
US 4596976 A 24-06-1986 JP S$6163112 A 01-04-1986
Us 4596976 A 24-06-1986
US 2004089877 Al 13-05-2004 AU 2003268312 A1l 03-06-2004
W I239103 B 01-09-2005
Us 2004089877 Al 13-05-2004
WO 2004044988 A1l 27-05-2004

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

