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(54) SEMICONDUCTOR DEVICE, PREPARATION METHOD THEREFOR AND ELECTRICAL 
EQUIPMENT THEREOF

(57) Disclosed are a semiconductor device, a prep-
aration method therefor and electrical equipment thereof.
The semiconductor device comprises a silicon substrate,
a bootstrap electrode, and an insulating layer. An emitter
electrode, a gate electrode, and a collector electrode are
formed on the silicon substrate. The bootstrap electrode
is formed on the silicon substrate. The insulating layer is
formed on the silicon substrate and is located between

the emitter electrode and the bootstrap electrode, so that
a bootstrap capacitor is formed between the emitter elec-
trode and the bootstrap electrode. The semiconductor
device of the present application is integrated with a boot-
strap capacitor, and there is no need to additionally con-
nect the bootstrap capacitor in the circuit, thereby sim-
plifying the circuit structure
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Description

[0001] The present application claims priority of Chi-
nese Patent Application No. 201911054305.X, in the title
of "SEMICONDUCTOR DEVICE, PREPARATION
METHOD THEREFOR AND ELECTRICAL EQUIP-
MENT THEREOF", filed on October 31, 2019, the entire
contents of which are hereby incorporated by reference
in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of
semiconductor technologies, and in particular to a sem-
iconductor device, a preparation method therefor and an
electrical equipment thereof.

BACKGROUND

[0003] Semiconductor devices are used in most cur-
rent circuit structures, and even multiple semiconductor
devices in a silicon-substrate-integrated circuit structure
can be used. However, at present, multiple semiconduc-
tor devices made from a silicon substrate cannot form a
complete circuit and are required to be connected with
external electrical components to form a complete circuit.
The circuit structure is thus complicated. For example,
the IPM module 100 in FIG. 1 is required to be connected
with the bootstrap capacitors 131-133 on the periphery,
together with an integrated bootstrap diode to achieve
the complete bootstrap function.

SUMMARY OF THE DISCLOSURE

[0004] The main purpose of the present disclosure is
to provide a semiconductor device, a preparation method
therefor and an electrical equipment thereof. The semi-
conductor device is integrated with a bootstrap capacitor,
and there is no need to additionally connect a bootstrap
capacitor in the circuit, thereby simplifying the circuit
structure.
[0005] To achieve the above objective, a technical so-
lution adopted in the present disclosure is to provide a
semiconductor device, comprising: a silicon substrate,
wherein an emitter, a gate, and a collector are formed on
the silicon substrate; a bootstrap electrode, formed on
the silicon substrate; and an insulating layer, formed on
the silicon substrate and disposed between the emitter
and the bootstrap electrode; wherein a bootstrap capac-
itor is formed between the emitter and the bootstrap elec-
trode.
[0006] To achieve the above objective, another tech-
nical solution adopted in the present disclosure is to pro-
vide an electrical equipment comprising the above-men-
tioned semiconductor device.
[0007] To achieve the above objective, further another
technical solution adopted in the present disclosure is to
provide a preparation method for a semiconductor de-

vice, comprising:

providing a silicon substrate; and
forming an insulating layer, a bootstrap electrode,
and an emitter on the silicon substrate;
wherein the insulating layer is disposed between the
emitter and the bootstrap electrode, such that a boot-
strap capacitor is formed between the emitter and
the bootstrap electrode.

[0008] In the present disclosure, a bootstrap electrode
is formed on a silicon substrate, the emitter and the boot-
strap electrode constitute the two poles of the bootstrap
capacitor, and the insulating layer formed on the silicon
substrate is taken as an insulating medium between the
emitter and the bootstrap electrode, such that the emitter,
the bootstrap electrode, and the insulating layer can form
a bootstrap capacitor, the bootstrap capacitor is integrat-
ed into the semiconductor device, and there is no need
to connect the bootstrap capacitor in the circuit, thereby
simplifying the circuit structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a structural schematic view of an external
bootstrap capacitor of an IPM module in the related
art.
FIG. 2 is a structural schematic view of a semicon-
ductor device according to an embodiment of the
present disclosure.
FIG. 3 s a schematic cross-sectional view of the sem-
iconductor device shown in FIG. 2 taken along A-A’.
FIG. 4 is a structural schematic view of a silicon sub-
strate of a semiconductor device according to an em-
bodiment of the present disclosure.
FIG. 5 is a flowchart of a preparation method for a
semiconductor device according to an embodiment
of the present disclosure.
FIG. 6 is a structural schematic view of an electrical
equipment according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0010] The technical solutions in the embodiments of
the present disclosure will be described clearly and com-
pletely in conjunction with the accompanying drawings
in the embodiments of the present disclosure. Obviously,
the described embodiments are only a part of the em-
bodiments of the present disclosure, rather than all of
them. Based on the implementation manners in the
present disclosure, all other implementation manners ob-
tained by those skilled in the art without creative work
shall fall within the scope of the present disclosure.
[0011] It should be noted that when there are direction-
al indications (such as up, down, left, right, front, back...)
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involved in the implementation of the present disclosure.
The directional indication is only intended to explain the
relative position relationship, movement, etc. between
parts in a particular attitude (as shown in the attached
drawings), and if that attitude is changed, the directional
indication is changed accordingly.
[0012] In addition, when there are descriptions related
to "first", "second", etc. in the embodiments of the present
disclosure, the descriptions of "first", "second", etc. are
only intended for descriptive purposes, and cannot be
understood as indicating or implying relative importance
or implicitly indicating the number of technical features
indicated. Therefore, the features defined with "first" and
"second" may explicitly or implicitly include at least one
of the features. In addition, the technical solutions be-
tween the various embodiments may be combined with
each other, but they must be based on what can be
achieved by those skilled in the art. When the combina-
tion of technical solutions is contradictory or cannot be
achieved, it should be considered that such a combina-
tion of technical solutions does not exist and is not within
the scope claimed in the present disclosure.
[0013] Referring to FIGS. 2 and 3. FIG. 2 is a structural
schematic view of a semiconductor device 200 according
to an embodiment of the present disclosure, and FIG. 3
is a schematic cross-sectional view of the semiconductor
device 200 shown in FIG. 2 taken along A-A’. As shown
in FIGS. 2 and 3, the semiconductor device 200 includes
a silicon substrate 210, a bootstrap electrode 230, and
an insulating layer 240. An emitter 222, a gate 221, and
a collector 223 are formed on the silicon substrate 210.
The bootstrap electrode 230 is formed on the silicon sub-
strate 210. The insulating layer 240 is disposed between
the emitter 222 and the bootstrap electrode 230, such
that a bootstrap capacitor is formed between the emitter
222 and the bootstrap electrode 230.
[0014] In the embodiment, the bootstrap electrode 230
is formed on the silicon substrate 210, the emitter 222
and the bootstrap electrode 230 form two poles of the
bootstrap capacitor, and the insulating layer 240 formed
on the silicon substrate 210 is configured as an insulating
medium between the emitter 222 and the bootstrap elec-
trode 230. In this way, the emitter 222, the bootstrap elec-
trode 230, and the insulating layer 240 can form a boot-
strap capacitor. Therefore, in the embodiment, the boot-
strap capacitor is integrated into the semiconductor de-
vice 200, and the semiconductor device 200 is not re-
quired to be additionally connected to a bootstrap capac-
itor in the circuit to simplify the circuit structure.
[0015] In the embodiment, the emitter 222 is config-
ured as an end electrode of the bootstrap capacitor.
When the potential of the emitter 222 changes, since the
voltage across the bootstrap capacitor cannot change
suddenly, the potential of the bootstrap electrode 230
varies with the potential of the emitter 222. The voltage
between the bootstrap electrode 230 and the emitter 222
is maintained close to a certain voltage, and the bootstrap
electrode 230 may drive and supply the gate 221 to re-

alize the bootstrap function.
[0016] Among them, the insulating layer 240 may be
a silicon dioxide layer, a silicon nitride layer, or other in-
sulating layers. In some embodiments, the insulating lay-
er 240 may be formed by high-temperature oxidation
treatment or high-temperature nitridation treatment on a
part of the silicon substrate 210 in an oxygen or nitrogen
atmosphere.
[0017] In some embodiments, the bootstrap electrode
230 may be made of conductive polysilicon or metal.
[0018] It can be understood that a transistor structure
may be formed on the silicon substrate 210. The transis-
tor structure includes the emitter 222, the gate 221, and
the collector 223. The insulating layer 240 may be formed
at a junction of the transistor structure and the bootstrap
electrode 230, such that the insulating layer 240 can iso-
late the transistor structure from the bootstrap electrode
230, preventing the realization of the performance of the
transistor structure itself from being affected by the pres-
ence of the bootstrap electrode 230, which can make the
semiconductor device 200 function as both the bootstrap
capacitor and the transistor structure, thereby improving
the integration degree thereof.
[0019] The transistor structure may be an insulated
gate bipolar transistor. In other embodiments, the tran-
sistor structure may be a semiconductor triode structure,
a power transistor structure, a phototransistor structure,
a bipolar transistor structure, or other transistor struc-
tures. When the transistor structure is an insulated gate
bipolar transistor, the structure of the insulated gate bi-
polar transistor may be an anode short-circuit structure,
a segmented anode structure, or a super junction struc-
ture.
[0020] In some embodiments, the insulating layer 240
may be formed on a surface of the emitter 222, and the
bootstrap electrode 230 is formed on the insulating layer
240, such that the bootstrap capacitor may be formed by
adding the insulating layer 240 and the bootstrap elec-
trode 230 on the emitter 222, which is simple and con-
venient, does not need to adjust the structure of the tran-
sistor structure formed on the silicon substrate 210, and
is easy to manufacture.
[0021] In other embodiments, a groove may be defined
on the silicon substrate 210, the insulating layer 240 is
formed on an inner wall of the groove, and the bootstrap
electrode 230 is disposed in the groove, such that the
insulating layer 240 and the bootstrap electrode 230 are
arranged in the silicon substrate 210 by means of a
groove in the silicon substrate 210. In this way, the size
of the semiconductor device 200 may be reduced and
the integration degree may be improved.
[0022] Furthermore, the number of grooves is at least
two, and a bootstrap electrode 230 is arranged in each
groove. At least two bootstrap electrodes 230 in the at
least two grooves are connected in series, such that by
defining the at least two grooves with bootstrap elec-
trodes 230 and insulating layers 240 inside on the silicon
substrate 210, the charge space volume of the bootstrap
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electrode 230 may be increased, thereby increasing the
capacity of the bootstrap capacitor.
[0023] In other embodiments, the groove may be de-
fined through the emitter 222, and the emitter 222 may
be divided into a first sub-emitter and a second sub-emit-
ter by the groove. The first sub-emitter and the second
sub-emitter are connected in series. The groove is de-
fined through the emitter 222, and the first sub-emitter
and the second sub-emitter separated by the groove are
connected in series to increase the charge space volume
of the bootstrap electrode 230 in the groove, thereby in-
creasing the capacity of the bootstrap capacitor.
[0024] In some embodiments, a first sub-doped region
and a second sub-doped region may be further formed
on the silicon substrate 210, and the first sub-doped re-
gion and the second sub-doped region are separated by
the groove. The first sub-doped region is connected to
the first sub-emitter, and the second sub-doped region
is connected to the second sub-emitter. By arranging the
first sub-doped region and the second sub-doped region
respectively connected with the first sub-emitter and the
second sub-emitter, the first sub-doped region and the
second sub-doped region may be configured as charge
spaces, thereby increasing the charge space volume of
the electrode at one end of the bootstrap capacitor, fur-
ther increasing the capacity of the bootstrap capacitor.
Among them, the transistor structure may include the first
sub-doped region and the second sub-doped region. In
this way, it is only necessary to define the groove on the
silicon substrate 210 and arrange the insulating layer 240
and the bootstrap electrode 230 in the groove, such that
the bootstrap capacitor is integrated into the semicon-
ductor device 200. Of course, the area of the first sub-
doped region and the second sub-doped region of the
transistor structure may be appropriately increased to
increase the charge space volume, thereby increasing
the capacity of the bootstrap capacitor.
[0025] In some embodiments, the collector 223 may
be disposed in the middle of the silicon substrate 210.
The gate 221 may be arranged around the collector 223,
and the emitter 222 and the bootstrap electrode 230 may
be both arranged around the gate 221, such that the col-
lector 223 and the gate 221 are surrounded by the emitter
222 and the bootstrap electrode 230. In this way, the
presence of the bootstrap electrode 230 has no or little
effect on the performance of the transistor structure on
the silicon substrate 210.
[0026] Further, the bootstrap electrode 230 and the in-
sulating layer 240 may be arranged on a periphery of the
transistor structure, such that the bootstrap electrode 230
and the insulating layer 240 may not affect the flow of
carriers (holes and current) in the transistor structure,
and thus not affect the formation of a conductive channel
in the transistor structure, which will not affect the per-
formance of the transistor structure itself.
[0027] In the embodiments, an N-type drift region 224,
a P-type body region 225, a P-type source region 226,
an N-type source region 227, an N-type buffer region

228, a P-type drain region 229, and a medium layer 2211
may be formed on the silicon substrate 210. At least a
part of a semiconductor doped region (the N-type drift
region 224, P-type body region 225, P-type source region
226, N-type source region 227, N-type buffer region 228,
and P-type drain region 229 may be referred to as the
semiconductor doped region) may be made of the silicon
substrate 210. Specifically, when the silicon substrate
210 is a silicon-on-insulator (SOI) substrate, at least a
part of the semiconductor doped region is made of a top
layer silicon 211. In addition, the N-type drift region 224,
the P-type body region 225, the P-type source region
226, the N-type source region 227, the N-type buffer re-
gion 228, the P-type drain region 229, the medium layer
2211, the collector 223, the emitter 222, and the gate 221
may jointly form the transistor structure to achieve the
performance of the transistor structure. Both the first sub-
doped region and the second sub-doped region connect-
ed to the emitter 222 may be the P-type source region
226.
[0028] In some embodiments, the P-type source re-
gion 226 is arranged around the N-type drift region 224;
the P-type body region 225 and the N-type buffer region
228 are arranged on the N-type drift region 224; the N-
type source region 227 is arranged in the P-type body
region 225; P-type drain region 229 is arranged in the N-
type buffer region 228; the medium layer 2211 is ar-
ranged on the N-type drift region 224, the P-type body
region 225, the N-type buffer region 228, the N-type
source region 227, and the P-type drain region 229; the
emitter 222 is arranged around the medium layer 2211;
the gate 221 and the collector 223 are arranged in the
medium layer 2211.
[0029] In other embodiments, when the silicon sub-
strate 210 is an SOI substrate, the P-type body region
225 and the N-type buffer region 228 are disposed on a
surface of the N-type drift region 224 away from the in-
sulating layer 240. The P-type source region 226 is ar-
ranged around the N-type drift region 224. The N-type
source region 227 is arranged on a surface of the P-type
body region 225 away from the insulating layer 240. The
P-type drain region 229 is arranged on a surface of the
N-type buffer region 228 away from the insulating layer
240. The medium layer 2211 is arranged on a side of the
N-type drift region 224, the P-type source region 226, the
N-type source region 227, the P-type body region 225,
the N-type buffer region 228, and the P-type drain region
229 away from the insulating layer 240. Among them,
the collector 223, the emitter 222 and the gate 221 may
all be disposed in the medium layer 2211.
[0030] Both the P-type source region 226 and the N-
type source region 227 may be connected to the emitter
222. The collector 223 may be connected to the P-type
drain region 229. The medium layer 2211 isolates the
gate 221 from other parts of the transistor structure. In
addition, an orthographic projection of the gate 221 on a
plane of the insulating layer 240 and an orthographic pro-
jection of the P-type body region 225 on the plane of the
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insulating layer 240 may overlap with each other.
[0031] In the actual preparation process of the transis-
tor structure, a method of ion implantation may be applied
to dope corresponding type of substance in each region
and control the corresponding doping concentration. P-
type doped region (such as P-type body region 225, P-
type source region 226, and P-type drain region 229)
corresponding dopant material may contain boron, and
N-type doped region (such as N-type drift region 224, N-
type source region 227, N-type drain region, and N-type
buffer region 228) corresponding dopant materials may
contain arsenic or phosphorus. In other embodiments,
the P-type source region 226 may be disposed on a sur-
face of the P-type body region 225 away from the insu-
lating layer 240, and the arrangement of other compo-
nents of the transistor structure may not be changed.
[0032] In the embodiments, the semiconductor device
200 may adopt a layout structure in the form of a race-
track, such that no waste of chip area in the center area
will occur. In this case, the groove may also be racetrack-
shaped, and the groove may be arranged around the
center of the semiconductor device.
[0033] Of course, in other embodiments, the semicon-
ductor device 200 may also adopt a layout structure in
the form of a regular polygon or a ring. In this case, the
groove may also have a regular polygonal shape or a
ring shape, and the groove may be arranged around the
center of the semiconductor device.
[0034] In the embodiments, the ratio of the capacitance
of the bootstrap capacitor to the capacitance of the gate
221 may be greater than 10 times. Therefore, the size,
doping concentration, etc. of the electrodes at both ends
of the bootstrap capacitor may be determined through
the capacity ratio relationship.
[0035] In the embodiments, as shown in FIG. 4, the
silicon substrate 210 may be an SOI substrate. The SOI
substrate may include the top silicon 211, an insulating
buried layer 212, and a substrate silicon 213. The boot-
strap electrode 230, the insulating layer 240, the emitter
222, the gate 221, and the collector 223 may all be formed
on the top silicon 211. Of course, the top silicon 211 may
be configured as a device fabrication layer, and the tran-
sistor structure may be prepared through the top silicon
211. The insulating buried layer 212 may be a buried
oxide layer. In other embodiments, the silicon substrate
210 may be a monocrystalline silicon wafer or a polycrys-
talline silicon wafer.
[0036] In the embodiments, the semiconductor device
200 may further include a first metal connection member
and a second metal connection member. The first metal
connection member and the second metal connection
member are respectively configured to connect the emit-
ter 222 and the bootstrap electrode 230 with the rest of
the components (which may be semiconductor compo-
nents). The first metal connection member is connected
to the emitter 222. The second metal connection member
is connected to the bootstrap electrode 230. The insulat-
ing layer 240 may be disposed between the first metal

connection member and the second metal connection
member, and be configured to separate the first metal
connection member from the second metal connection
member and serve as an insulating medium between the
first metal connection member and the second metal con-
nection member, which is configured to form the boot-
strap capacitor together with the first metal connection
member and the second metal connection member.
[0037] As shown in FIG. 5, the present disclosure also
provides a preparation method for the above-mentioned
semiconductor device. The preparation method for the
semiconductor device includes operations S101 and
S102 at blocks illustrated in FIG. 5.
[0038] At block S101: providing a silicon substrate.
[0039] In the embodiment, the silicon substrate may
include a first silicon layer, an insulating layer, and a sec-
ond silicon layer that are sequentially stacked. The silicon
substrate may be an SOI substrate prepared by SOI tech-
nology, and the insulating layer may be an insulating bur-
ied layer in the SOI substrate.
[0040] Of course, the silicon substrate may alternative-
ly be a single crystal silicon wafer and a polycrystalline
silicon wafer.
[0041] At block S102: forming an insulating layer, a
bootstrap electrode, and an emitter on the silicon sub-
strate.
[0042] In the embodiment, before the forming an insu-
lating layer, a bootstrap electrode, and an emitter on the
silicon substrate, the method may include: etching the
silicon substrate to define a groove; and forming a doped
region by doping the silicon substrate (which may be per-
formed on a region on the silicon substrate adjacent to
the groove) by tilted ion implantation. The forming an
insulating layer, a bootstrap electrode, and an emitter on
the silicon substrate may include: insulating an inner wall
of the groove to form the insulating layer; filling a con-
ductive material (which may be conductive polysilicon or
conductive metal) into the groove to form the bootstrap
electrode; etching the doped region to form an emitter
window, and filling a conductive material in the emitter
window to form the emitter.
[0043] The insulating an inner wall of the groove may
include: oxidizing or nitriding the inner wall of the groove
to form the insulating layer. Alternatively, the insulating
an inner wall of the groove may include: laying the insu-
lating layer on the inner wall of the groove.
[0044] Of course, in other embodiments, the forming
an insulating layer, a bootstrap electrode, and an emitter
on the silicon substrate may include: forming the emitter
on the silicon substrate (wherein a transistor structure
may be prepared when the emitter is formed on the silicon
substrate, or the transistor structure may be prepared
after the emitter is formed on the silicon substrate); form-
ing the insulating layer on the emitter; and forming the
bootstrap electrode on the insulating layer.
[0045] Referring to FIG. 6, which is a structural sche-
matic view of an electrical equipment 300 according to
an embodiment of the present disclosure. The electrical
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equipment 300 includes the above-mentioned semicon-
ductor device 310. The electrical appliance 300 may be
a household appliance, such as a washing machine, a
dishwasher, an electric cooker, an electric pressure
cooker, an electric cooker, or an oven.
[0046] The above are only implementations of the
present disclosure, and do not limit the scope of the
present disclosure. Any equivalent structure or equiva-
lent process transformation made using the content of
the description and drawings of the present disclosure,
or directly or indirectly applied to other related technical
fields, is included in the scope of the present disclosure.

Claims

1. A semiconductor device, characterized by compris-
ing:

a silicon substrate, wherein an emitter, a gate,
and a collector are formed on the silicon sub-
strate;
a bootstrap electrode, formed on the silicon sub-
strate; and
an insulating layer, formed on the silicon sub-
strate and disposed between the emitter and the
bootstrap electrode; wherein a bootstrap capac-
itor is formed between the emitter and the boot-
strap electrode.

2. The semiconductor device according to claim 1,
wherein a groove is defined on the silicon substrate,
the insulating layer is formed on an inner wall of the
groove, and the bootstrap electrode is disposed in
the groove.

3. The semiconductor device according to claim 2,
wherein the groove comprises a plurality of grooves,
and the bootstrap electrode comprises a plurality of
bootstrap electrodes; each bootstrap electrode is ar-
ranged in a corresponding groove; at least two boot-
strap electrodes in at least two grooves are connect-
ed in series.

4. The semiconductor device according to claim 2,
wherein the groove is defined through the emitter,
and the emitter is divided into a first sub-emitter and
a second sub-emitter by the groove; the first sub-
emitter and the second sub-emitter are connected
in series.

5. The semiconductor device according to claim 4,
wherein a first sub-doped region and a second sub-
doped region are further formed on the silicon sub-
strate, and the first sub-doped region and the second
sub-doped region are separated by the groove; the
first sub-doped region is connected to the first sub-
emitter, and the second sub-doped region is con-

nected to the second sub-emitter.

6. The semiconductor device according to claim 1,
wherein the collector is disposed in the middle of the
silicon substrate; the gate is arranged around the
collector, and the emitter and the bootstrap electrode
are both arranged around the gate.

7. The semiconductor device according to claim 1,
wherein an N-type drift region, a P-type body region,
a P-type source region, an N-type source region, an
N-type buffer region, a P-type drain region, and a
medium layer are further formed on the silicon sub-
strate;

the P-type source region is arranged around the
N-type drift region;
the P-type body region and the N-type buffer
region are arranged on the N-type drift region;
the N-type source region is arranged in the P-
type body region;
P-type drain region is arranged in the N-type
buffer region;
the medium layer is arranged on the N-type drift
region, the P-type body region, the N-type buffer
region, the N-type source region, and the P-type
drain region;
the emitter is arranged around the medium layer;
the gate and the collector are arranged in the
medium layer;
the P-type source region and the N-type source
region are connected to the emitter; the collector
is connected to the P-type drain region; at least
a part of the N-type drift region, P-type body re-
gion, P-type source region, N-type source re-
gion, N-type buffer region, and P-type drain re-
gion is made of the silicon substrate.

8. An electrical equipment, characterized by compris-
ing a semiconductor device according to any one of
claims 1-7.

9. A preparation method for a semiconductor device,
characterized by comprising:

providing a silicon substrate; and
forming an insulating layer, a bootstrap elec-
trode, and an emitter on the silicon substrate;
wherein the insulating layer is disposed between
the emitter and the bootstrap electrode, such
that a bootstrap capacitor is formed between the
emitter and the bootstrap electrode.

10. The preparation method according to claim 9, before
the forming an insulating layer, a bootstrap elec-
trode, and an emitter on the silicon substrate, further
comprising:

9 10 
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etching the silicon substrate to define a groove;
and
forming a doped region by doping the silicon
substrate by tilted ion implantation;
wherein the forming an insulating layer, a boot-
strap electrode, and an emitter on the silicon
substrate comprises:

insulating an inner wall of the groove to form
the insulating layer;
filling polysilicon into the groove to form the
bootstrap electrode; and
etching the doped region to form an emitter
window, and filling a conductive material in
the emitter window to form the emitter.
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