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(57) ABSTRACT

A semiconductor device structure including a doped region
under an isolation feature is provided. The semiconductor
device structure includes a first substrate, a first well region,
a first gate structure, a second gate structure, a first doped
region, and a first conductive feature. The substrate has a
first surface and a second surface opposite to the first
surface. The first well region is in the first substrate. The first
well region has a first conductive type. The first gate
structure is disposed on the second surface. The second gate
structure is disposed on the second surface. The first doped
region includes a second conductive type different from the
first conductive type. The first doped region is disposed
between the first gate structure and the second gate structure.
The first conductive feature extends between the first surface
of the first substrate and the first doped region.

131 122b 121b 123b

122a

121a
123a

V4



US 2024/0258310 A1

~0v1

Aug. 1,2024 Sheet 1 of 20

qQect qIcr | 9¢cl BECI | BICT ®BCCI

q0¢1 e0cl o

B0

Patent Application Publication



VT DIA

US 2024/0258310 A1

VA
o

ILT BECI
BICI ®BCCI

Aug. 1,2024 Sheet 2 of 20

I R S S S T S S S N
A N S S . S S S

—Cll1

" T¢€S011

11
Tl

q90¢1

¢SOLT )\ OFl 0ST >
eel qQecl qIcr qZer 1€l B01

Patent Application Publication



US 2024/0258310 A1

Aug. 1,2024 Sheet 3 of 20

Patent Application Publication

d¢ DIA
X A
Z
A
o)
1Ll BETI
BITI  ®CCl
ao:/
081— =
ST ,
@ﬁﬁ\ \+,+++++++++++++++++++++»+++++++++/\
I « —I1
| N gSO1 1
P LTI
0L/ el
ﬁ N _\m,\ A T%\\S w%\ \N . ﬂ_ L \ﬂ_ L~ \J\_
TS0IT| OFT Q€9T| AI9T| qzot| 081 peot | eror 201 LN
€€l ezl QITl qzel 1€l ¢A  [A  ZA E01




US 2024/0258310 A1

Aug. 1,2024 Sheet 4 of 20

Patent Application Publication

¢ 'DId

Rt

" ¢€S011

!

CRe~re]

AL

.

[ ¢ ¢

¢SOLTY OPT €91\ qI91} 9¢91
eel qect qI7cl

U A A T A A V
9

OMﬁ 4

!

qQcdl 1€l ®eell

> 1 D

BEOT [BI9T | BZII
BITI ®BTll

q01



v "DId

US 2024/0258310 A1

Aug. 1,2024 Sheet 5 of 20

" ¢SO11

— Il
4!

e

nlie/mm=

P
A N VA A U A A X

ARAEA AR
|

¢SOLTY OPI 9€91\ qI91| 9¢91 PO1 | BE9T [BI9T | BZII A O
eel Qecl 4qI¢l 9zl 1€l ®BeCl  ®BICI ®BlTl 201

Patent Application Publication



US 2024/0258310 A1

Aug. 1,2024 Sheet 6 of 20

Patent Application Publication

¢ ‘DI X
X
V1T L1 1€C 18002
il B A
/
00E~ RV 1A
G st 00
4
ove > 1€C
V N—"€S00T
.. - 00T
— 0TC
7500T
~—CL1
911 V+++++++w T T T T T
a1 ~—~TI1
~—~¢€S011
qoz1 | vOTI 1T
et R Yt
N _\m,k;ww Ewm 1 Ji& w__«\m_ \JL
ZSOTT\ ObT 9€91| 9191 @NSA omﬁ ¥91 | BE€9T |BI9T |®Z91 \ O
€€l qecl 9qIZl 9Tl 1€l ®eEgl ®eITl ®ZTl POI




Patent Application Publication  Aug. 1,2024 Sheet 7 of 20 US 2024/0258310 A1

a——110
\\11051

FIG. 6A

132
11083~ —
112—+—



Patent Application Publication  Aug. 1,2024 Sheet 8 of 20 US 2024/0258310 A1

a——110
\\\\11051

133
/ 11(2)52

121b

m
\O
- O
— P
e
o3
el
{
) S)
N ~
@ -
Z ”



Patent Application Publication  Aug. 1,2024 Sheet 9 of 20 US 2024/0258310 A1

a——110
\\11051

)
-

131

FIG. 6C

Ka
)

132 A
11083~ —
112+



US 2024/0258310 A1

Aug. 1,2024 Sheet 10 of 20

Patent Application Publication

ﬁmo://

a9 ‘DIA

" eS0TI

e~z

)] L) \ )
Nmm: oml QLKNH HNM EVNH

eel

YOOVL €00v1 10011 TOOVI



US 2024/0258310 A1

Aug. 1,2024 Sheet 11 of 20

Patent Application Publication

ﬁmo://

H9 'DId

ERRan | gl

" eS0T

Aezer

J I\

A T

¢SOIT Opl el ql7l

(o)

qQcel 1€l ®Bell | BICI | ®lll
YOOVL €00v1 10011 TOOVI

|

eV an



US 2024/0258310 A1

Aug. 1,2024 Sheet 12 of 20

Patent Application Publication

49 "DIA

ﬁmo://

R e T S S S e e S e e S S S e =
+ o+ + 4+ o+ F o+ o+ + + 4+ o+ + 4+t o+ o+ o+ o+ o+ o+
R A T T T T S S S e S S S S
@ﬁﬂ\\i/\\++++++++++++++++++++++++++++++
e
et Tt
+ o+ o+
+ o+
" ¢€8011
\./\\+++
q0TI
.V,HM o+ # \\..!/.VMM
4

TN
(L ey fv

OT—"|/ —~Z€1

¢SOIT Opl Qecl qICL 49Tl 1€l BeTl | BICI | BTl
eel YOOVL €00v1 10011 TOOVI



US 2024/0258310 A1

Aug. 1,2024 Sheet 13 of 20

Patent Application Publication

ﬁmo://

D9 "DIA

8IT-T

T T~

T ~—
VI Q0TI

01—,

e | gt

At

A

¢SOIT Opl el ql7l

eel

(o)

|

qQccr 1eT\ eell

ﬁmf BLll

|

YOOVL €00v1 10011 TOOVI

—ClI

" TES011

VIl

Areel




US 2024/0258310 A1

Aug. 1,2024 Sheet 14 of 20

Patent Application Publication

H9 "DIA
X
ﬁmo:/
s11-|~PETE
9117 o 4 4
48 Il
" TES0T11
148 q0¢I vl
OlT—" — m vvvvvvvvv —/ - A~ze]
h N _\%\lr L] %\ hv xﬁ, A? ﬁ m \JL
¢SOTT{ OVl 9¢91 nzf qz91 MM voﬂv BE9T BI9T | ®BCII
eel qQecl 4qIcl qZcl I€1 ®BeCl  ®BICI ®BCTI



\p .
2 19 "DId
m X
w,
o
=
~
<
o
<
o
N
-
<>
o
S
=
w,
v
N
-5
D
=
N
<
o
<
o
1’
eb
=
«
QMM\l//\\ﬁ”f”+4.r++++++++++++++++++++++++++ + ++%++++++++++++++ LR S S S S R S S S SN S S
+_+ o+
i1 1" Il
+ o+ H
L " T¢S0T1
14950 D SRR q0¢1
m Vil
R EHBRRRRE| Lnniig o s \\}NMM
v ;m w A ﬂ
AR

A N U A A U A A | A A

ARAEA AR
|

¢SOLTY OPI 9€91\ qI91| 9¢91 PO1 | BEOT [BI9T | BZII
eel Qecl 4qI¢l 9zl 1€l ®BeCl  ®BICI ®BlTl

Patent Application Publication



US 2024/0258310 A1

Aug. 1, 2024 Sheet 16 of 20

Patent Application Publication

9 ‘D14

X A
yA
ﬁi
~—T~€SO11
SRR q0CI1 BOTCI ﬂﬁJ P11
i Sy ’, ”..A o v ] . .. ..” \\IINMM
AL
N Tm\ 11 @\ 11 ww\\\:\ A J; \JM LA \wm A w;
¢SOIT Y ObT 9€91\ 9191\ 9¢91 cmﬁ Y91 | Be¢ol [BI9] | B9l l/\/
eel qQecl 9qICI 9qcZl 1€l ®eegl  ®ICI ®ZTl q01




US 2024/0258310 A1

Aug. 1,2024 Sheet 17 of 20

Patent Application Publication

VL DIA

ILT
(44

IEET

1€¢
BEET

1S00C

qeed

L S S S S
L S S

BEVEN
| "
5
5

q0¢1

PR NV

X
) -
1€C
N—">¢5007¢
udbazoﬁm
- 00¢
—0CC
~—CLI
—CI1
~— ~€SO11

VIl

Areel

‘w_m-..._...-p

|
AN

h N _\%AL_\S Ly V w\_ _\«QJ_ \JL
¢SOLT Y Ov1 9€91) 9191 nmoﬁ mﬁ o1 [Be9l [BI9T | ®C91
eel qQecl qITl qZcl 1€1 ®BeZl  ®BICI ®BCTI



US 2024/0258310 A1

Aug. 1,2024 Sheet 18 of 20

Patent Application Publication

d.L "DId

A
V1T 1€ 18002 X
o8 \ 2ie \ BEET \ e
/
00E~ VYR \ 1A
A N O / st (00
(4
ove 7 7] 7 1€¢
v | ~gs00z
g —oIe
- 00T
—~0CC
g \, ~—TL1
Nﬁax\\qugﬁzu\\\ ~—~TI1
~—~¢€S011
qo0z1 1T
;Uw n Azer
LT ) S
ZSOTT\ Ob1 9€91 @ﬁoﬁ mﬁ ¥91 | B€9T [BI91 |®791 >
€€l qeTl nﬁmﬁ @NNM I€1 ®e€zl ®ITl ®.ZTl POI




US 2024/0258310 A1

Aug. 1, 2024 Sheet 19 of 20

Patent Application Publication

8 DId

6CS

uo1321 padop puooas 9y} pue djeIsSqns Y} JO SOBLINS ISIF AU}
U99M}9q SUIPUIIXS 2INJBIJ SANONPUOD PUOIAS B FUIWIO]

*

8¢S~

"uorda1 padop 1s11J PIm s9]dnod AJ[BOLNOI[O IMBYJ SANONPUOD O} UIAIdYM ‘UOIFOX
padop 111 Y3 puE 9JeASANS 9} JO S0BINS ISITJ O} UIOMIq SUIPUSIXS 2IMNIBJ SAIONPUOD B FUIWLIO]

*

LTS~

"UOIZAI [[oM Pary) Y} ur uor3al padop puodds & Juruio

*

97S ~

"U0IZaI [[oM PUOI3S Y} YIIM JOBIUOD UI UOIII [[9M PITY) B SUIIIO,]

*

TS~

‘uordax padop 3s11j 9y} Surpunoiins pue jeISqNS Y} UL [[9M PU0IIS B JUIULIO]

*

YIS~

*0d£) 9AT)ONPUOD JSITJ O} WOIJ JUIISHIP 9dA) 9AONPUOD PUOIIS B SBY
01391 padop 1S11J Y} UIdIdYM ‘0InjedJ uore[ost oy} Jopun uoidar padop 1811} € Surio]

»

€08~

"9JRIISqNS 9} JO 9OBJINS PUOIIS Y} O} Juooe(pe J0ISISURY) pUuodas B pue J0JSISULI] JSI1J B SUIULIO ]

*

CCS~

-0Jensqns Y} JO 90BJINS PUOIAS oY) WO SUIPUSIXD 2INJBJ UONL[OSI Uk SUTULIO

‘

1S~

*2dA3 9ATIONPUOD ISITJ B YJIM UOLTDI [[om ISI B SOSLIdWIOD 9jensqns oy} uraoym
‘aor}Ins 1811J 9y 03 9ysoddo oINS PUOIIS B puUR 20BJINS ISIIJ B SUIARY Jje1ISqns © SUIPIAOL]

0¢C



US 2024/0258310 A1

Aug. 1, 2024 Sheet 20 of 20

Patent Application Publication

6 DId

PES ~

"[Teq I9P[OS & YSnoIy) 9Injonyns JIndId Y} 0} popuoq SI pIeoq JIMoId Y} UIIOYM
‘9ImonI)s JINOIIO AU} UO PIeoq JINdIo 8 SuIpraoig

‘

£ES~

"9Je1}SqNS 9Y) 0} PAPUOq PLIGAY SI SIMONLS JINDILO Y} UIDISYM
‘ajensqns 1) JO 90BJINS JSI YY) UO dINJONLS JINDIID © SUIPIA0I]

*

CES ™

*9JeNSqNS SY) JO 90BLINS ISIJ 9} UO JOAR] OINI[aIp & Suruioq

*

1€S~

"90rpInS 1811} 9y} 03 931soddo 9oBJINS PUOIIS B PUR I0BJINS ISIJ B JUIARY 9)BNSqNS B SUIPIAOL]




US 2024/0258310 Al

SEMICONDUCTOR DEVICE STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
U.S. Non-Provisional application Ser. No. 17/514,507 filed
Oct. 29, 2021, which is incorporated herein by reference in
its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a semiconductor
device structure, and more particularly, to a semiconductor
device structure including a doped region under an isolation
feature.

DISCUSSION OF THE BACKGROUND

[0003] Doped regions within a substrate can be used to
electrically isolate adjacent transistors. An external supply
voltage is required to electrically couple with the doped
region such that a PN junction can be formed. However, the
conductive traces used to transmit supply voltage need
additional areas, which may adversely affect the perfor-
mance of a semiconductor device structure.

[0004] This Discussion of the Background section is pro-
vided for background information only. The statements in
this Discussion of the Background are not an admission that
the subject matter disclosed herein constitutes prior art with
respect to the present disclosure, and no part of this Dis-
cussion of the Background may be used as an admission that
any part of this application constitutes prior art with respect
to the present disclosure.

SUMMARY

[0005] One aspect of the present disclosure provides a
semiconductor device structure. The semiconductor device
structure includes a first substrate, a first well region, a first
gate structure, a second gate structure, a first doped region,
and a first conductive feature. The substrate has a first
surface and a second surface opposite to the first surface.
The first well region is in the first substrate. The first well
region has a first conductive type. The first gate structure is
disposed on the second surface. The second gate structure is
disposed on the second surface. The first doped region
includes a second conductive type different from the first
conductive type. The first doped region is disposed between
the first gate structure and the second gate structure. The first
conductive feature extends between the first surface of the
first substrate and the first doped region.

[0006] Another aspect of the present disclosure provides a
semiconductor device structure. The semiconductor device
structure includes a substrate, a first well region, a first
transistor, a second transistor, a first doped region, and a
circuit structure. The substrate has an active surface and a
backside surface. The first well region is in the substrate.
The first well region has a first conductive type. The first
transistor is adjacent to the active surface of the substrate.
The second transistor is adjacent to the active surface of the
substrate. The first doped region includes a second conduc-
tive type different from the first conductive type. The first
doped region is disposed in the first well region and between
the first transistor and the second transistor. The circuit
structure is on the backside surface of the substrate. The
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circuit structure is configured to transmit or provide a
voltage electrically coupled with the first doped region.

[0007] Another aspect of the present disclosure provides a
method for manufacturing a semiconductor device structure.
The method includes: providing a substrate having a first
surface and a second surface opposite to the first surface,
wherein the substrate includes a first well region with a first
conductive type; forming an isolation feature extending
from the second surface of the substrate; forming a first
transistor and a second transistor adjacent to the second
surface of the substrate; forming a first doped region under
the isolation feature, wherein the first doped region has a
second conductive type different from the first conductive
type; and providing a circuit structure on the first surface of
the substrate, wherein the circuit structure is configured to
transmit or provide a voltage electrically coupled with the
first doped region.

[0008] Another aspect of the present disclosure provides a
method for manufacturing a semiconductor device structure.
The method includes: providing a substrate having a first
surface and a second surface opposite to the first surface,
wherein the substrate comprises a first well region with a
first conductive type; forming a first transistor and a second
transistor adjacent to the second surface of the substrate;
forming a first doped region between the first transistor and
the second transistor, wherein the first doped region has a
second conductive type different from the first conductive
type; and forming a first conductive feature extending
between the first surface of the substrate and the first doped
region.

[0009] The embodiments of the present disclosure dis-
close a semiconductor device structure with a doped region
in a substrate. The aforesaid doped region has a conductive
structure opposite to that of a well region of the substrate.
The doped region is configured to generate a PN junction so
as to electrically isolate adjacent transistors. Further, the
semiconductor device structure includes a conductive struc-
ture extending from the backside surface of the substrate to
electrically couple with the doped region. A power, such as
a direct current bias, is provided from the backside surface
to couple with the doped region through the conductive
structure, generating a PN junction between the doped
region and the well region of the substrate. In a comparative
example, the conductive traces, being configured to couple
with the doped region, are disposed on the active surface of
the substrate. These conductive traces need additional areas
and thus reduce the size of the active regions of the tran-
sistors. In comparison with the comparative example, the
embodiments of the present disclosure can increase the size
of the active regions of the transistors, and thus the perfor-
mance of the semiconductor device structure is improved.

[0010] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present disclosure so
that the detailed description of the disclosure that follows
may be better understood. Additional features and advan-
tages of the disclosure will be described hereinafter, and
form the subject of the claims of the disclosure. It should be
appreciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a
basis for moditying or designing other structures or pro-
cesses for carrying out the same purposes of the present
disclosure. It should also be realized by those skilled in the
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art that such equivalent constructions do not depart from the
spirit and scope of the disclosure as set forth in the appended
claims.

BRIEF DESCRIPTION OF THE DRA WINGS

[0011] A more complete understanding of the present
disclosure may be derived by referring to the detailed
description and claims when considered in connection with
the Figures, where like reference numbers refer to similar
elements throughout the Figures, and:

[0012] FIG. 1 is a top view of a layout of a semiconductor
device structure, in accordance with some embodiments of
the present disclosure.

[0013] FIG. 2A is a cross-sectional view of a semicon-
ductor device structure, along the dotted-line A-A' shown in
FIG. 1, in accordance with some embodiments of the present
disclosure.

[0014] FIG. 2B is a cross-sectional view of a semicon-
ductor device structure, in accordance with some embodi-
ments of the present disclosure.

[0015] FIG. 3 is a cross-sectional view of a semiconductor
device structure, in accordance with some embodiments of
the present disclosure.

[0016] FIG. 4 is a cross-sectional view of a semiconductor
device structure, in accordance with some embodiments of
the present disclosure.

[0017] FIG. 5 is a cross-sectional view of a semiconductor
device structure, in accordance with some embodiments of
the present disclosure.

[0018] FIG. 6A, FIG. 6B, F1G. 6C, FIG. 6D, FIG. 6E, FIG.
6F, FIG. 6G, FIG. 6H, FIG. 61 and FIG. 6] illustrate various
stages of manufacturing a semiconductor device structure, in
accordance with some embodiments of the present disclo-
sure.

[0019] FIG. 7A and FIG. 7B illustrate various stages of
manufacturing a semiconductor device structure, in accor-
dance with some embodiments of the present disclosure.
[0020] FIG. 8 is a flow chart illustrating a method for
manufacturing a semiconductor device structure, in accor-
dance with various aspects of the present disclosure.
[0021] FIG. 9 is a flow chart illustrating a method for
manufacturing a semiconductor device structure, in accor-
dance with various aspects of the present disclosure.

DETAILED DESCRIPTION

[0022] Embodiments, or examples, of the disclosure illus-
trated in the drawings are now described using specific
language. It shall be understood that no limitation of the
scope of the disclosure is hereby intended. Any alteration or
modification of the described embodiments, and any further
applications of principles described in this document, are to
be considered as normally occurring to one of ordinary skill
in the art to which the disclosure relates. Reference numerals
may be repeated throughout the embodiments, but this does
not necessarily mean that feature(s) of one embodiment
apply to another embodiment, even if they share the same
reference numeral.

[0023] It shall be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers or sections, these
elements, components, regions, layers or sections are not
limited by these terms. Rather, these terms are merely used
to distinguish one element, component, region, layer or
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section from another region, layer or section. Thus, a first
element, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the present inventive concept.

[0024] The terminology used herein is for the purpose of
describing particular example embodiments only, and is not
intended to be limited to the present inventive concept. As
used herein, the singular forms “a,” “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It shall be further under-
stood that the terms “comprises” and “comprising,” when
used in this specification, point out the presence of stated
features, integers, steps, operations, elements, or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, or groups thereof.

[0025] Please refer to FIG. 1 and FIG. 2A: FIG. 1 is a top
view of a layout of a semiconductor device structure 10a,
and FIG. 2A is a cross-sectional view of the semiconductor
device structure 10a along the dotted-line A-A' shown in
FIG. 1.

[0026] In some embodiments, the semiconductor device
structure 10a can include a substrate 110, transistors 120a
and 1205, isolation features 131, 132 and 133, a dielectric
layer 140, a doped region 150, conductive features 171 and
172 as well as a dielectric layer 180.

[0027] The substrate 110 may be a semiconductor sub-
strate, such as a bulk semiconductor, a semiconductor-on-
insulator (SOI) substrate, or the like. The substrate 110 can
include an elementary semiconductor including silicon or
germanium in a single crystal form, a polycrystalline form,
or an amorphous form; a compound semiconductor material
including at least one of silicon carbide, gallium arsenide,
gallium phosphide, indium phosphide, indium arsenide, and
indium antimonide; an alloy semiconductor material includ-
ing at least one of SiGe, GaAsP, AllnAs, AlGaAs, GalnAs,
GalnP, and GalnAsP; any other suitable materials; or a
combination thereof. In some embodiments, the alloy semi-
conductor substrate may be a SiGe alloy with a gradient Ge
feature in which the Si and Ge composition changes from
one ratio at one location to another ratio at another location
of the gradient SiGe feature. In another embodiment, the
SiGe alloy is formed over a silicon substrate. In some
embodiments, a SiGe alloy can be mechanically strained by
another material in contact with the SiGe alloy. In some
embodiments, the substrate 110 may have a multilayer
structure, or the substrate 110 may include a multilayer
compound semiconductor structure. The substrate 110 may
have a surface 110s1 (or a lower surface), a surface 11052 (or
an upper surface), and a surface 11053 (or a lateral surface).
The surface 11052 is opposite to the surface 110s1. The
surface 11053 may extend between the surfaces 110s1 and
110s2. In this disclosure, the surface 110s1 can also be
referred to as a backside surface. In this disclosure, the
surface 11052 can also be referred to as an active surface.
[0028] The semiconductor device structure 10a can
include a well region 112. The well region 112 may be
located within the substrate 110. In some embodiments, the
well region 112 includes a first conductive type. In some
embodiments, the first conductive type is a p-type. In some
embodiments, p-type dopants include boron (B), other group
IIT elements, or any combination thereof. In some embodi-
ments, the first conductive type is an n-type. In some
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embodiments, n-type dopants include arsenic (As), phos-
phorus (P), other group V eclements, or any combination
thereof. The well region 112 can be referred to as a drift
region.

[0029] The semiconductor device structure 10a can
include a well region 114. The well region 114 can be
located within the substrate 110 and surround a portion of
the well region 112. As shown in FIG. 1, the well region 114
may have a rectangle profile in the XY plane. In some
embodiments, the well region 114 may have a ring shape
profile in the XY plane. The well region 114 can enclose the
transistors 120a and 12056 as well as the doped region 150.
As shown in FIG. 2A, the well region 114 can be located
under the isolation features 131 or 133. The well region 114
can extend from the bottom surface of the isolation features
131 or 133 along the Z direction. The well region 114 can be
separated from the surface 110s2 of the substrate 110. In
some embodiments, the well region 114 includes a second
conductive type different from the first conductive type. In
some embodiments, the well region 114 can be configured to
be electrically coupled with the conductive feature 172 such
that a PN junction can be formed between the well region
112 and the well region 114.

[0030] The semiconductor device structure 10a can
include a well region 116. The well region 116 can be
located within the substrate 110. The well region 116 can be
in contact with the well region 114. More specifically, the
well region 116 can be in contact with the bottom of the well
region 114 such that the well regions 114 and 116 can
collaboratively surround the well region 112 in the XZ
plane. In some embodiments, the well region 116 can be a
continuous doped region in the XY plane. The well region
116 can be separated from the surface 110s1 of the substrate
110. The well region 116 can be separated from the surface
11052 of the substrate 110. In some embodiments, the well
region 116 includes a second conductive type. In some
embodiments, the well region 116 can be configured to be
electrically coupled with the conductive feature 172 such
that a PN junction can be formed between the well region
112 and the well region 116.

[0031] The semiconductor device structure 10a can
include a doped region 118. The doped region 118 can be
disposed within the well region 116. In some embodiments,
the doped region 118 can be configured to electrically couple
with the conductive feature 172. In some embodiments, the
well region 116 can be a continuous doped region in the XY
plane. In some embodiments, the doped region 118 includes
the second conductive type. In some embodiments, the
doped region 118 can have a dopant concentration greater
than a dopant concentration of the well region 112, 114 or
116.

[0032] The transistors 120a and 1205 are disposed on the
surface 11052 of the substrate 110. The transistor 120a is
electrically isolated from the transistor 1205. The transistor
120a can include a gate structure 121a, doped regions 1224,
and 123a. The transistor 1205 can include a gate structure
1214, doped regions 1225, and 1235.

[0033] As shown in FIG. 1, each of the gate structures
121a and 1215 can extend along the Y direction. As shown
in FIG. 2, each of the gate structures 1214 and 121 can be
disposed on the surface 11052 of the substrate 110. Each of
the gate structures 121a and 1215 can include a gate
dielectric (not shown) and a gate electrode (not shown). The
gate dielectric can have a single layer or a multi-layer
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structure. In some embodiments, the gate dielectric can
include dielectric material such as silicon oxide, silicon
nitride, silicon oxynitride, other dielectric materials, or a
combination thereof. In some embodiments, the gate dielec-
tric is a multi-layer structure that includes an interfacial
layer and a high-k (dielectric constant greater than 4) dielec-
tric layer. The interfacial layer can include dielectric mate-
rial such as silicon oxide, silicon nitride, silicon oxynitride,
other dielectric materials, or a combination thereof. The
high-k dielectric layer can include high-k dielectric material
such as HfO,, HfSiO, HfSiON, HfTaO, HfTiO, HfZrO,
other suitable high-k dielectric materials, or a combination
thereof. In some embodiments, the high-k dielectric material
can further be selected from metal oxides, metal nitrides,
metal silicates, transition metal-oxides, transition metal-
nitrides, transition-metal silicates, metal oxynitrides, metal
aluminates, and combinations thereof.

[0034] The gate electrode is disposed on the gate dielec-
tric. The gate electrode can include polysilicon, silicon-
germanium, and at least one metallic material including
elements and compounds such as Mo, Cu, W, Ti, Ta, TiN,
TaN, NiSi, CoSi, or other suitable conductive materials
known in the art. In some embodiments, the gate electrode
includes a work function metal layer that provides a metal
gate with an n-type-metal work function or p-type-metal
work function. The p-type-metal work function materials
include materials such as ruthenium, palladium, platinum,
cobalt, nickel, conductive metal oxide, or other suitable
materials. The n-type-metal work function materials include
materials such as hafnium zirconium, titanium, tantalum,
aluminum, metal carbides (e.g., hafnium carbide, zirconium
carbide, titanium carbide, and aluminum carbide), alu-
minides, or other suitable materials. Each of the doped
regions 122a, 123a, 1226 and 12356 is disposed in the
substrate 110 and adjacent to the surface 110s2 of the
substrate 110. As shown in FIG. 1, each of the doped regions
122a, 123a, 1226 and 1235 extends along the Y direction.
The doped regions 122a and 123a are disposed on two
opposite sides of the gate structure 121a. The doped regions
1224 and 1235 are disposed on two opposite sides of the gate
structure 1215. Each of the doped regions 122a, 1234, 1225
and 1235 includes the second conductive type. Each pair of
doped regions 122a and 123a as well as doped regions 1225
and 1235 can also be referred to as a source/drain feature.

[0035] Each of the isolation features 131, 132 and 133 can
be disposed within the substrate 110 and extend from the
surface 110s2 of the substrate 110. In some embodiments,
each of the isolation features 131, 132 and 133 can be a
shallow trench isolation (STI). The isolation feature 131 can
be disposed between the isolation features 132 and 133. The
isolation feature 131 can be disposed between the transistors
120a and 12054. In some embodiments, the isolation features
132 and 133 as well as the well regions 114 and 116 can
define an enclosed region enclosing the doped region 150.

[0036] The dielectric layer 140 can be disposed on the
surface 110s2 of the substrate 110. The dielectric layer 140
can include silicon oxide, carbon-containing oxide such as
silicon oxycarbide (SiOC), silicate glass, tetracthylorthosili-
cate (TEOS) oxide, undoped silicate glass, or doped silicon
oxide such as borophosphosilicate glass (BPSG), fluorine-
doped silica glass (FSG), phosphosilicate glass (PSG), boron
doped silicon glass (BSG), combinations thereof and/or
other suitable dielectric materials.
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[0037] The doped region 150 is disposed in the substrate
110. As shown in FIG. 1, the doped region 150 can extend
along the Y direction. The doped region 150 can be aligned
to the gate structure 121a and 1215. The doped region 150
can be disposed between the transistors 120a and 1205. As
shown in FIG. 2A, in some embodiments, the doped region
150 is disposed under the isolation feature 131. The doped
region 150 can be covered by the isolation feature 131 along
the Z direction. In some embodiments, the doped region 150
can be configured to generate a PN junction between the
well region 112 and the doped region 150 such that the
transistor 1204 can be electrically isolated from the transis-
tor 12056. The doped region 150 can include the second
conductive type. In some embodiments, the doped region
150 can have a dopant concentration greater than that of the
well region 112 or 114. In some embodiments, the doped
region 150 can be composed of a plurality of doped regions,
and there may be no boundaries or obvious boundaries
between these doped regions.

[0038] The conductive feature 171 can extend from the
surface 110s1 of the substrate 110. The conductive feature
171 can be configured to couple with the doped region 150
such that a PN junction can be generated. In some embodi-
ments, the conductive feature 171 can extend between the
surface 110s1 of the substrate 110 and the doped region 150.
In some embodiments, the conductive feature 171 can be in
contact with the doped region 150. In some embodiments,
the conductive feature 171 can be exposed from the surface
110s1 of the substrate 110. In some embodiments, the
conductive feature 171 can penetrate a portion of the sub-
strate 110. In some embodiments, the well region 116 is in
contact with and electrically coupled with the conductive
feature 171. In some embodiments, the well region 116 is in
contact with and electrically coupled with the conductive
feature 171.

[0039] In some embodiments, the doped region 118 is in
contact with and electrically coupled with the conductive
feature 171. In some embodiments, the conductive feature
171 can include a liner layer (not shown), a barrier layer (not
shown) and a conductive layer (not shown). The liner layer
can include oxide or other suitable materials. The barrier
layer can include titanium, tantalum, titanium nitride, tan-
talum nitride, manganese nitride or a combination thereof.
The conductive layer may include metal, such as W, Cu, Ru,
Ir, Ni, Os, Rh, Al, Mo, Co, alloys thereof, or combinations
thereof. In some embodiments, the conductive feature 171
can be electrically connected to a supply voltage V4. In
some embodiments, the supply voltage V4 is transmitted to
the doped region 150 from the surface 110s1 of the substrate
110. For example, the supply voltage V4 can be transmitted
by, but is not limited to, a circuit structure or a circuit board
attached to the surface 110s1 of the substrate 110.

[0040] The conductive feature 172 can extend from the
surface 11051 of the substrate 110. The conductive feature
172 can be configured to be coupled with the doped region
118 such that a PN junction can be generated. In some
embodiments, the conductive feature 172 can be in contact
with the doped region 118. In some embodiments, the
conductive feature 172 can be exposed from the surface
110s1 of the substrate 110. In some embodiments, the
conductive feature 172 can penetrate a portion of the sub-
strate 110. In some embodiments, the conductive feature 172
can extend between the surface 11051 of the substrate 110
and the doped region 118. As shown in FIG. 2, the conduc-
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tive feature 171 can have a length L1 along the Z direction.
The conductive feature 172 can have a length L2 along the
Z direction. In some embodiments, [.1 is greater than [.2.
The conductive feature 172 can have materials similar to or
the same as that of the conductive feature 171. In some
embodiments, as shown in FIG. 1, the well region 114 can
overlap the conductive feature 172 along the Z direction.
[0041] The semiconductor device structure 10a can fur-
ther include a dielectric layer 180. The dielectric layer 180
can be disposed adjacent to the surface 110s1 of the substrate
110. The dielectric layer 180 can include dielectric materi-
als, such as silicon oxide, silicon nitride or other suitable
materials.

[0042] In a comparative example, the supply voltage of
the doped region 150 is transmitted from the active surface
of the substrate and penetrates the isolation feature. These
conductive traces for transmitting the aforesaid supply volt-
age may require additional areas to accommodate them. In
comparison with the comparative example, the supply volt-
age V4 is transmitted from the backside surface of the
surface 11051 of the substrate 110. As a result, the size of the
isolation feature 131 can be reduced, and thus the active area
of the semiconductor device structure 10a can be increased.
[0043] FIG. 2B is a cross-sectional view of a semicon-
ductor device structure, in accordance with some embodi-
ments of the present disclosure. FIG. 2B is a cross-sectional
view of the semiconductor device structure 10a'. The semi-
conductor device structure 10a' of FIG. 2B is similar to the
semiconductor device structure 10a of FIG. 2A, and one of
the differences is that the semiconductor device structure
104" further includes conductive structures 16la, 162a,
163a, 1615, 1625 and 1635.

[0044] Each of the conductive structures 161a, 162a,
163a, 1615, 1626 and 1635 can penetrate the dielectric layer
140. Each of the conductive structures 161a, 1624, 163a,
1615, 1625 and 1635 can include conductive materials, e.g.,
metal, such as tungsten (W), copper (Cu), Ru, Ir, Ni, Os, Rh,
Al, Mo, Co, alloys thereof, or combinations thereof. The
conductive structure 161a can be electrically coupled to the
gate structure 121a. The conductive structure 162a can be
electrically coupled to the doped region 122a. The conduc-
tive structure 163a can be electrically coupled to the doped
region 123a. The conductive structure 1615 can be electri-
cally coupled to the gate structure 1215. The conductive
structure 1625 can be electrically coupled to the doped
region 1225. The conductive structure 1635 can be electri-
cally coupled to the doped region 12354. In this disclosure,
each of the conductive structures 161a, 162a, 163a, 1615,
1626 and 1635 can be referred to as a “zero metal layer
(MO0).”

[0045] In some embodiments, the conductive structures
161a, 162a and 163a can be imposed on different supply
voltages. For example, the conductive structure 161a can be
electrically connected to a supply voltage V1, the conductive
structure 162a can be electrically connected to a supply
voltage V2, and the conductive structure 163a can be
electrically connected to a supply voltage V3. In some
embodiments, each of the supply voltages V1, V2 and V3 is
electrically isolated from the doped region 150. In some
embodiments, each of the supply voltages V1, V2 and V3
can be transmitted from the surface 110s2 of the substrate
110. For example, the conductive traces transmitting supply
voltages V1, V2 and V3 can include the first metal layer
(M1), which is disposed over the MO, and the second metal
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layer (M2), which is disposed over the M1, and so on.
Similarly, the conductive structures 1615, 1625 and 1635
can be imposed on different supply voltages.

[0046] FIG. 3 is a cross-sectional view of a semiconductor
device structure 105, in accordance with some embodiments
of the present disclosure. The semiconductor device struc-
ture 105 has a structure similar to that of the semiconductor
device structure 104", and one of the differences is that the
semiconductor device structure 105 further includes a con-
ductive structure 164.

[0047] The conductive structure 164 can be disposed on
the surface 110s1 of the substrate 110. In some embodi-
ments, the conductive structure 164 can penetrate the iso-
lation feature 131. In some embodiments, the conductive
structure 164 can be electrically coupled to the doped region
150. In some embodiments, the conductive structure 164 can
be in contact with the doped region 150. In some embodi-
ments, the conductive structure 164 can be electrically
coupled to the conductive feature 171 (or the supply voltage
V4 shown in FIG. 2B). The conductive structure 164 can be
configured to transmit electrical signals, such as the supply
voltage shown in FIG. 2B, to other elements (not shown). In
this embodiment, not all of the supply voltages are electri-
cally coupled to the transistors or other elements from the
active surface of the substrate. As a result, the layout of the
metal traces can be designed in a more flexible manner.

[0048] FIG. 4 is a cross-sectional view of a semiconductor
device structure 10¢, in accordance with some embodiments
of the present disclosure. The semiconductor device struc-
ture 10¢ has a structure similar to that of the semiconductor
device structure 105, except for the doped region 118.

[0049] In some embodiments, the doped region 118 can be
spaced apart from the conductive feature 171. In some
embodiments, the doped region 118 can have a ring shape
profile which is the same as that of the well region 114. In
some embodiments, the doped region 118 can have a plu-
rality of sections separated from each other, and each of the
plurality of sections can be in contact with one conductive
feature 172 shown in the top view of FIG. 1.

[0050] FIG. 5 is a cross-sectional view of a semiconductor
device structure 104, in accordance with some embodiments
of the present disclosure.

[0051] The semiconductor device structure 104 has a
structure similar to that of the semiconductor device struc-
ture 105, and one of the differences is that the semiconductor
device structure 104 further includes a circuit structure 200
and a circuit board 300.

[0052] In some embodiments, the circuit structure 200 can
be bonded or attached to the surface 110s1 of the substrate
110. The circuit structure 200 can be configured to provide
or transmit a voltage electrically coupled with the doped
region 150. The circuit structure 200 can include a surface
200s1 (or a lower surface), a surface 200s2 (or an upper
surface), and a surface 200s3 (or a lateral surface). The
surface 20052 is opposite to the surface 200s1. The surface
200s2 of the circuit structure faces the surface 100s1 of the
substrate 100. The surface 20053 extends between the sur-
face 200s1 and the surface 200s2. In some embodiments, the
surface 20053 of the circuit structure 200 and the surface
11053 of the substrate 110 are discontinuous. In some
embodiments, the surface 200s3 of the circuit structure 200
is not coplanar with the surface 110s3 of the substrate 110.
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The circuit structure 200 can include a substrate 210, a
dielectric structure 220, a conductive structure 230, and
terminals 240.

[0053] The substrate 210 may be a semiconductor sub-
strate, such as a bulk semiconductor, a semiconductor-on-
insulator (SOI) substrate, or the like. The substrate 210 can
include an elementary semiconductor including silicon or
germanium in a single crystal form, a polycrystalline form,
or an amorphous form.

[0054] The circuit structure 200 may include a plurality of
isolation features 212. The isolation features 212 can be
embedded in the substrate 210. The isolation features 212
can be a shallow trench isolation (STI).

[0055] The circuit structure 200 can further include a
plurality of gate structures 214. The gate structures 214 can
be disposed on the substrate 210. The gate structures 214 can
be separated from each other by the isolation features 212.
Each of the gate structures 214 can include a gate dielectric
(not shown) and a gate electrode (not shown).

[0056] The dielectric structure 220 can be disposed on the
substrate 210. The dielectric structure 220 can include a
plurality of dielectric layers. The dielectric structure 220 can
include oxide, nitride or other suitable materials. In some
embodiments, the material of the dielectric structure 220 can
be similar to or the same as that of the dielectric layer 180.
For example, both the dielectric structure 220 and the
dielectric layer 180 include silicon oxide.

[0057] The conductive structure 230 can be disposed
within the substrate 210 and in the dielectric structure 220.
The conductive structure 230 can be configured to electri-
cally connect the circuit board 300 and the conductive
feature 171. The conductive structure 230 can be electrically
coupled with the circuit board 300. The conductive structure
230 can include conductive materials, such as W, Cu, Ru, Ir,
Ni, Os, Rh, Al, Mo, Co, alloys thereof, or combinations
thereof. The conductive structure 230 can include conduc-
tive vias 231, terminals 233a, 2335 and 233c.

[0058] In some embodiments, the conductive via 231 can
penetrate substrate 210. In some embodiments, the conduc-
tive via 231 can penetrate a portion of the dielectric structure
220. In some embodiments, the conductive via 231 can be
exposed from the surface 200s1 of the circuit structure 200.
[0059] In some embodiments, the terminal 233a can be
electrically coupled with the conductive feature 171. The
terminal 233a can be in contact with the conductive feature
171. In some embodiments, each of the terminals 2335 and
233¢ can be electrically coupled with the corresponding
conductive feature 172. Each of the terminals 2335 and 233¢
can be in contact with the corresponding conductive feature
172. In some embodiments, each of the terminals 2334, 2335
and 233c¢ can be exposed from the surface 200s2 of the
circuit structure 200. In some embodiments, each of the
terminals 233a, 23356 and 233¢ can include a conductive pad
or other elements.

[0060] In some embodiments, the substrate 110 can be
hybrid bonded to the circuit structure 200. For example, the
substrate 110 is bonded to the circuit structure 200 through
binding the dielectric structure 220 of the circuit structure
200 to the dielectric layer 180 of the substrate 110, and
through the terminals 233a, 2335, and 233¢ of the circuit
structure 200 to the conductive features 171 and 172 of the
substrate 110.

[0061] The terminals 240 can be disposed on the surface
20051 of the circuit structure 200. The terminal 240 can
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electrically connect the conductive structure 230 of the
circuit structure 200 and the circuit board 300. In some
embodiments, the terminal 240 is a solder ball (e.g., Sn ball).
[0062] The circuit board 300 can be attached to the circuit
structure 200 through the terminals 240. The circuit board
300 can be configured to inject power into the circuit
structure 200. In some embodiments, the power can include,
for example, a direct current (DC) bias. The circuit board
can include, but is not limited to, a printed circuit board, a
flexible printed circuit board or other circuit boards.
[0063] In this embodiment, the circuit board 300 can
provide power to electrically couple to the doped region 150
from the surface 110s1 of the substrate 110. As a result, the
transistor 1204 can be electrically isolated from the transis-
tor 1205. Further, the circuit board 300 can further provide
power to electrically couple to other elements through the
conductive structure 164.

[0064] FIG. 6A, FIG. 6B, F1G. 6C, FIG. 6D, FIG. 6E, FIG.
6F, FIG. 6G, FIG. 6H, FIG. 61 and FIG. 6] illustrate various
stages of manufacturing a semiconductor device structure
1054, in accordance with some embodiments of the present
disclosure.

[0065] Referring to FIG. 6A, a substrate 110 can be
provided. The well region 112 can be formed in the substrate
110. The isolation features 131, 132 and 133 can be formed
in the substrate 110, and adjacent to the surface 11052 of the
substrate 110.

[0066] Referring to FIG. 6B, the gate structures 121a and
1215 can be formed on the surface 11052 of the substrate
110. The gate structures 121a and 1215 can be formed on
two opposite sides of the isolation feature 131.

[0067] Referring to FIG. 6C, the dielectric layer 140 can
be formed on the surface 11052 of the substrate 110. The
dielectric layer 140 can cover the surface 110s2 of the
substrate 110. The dielectric layer 140 can cover the gate
structures 121a and 1215. The dielectric layer 140 can be
formed by chemical vapor deposition (CVD), plasma
enhanced CVE (PECVD), flowable CVD (FCVD), spin
coating or the like.

[0068] Referring to FIG. 6D, a plurality of openings
14001, 14002, 14003 and 14004 can be formed. Each of the
openings 14001, 14002, 14003 and 14004 can penetrate the
dielectric layer 140. The opening 14004 can further pen-
etrate the isolation feature 131. The openings 14001, 14002,
14003 and 14004 can be formed by an etching operation,
such as wet etching, dry etching or other suitable processes.
[0069] Referring to FIG. 6E, the doped regions 122a,
12256, 123a, 1235, and 150 can be formed within the
substrate 110. Thus, the transistors 120a and 1205 can be
formed. In some embodiments, the doped regions 122a,
122b, 123a, 1235, and 150 can be formed by the same
implant operation. In some embodiments, the doped regions
122a,122b, 123a, 1235, and 150 can be formed by different
implant operations.

[0070] Referring to FIG. 6F, the well regions 114 and 116
can be formed within the substrate 110. In some embodi-
ments, the well regions 114 and 116 can be formed by the
same implant operation. In some embodiments, the well
regions 114 and 116 can be formed by different implant
operations.

[0071] Referring to FIG. 6G, the doped region 118 can be
formed within the well region 116. It should be noted that the
order in which to form the well regions 112, 114, 116 and the
doped region 118 can be modified.
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[0072] Referring to FIG. 6H, the conductive structures
161a, 1624, 163a, 1615, 1625, 1635, and 164 can be formed
to fill the openings 14001, 14002, 14003 and 14004. The
conductive structures 161a, 162a, 163a, 1615, 1625, 1635,
and 164 can be formed by sputtering, chemical vapor
deposition (CVD), physical vapor deposition (PVD), elec-
trochemical plating (ECP), electrodeposition (ELD), atomic
layer deposition (ALD), or the like, or combinations thereof.
[0073] Referring to FIG. 61, the dielectric layer 180 can be
formed on the surface 11051 of the substrate 110. In some
embodiments, the dielectric layer 180 can be formed by
oxidation of the substrate 110. In some embodiments, before
forming the dielectric layer 180, a removal operation can be
performed to remove the substrate 110 from the surface
110s1 of the substrate 110. In some embodiments, the
removal operation can include, for example, a chemical
mechanical polish operation.

[0074] Referring to FIG. 6], the conductive features 171
and 172 can be formed. As a result, the semiconductor
device structure 105 can be produced. In some embodi-
ments, a plurality of openings are formed to expose the
doped regions 150 and 118. The openings can extend from
the surface 110s1 of the substrate 110. Then, a liner layer
(not shown), barrier layer (not shown), and conductive layer
are formed to fill the openings to form the conductive
features 171 and 172. In some embodiments, the liner layer,
barrier layer and conductive layer can be formed by sput-
tering, CVD, PVD, ECP, ELD, ALD, or the like, or com-
binations thereof. The conductive feature 171 can be in
contact with the doped region 150, and the conductive
feature 172 can be in contact with the doped region 118.
[0075] FIG. 7A and FIG. 7B illustrate various stages of
manufacturing a semiconductor device structure 10d, in
accordance with some embodiments of the present disclo-
sure. In some embodiments, the initial stages before FIG. 7A
of the illustrated process are the same as, or similar to, the
stages illustrated in FIG. 6A through FIG. 6J. FIG. 7A
depicts a stage subsequent to that depicted in FIG. 6J.
[0076] Referring to FIG. 7A, the circuit structure 200 can
be provided and bonded to the surface 110s1 of the substrate
110. The surface 20052 of the circuit structure 200 can be
bonded to the surface 11051 of the substrate 110. In some
embodiments, the circuit structure 200 can be hybrid bonded
to the substrate 110. For example, the substrate 110 is
bonded to the circuit structure 200 through binding the
dielectric structure 220 of the circuit structure 200 to the
dielectric layer 180 of the substrate 110, and through the
terminals 233a, 23354, and 233c¢ of the circuit structure 200
to the conductive features 171 and 172 of the substrate 110.
[0077] Referring to FIG. 7B, the circuit board 300 can be
provided and bonded to the surface 200s1 of the circuit
structure 200 through the terminals 240. As a result, the
semiconductor device structure 104 can be formed.

[0078] FIG. 8 is a flow chart illustrating a method 20 for
manufacturing a semiconductor device structure, in accor-
dance with various aspects of the present disclosure.
[0079] The method 20 begins with operation S21 in which
a substrate is provided. The substrate has a first surface and
a second surface opposite to the first surface, wherein the
substrate includes a first well region with a first conductive
type.

[0080] The method 20 continues with operation S22 in
which an isolation feature is formed. The isolation feature
extends from the second surface of the substrate.
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[0081] The method 20 continues with operation S23 in
which a first transistor and a second transistor are formed
adjacent to the second surface of the substrate.

[0082] The method 20 continues with operation S24 in
which a first doped region is formed under the isolation
feature. The first doped region has a second conductive type
different from the first conductive type.

[0083] The method 20 continues with operation S25 in
which a second well region is formed in the substrate and
surrounding the first doped region.

[0084] The method 20 continues with operation S26 in
which a third well region is formed. The third well region is
spaced apart from the second surface of the substrate and in
contact with the second well region.

[0085] The method 20 continues with operation S27 in
which a second doped region is formed in the third well
region.

[0086] The method 20 continues with operation S28 in
which a first conductive feature is formed. The first conduc-
tive feature extends between the first surface of the substrate
and the first doped region, wherein the first conductive
feature electrically couples with first doped region.

[0087] The method 20 continues with operation S29 in
which a second conductive feature is formed. The second
conductive feature extends between the first surface of the
substrate and the second doped region.

[0088] The method 20 is merely an example, and is not
intended to limit the present disclosure beyond what is
explicitly recited in the claims. Additional operations can be
provided before, during, or after each operations of the
method 20, and some operations described can be replaced,
eliminated, or moved around for additional embodiments of
the method. In some embodiments, the method 20 can
include further operations not depicted in FIG. 8. In some
embodiments, the method 20 can include one or more
operations depicted in FIG. 8.

[0089] FIG. 9 is a flow chart illustrating a method 30 for
manufacturing a semiconductor device structure, in accor-
dance with various aspects of the present disclosure.
[0090] The method 30 begins with operation S31 in which
a substrate is provided. The substrate has a first surface and
a second surface opposite to the first surface, wherein the
substrate includes a first well region with a first conductive
type. The substrate includes a first transistor and a second
transistor adjacent to the second surface of the substrate. The
substrate includes a first doped region, wherein the first
doped region has a second conductive type different from the
first conductive type. The substrate includes a conductive
feature extending between the first surface of the substrate
and the first doped region.

[0091] The method 30 continues with operation S32 in
which a dielectric layer is formed on the first surface of the
substrate.

[0092] The method 30 continues with operation S33 in
which a circuit structure is provided on the first surface of
the substrate. The circuit structure is hybrid bonded to the
substrate.

[0093] The method 30 continues with operation S34 in
which a circuit board is provided on the circuit structure. The
circuit board is bonded to the circuit structure through a
solder ball.

[0094] The method 30 is merely an example, and is not
intended to limit the present disclosure beyond what is
explicitly recited in the claims. Additional operations can be
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provided before, during, or after each operations of the
method 30, and some operations described can be replaced,
eliminated, or moved around for additional embodiments of
the method. In some embodiments, the method 30 can
include further operations not depicted in FIG. 9. In some
embodiments, the method 30 can include one or more
operations depicted in FIG. 9.

[0095] One aspect of the present disclosure provides a
semiconductor device structure. The semiconductor device
structure includes a first substrate, a first well region, a first
gate structure, a second gate structure, a first doped region,
and a first conductive feature. The substrate has a first
surface and a second surface opposite to the first surface.
The first well region is in the first substrate. The first well
region has a first conductive type. The first gate structure is
disposed on the second surface. The second gate structure is
disposed on the second surface. The first doped region
includes a second conductive type different from the first
conductive type. The first doped region is disposed between
the first gate structure and the second gate structure. The first
conductive feature extends between the first surface of the
first substrate and the first doped region.

[0096] Another aspect of the present disclosure provides a
semiconductor device structure. The semiconductor device
structure includes a substrate, a first well region, a first
transistor, a second transistor, a first doped region, and a
circuit structure. The substrate has an active surface and a
backside surface. The first well region is in the substrate.
The first well region has a first conductive type. The first
transistor is adjacent to the active surface of the substrate.
The second transistor is adjacent to the active surface of the
substrate. The first doped region includes a second conduc-
tive type different from the first conductive type. The first
doped region is disposed in the first well region and between
the first transistor and the second transistor. The circuit
structure is on the backside surface of the substrate. The
circuit structure is configured to transmit or provide a
voltage electrically coupled with the first doped region.

[0097] Another aspect of the present disclosure provides a
method for manufacturing a semiconductor device structure.
The method includes: providing a substrate having a first
surface and a second surface opposite to the first surface,
wherein the substrate comprises a first well region with a
first conductive type; forming an isolation feature extending
from the second surface of the substrate; forming a first
transistor and a second transistor adjacent to the second
surface of the substrate; forming a first doped region under
the isolation feature, wherein the first doped region has a
second conductive type different from the first conductive
type; and providing a circuit structure on the first surface of
the substrate, wherein the circuit structure is configured to
transmit or provide a voltage electrically coupled with the
first doped region.

[0098] Another aspect of the present disclosure provides a
method for manufacturing a semiconductor device structure.
The method includes: providing a substrate having a first
surface and a second surface opposite to the first surface,
wherein the substrate comprises a first well region with a
first conductive type; forming a first transistor and a second
transistor adjacent to the second surface of the substrate;
forming a first doped region between the first transistor and
the second transistor, wherein the first doped region has a
second conductive type different from the first conductive
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type; and forming a first conductive feature extending
between the first surface of the substrate and the first doped
region.
[0099] The embodiments of the present disclosure dis-
close a semiconductor device structure with a doped region
in a substrate. The aforesaid doped region has a conductive
structure opposite to that of a well region of the substrate.
The doped region is configured to generate a PN junction so
as to electrically isolate adjacent transistors. Further, the
semiconductor device structure includes a conductive struc-
ture extending from the backside surface of the substrate to
electrically couple with the doped region. A power, such as
a direct current bias, is provided from the backside surface
to couple with the doped region through the conductive
structure, generating a PN junction between the doped
region and the well region of the substrate. In a comparative
example, the conductive traces, being configured to couple
with the doped region, are disposed on the active surface of
the substrate. These conductive traces need additional areas
and thus reduce the size of the active regions of the tran-
sistors. In comparison with the comparative example, the
embodiments of the present disclosure can increase the size
of the active regions of the transistors, and thus the perfor-
mance of the semiconductor device structure is improved.
[0100] Although the present disclosure and its advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
disclosure as defined by the appended claims. For example,
many of the processes discussed above can be implemented
in different methodologies and replaced by other processes,
or a combination thereof.
[0101] Moreover, the scope of the present application is
not intended to be limited to the particular embodiments of
the process, machine, manufacture, and composition of
matter, means, methods and steps described in the specifi-
cation. As one of ordinary skill in the art will readily
appreciate from the present disclosure, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that
perform substantially the same function or achieve substan-
tially the same result as the corresponding embodiments
described herein may be utilized according to the present
disclosure. Accordingly, the appended claims are intended to
include within their scope such processes, machines, manu-
facture, compositions of matter, means, methods, or steps.

What is claimed is:

1. A semiconductor device structure, comprising:

a substrate having an active surface and a backside

surface;

Aug. 1,2024

a first well region in the substrate, wherein the first well
region has a first conductive type;

a first transistor adjacent to the active surface of the
substrate;

a second transistor adjacent to the active surface of the
substrate;

a first doped region with a second conductive type dif-
ferent from the first conductive type, wherein the first
doped region is disposed in the first well region and
between the first transistor and the second transistor;
and

a circuit structure on the backside surface of the substrate,
wherein the circuit structure is configured to transmit or
provide a voltage electrically coupled with the first
doped region.

2. The semiconductor device structure of claim 1, further

comprising:

a first conductive feature exposed from the backside
surface of the substrate, wherein the first conductive
feature electrically connects the circuit structure and
the first doped region.

3. The semiconductor device structure of claim 2, further

comprising:

a conductive structure extending from the active surface
of the substrate, wherein the conductive structure is
electrically coupled with the first doped region.

4. The semiconductor device structure of claim 3, further

comprising:

a first isolation feature disposed in the substrate and
between the first transistor and the second transistor,
wherein the conductive structure penetrates the isola-
tion feature.

5. The semiconductor device structure of claim 3, wherein
the conductive structure is vertically aligned to the first
conductive feature.

6. The semiconductor device structure of claim 2, further
comprising:

a second well region in the substrate and surrounding the

first doped region; and

a third well region spaced apart from the active surface of
the substrate and in contact with the second well region.

7. The semiconductor device structure of claim 6, wherein
first conductive feature penetrates the third well region.

8. The semiconductor device structure of claim 7, wherein
each of the second well region and the third well region has
the second conductive type.

9. The semiconductor device structure of claim 4, wherein
a lateral surface of the circuit structure and a lateral surface
of the substrate are discontinuous.
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