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(37) ABSTRACT

Provided 1s a high voltage semiconductor device. The high
voltage semiconductor device includes a transistor having a
gate, a source, and a drain. The source and the drain are
formed 1n a doped substrate and are separated by a driftregion
of the substrate. The gate 1s formed over the driit region and
between the source and the drain. The transistor 1s configured
to handle high voltage conditions that are at least a few hun-
dred volts. The high voltage semiconductor device includes a
dielectric structure formed between the source and the drain
of the transistor. The dielectric structure protrudes into and
out of the substrate. Different parts of the dielectric structure
have uneven thicknesses. The high voltage semiconductor
device includes a resistor formed over the dielectric structure.
The resistor has a plurality of winding segments that are
substantially evenly spaced apart.

20F

L_\

200

221

/////////////////////////////////////ﬂ

LA 0 MK M MR

m{d

”Iﬂf”l m\“““‘!




US 2014/0021560 A1l

Jan. 23, 2014 Sheet1 0of 13

Patent Application Publication

I o1

(o
.. H :

teIp 2]
pue 30IN0S dY} U3IM1IDq PIsodsIp are 3183 2y} pue 991A9p I0ISISAT SY) UISIdYM

0¢ PUE “2INJOTLS UONRIOSI O1NOA[AIP Y] pue uoI3al JJup ays £q pajeredas are
Utelp 2y) pue 320In0S 3Y) UIIYM JR1ISqNS 3] UI UTRIP B PUR 20I00S B WO J
o1 SJUIWIB2S SUIpUIM Jo Ajifenjd e sopnjour 291A9p 10JS1Sa1

Y} UIDIOYM “2INIDNIS UOTJR[OST DLIIIIIIP Y} IOAQ IJIAIP JOISISII B ULIO |
ol \/\A AINIOILIS UOIIB[OST JLIIOJ[IIP A} I9A0 JOISISUR] B JO 2183 © ULIO _
P17 " ' UOIGI JJLIP 9Y) ID9A0 DIMIONIS UOTIR]OSI SLIIIA[AIP B WLIO ] _

71 \.\/f\\‘ A1Anonpuos jo sadA} JuaIsfIp yim suoidar

padop sapnjour uoidax YUp Y} UIRISYM ‘91RHSANS B Ul UOIF2I PYLIP B WLO,]
m LAVLS v

Ol




US 2014/0021560 A1l

o
o
e

me e

'I".?%
e T e e et
e

s oy -

o

%-&-

Jan. 23, 2014 Sheet 2 0of 13

[ze e

—— raE———— L e

————

\4il¢

Patent Application Publication



US 2014/0021560 A1l

Jan. 23, 2014 Sheet 3 0f 13

00T

d0¢

Patent Application Publication




US 2014/0021560 A1l

Jan. 23, 2014 Sheet 4 of 13

Patent Application Publication

D0C




US 2014/0021560 A1l

Jan. 23, 2014 Sheet 5 o0f 13

Patent Application Publication

S “si1

S

-

e

i

.........“......ua.

h

d0¢

- ————

S ] N LT PN B O P ALY




US 2014/0021560 A1l

Jan. 23, 2014 Sheet 6 of 13

Patent Application Publication

=
2
o
2
TR
i
e
5
= A
- SR
o
m.ﬂw ;
taly s =T L
.- ' iy
S i
|I”.1
= —“
“_I-ll
2%
e S,
ek
i i S
! '
i i o
2
2o
b
e
5 AR
7 SR
e 5 T
e
vaag’s o, "

———m e

A0C




US 2014/0021560 A1l

Jan. 23, 2014 Sheet 7 of 13

Patent Application Publication

HIETRIEE TS kAN ad
ESARFAIAN S SLAFFFERES
HIEEERIENE Rl AN kL
EIRASFFILATFFER L FNES
R1iIFINIFFFESY FFERTR
HEAF+FEREAIE A RETFEIRESF

B W & p F 3 t g u ¥ gt g A s gy R
" r # & » B+ & I = 2 8 2 4 8 =k = m £ § & = B B B L = 1 # g 4 =

& » = 4 B = m & § & » & ¥ = 1 r % & = & 5 F 2w 4 v & F & @&
F = % r

4 r & F & ¥ a1 F

FIFFIy.
i

] I a % & 4 % » R 4 &% F g "W gy % &2 4 F J % & 4 " g % F & T g %W 4y & & 4 F 4 W A 2

- 1 = % F 4w " a 13
|

R
= % 4 4 B
+ 1 # R
- & g5 & 3
» &

EFPF i FRAN

[ B ERE SR ERE N (AN R N AR NN LB R ERER RN RN N 3] » h f & & & ¥+ & d + & & d W 4 & & » kB 4 & Ff & ¥ + | r & &% o 4 1 F 1 ¥ & 4 & +& & & & & ¥ ® 4 &+ F 4 % & % Ff & P A % o & " & WAL k1 b F kF kB F R WA 1 = & &

-y A PR SRET T FF RS " RSN "SR TFFIiREE

LR L NN AN N RE NI LB L LEE N RN IE R ERLERENIEENE]) 1 P F ¢ & 4 K & * ¥ 4 + 4 B * &= | I & & & % {4 K &% 4 5 + & ®B % & F F & & & |9 F = & % F ¢ * B & & |9 F = % % + 4 k &% & o4 & = & 4 & & P = & B d + F % & o 4 FF ®F + =5 4

SEEFpERNTEF N FTTFAWNTTFEE ArUSE"FIEYTSEETTLN

FEFAFEErREE LRI N LLEAN BRALTLT AN AL ) AR * B F K ®E 4 ¥ F 5 1 I # 4 R & §| § § ®E §E § =®E 4 ¥ F % | P® F R A F & " §p 4 4 ¥ ¥ E % ¥ | * % F & 4 f ¥ & § F | ¥ F R = , § F R,L, ® 5 I ) = F § =¥ r B § § ®°B | ¥F F L B 3 §F § B

Fpgpmidgpnh . Feuldgpyud o mwdpEnrbpanbdaent

rnd i grndngpy LECIE R B R N FErdnd pggh dpg g L] r & p ® ®m 4 & g m =g & g & oy a5 r & p = & 4 & g m @mp g & g & m a5 [ R | L m i } & p ®m & } bk 2 = =m 3 = g =m =m g & g = g & , kB gy & g & = = & §om = 5 d
- -

Al EE RN ISR N I ET A EREIN N [ F R LT RTEREET AR EE L]
gk kg g wamd by gk LN NE LN RN N
s brasns dnenddapn b fgidbrpdddrgrkdagrdrauninspfidrpnbdrsyh ddigibbogrbdd
pabdlygphidpnaf g b e it dgpgghidgui /gy bdgpgtidprpghddpgr i dglibdgpgyghtdgpiiyg
ErahFdinbhddanlddasRiddrafiraaddrraidrabfdrabdpaniddanl ddrwhiEraa i Frra
sm s bt rpnhsssndsrnlinnhwddonbhddpgrbbddasbfimabgueesnisnnnbdvsanddnonhddygnh
 EEFNTEN FETENFEE N RN THRFEE ST S NEEEFFENE RN FEL THRITE BN IR I Ry
dadhdvnlddnmb inra Imr1hdkdbendddbadhddndhddnd dRunh banhhdnrdddbbn b bbb
LA L ER AR FEFRE ARSI S RIR 1IN LRERELERNREL AR RS L ARENREEEREBRJ IR REJERRERRNELEEENNET]
i AN dm PP T FAra i b AT s g T Vbl N s AP PR Fr Al Fu T kP

ARARNARNNNN FIFFFIrey. o

a * £ w ¥ 4 0 p

ATESEEEEFART AN AR P
EdRF B FE IS A EELEFER

& ®F B

i

1

8 XM
N

h
[

e

e af
4,

¥

w
i

*

¥,

e

w
-
W/
)

M, 5

PIZIII LY

1¢c 0CC

777

~

10¢



Patent Application Publication Jan. 23, 2014 Sheet 8 of 13 US 2014/0021560 Al

L o o " X
L e REEEN il l aw ::'l it
i : : :
] ..
i L
%n:_:_ SRR
; i S
e, e
2 e
= .,
5 5
oy 2 t0

200

&l

Fig. 8

200G

220}




US 2014/0021560 A1l

!

I

Jan. 23, 2014 Sheet 9 of 13

P — —_—

1T ,_

p——— ==

HO¢

Patent Application Publication



US 2014/0021560 A1l

Jan. 23, 2014 Sheet 10 of 13

Patent Application Publication

do1 314

JDIAJP 10]SISY

ol UL l.l-l.l-l-.llllllflll.lllll S O T S S NN S S S ST S S S S S S S JEr S Emm S W

el g

S O o o o am wr o e o

e

s

7

uoI3ax JYLp

D01 31

2180)

_ . \m

W FFFFFFET TS FSFETEEEFTTEFEEFF TS T EFFSTFEFEEFFFEEFSSEFPEFF TS IPFrs.
P i il ol il i o ol Aol o i ol i i ol o i e o A i ol il ol ol o i i r s
I oA R S N A A NN R EE S RN NN E T EEENEEEFEEEFFEEFFEE
W i A S S F PN EFFFEFFEEEEIFEEFEFE " FFFEFEFEFEFEFFEBEFFEEEFFEFEFFEFFEEysd

L= gt i g oF gF b b g gl T R gt g gt g T B g g gt O g g N g g
' ________________________________________
Wil S I EF NN E NG EEEEEEEEFFD G FEEEEEEFFEEEEFFE§PEFEEEETEE G FEEEEE.EFrirr
M FFFFFEEFEFFEFFEEFFEFFEEFFFEFFEEFEFEFF VEEFFFFEEFEEFFEFEFEEFEFFEFEFEEEFFFFEFFEFFry.
LI g g g gt S B g gt B S B gt B Bt g P s gt S i i e gt o S S B e g gt e gt R gt gt S gl T R F gt gt e g b e gt e g ot
g g g g gt gt T P g S B g g g T g gt g gt T g g R g g F T g g g g R e g T
. ___________________________________________________J |
W F RN EEEEEEEFEFEEEEFFFETEEEFEFE .____...\..“ il W T EEEEEEFTEEEEFEEEEFEFrry.
3 a L Wl it g W g P G E g R e R ]
|
W N IrEEFFEFrrPFFrEEFrPFEFErE. FFrEEFrEFEF. " FEEEEFEPEEFESFr.EFFEFEFEEFESFFrSrFrys.
T

Vs o EFEEFEEEFFEFEFFFFE CEPEFFEEEEF FEFFEFEEFFEFEFEFEFEFFEEFEFEFFy.SFrysyy

LP F gt ® s S e g g g gt gt g R 8t Gl T P g i g g Sl R P G e s G g T gt S g e B s gt S gt g g g Rt B R R R ]

W FFFFEEEEFEFEFEEFEFFEEFFFF FFEEFEEF. "EEEFFEFEEFFFFFEFEEFSEFFEEEFFEFEEErFs

UOISa JLIP

S/

d0]1 314

[ g g I T e -
il
-

FAE N A A
F

LEdExERIINIFIUALNFSERLDEBEEA
JEAHEIEEIN AN+ RA SN TR TIETEIN D N

. il
Pl e i B A il
T
A e Sl P ol o e by el A o
-~
T i g e’ e el gl gl e g e e ol gl e e B .___.__...-l__.

Pt i i O e i e e ..-\

[
b i
A o s i b 2 e S v o A .l__f.l....\.. e

-

=
A e By e ol iyt i o A I .l_...l..._l__.

. N al
= T I T s
-t
N e g g g A e el g o g A T L\-

A

uoI3aI 1JLIp



Patent Application Publication Jan. 23,2014 Sheet 11 of 13 US 2014/0021560 Al

Fig. 11

Line-type Layout




gl
A A h
.-..__.l_-. oy - o~
o e ETA
ek

ol o e
e il P,

Y ' L ~

S o F
b . o -~
r . ol

. | I - - -~ Ll o
L. . . . N

US 2014/0021560 A1l

[
.-!IJF' oo B A

-i‘ .
A
b . ¥
4
R

- .
w3kl

. .l'.l. - 1]

-h 'n."
" l p-r_'h.
A

XK o
L N e
o A
~h,

E.rX.
KRR g

Ly

T 4
B E A R e

. . %

: = .-a .I g

MYy
e
gy
P bt
"
e
S
. =
o
s 1T
S ik
Toai |

EBN R KN g £ 8% E8 BB

- __.' . -
i

S e

AT
Coa

AN

LTI T

o
i

Jan. 23, 2014 Sheet 12 of 13

o T

e g b E g :...ﬂhﬂﬂmﬂ.,.”..

2

- i
ahi i J
2ol sl 4 T

it o e SRT

itk ﬁﬁ...ﬂ

JnoAe] adAj-span

Patent Application Publication



Patent Application Publication Jan. 23,2014 Sheet 13 of 13 US 2014/0021560 Al

ﬁﬂmmxmﬂi;r i o o e e o A N A A T o O m
f oo L...LI A A A T RN O T PR S A e B S e
v"t ' .-+ R R R R R R RO B R A R AR RS R ﬂiﬂiﬂ!ixmﬂﬁi‘!’“ﬁ'{.ﬂfh Ny

O A g g g A Y A R A O A S I T S A TR R A R W T N R e S o
f “‘ d’};ﬁmm&m,ﬂjt*#.ﬁﬂl,ﬁ.&,ﬁd‘h‘l 2B B e 0 e Bl e o i M P B o i, e B e PO sl e L el s e o ﬂ!u..l:

e g e iy e gy Sy g TR AT g "‘F*#W'ﬂ'ﬂ"#ﬂr"'ﬂ' e B el g T BRI IR P IR TR I TN BT ST T e Tl T TR
‘hfmhhd"ihhd‘_.ﬁ_k&_g&_ b o et ey .&.i. PN N Y S T N W R R U BT, JET T WL L BE TR R W ﬁ-rh-n-l-l- Phg sl itle v Fi tﬁl‘

qr »,hj"-li.]. AR R R O B R B W N Jﬂfﬂfxﬂlw
A W W A T
;"‘i"ﬁ“ﬂ"l‘!‘f" e SO - T O O e O R O N I’IJI"I:L
Pri;f’tl:!” N O T O A0 A A R O 'k .

AR T i R A T T i b R e T T T S T TR S g +’¥“W+'#"ﬁm
#j #.lh-‘-‘u‘uh.ft VI T TR ORI T VN T N N T Y FRCTIC S e

A R R T R T TP S S g H ey C g Mg T g ORI R Tl g e P g e il gk gy
T NI T W T N ol ol e a5 M il el i o B i e el e ol A, il i W

) ﬂrrn,:ﬂx B et >,
T S R s e S+
(PR KLY LT T TR TR S TR LT u‘:rf*;;:ﬁi \

S A IR T TN T T T g e T g g e ey g
J..-? s B e e o S S T S P S

*:.

- ‘* *‘ o .. ;

T VT TR T e AT T T
Ll v L3 v cul 0 O - 1 R 3 e .E:.II--.
e N e o e e e

T e R el M!S el ek M M TH E Wl B B M M
B L S TTRTRTE T H . S T e L s e

- - " anT = s

Fig. 13

o' e - ? DRI ki e MUY R e R M DA M. |5 B

Square-type Layout

m"’ B e e L L L R ab s oy 1 - 3 =

& ;,f
[ ff
LY B hin A Bk bl SR Ml L WAL R N o ek ‘W"“""“"’l‘w"“’l‘l‘ﬂ j """ f ,
}‘ q‘ SR T PRE W W BN URT TR RS PR R TS YT S R TR SR Y R SR Y W O )

"' _.".' ,
T R LR KRR A .;{'",,:“ i
\'ﬁ N i 0 O R e N0 0 o 3111";& i “.r Ay
‘1 . O 0N 0 - 00 A 0. W N N W . N e W a:m.f‘fmv*' r,.; »

AEEERFIY I AT AR IO A S AN NN A SRR LA, v

. 11;,
Wﬂffﬂﬂ‘wm TR TR WO VR T g Ry i T e T T
1.4, m-ﬂ.rh-.#. o T WS T W R T U T N T T e ﬂ_iun;h,&*u,&uﬁmfﬂ

A '-i“ﬂr"h w oy "lu""'-l"‘\t B 'vrw--v R i""'l-" r‘-lt"'ir- A gy -1-* -"'I'#"'Il wﬂ;;’lﬂ

1’1_5 E 0 j-..h, WMMI:E'II;;ML e R H&:ii‘:i AIECES EE:EIHZH.:E ; ]
«,,1 e R AR K B S e I T B KA G e A R A AT ﬂ":,:p f o
’}\ B 0 0. e 0 O A W N Y e e e ﬁ-«ﬁf iy
\ ‘*‘"’ﬁ A O R PR 8 I O T 0 S 0 9 S 8 e e 8 e e e e W ,,

TR i AT A g g g gl g WHWWW *WWW*MW‘W “I'"'l!“'l"""l“"lqﬁ-.
o - 0l S0 S Sl 4l ey A0 0 S Ay /S S S 0 A S R A 0 T S S S

- R o ! 9 0 0 O G N A N P N N O T 0 00 t;t_r:s'*,a.:;:rzmﬂ' .,'f
1 lmxxmmxmmmeum:Lx A A A T I O 400 AR W T WO 0 60 TR A W A W W
N, T S O SO W 0 AL B o N T 0 0 0 A A e A W N R iy W

E iy
fii |
134
L TF
il |
3N
TN
4 'l:i
£38 |
TR
{4 |
FELE )
Y 9 ¢
i3] ¢

{
F3N
TEEN:
H 4

34
TE
g 1

k¥
o
i
{3
x E
g 1
L ¥

g 74
g i
T3
.: ;
THE
4 1]
k£ 13
TRE:
FEF
{13
TE
TR
1
FRLE

i T, AT SOV A SN YD RSE N ’ "

ﬂ‘r‘_"-"--':“"!'-“ e - ek calk el A A B ol AL i e L e AR i e i e e i e e st et M e i i e S el e i




US 2014/0021560 Al

HIGH VOLTAGE DEVICE WITH A
PARALLEL RESISTOR

BACKGROUND

[0001] The semiconductor integrated circuit (IC) industry
has experienced rapid growth. Technological advances 1n IC
materials and design have produced generations of ICs where
cach generation has smaller and more complex circuits than
the previous generation. However, these advances have
increased the complexity of processing and manufacturing
ICs and, for these advances to be realized, similar develop-
ments 1 IC processing and manufacturing are needed. In the
course of IC evolution, functional density (1.e., the number of
interconnected devices per chip area) has generally increased
while geometry size (1.e., the smallest component that can be
created using a fabrication process) has decreased.

[0002] These ICs include high voltage semiconductor
devices. As geometry size continues to be scaled down, 1t has
become increasingly more difficult for existing high voltage
semiconductor devices to achieve certain performance crite-
ria. As an example, a breakdown voltage may become a
performance limitation for traditional high voltage semicon-
ductor devices. In conventional high voltage semiconductor
devices, improvement in the breakdown voltage by reducing
driit region doping may lead to an undesirable increase in an
on-state resistance of the device.

[0003] Theretfore, while existing high voltage semiconduc-
tor devices have been generally adequate for their intended
purposes, they have not been entirely satisfactory in every
aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Aspects of the present disclosure are best under-
stood from the following detailed description when read with
the accompanying figures. It 1s emphasized that, 1n accor-
dance with the standard practice 1n the industry, various fea-
tures are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clanity of discussion.

[0005] FIG. 1 1s a flowchart illustrating a method for fab-
ricating a high voltage semiconductor device according to
various aspects of the present disclosure.

[0006] FIGS. 2-9 are diagrammatic fragmentary cross-sec-
tional side views of various embodiments of a high voltage
semiconductor device in accordance with various aspects of
the present disclosure.

[0007] FIGS. 10-13 are simplified top views of various
embodiments of a high voltage semiconductor device 1n
accordance with various aspects of the present disclosure.

DETAILED DESCRIPTION

[0008] It 1s to be understood that the following disclosure
provides many different embodiments, or examples, for
implementing different features of the mvention. Specific
examples of components and arrangements are described
below to simplify the present disclosure. These are, of course,
merely examples and are not intended to be limiting. More-
over, the formation of a first feature over or on a second
teature 1n the description that follows may include embodi-
ments 1n which the first and second features are formed in
direct contact, and may also 1include embodiments 1n which
additional features may be formed interposing the first and
second features, such that the first and second features may

Jan. 23,2014

not be 1n direct contact. Various features may be arbitrarily
drawn 1n different scales for the sake of simplicity and clarity.

[0009] Illustrated in FIG. 1 1s a flowchart of a method 10 of
fabricating a high voltage semiconductor device according to
various aspects of the present disclosure. The method 10
includes a block 12 1 which a drniit region 1s formed 1n a
substrate. The dniit region includes doped regions with dif-
ferent types of conductivity. The method 10 includes a block
14 1n which a dielectric 1solation structure 1s formed over the
drift region. In some embodiments, the dielectric 1solation
structure 1ncludes a local oxidation of silicon (LOCOS) that
protrudes out of a surface of the substrate. The method 10
includes a block 16 1n which a gate of a transistor 1s formed
over a portion of the dielectric 1solation structure. The method
10 1includes a block 18 1n which a resistor device 1s formed
over the dielectric 1solation structure. The resistor device
includes a plurality of winding segments. In some embodi-
ments, the winding segments have substantially uniform
dimensions and spacing. The method 10 includes a block 20
in which a source and a drain 1n the substrate. The source and
the drain are separated by the drift region and the dielectric
1solation structure. The resistor device and the gate are dis-
posed between the source and the drain.

[0010] It 1s understood that additional steps may be per-
formed to complete the fabrication of the high voltage semi-
conductor device. For example, the method may include a
step 1n which an interconnect structure 1s formed over the
substrate. The interconnect structure either electrically
couples the resistor device 1n parallel to the transistor, or
leaves the resistor electrically floating.

[0011] FIG. 2 1illustrates a diagrammatic fragmentary
cross-sectional side view of a high voltage semiconductor
device 20A according to an embodiment of the present dis-
closure. It 1s understood that FIG. 2 has been simplified for a
better understanding of the inventive concepts of the present
disclosure.

[0012] Referringto FIG. 2, the high voltage semiconductor
device 20A includes a portion of a substrate 30. The substrate
30 1s doped with a P-type dopant such as boron. In another
embodiment, the substrate 30 may be doped with an N-type
dopant such as phosphorous or arsenic. The substrate 30 may
also 1nclude other suitable elementary semiconductor mate-
rials, such as diamond or germanium; a suitable compound
semiconductor, such as silicon carbide, indium arsenide, or
indium phosphide; or a suitable alloy semiconductor, such as
silicon germanium carbide, gallium arsenic phosphide, or
gallium indium phosphide.

[0013] A buried well 35 1s formed 1n a portion of the sub-
strate 30 through an ion 1mplantation process known 1n the
art. The buried well 35 1s formed to have an opposite type of
conductivity than that of the substrate 30. In the 1llustrated
embodiment, the buried well 35 1s N-type doped, since the
substrate 30 herein 1s a P-type substrate. In another embodi-
ment where the substrate 30 1s an N-type substrate, the buried
well 35 1s P-type doped. The buried well 35 may be formed by
an 1implantation process having a dose that 1s 1n a range from
about 1x10"* atoms/centimeter” to about 2x10"* atoms/cen-
timeter®. The buried well 35 may have a doping concentration
that is in a range from about 1x10"> atoms/centimeter” to
about 1x10"° atoms/centimeter.

[0014] A high voltage doped well 50 1s formed 1n the sub-

strate 30. The high voltage doped well 50 may be formed by
an 1on 1mplantation process known in the art. For example, the
doped well 50 may be formed by an implantation process
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having a dose that is in a range from about 3x10"'* atoms/
centimeter to about 4x10'? atoms/centimeter”. In an
embodiment, the high voltage doped well has a doping con-
centration that is in a range from about 1x10'> atoms/centi-
meter” to about 1x10'° atoms/centimeter’. A patterned pho-
toresist layer (not illustrated) may be formed over the
substrate 35 as a mask during the implantation process.

[0015] The high voltage doped well 50 1s doped with the
same type of conductivity as the buried well 35 (1.e., opposite
from that of the substrate 30). Thus, the high voltage doped
well 50 1s a high voltage N-well (HVNW) 1n the illustrated
embodiment. The high voltage doped well 50 may also be
referred to as a drift region 50. In some embodiments, the
buried well 35 may be considered to be a part of the high
voltage doped well 50 and may be considered to be a part of
the drift region 50 as well.

[0016] A plurality of 1solation structures are formed over
the drift region 50, for example 1solation structures 80 and 81
shown 1n FIG. 2. The 1solation structures 80-81 may include
a dielectric material. In the embodiment shown 1n FIG. 2, the
isolation structures 80-81 are Local Oxidation of Silicon
(LOCOS) devices (also referred to as field oxide). The
LOCOS devices may be formed using a nitride mask and
thermal-growing an oxide material through the mask open-
ings. At least a portion of the LOCOS devices protrude down-
wardly into, and protrude upwardly out of, the drift region 50.
Furthermore, the LOCOS devices may have uneven thick-
nesses (or depths). For example, the edge portions of the
LOCOS devices may have tapered shapes and thus smaller
thicknesses. In some embodiments, the non-edge portions of
the LOCOS devices have a thickness 90, which may be 1n a
range from about 0.2 microns (um) to about 1 um 1n certain
embodiments.

[0017] Alternatively, the isolation structures 80-81 may
include shallow trench 1solation (ST1) devices or deep trench
1solation (DTT) devices. The dielectric structures 80-81 help
define boundaries of certain doped regions to be formed later,
for example boundaries of source and drain regions of a Field
Effect Transistor (FET) device.

[0018] A doped extension region 100 1s formed 1n the drit
region 350. In the embodiment shown, the doped extension
region 100 1s formed between the high voltage doped well 50
and the buried well 35. The doped extension region 100 has
the same type of conductivity as the substrate 30 but an
opposite type of conductivity as the drift region 50. Thus, 1n
the embodiment shown, the doped extension region 100 has a
P-type of conductivity.

[0019] Incertain embodiments, the doped extension region
100 may be formed by two separate 1on implantation pro-
cesses. The first 1on 1mplantation process forms a doped
region at least partially in the upper portion of the drift region
50 (near the upper surface of the driit region 50). The second
ion 1mplantation process forms a deeper and wider doped
region that “extends” or “protrudes™ laterally outward. Sub-
sequently, a thermal process may be performed to inter-dif-
fuse and merge the two doped regions into a single doped
region, thereby forming the doped extension region 100. As a
result, the doped extension region 100 has a protruding por-
tion 105 (or protruding tip ) that laterally extends or protrudes
partially into the drift region 50. Therefore, the doped exten-
sion region 100 may also be referred to as a P-body extension
region 100 herein.

[0020] As 1s shown in FIG. 2, the protruding portion 103 1s
buried inside the drift region 350, rather than being located
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near the upper surface of the drift region 50. In other words,
the protruding portion 105 1s located away from the surface of
the drift region 50. One benefit offered by the protruding
portion 105 is that 1t can provide extra conduction path to
reduce an on-state resistance of a transistor.

[0021] Usingthe same implantation processes that form the
doped extension region 100, a doped 1solation region 110 1s
also formed. In an embodiment, the doped 1solation region
110 1s formed using the second 10n implantation process (the
one that forms the wider and deeper doped region). To define
the lateral size of the doped 1solation region 110, a patterned
photoresist mask layer may be formed that has an opening,
and the above-mentioned second 1on 1implantation process
may be performed through the opening to define the doped
1solation region 110. Stated differently, the doped 1solation
region 110 1s also formed during the formation of the pro-
truding portion 105 of the doped extension region 100. Thus,
the doped 1solation region 110 may have a dopant concentra-
tion level that 1s approximately the same as the dopant con-
centration level of the protruding portion 105.

[0022] A gate 120 1s formed over the drift region 50. Spe-
cifically, the gate 120 may be formed on a portion of the
1solation structure 80. The gate 120 may be formed by a
plurality of deposition and patterning processes. In some
embodiments, the gate 120 includes a polysilicon material
having a silicided surface. The silicided surface may include
tungsten silicide, for example.

[0023] A resistor device 130 1s formed over the 1solation
structure 80. In some embodiments, the resistor device 130
includes a polysilicon material, and may therefore be referred
to as a polysilicon resistor. For example, the resistor device
130 may include an undoped polysilicon material, a P-doped
polysilicon material, or a silicide on polysilicon material. The
resistor device 130 1s designed to handle high voltages, for
example voltages greater than about 100 volts, and may be as
high as a few hundred volts. Thus, the resistor device 130 may
also be referred to as a high voltage resistor device. In some
embodiments, the resistor device 130 1s formed at the same
time as the gate 120. In other embodiments, the resistor
device 130 and the gate 120 are formed at separate times using
different processes.

[0024] According to the various aspects of the present dis-
closure, the resistor device 130 has an elongate and winding
shape. In the cross-sectional view shown 1n FIG. 2, the resis-
tor device 130 appears as a plurality of winding segments. It
1s understood, however, that these winding segments may
actually be parts of an individual elongate resistor device 130.
In some embodiments, the winding segments of the resistor
device 130 have substantially uniform vertical and lateral
dimensions (1.e., heights/thicknesses and widths). For
example, each winding segment’s vertical and lateral dimen-
s1ons may vary within a few percentage points (or less than a
percentage point) of those of another winding segment. In
some embodiments, the spacing between adjacent winding,
segments of the resistor device 130 1s also substantially uni-
form.

[0025] A heavily doped drain region 150 1s formed at the
upper surface of the drift region 50 on one side of the 1solation
structure 80, and a heavily doped source region 160 1s formed
at the upper surface of the doped extension region 100 on the
opposite side of the 1solation structure 80. In other words, the
drain region 1350 and the source region 160 are located on
opposite sides of the 1solation structure 80. A heavily doped
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region 161 1s also formed adjacent to the source region 160. In
some embodiments, the heavily doped region 161 may serve
as a guard ring.

[0026] Thedrainregion 150 and the source region 160 have
the same type of conductivity as the drift region 50, and the
heavily doped region 161 has the same type of conductivity as
the doped extension region 100. Thus, 1n the embodiment
shown 1n FIG. 2, the drain region 150 the source region 160
are N-type doped, and the heavily doped region 161 1s P-type
doped. The drain region 150 and the source region 160 have
dopant concentration levels that are significantly higher than
the dopant concentration level of the drift region 50. The
heavily doped region 161 has a dopant concentration level
that 1s significantly higher than the dopant concentration level
of the doped extension region 100. Therefore, 1n the embodi-
ment shown, the drain region 150 and the source region 160
may be referred to as N+ regions, and the heavily doped
region 161 may be referred to as an P+ region. Conductive
pads such as pads 170 may also be formed on the source or
drain regions (or the doped 1solation region 110) to help
establish electrical connections to these source and drain
regions.

[0027] The gate 120 (which i1s located between the drain
region 150 and the source region 160), the drain region 150,
and the source region 160 are components of a FET transistor
device. The FET transistor device 1s a high voltage transistor
configured to handle high voltages 1n the present disclosure.
For example, the FET transistor device may be capable of
operating under voltages as high as a few hundred volts.

[0028] An interconnect structure 200 1s formed over the
surface of the substrate 30. In other words, the interconnect
structure 200 1s formed over the 1solation structures 80-81,
the gate 120, the resistor device 130, and the source and drain
regions 160 and 150, among other things. The interconnect
structure 200 includes a plurality of patterned dielectric lay-
ers and conductive layers that provide interconnections (e.g.,
wiring) between circuitries, nputs/outputs, and various
doped features (for example, the drift region 50). In more
detail, the mterconnect structure 200 may include a plurality
of mnterconnect layers, also referred to as metal layers. Each of
the interconnect layers includes a plurality of interconnect
features, also referred to as metal lines. The metal lines may
be aluminum interconnect lines or copper 1nterconnect lines,
and may include conductive materials such as aluminum,
copper, aluminum alloy, copper alloy, aluminum/silicon/cop-
per alloy, titantum, titantum nitride, tantalum, tantalum
nitride, tungsten, polysilicon, metal silicide, or combinations
thereot. The metal lines may be formed by a process including,
physical vapor deposition (PVD), chemical vapor deposition
(CVD), sputtering, plating, or combinations thereof.

[0029] The mterconnect structure 200 includes an inter-
layer dielectric (ILD) that provides 1solation between the
interconnect layers. The ILD may include a dielectric mate-
rial such as a low-k material or an oxide material. The inter-
connect structure 200 also includes a plurality of contacts/
contacts that provide electrical connections between the
different interconnect layers and/or the features on the sub-
strate, such as the source and drain regions 160 and 150 or the
resistor device 130.

[0030] For example, as part of the interconnect structure
200, a plurality of contacts 210-214 1s formed to provide
clectrical connections to the doped 1solation region 110, the
resistor device 130, the drain region 1350, and the source
region 160. In the embodiment shown 1n FIG. 2, the contacts
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211-212 are formed on, and electrically coupled to, opposite
distal ends of the resistor device 130.

[0031] The mterconnect structure 200 also 1includes metal
lines (or interconnect lines) that are electrically coupled to the
contact pads 210-214. For example, a metal line 220 1s elec-
trically coupled to the contacts 212-213, and a metal line 221
1s electrically coupled to the contacts 210-211 and 214. In
other words, one end of the resistor device 130 1s electrically
coupled to the drain region 150, and the other end of the
resistor device 130 1s electrically coupled to the source region
160 and the doped 1solation region 110. In this manner, the
resistor device 130 1s electrically coupled to the FET transis-
tor device in parallel, specifically, to the drain and source/
substrate of the FET transistor device 1n parallel.

[0032] According to the various aspects of the present dis-
closure, the parallel-coupled resistor device 130 improves the
umiformity of the electric field in the drift region 350. As
discussed above, the resistor device 130 has a plurality of
substantially uniform winding segments, whose spacing
there between 1s also substantially uniform. As such, each
winding segment can bear a substantially fixed and uniform
amount of electrical voltage. In other words, when a high
clectrical voltage (for example on the order of a few hundred
volts) 1s applied to the FET transistor between 1ts source and
drain, that high electrical voltage 1s applied to the resistor
device 130 as well, since it 1s electrically coupled 1n parallel
to the FET transistor. The uniformity in the dimensions and
spacing of the resistor device 130 segments allows the high
clectrical voltage to be spread evenly and uniformly across
the span of the resistor device 130, thereby improving the
umiformity of the electric field 1n the drift region 50 below the
resistor device 130. As a result of the more uniformly distrib-
uted electric field, the breakdown voltage of the FET transis-
tor 1s 1ncreased as well. It has been observed during testing
that by implementing the parallel resistor device according to
the present disclosure, the breakdown voltage can be
increased by over a hundred volts.

[0033] FIGS. 3-9 illustrate diagrammatic fragmentary
cross-sectional side views of a high voltage semiconductor
device according to alternative embodiments of the present
disclosure. For reasons of consistency and clarity, similar
components are labeled the same throughout FIGS. 2-9.

[0034] Referring to FIG. 3, a high voltage semiconductor
device 20B 1s similar to the high voltage semiconductor
device 20A in many regards. One difference between the high
voltage semiconductor devices 20A and 20B 1s that, unlike
the high voltage semiconductor device 20A, the high voltage
semiconductor device 20B 1s electrically floating. For
example, none of the segments of the resistor device 130 1s
directly electrically coupled to any components of the FET
transistor device. Nevertheless, the resistor device 130 may
be viewed as being electrically coupled in parallel to the FET
transistor device through induction. In a sense, the drift region
50, the 1solation structure 80, and the resistor device 130 form
a capacitor. In particular, the 1solation structure 80 serves as
the isulator component of the capacitor (since the 1solation
structure 80 1s dielectric), and the drift region 50 and the
resistor device 130 each serve as the electrical conductors
sandwiching the insulator component. This also helps
improve the uniformity of the electric field within the high
voltage semiconductor device 20B. Stated differently, even
though the resistor device 130 1s implemented as an electri-
cally-tloating resistor device, the high voltage semiconductor
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device 20B still offers an increased (and thus better) break-
down voltage over conventional high voltage semiconductor
devices.

[0035] Referring to FIG. 4, a high voltage semiconductor
device 20C 1s similar to the high voltage semiconductor
device 20A in many regards. One difference between the high
voltage semiconductor device 20A and 20C 1s that the high
voltage semiconductor device 20C includes an electrically
floating metal conductor 230. The electrically-tloating metal
conductor 230 1s disposed over the resistor device 130, but 1t
has no direct electrical connections to components of the FET
transistor. For reasons similar to those discussed above asso-
ciated with the resistor device 130, the implementation of the
clectrically-floating metal conductor 230 also helps improve
the uniformity of the electrical field within the high voltage
semiconductor device. Thus, the high voltage semiconductor
device 20C also offers improved (i.e., a greater) breakdown
voltage over conventional high wvoltage semiconductor
devices.

[0036] Referring to FIG. 5, a high voltage semiconductor
device 20D combines aspects of both the high voltage semi-
conductor device 20B and 20C. In other words, the high
voltage semiconductor device 20D has both an electrically-
floating resistor device 130 as well as an electrically-floating
metal conductor 230. Therefore, for reasons similar to those
discussed above, the high voltage semiconductor device 20C
has 1mproved electrical field uniformity and therefore also
offers improved breakdown voltage over conventional high
voltage semiconductor devices.

[0037] Referring to FIG. 6, a high voltage semiconductor
device 20E 1s similar to the ligh voltage semiconductor
device 20A in many regards. One difference between the high
voltage semiconductor device 20A and 20E 1s that the resistor
device 130 of the high voltage semiconductor device 20E 1s
clectrically coupled to the source region 160 of the FET
transistor device, but not to the substrate ({or example through
the 1solation region 110) 1tself. Similarly, a high voltage semi-
conductor device 20F illustrated in FIG. 7 has its resistor
device 130 electrically coupled to the substrate 30 (through
the doped 1solation region 110), but not to the source region
160. Regardless of the specific electrical biasing configura-
tion for the resistor device 130, the end effect 1s that the
resistor device 130 1s still electrically coupled to the FET
transistor device in parallel, and therefore the uniformity of
the electric field within the high voltage semiconductor
device 20 can be improved for reasons similar to those dis-
cussed above. As such, both the high voltage semiconductor
devices 20F and 20F offer enhanced breakdown voltages over

conventional high voltage semiconductor devices as well.

[0038] Referring now to FIG. 8, a high voltage semicon-
ductor device 20G 1s similar to the high voltage semiconduc-
tor device 20A 1n many regards. One difference between the
high voltage semiconductor device 20A and 20G 1s that the
high voltage semiconductor device 20G includes a dnit
region 50 having one type of conductivity. In the embodiment
illustrated, the high voltage semiconductor device 20G has an
N-type driit region. In comparison, the drift region 50 of the
high voltage semiconductor device 20A includes both N-type
doped portions (for example the buried N-well 35 and the
HVNW 50) and a P-type doped portlon (for example the
P-body extension 100). The source reglon 160 of the FET
transistor device 1s formed within (or 1s surrounded by) a
doped well 250, which 1n the embodiment 1llustrated 1n a
P-well. Once again, regardless of the doping configurations of
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the drft reglon 50, the high voltage semiconductor device
20G still offers 1mproved clectric field uniformity due to the
disposition of the parallel resistor device 130, and therefore
has a greater breakdown voltage compared to conventional
high voltage semiconductor devices.

[0039] Referring now to FIG. 9, a high voltage semicon-
ductor device 20H 1s similar to the high voltage semiconduc-
tor device 20G of FIG. 8 1n many regards. One difference 1s
that the high voltage semiconductor device 20H further
includes a doped buried layer 260 1n the drnift region 50. The
doped buried layer 260 has the opposite type of conductivity
than that of the dnft region 50. Therefore, the doped buried
layer 260 1s a P-buried layer in the embodiment shown 1n FIG.
9. Functionally, the doped buried layer 260 1s similar to the
P-body extension 100 discussed above. In any case, the high
voltage semiconductor device 20H also offers improved elec-
tric field uniformity due to the disposition of the parallel
resistor device 130, and therefore has a greater breakdown
voltage compared to conventional high voltage semiconduc-
tor devices.

[0040] It 1s understood that the aspects of each of the
embodiments of the high voltage semiconductor device 20A-
20H may be combined with one another depending on design
needs and manufacturing requirements. For example, 1t 1s
understood that an embodiment of the high voltage semicon-
ductor device may have an electrically-tfloating resistor
device (such as in the embodiment shown in FIG. 3) and a
drift region having a single type of conductivity (such as in the
embodiment shown 1n FIG. 8). Forreasons of simplicity, each
possible combination of the above embodiments 1s not spe-
cifically discussed herein.

[0041] FIGS. 10A-10D are simplified fragmentary top
views of an embodiment of the high voltage semiconductor
device discussed above. In more detail, FIGS. 10B, 10C, and
10D are “zoomed-1n” versions of various portions of FIG.
10A 1n order to show the high voltage semiconductor device
with more clarity and detail. Some of the elements discussed
above, such as the driit region, the gate, source, and drain of
the FET transistor, and the resistor device electrically coupled
in parallel to the FET transistor are labeled 1n example places
in FIGS. 10A-10D to help the reader reconcile these top view
Figures with the cross-sectional Figures discussed above.

[0042] Also as shown in FIGS. 10B-10D, the resistor

device (electrically coupled in parallel to the FET transistor)
includes a plurality of winding segments, which 1n the
embodiment shown 1 FIGS. 10A-10D resemble running
tracks 1n a stadium. As discussed above, 1n order to facilitate
the uniform distribution of the electric field, these winding
segments of the resistor device have substantially uniform
dimensions and spacings there between.

[0043] Thelayoutofthe high voltage semiconductor device
shown 1n the top view of FIG. 10A 1s referred to as a “linger-
type” layout. However, the high voltage semiconductor
device of the present disclosure 1s not limited to such layout.
Other suitable layouts may be used in various alternative
embodiments. For example, FIG. 11 illustrates a “line-type”
layout, FIG. 12 illustrates a “circle-type™ layout, and FIG. 13
illustrates a “square-type” layout for a high voltage semicon-
ductor device according to the present disclosure.

[0044] Additional processing steps may be performed to
complete the fabrication of the high voltage semiconductor
device. For example, after the interconnect structure is
formed, a passivation process may be performed to the high
voltage semiconductor device. As another example, the high
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voltage semiconductor device may also include one or more
testing processes such as waler acceptance testing processes.
For reasons of simplicity, these additional fabrication pro-
cesses are not discussed 1n detail herein.

[0045] One of the broader forms of the present disclosure
imnvolves a semiconductor device that includes: a substrate; a
source and a drain disposed 1n the substrate; a drift region
disposed 1n the substrate and between the source and the
drain, wherein the drift region includes a plurality of doped
portions having different types of conductivity; a dielectric
component disposed on a surface ol the substrate and between
the source and the drain; a resistor disposed over the dielectric
component; and a gate disposed over the dielectric compo-
nent and between the resistor and one of: the source and the
drain.

[0046] In some embodiments, the resistor 1s electrically
floating.
[0047] Insomeembodiments, the source, the drain, and the

gate are components of a transistor, and wherein the resistor 1s
clectrically coupled to the transistor in parallel.

[0048] In some embodiments, the resistor has a first end
portion and a second end portion opposite the first end por-
tion; a first end portion of the resistor 1s electrically coupled to
the drain; and a second end portion of the resistor 1s electri-
cally coupled to one of: the source and the substrate.

[0049] Insomeembodiments, the resistor contains polysili-
con and 1ncludes a plurality of winding segments.

[0050] Insomeembodiments, the plurality of winding seg-
ments have substantially uniform widths and are substantially
evenly spaced apart.

[0051] In some embodiments, the dielectric component
includes field oxide that protrudes out of the substrate.

[0052] In some embodiments, the plurality of doped por-
tions 1n the drift region includes a P-doped portion disposed
between two N-doped portions.

[0053] Another one of the broader forms of the present
disclosure 1mvolves a semiconductor device that includes: a
transistor having a gate, a source, and a drain, wherein: the
source and the drain are formed 1n a doped substrate and are
separated by a drift region of the substrate; the gate 1s formed
over the drift reglon and between the source and the drain; and
the transistor 1s configured to handle high voltage conditions
that are at least a few hundred volts; a dielectric structure
formed between the source and the dram of the transistor, the
dielectric structure protruding into and out of the substrate,
wherein different parts of the dielectric structure have uneven
thicknesses; and a resistor formed over the dielectric struc-
ture, the resistor having a plurality of winding segments that
are substantially evenly spaced apart.

[0054] Insomeembodiments, the driit region contains both
P-doped and N-doped portions.

[0055] In some embodiments, the semiconductor device
includes a finger-type layout, a line-type layout, a circle-type
layout, and a square-type layout.

[0056] Insomeembodiments, the P-doped portion includes
a P-body extension that 1s electrically coupled to the source
and protrudes laterally under the dielectric structure; and the
N-doped portion includes an n-well that 1s located between
the dielectric structure and the P-body extension.

[0057] In some embodiments, the resistor 1s electrically
floating.
[0058] In some embodiments, the resistor 1s electrically

coupled to the transistor 1n parallel.
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[0059] In some embodiments, the resistor 1s electrically
coupled 1n parallel to one of: the drain and the source; and the
drain and the substrate.

[0060] Insome embodiments, the winding segments of the
resistor have substantially uniform lateral dimensions.
[0061] Insomeembodiments, the resistor contains polysili-
con; and the dielectric structure includes field oxide.

[0062] One more of the broader forms of the present dis-
closure involves a method of fabricating a high voltage semi-
conductor device. The method includes: forming a drift
region 1n a substrate, wherein the drift region includes doped
regions with different types of conductivity; forming a dielec-
tric 1solation structure over the drift region; forming a gate of
a transistor over the dielectric 1solation structure; forming a
resistor device over the dielectric 1solation structure, wherein
the resistor device includes a plurality of winding segments;
and forming a source and a drain in the substrate, wherein the
source and the drain are separated by the drift region and the
dielectric 1solation structure, and wherein the resistor device
and the gate are disposed between the source and the drain.

[0063] Insome embodiments, the method further includes:
forming an interconnect structure over the substrate in a man-
ner such that the resistor device 1s either electrically coupled
in parallel to the transistor or electrically floating.

[0064] Insome embodiments, the plurality of winding seg-
ments of the resistor device have substantially uniform
dimensions and spacing.

[0065] Insome embodiments, the dielectric 1solation struc-
ture includes a local oxidation of silicon (LOCOS) that pro-
trudes out of a surface of the substrate.

[0066] The foregoing has outlined features of several
embodiments so that those skilled in the art may better under-
stand the detailed description that follows. Those skilled 1n
the art should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other pro-
cesses and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions and alterations herein
without departing from the spirit and scope of the present
disclosure.

1. A semiconductor device, comprising:
a substrate;

a source and a drain disposed 1n the substrate;

a drift region disposed in the substrate and between the
source and the drain, wherein the drift region includes a
plurality of doped portions having different types of
conductivity;

a dielectric component disposed on a surface of the sub-
strate and between the source and the drain;

a resistor disposed over the dielectric component, wherein
the resistor has a first end portion and a second end
portion opposite the first end portion, the first end por-
tion of the resistor being electrically coupled to the
drain, and the second end portion of the resistor being
clectrically coupled to one of: the source and the sub-
strate; and

a gate disposed over the dielectric component and between
the resistor and one of: the source and the drain.

2. The semiconductor device of claim 1, wherein the resis-
tor 1s electrically tloating.
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3. The semiconductor device of claim 1, wherein the
source, the drain, and the gate are components of a transistor,
and wherein the resistor 1s electrically coupled to the transis-
tor 1n parallel.

4. (canceled)

5. The semiconductor device of claim 1, wherein the resis-
tor contains polysilicon and includes a plurality of winding,
segments.

6. The semiconductor device of claim 5, wherein the plu-
rality of winding segments have substantially uniform widths
and are substantially evenly spaced apart.

7. The semiconductor device of claim 1, wherein the
dielectric component 1includes field oxide that protrudes out
ol the substrate.

8. The semiconductor device of claim 1, wherein the plu-
rality of doped portions 1n the drift region includes a P-doped
portion disposed between two N-doped portions.

9. A semiconductor device, comprising:

a transistor having a gate, a source, and a drain, wherein:

the source and the drain are formed 1n a doped substrate
and are separated by a drift region of the substrate,
wherein the drift region contains both P-doped and
N-doped portions;

the gate 1s formed over the driit region and between the
source and the drain; and

the transistor 1s configured to handle high voltage con-
ditions that are at least a few hundred volts;

a dielectric structure formed between the source and the

drain of the transistor, the dielectric structure protruding

into and out of the substrate, wherein different parts of

the dielectric structure have uneven thicknesses; and

a resistor formed over the dielectric structure, the resistor
having a plurality of winding segments that are substan-
tially evenly spaced apart, wherein the resistor 1s elec-
trically floating.

10. The semiconductor device of claim 9, wherein the
semiconductor device includes a finger-type layout, a line-
type layout, a circle-type layout, and a square-type layout.

11. The semiconductor device of claim 9, wherein:

the P-doped portion includes a P-body extension that 1s

clectrically coupled to the source and protrudes laterally
under the dielectric structure; and

the N-doped portion includes an n-well that 1s located

between the dielectric structure and the P-body exten-
S101.

12. (canceled)

13. The semiconductor device of claim 9, wherein the
resistor 1s electrically coupled to the transistor 1n parallel.
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14. The semiconductor device of claim 13, wherein the
resistor 1s electrically coupled 1n parallel to one of:

the drain and the source; and

the drain and the substrate.

15. The semiconductor device of claim 9, wherein the

winding segments of the resistor have substantially uniform
lateral dimensions.

16. The semiconductor device of claim 9, wherein:
the resistor contains polysilicon; and
the dielectric structure includes field oxide.

17. A method of fabricating a high voltage semiconductor
device, comprising;
forming a drift region 1n a substrate, wherein the drift
region includes doped regions with different types of
conductivity;

forming a dielectric 1solation structure over the drift
region;

forming a gate of a transistor over the dielectric 1solation
structure;

forming a resistor device over the dielectric 1solation struc-
ture, wherein the resistor device includes a plurality of
winding segments, and wherein the resistor device 1s 1n
direct contact with the dielectric 1solation structure; and

forming a source and a drain 1n the substrate, wherein the
source and the drain are separated by the drift region and
the dielectric 1solation structure, and wherein the resis-
tor device and the gate are disposed between the source
and the drain.

18. The method of claim 17, further comprising: forming
an 1nterconnect structure over the substrate 1n a manner such
that the resistor device 1s either electrically coupled 1n parallel
to the transistor or electrically floating.

19. The method of claim 17, wherein the plurality of wind-
ing segments of the resistor device have substantially uniform
dimensions and spacing.

20. The method of claim 17, wherein the dielectric 1sola-
tion structure includes a local oxidation of silicon (LOCOS)
that protrudes out of a surface of the substrate.

21. The semiconductor device of claim 1, wherein the
resistor 1s 1in physical contact with the dielectric component.

22. The method of claim 18, wherein the forming the
interconnect structure 1s performed such that a first end por-
tion of the resistor device 1s coupled to the drain and a second
end portion of the resistor device opposite the first end portion
1s coupled to one of: the source and the substrate.
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