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(57) ABSTRACT

In one general aspect, an apparatus can include a semicon-
ductor region having an active region, and an end trench
defined within a termination region of the semiconductor
region where the end trench has a curved shape.

1700
1792
1720

1740 1730 \
]

1790

1714

1771 1710

1712



Patent Application Publication

B1 -

Jan. 12,2017 Sheet 1 of 75

US 2017/0012099 A1

—II \—
! 150 140 130
108 3 —
Al « } > 120 ¢
T 112 —T s A
/ Z N (1 4 T
v 19’)0 11IOA 1%2: |
A2 113 1
|
| 107
| 106
«—— 104 | 102 —>
100
1/20 Al ——> 110A o~
|
- 112
109 I a7
—————————— it _f=—————g - - B2
120
™\ 160
112 —T
~
A3 N\ 1108
150
/ ]
190 <« 104 : 102 —»

FIG. 1B



Patent Application Publication  Jan. 12,2017 Sheet 2 of 75 US 2017/0012099 A1

- 233

MOS2
\
23 218
N 210
205

N \U
FIG. 2

el T EEES EE (et )
3 5] .

252
250



US 2017/0012099 A1

Jan. 12,2017 Sheet 3 of 75

Patent Application Publication

cle yLE
N T VE Ol
1 <« z20¢ | y08¢ —>» \ o3
|
vole — y —on ] ] >
v09€ B S A ! S~
gol¢ —] N RN NN _
} I
Nk& |
958 =— } _ zq
—i I
' B T BT b S
401 - SN |
309¢ .
/ _
01 | L+ vose
— -
H ||||||||| =SS |1 L — aose
¥0€ e NN _
.................... N O _
TiIIiL _
|
|
|
|
ﬁ 1 > ¢
L1 \ ||||| - ‘__ » G4
o01¢  w—
D09 [ nge A alc V B
[ / A\ J «—> iq
/ \ /
/ \ ! zee
N aole oLe vae 7z8 V08¢ zse
00¢ \ 4 v v
84 L4 94



US 2017/0012099 A1

Jan. 12,2017 Sheet 4 of 75

Patent Application Publication

+—> |{

_ ot Ol

«— z0¢ | pog —>» V09 voes 906¢

e
- pQ
_______________________________________ e PN s
: %ﬂ?ﬂm‘m‘mﬁwﬂr{
vig
zze
vzoe et oge Zee  1ge zd
ove e "\
00¢
«—> ia
_ e
«— zoe | yog —»  wvoig  véle  vose vrle vo6e €06€

Viee

...... B RN I
IOORIOthe o tateteiota e tits lututelotete!
s Iteatel

AT ATATATATTA.

Koy

e e T R

€g¢ [A%S 1s¢
(345 ove Z26¢ J L4



US 2017/0012099 A1

Jan. 12,2017 Sheet 5 of 75

Patent Application Publication

3¢ "Old —

OZIE  vose ovlLE

<«— yog —>»  O0LE V06 906¢€

IS

——— el (€
Jw«u«u&wﬂﬂw;
\ : : Y 15>
4
zz¢ ! Z6¢
\4 zee
ove
00¢
de Sl "
«— g —> 909¢ V08¢ 909¢ vo6E H06S
ead
J L . - yQ
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ A
....................................................................................... NN ST N
. oo e
NN NN SN TN N _
‘ \ PO X
z6¢
zze
ove
) e4



US 2017/0012099 A1

Jan. 12,2017 Sheet 6 of 75

Patent Application Publication

o¢ 9Old

304€ L€
401€ «— 0t —> <

“«—>» 2d

voss 406¢ ed

. < SN AN
- < Gl3 \ \ 13 —» «— \ [ ZA o4
26g ove J [44% zee
43 J
00¢
- 4€ Old -
$0¢ voee 908¢ e

; CRATTEAS
..... A 00D g
{ vig ¢4
|
(0] 2 443 FAN
0o0¢



US 2017/0012099 A1

Jan. 12,2017 Sheet 7 of 75

Patent Application Publication

€ Old

309 €«— 2ot | vog —> gle Lig “«—» zq
! ¥ NG

<+— 63 roLe o0le O0l¢ voeg H906E

401¢€

61¢ ea

raacracran

T

84

\4 zie
HE Old — >

v08¢ voeg d06¢E

o R%
‘ \ i v.iC /4
26¢e
\ ove cce zs¢e

0o0¢



US 2017/0012099 A1

Jan. 12,2017 Sheet 8 of 75

Patent Application Publication

Vv "OlId

cle yLE

/ vZ1e _ wyLe Lo
113
u. <« 208 | v0s —>

VOLE ~— +
voos —k !
aoie |

HiE liﬂ IS

d01¢€ !

3098 ~—]
301

l—1— V06¢

— d06¢

0¢

[40)>

D0LE ~

909¢ —
o0le

aoie
X0l§ — =

SE aore—]
zole -~

Lle

A\ 4

SH

N e e e e e e e e e e — — — —

<« |Ad

eLe _
\ oL yse 8 z7¢e vo8g zse

cee

00¢ A 4 Y



o Old

—>» 2d

US 2017/0012099 A1

143 Lie ele
<« 08 —> p D vo6e ©06¢ cd
401¢ 0le Xole  Zolg
HOLE 10lg rolg o0l noLe adolg AOLE
W
o~
[
- L — ¥
- ; NN NN ‘wou»u»wﬂﬁmv
m k 0000000000oooﬂooooo.}.oot/ /Aﬁfdﬂf/
[90]
—> Gl ) g A N 9H
~ 26¢
o cce
= ove cee
< 00€
2 n
= ar 9l > 1
.nJm — $0¢ —> vogg 906¢ eq

aoie

~t
0|
[sp)

A%

26¢e

ST
—~—t
o
L)
)

0 [44% zoe

00¢

Patent Application Publication



US 2017/0012099 A1

Jan. 12,2017 Sheet 10 of 75

Patent Application Publication

dv Old

vwrm LIe ele «—> za

A|_\|\fl

o0l€
o0le X0Le  Z0lE vose HO6E £d

- vd

L
b, AT NN

1A%

7 A gH




US 2017/0012099 A1

Jan. 12,2017 Sheet 11 of 75

Patent Application Publication

(A%

VG Old

43

VOIS

L / A\ /4%
<« z0s |
Il !

v09s

~—
aois |

H0Lg
3095 /Uﬂ

018 -]

¥0s

c0s

A%

9018

00s

H > 1
% =79
zd
L+ voes
..................... |— ao06s
. 9
> 9
» GO
—
\ 1a
_ [
aots 0L v ces zs5 ces
v v
89 19



US 2017/0012099 A1

Jan. 12,2017 Sheet 12 of 75

Patent Application Publication

_ 0§ Ol -

«— 205 | vos —> V085 €065 .
- +Q
o
VZos
<« 1d
' vzig 89 vhLS ed
<«— 205 | v05 —>» VOIS _ VZ1G V068G  H08S
Y e s
RN 0 0 6 KKK, FP g R K, ) ORI
R DR Ea
B S R o Lo et e
T R et ettt et tetels, Jatelelsl
DA e N Gy — - ¥d
7 . B 9,
N e s £ ittt A e W S Aﬂ%nom
vies A AN SN NN [
/ .
bpS VSIS o 5
008 19



US 2017/0012099 A1

Jan. 12,2017 Sheet 13 of 75

Patent Application Publication

ozig 69

>
92 4% L €d

V065 8069

{ L m -va
AP0 NN 2l ¥
7 NS
\ .S
228 J 7O
005




US 2017/0012099 A1

Jan. 12,2017 Sheet 14 of 75

Patent Application Publication

¢ Old

L1S
<« ¥0§ —> Al_ +—> 2d

1015 3015
HOLS 1015 TrOls 901G 2015 40LS voes 9069

ed

—> <« Gl ) T -— { ¥.6
V ovs zes ceg 99

o 4G Ol —

voes 9065

«— 05 —> aots

go



US 2017/0012099 A1

Jan. 12,2017 Sheet 15 of 75

Patent Application Publication

1S Ol
1
3005 €— 205 | v05 —» 815 LLS

d015 . _ N - +«—> @

IVmuAlm_ roLS 901 O01Ss aois

616 voes 806S e

PR Y 1104010”%“&@“ v
_ S
1SS
Jegs M — G| G
v —» — 270
ﬂ ovs zes J
89
Zis AW
0% <« 05 —> 81G L1§ -
616 > )
m
m
n - ¥a
,\ : ey
% AN RN 220! W
< NS
B N h ! vig
zzs
ovs i o

45

009



US 2017/0012099 A1

Jan. 12,2017 Sheet 16 of 75

Patent Application Publication

V9 Ol

volLS

/

" / vZIs
| M <« 205 | o5 —>
1

V099

)

—F:

19

«

\

a0.9

=T

999

401§

3095~

3016 —)

¥0S

c0s

\ J-
—\—=HOIS

L1015 -

X

roLS

N

L~

-

A 4

¢d

— Y069

L — 9069

zes \

= Inm
-

O

A 4

o01¢s

9099 M

0099

009

aois

015 ¥as

89

cas

<« |d

ces



US 2017/0012099 A1

Jan. 12,2017 Sheet 17 of 75

Patent Application Publication

Vics

O@ -@—m <«—>» |(d

69 9145 ¢a
«— 05 —> Seke
0216 V065 €065
| o015
358
o400}
S5
S35
m»mnnououo"0”0“0“0“9”0“0“0“9”0“0“0“9”0“0“0“9”0“0“0“9”0"0“0“9”0"0“0“o”0"0“0“0”0"0“0“0"0"0“0“0"0"0“0“0"0”0“0“0"0”0“0“0“9”0“0“0“onououum"m"mnm“m"m"mnm“mnw.o e X = va
b Pt ettt NN NN NN ot
zé@kﬁﬁv
NN
LZA°]
ovs Mum
1£9]
—> 1|Q
_ vzls 09 YriS €a
— 20§ | v05 —> VOIS _ o vois vzLs v06s €065

ovs \ ot zzs %3]

LS 0¥




Patent Application

Publication

540

522

532

500
\

G5

570D

AR

<«—— 504 —>»

510D

WAL AN AN AT

5908 590A

Jan. 12,2017 Sheet 18 of 75

g "
Q ] e e
5™ | =
v &
-]
Y
o
iy .
:? o
]
4
4 mimimirammioriori T
<] =
g-d;; w
0 5 rowiwcw o i =
g 5
7] ey
2 3
% 5
o)) 1 )
0] S’r_é
m 3
%
] am ]
0O g Q
] S
L] -~
] VY
(S:) ' e
g =
O -4 :
[ )
I /
-]
LI 9 Q
] 0
’
%
-]
]
]
]
I\ ]
N\é
0
4
]
Nz
57
e

D1

574

G6

590B 590A

D4 ---
D3

<«—— 504 —>»

D2

517

FIG. 6E

US 2017/0012099 A1



US 2017/0012099 A1

Jan. 12,2017 Sheet 19 of 75

Patent Application Publication

09 Ol

|
3095 €— 205 | 05 —> 815G /15

—
4015 . I ¥ ¢ <d
6LS 9015 O0LS aois voss 90865 e
B ey "vd
>
156 i V
3295 > — Gl ﬂ 1 ~ g5
H —> «—
(014 4d ges 286
zLs )
005
3096 «— 05 —>» g1g 116 za
H H ‘ Al_
> e 6l aols doss voss €085 ca

T

w? /wwm. V, vLG
zes 19
\%

— € G|

45



US 2017/0012099 A1

Jan. 12,2017 Sheet 20 of 75

Patent Application Publication

Yole
v09¢e
g0l¢

401¢
309¢
301¢€

V. 9ld

e _ hae
<+— zog | vog —» (|
L | .
-~ = =4 g { po 1.] » 4
4 &
1 LA |
_
|
|
|
I za
_
|
|
/ _
- E | |+ vose
—\
q ||||||||| b |l L— aoee
¥0€ _
— _
z0¢ |
e |
|
y _
I o P4
Nmm\ : ] >
g o gt A e 4% 1 »
PP Wt S R e e g
20l€ owom 1 A S - iy
Q0LE 4 gle .N |\ -/
/ L/ —
/ / /
/ s/ zee
\4 aote oLe vse zee vese
00¢ v v v
g4 14 94




Patent Application Publication

340

X

anas ::::""’ % 58 asainegs.
SSK00T S ot S ::::: % :fz‘o’ R .
& 3 & 3 &

341
\

PNV

353

gg%
%@#
%
L

,.
%
A
<
<]
)

Catatatel
ot
e,
Seosesssoks
:: ::

Ptel

P R
[ K
Qpﬁ%&&&&p
e

S

|-
|

e
2
DS
25

LXK

D0

ettt
50505

LZe
ot

O
!

S

383A

300
\

R\“ [

e
P
]

)
LS

F1

Jan. 12,2017 Sheet 21 of 75

<« 304 | 302 —@™»

370A

310A

FIG. 7B

371A  372A

390B 390A

300

340

F2

<«— 304 | 302 —»

390B 390A

D3

US 2017/0012099 A1

360A

FIG. 7C

383A

D1



US 2017/0012099 A1

Jan. 12,2017 Sheet 22 of 75

Patent Application Publication

EVAR = —

€d
<“«— yog —>» D0 voes €06¢
e, TS,
o O R R ]
o B S S S S S S
G bbb bobotototototototototototototobobobobobobobobobotel
o R S S S S S S S S S S S S S S S
o R S S S S S S S S S S S S S S S E
s L ~1a
R S o R R R S R S R e IRy
- Aﬂuﬂmﬂmmﬁmawv
R )
v.iE
I74=
00¢
dl 9li4d *
9509¢ vese
<« P08 —> 909¢ voeg d06¢
cd

ove J =
00€



O/ 9ld

«—>» Zd

LlE
401¢ 301
voe 1 voge d06¢ ea
HOLE I0le role o0l¢ o0le Aole gee

US 2017/0012099 A1

) ) A
; ] i
[1 1 I
g { f
; { d
g { q
s { i
[ 1 u

pia—» e [ vie

cce 94
(A%

—> <« Gl3

g
e~
[
(=
e
o
~N—
7]
[-?)
=
»n ore
e~
y—
(=]
o
~
y—
=
]
J

— e —> 4/ Old -

ed

- vd

AT
- AT
S

vie

G4

00¢

Patent Application Publication



US 2017/0012099 A1

Jan. 12,2017 Sheet 24 of 75

Patent Application Publication

VAR =

Joog €— zoe | yog —> gie L€
dote [ ¥ « “«—>
> —
6ie 63 roLe 90Le  00LE cle vose 906€

€d

13

H.Z Ol —

vees vose 906¢

00¢ /4



Patent Application Publication  Jan. 12,2017 Sheet 25 of 75  US 2017/0012099 A1

341
\

<«— 304 | 302 —>»

(32}
2 S
o N~
(2}
<
(a\}
~—
™
o
<t
™
n
<
N 3
(a2} © —
N
(4]
[sp
-—
)
(s}
<
(3
[eod
[x¢
<
o
(o2}
[3p]
m
8) o
© a

D1




8 Ol

<« z0¢ | yog —»
|

US 2017/0012099 A1

T T
EANEE _
T 1! : _
s HTTTT | |
e~ 9€e T _H |
4 _ _ wfv ]
(= . J
o a vee T - I
< v0g il [: |
= T B <4 — 0
[-P] - g A
= zoe
& !
= | - wvoec
Q o 1a
. zes
o
y—
=
=
|- voee
s 1 — «os¢
8
]
[>]
oh
=
=
&
=
(=}
8
S zee
= 0.8
= 068 088 0.8 za
«—>
oy
-
~N—
=
[=P]
~N—
o]
o



US 2017/0012099 A1

Jan. 12,2017 Sheet 27 of 75

Patent Application Publication

V6 Old

<« 206 | Y06 —

216 56| vi6
Yy « | o6 \ oLy
vOL6 ¥ o | ¥ o
v096 o > 2D
a0L6
4016
3096 za
016
|+ v066
-1
) 8e6 | || +— 9066
06 » €0
206 o ) > vO
9096
« ) I?S
5 » G0
2016 ) > 30
2016 ‘ﬁ A _ J
N 56 8i6 gD 256 \
L6
aole
|
1
0l6 «— 1a
A\ 4 v A 4 r

I 0L0

006

60

80



US 2017/0012099 A1

Jan. 12,2017 Sheet 28 of 75

Patent Application Publication

Q6 Ol

V096

1
<«— 706 | v06 —» V066 H066

ed

4

0
66

VZo6 “/om
d6 9Old

vZl6 . vvi6

vOL6 V0.6 206 | vo6—> | vZ16

v066 €066

L6



US 2017/0012099 A1

Jan. 12,2017 Sheet 29 of 75

Patent Application Publication

36 "Old — 0

1474 ed
ocleé

<« p06 —p» 906 [TAAC] Y066 9066

66
140

as ol

9096

]
D096  — z06 | Y056 —> vo6s 9066

\ 266



Patent Application Publication  Jan. 12,2017 Sheet 30 of 75  US 2017/0012099 A1

<« 904 —>
<« 904 —>

910D

FIG. 9F
FIG. 9G

992
960C

992

900

990B 990A
990B 990A

900
\
D1
D1

Q5
Qe

D3



US 2017/0012099 A1

Jan. 12,2017 Sheet 31 of 75

Patent Application Publication

4016 3016

<«— 05 —>» 916
\JAI_} 816

rol6 o096 0016 A0LG v066 €066

HOL6 1016

—> <Gl

4016 3016

43

FlY —»

266 80
- N
006

H6 Old

L6
616 “
€16
«— — A— «— za
v06 9096 — 816
HOLG 1016 rOL6 MOL6 \ oqL5 D0L6 QOLE \ vos6 €066

¢a
-- Qa
J Y
—p! “— Gl Ty = ‘- 266 J
A ol /O
1454



US 2017/0012099 A1

Jan. 12,2017 Sheet 32 of 75

Patent Application Publication

3096

]
<« 706 | Y06 —>»
|

L16

Gl6 A|_ €6
! \4 \ 8l6

- Q

SR

il

N

9¢96 Yld —» <

435

]
<« 706 | ¥06 —>»
I

Ll6

%]

0Lo

6 Old

bz

L

Gl

A

¥i6

g&&&%ﬂ&&m@&&&%&&é %&m&%ﬁa&%@%&é&

ozos Yid—» <

66 60

h

006



US 2017/0012099 A1

Jan. 12,2017 Sheet 33 of 75

Patent Application Publication

Em -w—m <“—> |d

orlLe ed
OCL6

<— 08 —» D0.6 O¢CL6 VY066 9066

- vd
ov.i6
266
\4 149)
006
<«—> |Ad ed
vZ16 \ A4 41]
<« —_— |
Z06 | ¥06 Vvele V086 8066

V026 -] S
19)

16



US 2017/0012099 A1

Jan. 12,2017 Sheet 34 of 75

Patent Application Publication

N6 Ol

]
<«— 206 | v06 —>

£ ==
) Ve |

B m
< H

ol 4 B i | |

—» «— Sl —> <« 7l
\ LA 266 60




US 2017/0012099 A1

Jan. 12,2017 Sheet 35 of 75

Patent Application Publication

V0l "Old

<— 206 | ¥06 —»

666
V016 /4 -
v096 > 2o
gote - F
doi6 —§ y VeB6
3096 za
S015 7|
|1 v066
~8¢6 _}— 9066
a D096 ~
» €0
06 x > o0
7206 J716 >
\ $ SO
e o016 90
S A e PN S SR AR i S i S i’ /
o6 | m J A .J 156
I 2096 56 86 256 \
€i6 ,
1016 |
|
1
0i6 «—> 1iq
\ 4 \ 4 vy
/ LD 60 80 /D
006



Patent Application Publication  Jan. 12,2017 Sheet 36 of 75  US 2017/0012099 A1

<C
S
©
< o
S
~
[
<C
o
©
=3
s o o
>
<~ ~
| ] T ]
g — o~ —
° L s L
o = _:‘
83 2
s g
@ >
S —
S
S S
s, S poid e
I o > IJO:\
[=)
3 2
& 5
s
@ % ~
: @]
@] < “«—>r < > 8
[a]



Patent Application Publication  Jan. 12,2017 Sheet 37 of 75  US 2017/0012099 A1

| 920A

r——
o

958

970A

910A

A & A A

3

225
35
25

§5055

FIG. 10D

o
7

<«— 904 | 902—>»

910L

992

A, KA ATEATATES

990B 990A

D1




US 2017/0012099 A1

Jan. 12,2017 Sheet 38 of 75

Patent Application Publication

V0.6

Y016

401 'Ol

1
<206 | y06 —»
I

1016

v066 ©066

V0.6

volL6

vi6 L¥6

301 Ol

<«— 206 | Y06 —»
I

1016

V066 8066

006

-vd



US 2017/0012099 A1

Jan. 12,2017 Sheet 39 of 75

Patent Application Publication

HOL "Old — 0w

0046

<« v06 —>
o016 016 v066 066

901 ‘Ol ;

<«—206 | Y06 —>
o096 I 1016

v066 2066

e g

5

266 " c0

¥d



rolL "Old

<« 06 —> o016 1016

<« |Jd

voes 9066 e

US 2017/0012099 A1

L&

0L "©Id — >0

<« 06 /> 1016

Jan. 12,2017 Sheet 40 of 75

0096 V066 €066

¥.16 J

Patent Application Publication



Patent Application Publication  Jan. 12,2017 Sheet 41 of 75  US 2017/0012099 A1

<« 904 —>»

983A

910C

o29 910

FIG. 10K
FIG. 10L

983A

990B 990A

900
D1

Q7



Patent Application Publication  Jan. 12,2017 Sheet 42 of 75  US 2017/0012099 A1

970G
960G

962A

910G

\
o)
\
e
\
o)
\
)
\
o)
\
e
N
N
; = \ Z
& () % )
\ % ~—
o T m % _ i_" i m
g % 3
| N\ |
N
2 X .
> %“* b
o P /\%
8 A N
%
N
N \§ =4 %
o —— 0 > R 8
' 3 M ““% 3
] k"‘x E
3 N
8 «—>q 8 «—>r_



US 2017/0012099 A1

Jan. 12,2017 Sheet 43 of 75

Patent Application Publication

V0.6

OO0l Ol

I
<206 | 06 —>

I
vol6

1016

V066 9066




Vil Old

Lo <«— 206 | Y06 —IB1LYH

US 2017/0012099 A1

Jan. 12,2017 Sheet 44 of 75

Patent Application Publication

666 / . F

10

\A4

f

vE86

[~ 8¢€6

| —

-~

c0

- Y066

— 9066

€0

A
lEm

149]

G0

56 ﬂ
\

006

vyYvYyYvyYy

90




US 2017/0012099 A1

Jan. 12,2017 Sheet 45 of 75

Patent Application Publication

[
016 <«—206 _ ¥06 —>»

N L6 o1g

oLl "Old

<«—> 2d

3016 poie 1016 roOL6

voee ©066

3 60

dLl Oild

<«—» 2d

—>» «— Gy »
Zl6
1
<3206 | ¥06 —>»
816 |
/» 516 Anhu,_ €L6
A N

3016

4016

voes 9066
ed

-0

R

/

- 266 \

80
006



US 2017/0012099 A1

Jan. 12,2017 Sheet 46 of 75

Patent Application Publication

d11 Old

3096

—> <3Sl

3096

1
<—206 | Y06 —>

G16 €lL6 +«— za

vo66 9066

516 €Le «—> za

2096 J016 10L6 v066 8066




US 2017/0012099 A1

Jan. 12,2017 Sheet 47 of 75

Patent Application Publication

vl Old

bid 666 N «—206 | y06—» 044
VOL6 v
p ateels » LD
Y096 i e » > 7D
g016 :
w86
4016 :
3096 za
3016
|+ vose
Py
T~ gc6 _}— 9066
q D096 <
706 X > ww
z06 1718 »
e > 90
156
“«—» |Q
v A 4 vy

7 0LD 60 80 /D
006



Patent Application Publication  Jan. 12,2017 Sheet 48 of 75  US 2017/0012099 A1

960A

970A

962A

974
910A

FIG. 12B
FIG. 12C

951

<«— 904 | 902—»

R31

976A
«— 904 | 902—»
R21
976A

910L

992

<
S S
: 3 >
o m » m
: @ S
2 >
py -
& o)
s>
[a>]
- «—>_ o «—> 3
fa) )
e 2 e}



US 2017/0012099 A1

Jan. 12,2017 Sheet 49 of 75

Patent Application Publication

dZ1 "Old _ >

<206 | y06 —»
|

V0.6 V016 VES6 oy VOLE V066 €066

VEEB

ey ey T e Tt e Ta T tatet
I S I I H I

ot
iyt
2!

o6 266 156 c66 006
.6 LD

DN—\ mU_H_ 206 | 406 —> «— > 1a ed

V0.6 V016 g2y VESB | o v9.6 V066 9066

v.6 16 L0



US 2017/0012099 A1

Jan. 12,2017 Sheet 50 of 75

Patent Application Publication

Oc¢l Old —
L}
o086 €206 | v06 —>

_ 9016 67y V€86 o VOL6 V066 9066

o186~ m 11
T T T T Y
J ‘ A v.6
ov6 266 156 bed 266 Mom 149

¥.6

4¢1 Ol —

<« y06 —> voie 106 V066 €066

9096




Patent Application Publication  Jan. 12,2017 Sheet 51 of 75  US 2017/0012099 A1

<]

T
SRS
S525N
SRS
Ioeletetels!
e,

7
!

&
S

T
K%
55
oy

L

970G

N

974
910G

e D P A

“?

FIG. 12H

R31 9g3a
|

gg)z R21
976A
<— 904 | 902—»

900B 990A

D1

Q4



US 2017/0012099 A1

Jan. 12,2017 Sheet 52 of 75

Patent Application Publication

—JNF .@—m <—206 | ¥06 —»

& I8 =] [ ] 1] m e (HIE va
AR IR R NN Zﬂ%ﬂ//uﬂ%ﬂﬂ/ /Mﬂﬂﬂﬂ//é/%ﬂ/
“ \ (TAT /_‘/Nw_ 266
8lL6 Mum 60
Il OId e
led 0.6 e o018 V066 9066 H
¥a

c66 266 006



Patent Application Publication  Jan. 12,2017 Sheet 53 of 75  US 2017/0012099 A1

e
XS
S
4
30
5525
o
g
e
S0
e
&3 @
2 < S
S o I~
e = >
£ »
o
<t
o
(o]
<
X < o b w
(=] o [=]
=
; ] » [ ]
— I
= 2 LL
w0 m
3 5

974A
\
|

R31 9g3a
|

R31

<«— 904 | 902—>»
<«— 904 | 902—»

-
o
o <
%]
<€ ~
< [
~
o
o
N o
OA
b o
< S
= I
X &
&
~
[e2] m g
b= I
> @ -
(]
s>
>
¢ » 2
(]



US 2017/0012099 A1

Jan. 12,2017 Sheet 54 of 75

Patent Application Publication

Vel Old

<«— 706 | v06 —»

[

peg  VES6

€596

{

Y016 o
x 4 h __ » 1O
Y096 4 m i > 20
g016 _ A
A
doi6 ! 1
: I za
3096 -F I 1|
\H —— oer __ b
016 | b
: | ) V066
~ __r i
A 9¢6 m ¥ — 4066
) Hl|
_ A
v ) “./_me@
9096 | i
! | . €0
ﬁ 9016 ] ] 3 o
1 (.
vomlwﬁ g pR——) 4 » O
208 2016 =7, / : “
e 0096 MO96 y
cle |||,.||||,./| ,A
266
7016 A u
56 ﬁ 956 816 zz6 \\
1
v \4 ol6 \ 4 v v
60 006 80 LD 90 <+—> |d



US 2017/0012099 A1

Jan. 12,2017 Sheet 55 of 75

Patent Application Publication

o€l Ol

966
N «—> Iq
]
1016 N
<« 708 | ¥06 —> V096 eog V866 €966 0966 (866 3866 vos6 €066 .
! Lol 4
m
¥
i
i
S e
=
7/
ﬁ 226
266 ¢o
V296 J
006
_ dacl 9l
«—»
206 | y06—> 966 \a ed
I vZ16 uN
0.6 1016
voie V€86 "vess aes6 0866 866  J866 V066 €066
___________ 8 m
Y026~ prasasdyt] BOaaanin s : - ¥a

0¥6 766 €66 006



US 2017/0012099 A1

Jan. 12,2017 Sheet 56 of 75

Patent Application Publication

d€l 'Old

1016 N N > .d
V866 €866 0866 (866 3866

866

YE86

ed

N vO

act old

<«—— V06 —>» 266 <« |{d

266 L} e



US 2017/0012099 A1

Jan. 12,2017 Sheet 57 of 75

Patent Application Publication

o€l Old y

<+—> Zd

3866

m i m E - vQ
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ e
........ 5 w,bw,tw,bw,twfw,tw1@041@141&141&1@1&1@6@,obOtwfw,tw,twtw,twbw,tw,bw,twOw,tw,Owbw,tw,bw,tﬂbw,twfw,tw,twbw,tw,bw,twOw,twOw,tw1@6@1@1@1@1@1&1@0@1@0@%@ e Sy F@D@t@”@h&ﬁ“\

o o M P 8 o o A P 3 P o o P Il b N

V066 d066
R TR R R R R R

V.6
726
c66 . 856 N 90
4€1 9l
866 €d
o6 N «—>» |d
o016 VEB6 “vess @866 0966 (866 3966
b r V066 9066

e
T T e T T e, it N e ,W{Q{Q{Q‘%&
o s LEWWM. K
/
A 228 /6
266 J
006 e



US 2017/0012099 A1

Jan. 12,2017 Sheet 58 of 75

Patent Application Publication

€L Ol

216 <« 06 —>
L16
N S8 o« 58 <« za
A v N
4016 L6 g5 1016 rOLG 0096 0016 1016 V066 €066

ed

L

—
D~
3
~

P~ —
(2]

—>i “«— —>i “— z
TRe| P44 vy J 80

HEL Old e

vESH 106 —> 1016
V066 8066




US 2017/0012099 A1

Jan. 12,2017 Sheet 59 of 75

Patent Application Publication

rel old

]
<206 | Y06 —»

816

3096 V

GlL6

cd

i

F

i

i

2l
G e ey e i

H c66

m 9156 < ) 60

006



US 2017/0012099 A1

Jan. 12,2017 Sheet 60 of 75

Patent Application Publication

1€l Old ¥

3866

266
866 J Q0D
166 005
_ €L Ol
«—>
<«—206 | ¥06 —> 966 1a €d
_ vZL6 N
v0.6 7016
volé veg6 “vess age6 0966 (866 3866 V066 €066

e
LSt
LA R

[
¥
[
E
[
[
¢
[

OReete
o
b




Patent Application Publication  Jan. 12,2017 Sheet 61 of 75  US 2017/0012099 A1

1400

1403 1402 1404

I
‘%mmﬂmmm

1411 1407

o > FIG. 14A

1403 1400

L FIG. 148 "

1471

7 1410 1412

1414

FIG. 14C



Patent Application Publication  Jan. 12,2017 Sheet 62 of 75  US 2017/0012099 A1

1471 1430

1410
7 1412

“ FIG. 14D

1400
1474 1431

( 14[30 (

7 1412
" FIG. 14E

1400
1471

] 1430

~ FIG.14F



Patent Application Publication  Jan. 12,2017 Sheet 63 of 75  US 2017/0012099 A1

1471 14176 1430

1410
7 1412

w FIG. 14G

1471 1476 1400

l l 1430 1440

\

r 1410
1412
“ FIG. 14H
1420 1400
14/71 14'76 1430 14I40 \

r 1410

1414 1412

FIG. 141



Patent Application Publication  Jan. 12,2017 Sheet 64 of 75  US 2017/0012099 A1

1494 1471 14221476

1410

" FIG. 14 7

1400

1452
1494 1422

1476 1492

[/

1430 1440 1454 445

1412

1414

FIG. 14K




Patent Application Publication  Jan. 12,2017 Sheet 65 of 75  US 2017/0012099 A1

1500

1503

1511A 1511B 1511C

v e FIG. 15A

1578
k 1500
1579 1577
15784 13788 q578¢ } 1507 ‘J
v\ [

1511A 1511B 1511C

» FIG. 15B

1511

1578
1509 J 1500

1578B
15041578A 1578C 1507
1506

1511A 1511B 1511C

< FIG.15C



Patent Application Publication  Jan. 12,2017 Sheet 66 of 75  US 2017/0012099 A1

1511A 1511B 1511C

4

1512

FIG. 15D

1578

o

1578A1578B 1578¢C

1590 1500

1511A 1911B 1511C

7.
" FIG. 15E

1578A 1578B  1578¢c

\

1512

1578

@ FIG. 15F

1590



Patent Application Publication  Jan. 12,2017 Sheet 67 of 75  US 2017/0012099 A1

1500

1578 1530
\( 1578A 157\35 1578C \

\
} 1512
“ FIG. 15G

1578 1500

\( 1578 15788 q578c

\ \ / 15€o

V
1512
" FIG. 15H
1578 1500
\ 1578a 15788 4s75c

1530
\ \ 1531

| {

4 FIG. 15l



Patent Application Publication  Jan. 12,2017 Sheet 68 of 75  US 2017/0012099 A1

1578 1500

1530
\ 1578 15788 1s578c 1576

1590 1511A 1511B 1511C 1571 1510

2 FIG. 154

\ 1578a 15788 1578 1576
\ / 1830 4540

1500 1511a 1511B 1511C 1571 1510
2 1512
o FIG. 15K
[ ]
1578 1500
1520
\{ 1578A 157\85 1578C 15176 15‘30 1540 |
i / |

15114 1511B 1511C 1571 1510

4 FIG. 15L

1590
1512



Patent Application Publication  Jan. 12,2017 Sheet 69 of 75  US 2017/0012099 A1

1500
1578

k 1578A 15788 1578C 1520

1576 1540
1530 ‘

15890 1511A 15118 1511C 1571 1510

7
1511 FIG. 15M

1552
157815784 ) 1578B 1578C 1522 1592

1512

1554

1590 1511A 1511B 1571
} 1512
= FIG. 156N

1500
1532
1578D 1522 1592 1540

1590 1511D 1571 1510

FIG. 150

1512



Patent Application Publication  Jan. 12,2017 Sheet 70 of 75  US 2017/0012099 A1

1578 1500
\ 1578a 15788 4575¢c 1576

\

1530

o 15114 15118 1511C 1571 1510
1512
) O FIG. 16A
.
1578 1500
\ 1578A 15788 4575¢C 1576 15{'0
D4

1500 1511 1511B 1511C 1571 1510

7.
* FIG. 16B

1578 1500
1530

1512

\ 1578 15788 4578¢C
1540

1590 1511a 15118 1511C 1571 1510

7.
“ FIG. 16C

1512



Patent Application Publication  Jan. 12,2017 Sheet 71 of 75  US 2017/0012099 A1

1578
1575
\ 1578A 15788  qs578c / 1830 g40 1520

15800 1511A 1911B 1511C 1571 1510
} 1512
=1 FIG. 16D
| |

1523 1524 1522 1500

1578
1520
\( 1578 15788 4575c 79 )/ /15/’30 1540 (

1590
4 1512
s FIG. 16E
1578 1500
1551 1502 1520
\, 1578a 15788 1575 1530 4549

/

1500 1511A 1311B 1511C 1571 1510

4 FIG. 16F

1512



Patent Application Publication  Jan. 12,2017 Sheet 72 of 75  US 2017/0012099 A1

1709

1703 1700
N )

FIG. 17A

D1 —»

1700
1703

FIG. 1/B iz

1700

FIG. 17C



Patent Application Publication  Jan. 12,2017 Sheet 73 of 75  US 2017/0012099 A1

1700

1700
1771

1790 170 1712

1771 1700
\ 1730
A




Patent Application Publication  Jan. 12,2017 Sheet 74 of 75  US 2017/0012099 A1

1734
1771 1731 1700

1710

1790 1714 FI 1 7 1712
1734 1776
1731 1730 1700
1771
! \ \ \ J

1790 1714 1712

FIG. 17H

1776

1731 1700
1771 \ \ 1740

\ \ 1730

1790 1712

1714

FIG. 171



Patent Application Publication  Jan. 12,2017 Sheet 75 of 75  US 2017/0012099 A1

1700

1776 1731 1720
1771 1740

1771
1790 1o 1712

" OFIG. 17

1794

1790 17 1712

1714

FIG. 17K

1700
1792

1776 1731

1740 1730 17\20
i i

1771
1790 1710 1712

" FIG. 17L




US 2017/0012099 Al

METHODS AND APPARATUS RELATED TO
TERMINATION REGIONS OF A
SEMICONDUCTOR DEVICE

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/204,765, entitled, “Methods and
Apparatus Related to Termination Regions of a Semicon-
ductor Device,” filed Mar. 11, 2014, which claims priority to
and the benefit of U.S. Provisional Application No. 61/801,
272, entitled, “Methods and Apparatus Related to Termina-
tion Regions of a Semiconductor Device,” filed Mar. 15,
2013, and which claims priority to and the benefit of U.S.
Provisional Application No. 61/801,253, entitled, “ Methods
and Apparatus Related to Termination Regions of a Semi-
conductor Device,” filed Mar. 15, 2013. All of these appli-
cations are incorporated herein by reference in their entire-
ties.

TECHNICAL FIELD

[0002] This description relates to termination regions of a
semiconductor device.

BACKGROUND

[0003] Implementations of trench-gate type devices (e.g.,
planar-gate metal-oxide-semiconductor field effect transistor
(MOSFET) transistors, vertical gate MOSFET transistors,
insulated-gate bipolar transistors (IGBTs), rectifiers, and
synchronous rectifiers) can include an array of trenches (e.g.,
parallel trenches) formed in the top surface of the semicon-
ductor die, with each trench filled with a dielectric, a shield
electrode and/or a gate electrode, depending upon the type
of power device. The trenches can define a corresponding
array of mesas (or mesa regions), where each mesa being
disposed between adjacent trenches. Depending upon the
device implemented on the die, various electrodes and/or
doped regions are disposed at the top of the mesa. One or
more of the mesas and adjacent trenches can implement a
small instance of the device, and the small instances can be
coupled together in parallel to provide the whole power
semiconductor device. The device can have an ON state
where a desired current flows through the device, an OFF
state where current flow is substantially blocked in the
device, and a breakdown state where an undesired current
flows due to an excess off-state voltage being applied
between the current conducting electrodes of the device. The
voltage at which breakdown is initiated is called the break-
down voltage. Each mesa and adjacent trenches are config-
ured to provide a desired set of ON-state characteristics and
breakdown voltage. The configuration of the mesa and
trenches can result in a variety of trade-offs between achiev-
ing desirable ON-state characteristics, relatively high break-
down voltage, and desirable switching characteristics.

[0004] A power semiconductor die can have an active area
where the array of mesas and trenches that implement the
device are located, a field termination area around the active
area, and an inactive area where interconnects and channel
stops may be provided. The field termination area can be
used to minimize the electric fields around the active area,
and may not be configured to conduct current. The break-
down voltage of the device can be determined by the
breakdown processes associated with the active area. How-
ever, various breakdown processes in the field termination
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area and inactive area at significantly lower voltages can
occur in an undesirable fashion. These breakdown processes
may be referred to as passive breakdown processes or as
parasitic breakdown processes.

[0005] Known field termination areas that have higher
breakdown voltages than the active area have been config-
ured, however such known configurations often compromise
total die area, processing costs, performance characteristics,
and/or so forth. Thus, a need exists for systems, methods,
and apparatus to address the shortfalls of present technology
and to provide other new and innovative features.

SUMMARY

[0006] In one general aspect, an apparatus can include a
semiconductor region having an active region, and an end
trench defined within a termination region of the semicon-
ductor region where the end trench has a curved shape.
[0007] The details of one or more implementations are set
forth in the accompanying drawings and the description
below. Other features will be apparent from the description
and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A is a diagram that illustrates a side cross-
sectional view of an active region and a termination region
associated with a portion of a semiconductor device.
[0009] FIG. 1B is a top view of the semiconductor device
cut along a line shown in FIG 1A.

[0010] FIG. 2 is a cross-sectional diagram that illustrates
a metal-oxide-semiconductor field-effect transistor (MOS-
FET) device, according to an implementation.

[0011] FIGS. 3A through 31 are diagrams that illustrate
configurations of a termination region according to some
implementations.

[0012] FIGS. 4A through 4D are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device shown in FIGS. 3A through 3I.

[0013] FIGS. 5A through 5I are diagrams that illustrate
configurations of another termination region according to
some implementations.

[0014] FIGS. 6A through 6G are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device shown in FIGS. 5A through 5I.

[0015] FIGS. 7A through 7] are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device shown in FIGS. 3A through 3I.

[0016] FIG. 8 is a diagram that illustrates another semi-
conductor device, according to an implementation.

[0017] FIGS. 9A through 9N are diagrams that illustrate
configurations of a termination region according to some
implementations.

[0018] FIGS. 10A through 100 are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device shown in FIGS. 9A through 9N.

[0019] FIGS. 11A through 11E are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device shown in FIGS. 9A through 9N and FIGS.
10A through 100.

[0020] FIGS. 12A through 12[. are diagrams that illustrate
variations on at least some of the features of a semiconductor
device.
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[0021] FIGS. 13A through 13L are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device shown in FIGS. 9A through 9N.

[0022] FIGS. 14A through 14K are side cross-sectional
diagrams that illustrate a method for making one or more
features of a semiconductor device.

[0023] FIGS. 15A through 150 are side cross-sectional
diagrams that illustrate another method for making one or
more features of a semiconductor device.

[0024] FIGS. 16A through 16F are side cross-sectional
diagrams that illustrate a variation of a method for making
one or more features of the semiconductor device.

[0025] FIGS. 17A through 171 are side cross-sectional
diagrams that illustrate yet another method for making one
or more features of a semiconductor device.

DETAILED DESCRIPTION

[0026] FIG. 1A is a diagram that illustrates a side cross-
sectional view of an active region 102 and a termination
region 104 associated with a portion of a semiconductor
device 100. FIG. 1B is a top view of the semiconductor
device 100 cut along line B1 shown in FIG. 1A. The side
cross-sectional view of the portion of the semiconductor
device 100 is cut along line B2 of the top view of the
semiconductor device 100 shown in FIG. 1B.

[0027] Asshown in FIG. 1A, atrench 110A included in the
semiconductor device 100 has a portion 113 in the termi-
nation region 104 and has a portion 111 in the active region
102. A dielectric 112 (e.g., an oxide) is disposed in the trench
110A. Also, a shield electrode 120 (e.g., a shield polysilicon
electrode) and a gate electrode 130 (e.g., a gate polysilicon
electrode) insulated from the shield electrode 120 by an
inter-electrode dielectric (IED) 140 are disposed in the
trench 110A. A perimeter trench 190 is also included in the
semiconductor device 100. At least a portion of the dielectric
112 and at least a portion of the shield electrode 120 are also
disposed in the perimeter trench 190. The dielectric 112 can
be the combination of more than one dielectric that can be
formed using one or more dielectric formation processes
(e.g., deposition processes, growth processes).

[0028] As shown in FIG. 1A, the trench 110A has a length
aligned along a longitudinal axis Al (also can be referred to
as a horizontal direction). The shield electrode 120, the
inter-electrode dielectric 140, and the gate electrode 130 are
vertically stacked within the trench 110A along a vertical
axis A2 (also can be referred to as a vertical direction),
which is substantially orthogonal to the longitudinal axis Al.
In this implementation, the perimeter trench 190 is aligned
along a longitudinal axis A3 (shown in FIG. 1B) so that the
longitudinal axis A3 is substantially orthogonal to the lon-
gitudinal axis A1 and the vertical axis A2.

[0029] The trench 110A is aligned parallel to additional
trenches including, for example, trench 110B shown in FIG.
1B. A mesa region 160 is disposed between the trench 110A
and the trench 110B. In other words, the mesa region 160 is
defined, at least in part by, a sidewall of the trench 110A and
a sidewall of the trench 110B.

[0030] Although not shown in FIG. 1, the active region of
the semiconductor device 100 can include, or can define, one
or more vertical metal-oxide-semiconductor field effect tran-
sistor (MOSFET) devices. The vertical MOSFET device(s)
can be activated via, for example, the gate electrode 130.
Many of the elements of the semiconductor device 100 are
formed within an epitaxial layer 108, which can be formed

Jan. 12, 2017

within or on a substrate 107 (e.g., an n-type substrate, a
p-type substrate). As shown in FIG. 1A, the semiconductor
device 100 has a drain contact 106 (e.g., a back-side drain
contact).

[0031] The elements within the termination region 104,
and specifically, within a portion 150 of the termination
region 104 associated with, for example, the trench 110A
can be configured to avoid undesirable events such as
voltage breakdown at the edges of, for example, the active
region 102 of the semiconductor device 100. Also, the
termination region 104 can be configured so that the dimen-
sions of the semiconductor device 100 can be optimized to
achieve desirable performance characteristics of the semi-
conductor device 100 such as a relatively low on-resistance,
a relatively high off-resistance, a breakdown voltage or
reverse blocking voltage, a desirable electric field profile,
faster switching speeds, and/or so forth. Specifically, the
termination region 104 can have features that are configured
so that other dimensions of the semiconductor device 100 in
the active region 102 can be configured for desirable per-
formance characteristics. For example, the termination
region 104 can be configured so that trench depths, pitches
between trenches, doping levels, and/or so forth within the
active region 102 can be optimized for processing efficiency,
low cost, relatively small die area, and/or so forth.

[0032] As a specific example, when a potential (e.g., a
potential of around zero volts) on a gate electrode is defined
so that a semiconductor device is in an off-state, a substantial
current can flow during a breakdown condition where a
drain potential is high relative to a source potential. In the
breakdown condition, relatively high electric fields can
develop in a mesa region between trenches, and this high
electric field can generate avalanche carriers (both holes and
electrons) at a breakdown voltage. The breakdown voltage
of the mesa region may be increased in a desirable fashion
by configuring the elements of termination region such that
the thickness of a dielectric within an active region of a
trench can be decreased, a width of the mesa region can be
decreased, a doping concentration in the drift region can be
configured to cause the drift region to be normally depleted
of electrons to support a charge-balanced condition, and/or
so forth. The elements of the termination region can be
configured so that the electric field during off-state condi-
tions can be uniformly distributed along a centerline of the
mesa region (e.g., a square-shaped or rectangular-shaped
electric field profile) in a desirable fashion, thereby reducing
a peak electric field (and thereby increasing the voltage at
which avalanche carriers can be generated).

[0033] While many of the implementations described
herein are with respect to a MOSFET device, the imple-
mentations described herein can also be applied to other
device types, such as IGBT devices, rectifiers, and particu-
larly in devices in which the above-described charge-bal-
anced conditions exist. Additionally, in this description, the
various implementations of are described, for purposes of
illustration, as implementing n-type channel devices. How-
ever, in other implementations, the devices illustrated may
be implemented a p-type channel devices (e.g., by using
opposite conductivity types and/or biasing potentials).
[0034] FIG. 2 is a cross-sectional diagram that illustrates
a MOSFET device 200, according to an implementation.
The MOSFET device 200 includes MOSFET device MOS1
and a MOSFET device MOS2. Because the MOSFET
devices MOS1, MOS2 have similar features, the MOSFET
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devices MOS1, MOS2 will generally be discussed in terms
of a single MOSFET device MOS2 (that is mirrored in the
other MOSFET device MOS 1 and/or mirrored within the
MOSFET device MOS2). The MOSFET device 200 can be,
for example, relatively high voltage devices (e.g., greater
than 30V, 60V devices, 100V devices, 300V devices).
[0035] As shown in FIG. 2 the MOSFET device 200 is
formed within an epitaxial layer 236 (e.g., N-type). Source
regions 233 (e.g., N+ source regions) are disposed above
body regions 234 (e.g., P-type) which is formed in the
epitaxial layer 236. The epitaxial layer can be formed on, or
in a substrate (e.g., a N+ substrate) (not shown). Trench 205
extends through body region 234 and terminates in a drift
region 237 within the epitaxial layer 236 (also can be
referred to as an epitaxial region). Trench 205 includes a
dielectric 210 (which can include one or more dielectric
layers such as a gate dielectric 218) disposed within the
trench 205. A gate electrode 220 and a shield electrode 221
are disposed within the trench 205. The MOSFET devices
200 can be configured to operate by applying a voltage (e.g.,
a gate voltage) to the gate electrode 220 of the MOSFET
device 200 which can turn the MOSFET device 200 ON by
forming channels adjacent to the gate oxides 218 so that
current may flow between the source regions 233 and a drain
contact (not shown).

[0036] In accordance with the termination implementa-
tions described herein, the performance characteristics and
dimensions of the MOSFET device 200 can be improved.
For example, an ON-resistance of the MOSFET device 200
can be improved by approximately 50% (or more) and a
pitch PH (and mesa region 250 width) between the MOS-
FET device MOS1 and the MOSFET device MOS2 can be
decreased by approximately 20% (or more) with no decrease
(or substantially no decrease) in breakdown voltage (while
the MOSFET device 200 is OFF) and an increase in Q.
increase of approximately 10% (or less). The increase in the
ON-resistance of the MOSFET device 200 can be compen-
sated for through an increase (e.g., a 30% increase) in dopant
concentration within the epitaxial layer 236—which is
enabled by the termination implementations described
herein. In addition, trench mask critical dimensions (CDs)
(e.g., distances, sizes) can be decreased by approximately
10% or more, the shield electrode 221 widths can be
decreased by more than 10%, contact 252 widths can be
decreased by more than 50%, and/or so forth.

[0037] FIGS. 3A through 3I are diagrams that illustrate
configurations of a termination region according to some
implementations. FIG. 3A is a diagram that illustrates a plan
view (or top view along the horizontal plane) of at least a
portion of a semiconductor device 300 including an active
region 302 and a termination region 304. FIGS. 3B through
31 are side cross-sectional views along different cuts (e.g.,
cuts F1 through F8) within the plan view FIG. 3A. To
simplify the plan view shown in FIG. 3A some of the
elements illustrated in the side cross-sectional views of
FIGS. 3B through 31 are not shown. The side cross-sectional
views along the different cuts included in FIGS. 3B through
31 are not necessarily drawn to the same scale (e.g., numbers
of trenches, etc.) as the plan view shown in FIG. 3A.
[0038] As shown in FIG. 3A, a plurality of trenches 310,
including for example trenches 310A through 310J; are
aligned along a longitudinal axis D1 within the semicon-
ductor device 300. The plurality of trenches 310 can be
referred to as parallel trenches. At least some portions of the
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plurality of trenches 310 can be included in the active region
302 and at least some portions of the plurality of trenches
310 can be included in the termination region 304. For
example, a portion of trench 310B is included in the active
region 302 and a portion of the trench 310B is included in
the termination region 304. As shown in FIG. 3A, trench
310G is entirely disposed within the termination region 304.

[0039] In this implementation, the trench 310D is entirely
disposed within the termination region 304 and is the
outermost trench from the plurality of trenches 310. Accord-
ingly, the trench 310D can be referred to as an end trench.
Trenches from the plurality of trenches 310 in the semicon-
ductor device 300 that are lateral to (or interior to) the end
trench 310D can be referred to as interior trenches 317 (or
as non-end trenches).

[0040] As shown in FIG. 3A, the active region 302 is
defined by an area of the semiconductor device 300 that
corresponds with at least one of a source contact region 336
(e.g., a source contact region 336) or a shield dielectric edge
region 334. The source contact region 336 defines an area
within the semiconductor device 300 where source contacts
(such as source contact 357 shown in FIG. 31) are formed.
The source contact region 336 can also correspond with, for
example, a source conductor region (e.g., a source metal
region). The source contacts can be contacted with source
implants (such as source implant 363E within a mesa region
360E between trenches 310E and 310F shown in FIG. 31) of
one or more active devices. A source formation region 356
in FIG. 3A (which can be referred to as a source exclusion
edge) defines an area within which mesa regions between
the plurality of trenches 310 are doped as doped source
regions of active devices.

[0041] The shield dielectric edge region 334 shown in
FIG. 3A corresponds with (e.g., approximately corresponds
with), for example, an edge 341 of the inter-electrode
dielectric 340 shown in FIG. 3B (which is a side cross-
sectional view cut along line F1). At least a portion of the
inter-electrode dielectric 340 can include a gate dielectric
such as gate dielectric portion 342 shown in FIG. 3B.

[0042] As shown in FIG. 3A, the termination region 304
includes areas of the semiconductor device 300 outside of
(e.g., excluded by) the active region 302. Accordingly, the
termination region 304, similar to the active region 302, is
defined by at least one of the source contact region 336 or
the shield dielectric edge region 334.

[0043] As shown in FIG. 3A, a transverse trench 380A is
aligned along a longitudinal axis D2 that is orthogonal to
(e.g., substantially orthogonal to) the longitudinal axis D1.
In other words, the transverse trench 380A intersects in an
orthogonal direction, the plurality of trenches 310. Accord-
ingly, the transverse trench 380A can be considered to be in
fluid communication with, for example, trench 310A. The
transverse trench 380A may intersect only a portion of the
plurality of trenches 310. The transverse trench 380A can be
referred to as an end of trench trench (EOTT) or as a
perpendicular trench because the transverse trench 380A is
perpendicularly oriented with respect to the parallel trenches
(i.e., the plurality of trenches 310). The directions along the
longitudinal axis D2 can be referred to as a lateral direction.
For example, trench 310A can be referred to as being lateral
to trench 310G

[0044] In this implementation, the transverse trench 380A
is disposed entirely within the termination region 304.
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Although not shown in FIG. 3 A, the transverse trench 380A
can have a least a portion disposed within the active region
302.

[0045] In this implementation, portions of the plurality of
trenches 310 (that are interior trenches 317 and) disposed to
the left of the transverse trench 380A can be referred to as
trench extension portions 314. Portions of the plurality of
trenches 310 (that are interior trenches 317 and) disposed to
the right of the transverse trench 380A and extend into (or
toward) the active region 302 can be referred to as main
trench portions 312. For example, trench 310A includes a
trench extension portion 314A (similarly shown as 314G in
FIG. 3E) on the left side of the transverse trench 380A
(toward the perimeter and in a distal direction away the
active region 302) and the trench 310A includes a main
trench portion 312A (similarly shown as 312G in FIG. 3E)
on the right side of the transverse trench 380A (away from
the perimeter and in a proximal direction toward the active
region 302). In this implementation, at least a portion of the
main trench portion 312A is included in (e.g., disposed
within) the termination region 304, and a portion of the main
trench portion 312A is included in (e.g., disposed within) the
active region 302. tThe transverse trench 380A can be
considered to be included in the trench extension portion
314A. In this implementation, the trench extension portions
314 can define at least a portion of a mesa (when viewed in
a side cross-sectional view).

[0046] Although only one transverse trench is included in
the semiconductor device 300, more than one transverse
trench similar to transverse trench 380A can be included in
the semiconductor device 300. For example, an additional
transverse trench aligned parallel to the transverse trench
380A can be disposed within the trench extension portion
314A.

[0047] FIG. 3B is a diagram that illustrates a side cross-
sectional view of the semiconductor device 300 cut along
line F1. The cut line F1 is approximately along a centerline
of the trench 310A so that the side cross-sectional view of
the semiconductor device 300 is along a plane that approxi-
mately intersects a center of the trench 310A. A portion of
the transverse trench 380A, which intersects the trench
310A, is shown in FIG. 3B. A side cross-sectional view of
the transverse trench 380A cut along line F2, which is within
the mesa region 360A between the trench 310A and the
trench 310B, is shown in FIG. 3C. As shown in FIG. 3C, a
well region 362A is formed (e.g., formed in a self-aligned
fashion) in an area of the epitaxial layer 308 that is not
blocked by the surface gate electrode 322 and the surface
shield electrode 332. The features shown in FIG. 3B are
disposed in an epitaxial layer 308 of the semiconductor
device 300. Other portions of the substrate, drain contact,
and/or so forth are not shown FIGS. 3A through 31. Many of
the views associated with other figures are disposed in an
epitaxial layer and similarly do not show the substrate, drain
contact, and so forth.

[0048] As shown in FIG. 3B, the trench 310A includes a
dielectric 370A disposed therein. Specifically, a portion of
the dielectric 370A is coupled to (e.g., lines, is disposed on)
a sidewall and a portion of the dielectric 370A is coupled to
a bottom surface of the trench 310A within the main trench
portion 312A of the trench 310A. In this cross-sectional
view the portion of the dielectric 370 A coupled to the bottom
surface of the trench 310A is shown, and the portion of the
dielectric 370A coupled to the sidewall of the trench 310A
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is not shown. The portion of the dielectric 370A shown in
FIG. 3B along the bottom surface of the main trench portion
312A of the trench 310A can be referred to as a bottom
dielectric. The dielectric 370A can be coupled to, or can
include, a field dielectric 374 (which can be referred to as a
field dielectric portion).

[0049] As shown in FIG. 3B, a gate electrode 320A and a
portion 331A of a shield electrode 330A are disposed in a
portion of the main trench portion 312A that is included in
the active region 302 of the semiconductor device 300. The
gate electrode 320A and the shield electrode 330A are
separated by at least a portion of the inter-electrode dielec-
tric 340. The portion of the main trench portion 312A
included in the termination region 304 has a portion 333 A of
the shield electrode 330A disposed therein and insulated
from the epitaxial layer 308 by the dielectric 370A. The
portion 333 A of the shield electrode 330A can be referred to
as a termination region portion of the shield electrode, and
the portion 331A of the shield electrode 330A can be
referred to as an active region portion of the shield electrode.
[0050] In this implementation, a surface shield electrode
332 is coupled to the shield electrode 330A, and a surface
gate electrode 322 is coupled to the gate electrode 320A. The
surface electrode 332 is insulated from the surface gate
electrode 322 by at least a portion of the inter-electrode
dielectric 340. A gate runner conductor 352 is coupled to the
surface gate electrode 322 using a via 351. Similarly, a
source runner conductor 354 (which is also coupled to a
source) is coupled to the surface shield electrode 332 using
a via 353 through an opening in the surface gate electrode
322.

[0051] As shown in FIG. 3A, an edge of the surface shield
electrode 332 is disposed between the perimeter trenches
390A, 390B and an edge of the surface gate electrode 322.
The surface gate electrode 322 has at least a portion disposed
between at least a portion of the gate runner conductor 352
and the surface electrode 332. The surface gate electrode
322 also has at least a portion disposed between at least a
portion of the source runner conductor 354 and the surface
electrode 332. As shown in FIG. 3B, the surface electrode
332 and surface gate electrode 322 are disposed between at
least a portion of a field dielectric 374 and an interlayer
dielectric (ILD) 392.

[0052] Although not shown in FIGS. 3A through 3I,
semiconductor device 300 can exclude the surface shield
electrode 332 and/or the surface gate electrode 322. In other
words, the semiconductor device 300 (or a portion thereof)
can be configured without the surface electrode 332 and/or
the surface gate electrode 322. More details related to such
implementations are described below.

[0053] As shown in FIG. 3B, a portion 372A of the
dielectric 370A (also referred to as an extension portion of
the dielectric or as an extension dielectric) is included in the
trench extension portion 314A. The portion 372A of the
dielectric 370A is aligned along (e.g., extends in) a vertical
direction D3 from a bottom of the trench extension portion
314A of the trench 310A to at least a top of the trench 310A.
The top of the trench 310A (which includes the trench
portion 314A and the main trench portion 312A) is aligned
along a plane D4, which is aligned along a top surface of a
semiconductor region of the semiconductor device 300. The
semiconductor region of the semiconductor device 300 can
correspond approximately with a top surface of the epitaxial
layer 308. The dielectric 370A can include one or more
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dielectric layers and/or one or more dielectric types formed
using one or more different formation processes.

[0054] As shown in FIG. 3B, a portion 371A of the
dielectric 370A is included in the transverse trench 380A.
The portion 371A of the dielectric 370A is aligned along
(e.g., extends in) a vertical direction D3 from a bottom of the
transverse trench 380A to at least a top of the transverse
trench 380A. The top of the transverse trench 380A is
aligned along the plane D4. The transverse trench 380A (and
such similar transverse trenches in other implementations)
can help to eliminate relatively high electric fields along the
corner (bottom, left in FIG. 3B) of the shield electrode
330A.

[0055] The thickness of the dielectric 370A included in the
trench 310A varies along the longitudinal axis D1 of the
trench 310A. The portion 372A of the dielectric 370A
included in the trench extension portion 314 A has at least a
thickness E1 in the trench extension portion 314A (also can
be referred to as a height because it is aligned along the
vertical axis D3) that is greater than a thickness E2 of a
portion of the dielectric 370A included in the main portion
312A (both in a termination region portion and in an active
region portion) of the trench 310A. The thickness of the
portion 372A of the dielectric 370A extends up to a bottom
surface of a surface shield electrode 332 beyond the thick-
ness E1. The thickness E1 corresponds approximately with
a depth (along the vertical direction D3) of the trench
extension portion 314A.

[0056] Also, the portion 371A of the dielectric 370A
included in the transverse trench 380A has at least a thick-
ness E4 (also can be referred to as a height) that is greater
than the thickness E2 of a portion of the dielectric 370A
included in the main portion 312A of the trench 310A and/or
the thickness E1 of the portion 372A of the dielectric 370A
included in the trench extension portion 314 A. The thickness
of the portion 371 A of the dielectric 370A shown in FIG. 3B
extends up to a bottom surface of a surface shield electrode
332 beyond the thickness E4. The thickness E4 corresponds
approximately with a depth (along the vertical direction D3)
of the transverse trench 380A. The depth (or height) of the
transverse trench 380A is also illustrated within the mesa
region 360A shown in FIG. 3C. Accordingly, a depth of the
trench 310A varies along the longitudinal axis D1 from
depth E3 to depth E1 through depth E4 of the transverse
trench 380A.

[0057] Referring back to FIG. 3B, in this implementation,
the trench extension portion 314A includes the portion 372A
of the dielectric 370A and excludes a shield dielectric.
Similarly, in this implementation, the transverse trench
380A includes the portion 371A of the dielectric 370A and
excludes the shield dielectric 330A. Although not shown, a
trench extension portion such as the trench extension portion
314A can include a portion of a shield dielectric (e.g., a
portion of a shield dielectric, a recessed shield dielectric).
Similarly, although not shown, a transverse trench such as
the transverse trench 380A can include a portion of a shield
dielectric (e.g., a portion of a shield dielectric, a recessed
shield dielectric).

[0058] Although not shown in FIG. 3B, the thickness E2
of the portion of the dielectric 370A in the main portion
312A of'the trench 310A can vary along the longitudinal axis
DI. For example, a thickness of a portion of the dielectric
370A included in the termination region 304 of the main
trench portion 312A can be greater than a thickness of a
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portion of the dielectric 370A included in the active region
302 of the main trench portion 312A, or vice versa. As
shown in FIG. 3B, an equal potential ring or channel stopper
395 can be included in the semiconductor device 300.
[0059] In this implementation, the transverse trench 380A
has a depth (which corresponds with E4) that is the same as,
or approximately equal to, a depth (which corresponds with
E3) of the main trench portion 312A and is greater than a
depth (which corresponds with E1) of the trench extension
portion 314A. Although not shown in FIGS. 3A through 31,
the transverse trench 380A can have a depth that is greater
than a depth of the main trench portion 312A. Although not
shown in FIGS. 3A through 31, the transverse trench 380A
can have a depth that is less than a depth of the main trench
portion 312A and/or is less than a depth of the trench
extension portion 314A. A depth (which corresponds with
E3) of the main trench portion 312A can be the same as a
depth (which corresponds with E1) of the trench extension
portion 314A.

[0060] As shown in FIG. 3B, a length E16 of the trench
extension portion 314 A of the trench 310A is longer than a
length E17 of a portion of the main trench portion 312A of
the trench 310A included in the termination region 304 (up
to the edge 341 of the gate dielectric portion 342 of the IED
340). Although not shown, the length E16 trench of exten-
sion portion 314A of the trench 310A can be equal to or
shorter than the length E17 of the portion of the main trench
portion 312A of the trench 310A included in the termination
region 304.

[0061] The trench extension 314 A (and trench extensions
shown in other implementations) can eliminate a high elec-
tric field near the end of the trench 310A, thus increasing
stability, reliability, and breakdown voltage of the semicon-
ductor device 300 (and associated termination region 304).
The trench extension 314A can also mitigate high lateral
electric fields toward the end of the trench 310A (along
direction D1 toward the left) and along the surface of the
mesa 360A (shown in FIG. 3C) adjacent trench 310A. By
maintaining breakdown in the active region 302, the on-
resistance of the active region 302 can be minimized. The
breakdown voltage, reliability during testing (e.g.,
unclamped inductive switching (UIS)), device performance,
and/or so forth of the semiconductor device 300 can be
maintained in the active region 302 using the trench exten-
sion 314A.

[0062] The thickness E2 of the portion 372A of the
dielectric 370A included in the trench extension portion
314A is configured to have termination region advantages
such as those described above. Specifically, an undesirable
electric field or breakdown across the dielectric 370A
included in the main trench portion 312A can be prevented
or substantially prevented inclusion of the transverse trench
380A and/or the trench extension portion 314A within the
semiconductor device 300. In other words, an undesirable
electric field at the end of a trench (i.e., the main trench
portion 312A without the transverse trench 380A and/or the
trench extension portion 314A) or breakdown across a
dielectric at the end of the trench could occur without
features such as the transverse trench 380A and/or the trench
extension portion 314A. The advantages described above
can be applied to other transverse trenches described herein.
[0063] Referring back to FIG. 3A, perimeter trenches
390A, 390B are disposed around a perimeter of the plurality
of trenches 310. As shown in FIG. 3B, the perimeter
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trenches 390A, 390B have a depth E5 that is approximately
equal to a depth (e.g., distance E4) of the transverse trench
380A and a depth (e.g., distance E3) of the main trench
portion 312A. The depth E5 of the perimeter trenches 390A,
390B is greater than a depth (e.g., distance E1) of the trench
extension portion 314A. The depth of one or more of the
perimeter trenches 390A, 390B can be less than or greater
than the depth of the transverse trench 380A and/or the depth
of the main trench portion 312A. The depth of one or more
of the perimeter trenches 390A, 390B can be less than or
equal to the depth of the trench extension portion 314A. The
width of one or more of the perimeter trenches 390A, 3908
can be approximately the same as or different than (e.g.,
narrower than, wider than) the width of the main trench
portions 312 of the plurality of trenches 310. This descrip-
tion of the perimeter trenches above related to dimensions,
electrodes, and/or numbers applies to all of the implemen-
tations described herein.

[0064] In this implementation, each of the perimeter
trenches 390A, 390B includes at least a portion of a shield
electrode. For example, the perimeter trench 390A includes
a shield electrode 335 (or shield electrode portion). One or
more of the perimeter trenches 390A, 390B can include a
recessed electrode, or may not include a shield electrode
(e.g., may exclude a shield electrode and can be substantially
filled with a dielectric). The semiconductor device 300 can
include more or less perimeter trenches than shown in FIGS.
3A through 31.

[0065] Referring back to FIG. 3A, the trench extension
portions 314 have widths that are less (e.g., narrower) than
widths of the main trench portions 312. The widths of the
trenches described herein can be measured across a cross-
section of the trenches while being referenced along a
horizontal plane through the trenches. The widths can be
referred to as cross-sectional widths. As a specific example,
the trench extension portion 314A of the trench 310A has a
width E11) that is less than a width E11 of the main trench
portion 312A of the trench 310A. This difference in width is
also shown in, for example, trench 310E in the various
views. Specifically, trench 310E shown in FIG. 3G (which
is cut along line F6 through the trench extension portions
314 orthogonal to the plurality of trenches 310) has a width
E8 that is smaller than a width E9 of the trench 310E shown
in FIG. 31 (which is cut along line F8 through the main
trench portions 312 orthogonal to the plurality of trenches
310). Although not shown in FIG. 3A, one or more of the
trench extension portions 314 can have widths that equal to
or are greater than the widths of one or more of the main
trench portions 312.

[0066] Because the trench extension portions 314 are
narrower than the main trench portions 312, the dielectric
370A, when formed (using one or more processes) in both
the trench extension portions 314 and in the main trench
portions 312 during semiconductor processing, can entirely
fill (from a bottom of the trench to a top of the trench in a
centerline of the trench) the trench extension portions 314
without entirely filling the main trench portions 312.
Accordingly, the shield electrode 330A can be formed in the
main trench portion 312A while not being formed in the
trench extension portion 314A. Also, an advantage of the
configuration shown in FIGS. 3A through 31 with the
relatively narrow trench extension portions 314, the parallel
trenches 310 can be etched using a single semiconductor
process rather than etched using multiple semiconductor
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processes (to form the trench extension portions 314 sepa-
rate from the main trench portions 312). More details related
to the semiconductor processing are described below.

[0067] Although not shown in FIGS. 3A through 31, the
transverse trench 380A can be excluded from the semicon-
ductor device 300. In such implementations, the narrowing
trench widths of the plurality of trenches 310 with trench
extension portions 314 can still be included in the semicon-
ductor device 300. In such implementations, the transverse
trench 380A would be excluded from the side cross-sec-
tional views shown in FIGS. 3C and 3D. Accordingly, the
mesa region 360A would be continuous along the top
surface of the epitaxial layer 308 between the perimeter
trench 390A and the well region 362 within the active region
302.

[0068] FIG. 3D is a side cross-sectional view of a mesa
region 360G adjacent to trench 310G (which includes
dielectric 370G) cut along line F3. In this implementation,
the mesa region 360G is entirely disposed within the termi-
nation region 304. As shown in FIG. 3D, the source runner
conductor 354 is not contacted with (e.g., is insulated from,
is not electrically coupled to) the surface shield electrode
332.

[0069] FIG. 3E is a side cross-sectional view of the trench
3100 which is cut along line F4 shown in FIG. 3A. In this
implementation, the trench 310G is entirely disposed within
the termination region 304. Trench 310E and other trenches
entirely disposed within the termination region 304, can be
referred to as termination trenches 318. The dimension of
the trench 310G is similar to the dimensions of (e.g.,
dimensions that are directly lateral to) the trench 310A
shown in FIG. 3B. In some implementations, the dimensions
of the trench 310G (which includes extension dielectric
372G) can be different than corresponding portions of the
trench 310A shown in FIG. 3B. For example, the trench
310G can have a constant depth, which can be the same as
or different than (e.g., deeper than, shallower than) the depth
E1 of the trench extension portion 314 A (shown in FIG. 3B)
or the same as or different than (e.g., deeper than, shallower
than) the depth E3 of the main trench portion 312A.

[0070] As shown in FIG. 3E, the source runner conductor
354 is not contacted with (e.g., is insulated from, is not
electrically coupled to) the surface shield electrode 332 or
the shield electrode 330G The shield electrode 330G dis-
posed within the trench 310G can be electrically floating.
The shield electrode 330G disposed within the trench 310G
can be electrically coupled to a source potential. Accord-
ingly, the shield electrode 330G can be tied to the same
source potential as the shield electrode 330A shown in FIG.
3B. The shield electrode 330G disposed within the trench
310G can be recessed.

[0071] FIG. 3F is a side cross-sectional view of the end
trench 310D, which is cut along line F5 shown in FIG. 3A.
The end trench 310D has a dielectric 370D disposed therein
(e.g., and filling the end trench 310D). Although not shown,
in some implementations, at least a portion of the end trench
310D can include a shield electrode. The end trench 310D
can have a length (along the longitudinal direction D1) that
is approximately the same as a length of, for example, the
trench 310A.

[0072] As shown in FIG. 3A, the transverse trench 380A
terminates at the end trench 310D. The transverse trench
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380A can terminate at a trench other than the end trench
310D such as one of the interior trenches 317 from the
plurality of trenches 310.

[0073] Referring back to FIG. 3F, the end trench 310D has
a depth E12 less than a depth E5 of the perimeter trenches
390A, 390B. The end trench 310D can have a depth E12
equal to, or greater than a depth of one or more of the
perimeter trenches 390A, 390B. In this implementation, the
depth E12 of the end trench 310D is approximately equal to
a depth (e.g., distance E1) of the trench extension portion
314A (shown in FIG. 3B). The end trench 310D can have a
depth E12 that is less than or greater than a depth (e.g.,
distance E1) of the trench extension portion 314A (shown in
FIG. 3B). The end trench 310D can have a depth that varies,
similar to the variation in depth of trench 310A.

[0074] In FIG. 3F, a bottom surface of the transverse
trench 380A extends from (or protrudes from) a bottom
surface of the end trench 310D. In other words, the end
trench 310D has a recess that corresponds with the trans-
verse trench 380A because the depth E12 of the end trench
310D is shallower than the depth E4 of the transverse trench
380A.

[0075] Although not shown, in some implementations,
multiple trenches (e.g., multiple end trenches) similar to end
trench 310D, which are filled with (e.g., substantially filled
with, from a bottom of the end trench 310D to a top of the
end trench 310D along the centerline E25 of the end trench
310D) a dielectric can be included in the semiconductor
device 300. An example of such an implementation is
described in connection with FIGS. 4A through 4E.
Although not shown, in some implementations, a trench that
varies with width and has a portion that includes a shield
dielectric, such as trench 310C can be an end trench. In such
implementations, the end trench 310D can be omitted.

[0076] As mentioned above, FIG. 3G is cut along line F6
(shown in FIG. 3A) through the trench extension portions
314 orthogonal to the plurality of trenches 310. As shown in
FIG. 3G the end trench 310D has a width E13 that is
approximately equal to the width E8 of the trench extension
portion of trench 310E. The end trench 310D can have a
width that is greater than, or less than, the width E8 of the
trench extension portion of trench 310E.

[0077] A pitch E14 between the end trench 310D and
trench 310C (which are adjacent trenches) is less than a pitch
E15 between trench 310E and trench 310F (which are
adjacent trenches). The pitch E14 between the end trench
310D and trench 310C can be the same as, or greater than,
the pitch E15 between trench 310E and trench 310F.

[0078] FIG. 3H is a side cross-sectional view of the
transverse trench 380A, which is cut along line F7 shown in
FIG. 3A. The line F7 is approximately along a centerline of
the transverse trench 380A. The transverse trench 380A is
filled with (e.g., substantially filled with) a dielectric 385A.
Although not shown, in some implementations, at least a
portion of the transverse trench 380A can include a shield
electrode. In this implementation, the transverse trench
380A has a constant depth E4. The transverse trench 380A
can have a depth that varies along the longitudinal axis D2.

[0079] FIG. 31 is a side cross-sectional view of the main
trench portions 312 of the plurality of trenches 310 cut along
line F8 shown in FIG. 3A. A portion of the cross-sectional
view of the plurality of trenches 310 is included in the
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termination region 304 and a portion of the cross-sectional
view of the plurality of trenches 310 is included in the active
region 302.

[0080] Because the width of the end trench 310D is
substantially constant along the longitudinal axis D1 in this
implementation, the width E13 of the end trench 310D
(shown in FIG. 3]) is the same along cut line F8 as along cut
line F6 (shown in FIG. 3G). In contrast, the width of at least
some of the trenches such as, for example, trench 310C and
trench 310F varies along the longitudinal axis D1. Specifi-
cally, the width E9 of the trench 310E (shown in FIG. 3I) is
greater than the width E8 of the trench 310E (shown in FIG.
3G). Even though the width of the trench 310C varies, the
pitch E14 between the end trench 310D and the trench 310C
is substantially constant.

[0081] As shown in FIG. 31, the trenches from the plu-
rality of trenches 310 that include source implants therebe-
tween can be referred to as active device trenches 319. As
shown in FIG. 31, the leftmost active device trench 310H
includes a gate electrode with a width that is smaller than a
gate electrode included in the remaining active device
trenches 319. The trench 310H can be referred to as a
partially active gate trench because a source implant is in
contact with only one side of the trench 310H.

[0082] As noted above, the trenches (such as some of the
trenches that are shown in FIG. 31) that are entirely disposed
within the termination region 304 can be referred to as
termination trenches 318. Trench 3101 is a termination
trench that includes a shield electrode.

[0083] As shown in FIG. 31, at least a portion of the
termination trenches from the plurality of trenches 310
include a shield electrode. In some implementations, at least
a portion of the termination trenches 318 can have a shield
electrode that extends above a top portion of the trench. For
example, trench 310J includes shield electrode 330J (or
shield electrode portion) that extends to a distance above a
top portion of the trench 310J aligned within the plane D4.
The shield electrode 330J can extend to a depth that is the
same as or different than (e.g., deeper than, shallower than)
the depth E12 of, for example, the end trench 310D.
[0084] The termination trenches 318 (or portions thereof)
that include a shield electrode can be referred to as shielded
termination trenches. In some implementations, one or more
of the shield electrodes included in one or more of the
termination trenches 318 can be electrically floating (e.g.,
may not be coupled to a potential source) or can be coupled
to a gate (e.g., a gate potential).

[0085] The directions D1, D2, and D3, and plane D4 are
used throughout the various views below for simplicity.
Also, for simplicity, not all elements are labeled in each of
the figures or views.

[0086] FIGS. 4A through 4D are diagrams that illustrate
variations on at least some of the features of on the semi-
conductor device 300 shown in FIGS. 3A through 3I.
Accordingly, the reference numerals and features included
in FIGS. 3A through 31 are generally maintained and some
features are not described again in connection with FIGS.
4A through 4D. Additional end trenches (trenches 310X,
310Y, 310Z7) similar to the end trench 310D are included in
the semiconductor device 300 and are shown in FIGS. 4A
through 4D. End trenches 310X, 310Y, 310Z, to further
shield trench 310C from drain potential and reduce capaci-
tance between surface shield electrode 332 and a drain (e.g.,
a back-side drain, the epitaxial layer 308). Specifically, each
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of'the end trenches 313 can have a structure and dimensions
similar to the end trench 310D (which is a side cross-
sectional view cut along line H5) shown in FIG. 4B.

[0087] As shown in FIG. 4A, the transverse trench 380A
intersects all of the end trenches 313, and terminates within
the outermost end trench 310Z. The transverse trench 380A
can intersect less than all of the end trenches 313. The
transverse trench 380A can terminate within one of the end
trenches 313 disposed between two other end trenches 313.
The transverse trench 380A can terminate within the inner-
most end trench 310D.

[0088] FIG. 4C is a diagram that illustrates the end
trenches 313 cut along line H6. As shown in FIG. 4C, each
of the end trenches 313 has the same depth shown as E12.
Also each of the end trenches 313 has an equal cross-
sectional width of E13. In some implementations, one or
more of the end trenches 313 can have a different depth (e.g.,
a deeper depth, a shallower depth) and/or a different width
(e.g., a greater width, and narrower width) than one or more
of the other end trenches 313. Also, as shown in FIG. 4C, the
end trenches 313 are each separated by the same pitch E14,
which is less than the pitch E15 (of the remainder of the
plurality of trenches 310 or the interior trenches 317). The
pitch between the end trenches can be greater than that
shown in FIG. 4C (e.g., equal to or greater than the pitch
E15), or less than that shown in FIG. 4C.

[0089] FIG. 4D is a side cross-sectional view of the main
trench portions 312 of the plurality of trenches 310 cut along
line H8 shown in FIG. 4A. A portion of the cross-sectional
view of the plurality of trenches 310 is included in the
termination region 304 and a portion of the cross-sectional
view of the plurality of trenches 310 is included in the active
region 302.

[0090] Because the width of the end trenches 313 (i.e., end
trenches 310X, 310Y, 310Z, 310D) is substantially constant
along the longitudinal axis D1 in this implementation, the
widths of the end trenches 313 is the same along cut line H8
as along cut line H6 (shown in FIG. 4C).

[0091] In some implementations, one or more of the end
trenches 313 can include at least a portion of a shield
electrode (e.g., a floating shield electrode). For example, end
trench 310X can include at least a portion of a shield
electrode coupled to, for example, the surface shield elec-
trode 332.

[0092] FIGS. 5A through 5I are diagrams that illustrate
configurations of another termination region according to
some implementations. FIG. 5A is a diagram that illustrates
a plan view (or top view along a horizontal plane) of at least
a portion of a semiconductor device 500 including an active
region 502 and a termination region 504. FIGS. 5B through
51 are side cross-sectional views along different cuts (e.g.,
cuts G1 through G8) within the plan view FIG. 5A. To
simplify the plan view shown in FIG. 5A some of the
elements illustrated in the side cross-sectional views of
FIGS. 5B through 51 are not shown. The side cross-sectional
views along the different cuts included in FIGS. 5B through
51 are not necessarily drawn to the same scale (e.g., number
of trenches, etc.) as the plan view shown in FIG. 5A.

[0093] As shown in FIG. 5A, a plurality of trenches 510
(or parallel trenches), including for example trenches 510A
through 510J; are aligned along a longitudinal axis D1
within the semiconductor device 500. At least some portions
of the plurality of trenches 510 can be included in the active
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region 502 and at least some portions of the plurality of
trenches 510 can be included in the termination region 504.
[0094] In this implementation, the trench 510D is entirely
disposed within the termination region 504 and is the
outermost trench from the plurality of trenches 510. Accord-
ingly, the trench 510D can be referred to as an end trench.
Trenches from the plurality of trenches 510 in the semicon-
ductor device 500 that are lateral to (or interior to) the end
trench 510D can be referred to as interior trenches 517.
[0095] As shown in FIG. 5A, the active region 502 is
defined by an area of the semiconductor device 500 that
corresponds with at least one of a source contact region 536
(e.g., a source contact region 536) or a shield dielectric edge
region 534. The source contact region 536 defines an area
within the semiconductor device 500 where source contacts
(such as source contact 557 shown in FIG. 51) are formed.
The source contact region 536 can also correspond with, for
example, a source conductor region (e.g., a source metal
region). The source contacts can be contacted with source
implants (such as source implant 563E within a mesa region
560F between trenches 510E and 510F shown in FIG. 51) of
one or more active devices. A source formation region 556
(which can be referred to as a source exclusion edge) defines
an area within which mesa regions between the plurality of
trenches 510 are doped as doped source regions of active
devices.

[0096] The shield dielectric edge region 534 shown in
FIG. 5A corresponds with (e.g., approximately corresponds
with), for example, an edge 541 of the inter-electrode
dielectric 540 shown in FIG. 5B (which is a side cross-
sectional view cut along line G1). In some implementations,
at least a portion of the inter-electrode dielectric 540 can
include a gate dielectric such as gate dielectric portion 542
shown in FIG. 5B.

[0097] As shown in FIG. 5A, the termination region 504
includes areas of the semiconductor device 500 outside of
(e.g., excluded by) the active region 502. Accordingly, the
termination region 504, similar to the active region 502, is
defined by at least one of the source contact region 536 or
the shield dielectric edge region 534.

[0098] Although not shown in FIG. 5A, one or more
transverse trenches, similar to transverse trench 380A shown
in FIGS. 3A through 31, can be included in the semicon-
ductor device 500. In such implementations, the transverse
trench(es) can intersect in an orthogonal direction, the
plurality of trenches 510 and can be disposed within the
termination region 504. In such implementations, the trans-
verse trench would be included in the side cross-sectional
views shown in, for example, FIGS. 5C and 5D.

[0099] In this implementation, portions of the plurality of
trenches 510 that are interior trenches 517 and disposed to
the left of line G9 can be referred to as trench extension
portions 514. Portions of the plurality of trenches 510 that
are interior trenches 517 and that are disposed to the right of
line and extend into (or toward) the active region 502 can be
referred to as main trench portions 512. For example, trench
510A includes a trench extension portion 514A on the left
side of line G9 (toward the perimeter and in a distal direction
away from the active region 502) and the trench 510A
includes a main trench portion 512A (also similarly shown
as 512G in FIG. 5E) on the right side of line G9 (away from
the perimeter and in a proximal direction toward the active
region 502). In this implementation, at least a portion of the
main trench portion 512A is included in (e.g., disposed
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within) the termination region 504, and a portion of the main
trench portion 512A is included in (e.g., disposed within) the
active region 502. In this implementation, the trench exten-
sion portions 514 can define recesses (when viewed in a side
cross-sectional view).

[0100] FIG. 5B is a diagram that illustrates a side cross-
sectional view of the semiconductor device 500 cut along
line G1. The cut line G1 is approximately along a centerline
of the trench 510A so that the side cross-sectional view of
the semiconductor device 500 is along a plane that approxi-
mately intersects a center of the trench 510A. A side
cross-sectional view of the mesa region 560A between the
trench 510A and the trench 510B, is shown in FIG. 5C. As
shown in FIG. 5C, a well region 562A is formed in an area
of the epitaxial layer 508 that is blocked by the surface gate
electrode 522 and the surface shield electrode 532. The
features shown in FIG. 5B are disposed in an epitaxial layer
508 of the semiconductor device 500.

[0101] As shown in FIG. 5B, the trench 510A includes a
dielectric 570A disposed therein. Specifically, a portion of
the dielectric 570A is coupled to (e.g., lines, is disposed on)
a sidewall and a portion of the dielectric 570A is coupled to
a bottom surface of the trench 510A within the main trench
portion 512A of the trench 510A. In this cross-sectional
view the portion of the dielectric 570 A coupled to the bottom
surface of the trench 510A is shown, and the portion of the
dielectric 570A coupled to the sidewall of the trench 510A
is not shown. The portion of the dielectric 570A shown in
FIG. 5B along the bottom surface of the main trench portion
512A of the trench 510A can be referred to as a bottom
dielectric. The dielectric 570A can be coupled to, or can
include, a field dielectric 574 (which can be referred to as a
field dielectric portion).

[0102] As shown in FIG. 5B, a gate electrode 520A and a
portion 531A of a shield electrode 530A are disposed in a
portion of the main trench portion 512A that is included in
the active region 502 of the semiconductor device 500. The
gate electrode 520A and the shield electrode 530A are
separated by at least a portion of the inter-electrode dielec-
tric 540. The portion of the main trench portion 512A
included in the termination region 504 has a portion 533 A of
the shield electrode 530A disposed therein and insulated
from the epitaxial layer 508 by the dielectric 570A. The
portion 533 A of the shield electrode 530A can be referred to
as a termination region portion of the shield electrode, and
the portion 531A of the shield electrode 530A can be
referred to as an active region portion of the shield electrode.

[0103] In this implementation, a surface shield electrode
532 is coupled to the shield electrode 530A, and a surface
gate electrode 522 is coupled to the gate electrode 520A. The
surface electrode 532 is insulated from the surface gate
electrode 522 by at least a portion of the inter-electrode
dielectric 540. A gate runner conductor 552 is coupled to the
surface gate electrode 522 using a via 551. Similarly, a
source runner conductor 554 (which is also coupled to a
source) is coupled to the surface shield electrode 532 using
a via 553 through an opening in the surface gate electrode
522.

[0104] Although not shown in FIGS. 5A through 5I,
semiconductor device 500 can exclude the surface shield
electrode 532 and/or the surface gate electrode 522. In other
words, the semiconductor device 500 (or a portion thereof)
can be configured without the surface electrode 532 and/or
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the surface gate electrode 522. More details related to such
implementations are described below.

[0105] As shown in FIG. 5B, a portion 572A of the
dielectric 570A (also referred to as an extension portion of
the dielectric or as an extension dielectric) is included in the
trench extension portion 514A. The portion 572A (similarly
shown in FIG. 5E as 572G) of the dielectric 570A is aligned
along (e.g., extends in) a vertical direction D3 from a bottom
of the trench extension portion 514A of the trench 510A to
at least a top of the trench 510A. The top of the trench 510A
(which includes the trench portion 514A and the main trench
portion 512A) is aligned along a plane D4, which is aligned
along a top surface of a semiconductor region of the semi-
conductor device 500. The dielectric 570A can include one
or more dielectric layers and/or one or more dielectric types
formed using one or more different formation processes.
[0106] The thickness of the dielectric 570A included in the
trench 510A varies along the longitudinal axis D1 of the
trench 510A. The portion 572A of the dielectric 570A
included in the trench extension portion 514 A has at least a
thickness I1 in the trench extension portion 514A (also can
be referred to as a height because it is aligned along the
vertical axis D3) that is greater than a thickness 12 of a
portion of the dielectric 570A included in the main portion
512A (both in a termination region portion and in an active
region portion) of the trench 510A. The thickness of the
portion 572A of the dielectric 570A extends up to a bottom
surface of a surface shield electrode 532 beyond the thick-
ness I1. The thickness I1 corresponds approximately with a
depth (along the vertical direction D3) of the trench exten-
sion portion 514A. The thickness of the portion 572A can
help to eliminate relatively high lateral and/or vertical
electric fields at the end (toward the left end) of the trench
510A.

[0107] Referring back to FIG. 5B, in this implementation,
the trench extension portion 514A includes the portion 572A
of the dielectric 570A and excludes a shield electrode.
Although not shown, in some implementations, a trench
extension portion such as the trench extension portion 514A
can include a portion of a shield electrode (e.g., a portion of
a shield electrode, a recessed shield electrode).

[0108] Although not shown in FIG. 5B, the thickness 12 of
the portion of the dielectric 570A in the main portion 512A
of the trench 510A can vary along the longitudinal axis D1.
For example, a thickness of a portion of the dielectric 570A
included in the termination region 504 of the main trench
portion 512A can be greater than a thickness of a portion of
the dielectric 570A included in the active region 502 of the
main trench portion 512A, or vice versa.

[0109] If including a transverse trench, the transverse
trench can have a depth that is the same as, or different than
(e.g., greater than, less than) a depth (which corresponds
with 13) of the main trench portion 512A and/or a depth
(which corresponds with 11) of the trench extension portion
514A. In some implementations, a depth (which corresponds
with 13) of the main trench portion 512A can be the same as
a depth (which corresponds with I1) of the trench extension
portion 514A.

[0110] As shown in FIG. 5B, a length 116 of the trench
extension portion 514 A of the trench 510A is longer than a
length 117 of a portion of the main trench portion 512A of
the trench 510A included in the termination region 504.
Although not shown, the length 116 of trench extension
portion 514 A of the trench 510A can be equal to or shorter
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than the length 117 of the portion of the main trench portion
512A of the trench 510A included in the termination region
504. As shown in FIG. 5B, the main trench portion 512A can
include a portion 575A of the dielectric 570A that is in
contact with the portion 572 A of the dielectric 570A and has
a thickness 17. The thickness 17 can be approximately equal
to or different than (e.g., greater than, less than) the thickness
12.

[0111] The thickness 12 of the portion 572A of the dielec-
tric 570A included in the trench extension portion 514A is
configured to have termination region advantages such as
those described above. Specifically, an undesirable electric
field or breakdown across the dielectric 570A included in the
main trench portion 512A can be prevented or substantially
prevented inclusion of the trench extension portion 514A
(and/or a transverse trench (not shown)) within the semi-
conductor device 500.

[0112] Referring back to FIG. 5A, perimeter trenches
590A, 590B are disposed around a perimeter of the plurality
of trenches 510. As shown in FIG. 5B, the perimeter
trenches 590A, 590B have a depth I5 that is approximately
equal to a depth (e.g., distance 13) of the main trench portion
512A. At least trench 590B includes an electrode 535. The
depth I5 of the perimeter trenches 590A, 590B is less than
a depth (e.g., distance I1) of the trench extension portion
514A. The depth of one or more of the perimeter trenches
590A, 590B can be less than or greater than the depth of the
main trench portion 512A. The width of one or more of the
perimeter trenches 590A, 590B can be approximately the
same as or different than (e.g., narrower than, wider than) the
width of the main trench portions 512 and/or the extension
portions 514 of the plurality of trenches 510.

[0113] Referring back to FIG. 5A, the trench extension
portions 514 have widths that are the same as the widths of
the main trench portions 512. As a specific example, the
trench extension portion 514A of the trench 510A has a
width 110 that is equal to (approximately equal to) a width
111 of the main trench portion 512A of the trench 510A. This
equivalence in width is also shown in, for example, trench
510E in the various views. Specifically, trench 510E shown
in FIG. 5G (which is cut along line G6 through the trench
extension portions 514 orthogonal to the plurality of
trenches 510) has a width I8 that is equal to (or approxi-
mately equal to) a width 19 of the trench 510E shown in FIG.
51 (which is cut along line G8 through the main trench
portions 512 orthogonal to the plurality of trenches 510).
Although not shown in FIG. 5A, one or more of the trench
extension portions 514 can have widths that are less than or
greater than the widths of one or more of the main trench
portions 512.

[0114] Even though the trench extension portions 514
have a same width as the main trench portions 512, the
dielectric 570A, when formed (using one or more processes)
in both the trench extension portions 514 and in the main
trench portions 512 during semiconductor processing, can
entirely fill the trench extension portions 514 without
entirely filling the main trench portions 512. Accordingly,
the shield electrode 530A can be formed in the main trench
portions 512A while not being formed in the trench exten-
sion portions 514A.

[0115] FIG. 5D is a side cross-sectional view of a mesa
region 560G adjacent to trench 510G cut along line G3. In
this implementation, the mesa region 560G is entirely dis-
posed within the termination region 504. As shown in FIG.
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5D, the source runner conductor 554 is not contacted with
(e.g., is insulated from, is not electrically coupled to) the
surface shield electrode 532.

[0116] FIG. 5E is a side cross-sectional view of the trench
510G, which is cut along line G4 shown in FIG. 5A. In this
implementation, the trench 510G is entirely disposed within
the termination region 504. Trench 510G, and other trenches
entirely disposed within the termination region 504, can be
referred to as termination trenches 518 (which can be a
subset of the interior trenches 517). The dimension of the
trench 510G is similar to the dimensions of (e.g., dimensions
that are directly lateral to) the trench 510A shown in FIG.
5B. The dimensions of the trench 510G can be different than
corresponding portions of the trench 510A shown in FIG.
5B. For example, the trench 510G can have a constant depth,
which can be the same as or different than (e.g., deeper than,
shallower than) the depth I1 of the trench extension portion
514A (shown in FIG. 5B) or the same as or different than
(e.g., deeper than, shallower than) the depth 13 of the main
trench portion 512A.

[0117] As shown in FIG. 5E, the source runner conductor
554 is not contacted with (e.g., is insulated from, is not
electrically coupled to) the surface shield electrode 532 or
the shield electrode 530C. The shield electrode 530C dis-
posed within the trench 510G can be electrically floating.
The shield electrode 530C disposed within the trench 510G
can be electrically coupled to a source potential. Accord-
ingly, the shield electrode 530C can be tied to the same
source potential as the shield electrode 530A shown in FIG.
5B.

[0118] FIG. 5F is a side cross-sectional view of the end
trench 510D, which is cut along line G5 shown in FIG. 5A.
The end trench 510D is filled with (e.g., substantially filled
with, from a bottom of the end trench 510D to a top of the
end trench 510D along the centerline of the end trench
510D) a dielectric 570D. Although not shown, in some
implementations, at least a portion of the end trench 510D
can include a shield electrode. The end trench 510D can
have a length (along the longitudinal direction D1) that is
approximately the same as a length of, for example, the
trench 510A.

[0119] Referring back to FIG. 5F, the end trench 510D has
a depth 112 greater than a depth IS of the perimeter trenches
590A, 590B. The end trench 510D can have a depth 112
equal to, or less than a depth of one or more of the perimeter
trenches 590A, 590B. In this implementation, the depth 112
of the end trench 510D is approximately equal to a depth
(e.g., distance I1) of the trench extension portion 514A
(shown in FIG. 5B). The end trench 510D can have a depth
112 that is less than or greater than a depth (e.g., distance I1)
of the trench extension portion 514A (shown in FIG. 5B).
The end trench 510D can have a depth that varies, similar to
the variation in depth of trench 510A.

[0120] Although not shown, in some implementations,
multiple trenches similar to end trench 510D, which are
filled with (e.g., substantially filled with) a dielectric can be
included in the semiconductor device 500. Such dielectric
filled trenches can be referred to as end trenches. Although
not shown, in some implementations, a trench that varies
with width and has a portion that includes a shield dielectric,
such as trench 510C can be an end trench. In such imple-
mentations, the end trench 510D can be omitted.

[0121] As mentioned above, FIG. 5G is cut along line G6
(shown in FIG. 5A) through the trench extension portions
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514 orthogonal to the plurality of trenches 510. As shown in
FIG. 5G the end trench 510D has a width 113 that is
approximately equal to the width 18 of the trench extension
portion of trench 510E. The end trench 510D can have a
width that is greater than, or less than, the width 18 of the
trench extension portion of trench 510E. In this implemen-
tation, the width 113 is approximately equal to each of the
widths of the perimeter trenches 590A, 590B.

[0122] A pitch 114 between the end trench 510D and
trench 510C (which are adjacent trenches) is approximately
the same as a pitch 115 between trench 510E and trench
510F (which are adjacent trenches). The pitch 114 between
the end trench 510D and trench 510C can be the less than,
or greater than, the pitch 115 between trench 510E and
trench 510F.

[0123] FIG. 5H is a side cross-sectional view of the main
trench portions 512 of the plurality of trenches 510 cut along
line G7 shown in FIG. 5A within the termination region 504.
In this side cross-sectional view, each of the main trench
portions 512 includes a shield electrode coupled to the
surface shield electrode 532 except for the end trench 510D.

[0124] FIG 51 is a side cross-sectional view of the main
trench portions 512 of the plurality of trenches 510 cut along
line G8 shown in FIG. 5A through the termination region
504 and into the active region 502. A portion of the cross-
sectional view of the plurality of trenches 510 is included in
the termination region 504 and a portion of the cross-
sectional view of the plurality of trenches 510 is included in
the active region 502.

[0125] Because the width of the end trench 510D is
substantially constant along the longitudinal axis D1, in this
implementation, the width 113 of the end trench 510D
(shown in FIG. 51) is the same along cut line G8 as along
cut line G6 (shown in FIG. 5G). Similarly, the width of at
least some of the trenches such as, for example, trench 510C
and trench 510E is constant (substantially constant) along
the longitudinal axis D1. Specifically, the width 19 of the
trench 510E (shown in FIG. 5]) is equal to the width 18 of
the trench 510E (shown in FIG. 5G).

[0126] As shown in FIG. 51, the trenches from the plural-
ity of trenches 510 that include source implants therebe-
tween can be referred to as active device trenches 519.
Because the general structure of the active device trenches
519, the partially active gate trench, the termination trenches
518, the source implants, and so forth are similar to those
shown in FIG. 31, these features will not be described again
here in connection with FIG. 51 except as otherwise noted.
Although not shown in FIG. 5I, the end trench 510D can
include at least a portion of a shield electrode (e.g., a
recessed shield electrode, a shield electrode with a thick
bottom oxide disposed below, an electrically floating shield
electrode, a shield electrode coupled to a source potential
(e.g., via the surface shield electrode 532) or a gate potential
(e.g., via the surface gate electrode 522)).

[0127] As shown in FIG. 51, at least a portion of the
termination trenches 518 from the plurality of trenches 510
include a shield electrode. In some implementations, at least
a portion of the termination trenches 518 can have a shield
electrode that extends above a top portion of the trench. For
example, trench 510J includes shield electrode 530J (or
shield electrode portion) that extends to a distance above a
top portion of the trench 510J aligned within the plane D4.
The shield electrode 530J can extend to a depth that is the
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same as or different than (e.g., deeper than, shallower than)
the depth E12 of, for example, the end trench 510D.
[0128] The termination trenches 518 (or portions thereof)
that include a shield electrode can be referred to as shielded
termination trenches. In some implementations, one or more
of the shield electrodes included in one or more of the
termination trenches 518 can be electrically floating (e.g.,
may not be coupled to a potential source) or can be coupled
to a gate (e.g., a gate potential).

[0129] FIGS. 6A through 6G are diagrams that illustrate
variations on at least some of the features of on the semi-
conductor device 500 shown in FIGS. 5A through 5I.
Accordingly, the reference numerals and features included
in FIGS. 5A through 5I are generally maintained. In FIGS.
5A through 51, the trench extension portions 514 are filled
with the dielectric material, however, FIGS. 6A through 6G
illustrate variations where the trench extension portions 514
include a shield electrode material.

[0130] FIG. 6B is a diagram that illustrates a side cross-
sectional view of the semiconductor device 500 cut along
line G1. The cut line G1 is approximately along a centerline
of the trench 510A so that the side cross-sectional view of
the semiconductor device 500 is along a plane that approxi-
mately intersects a center of the trench 510A. As shown in
FIG. 6B, the shield electrode 530A is disposed within (in a
contiguous fashion) the trench extension portion 514A as
well as the main trench portion 512A of the trench 510A.
[0131] Asshown in FIG. 6B, the thickness of the dielectric
570A along the longitudinal axis D1 varies within the trench
510A. Specifically, a thickness 16 of the portion 572A of the
dielectric 570A is greater than the thickness 12 of the
dielectric 570A. however, the thickness 16 of the portion
572A of the dielectric 570A is less than the depth 11 of the
trench extension portion 514A. The thickness 16 of the
portion 572A of the dielectric 570A can be approximately
equal to the thickness 12. The thickness 16 can be approxi-
mately equal to a thickness 118 of the dielectric 570A along
a vertical sidewall 515A of the trench 510A at an end of the
trench 510A within the termination region 504. The thick-
ness 16 can be less than, or greater than the thickness 118 of
the dielectric 570A along the vertical sidewall 515A of the
trench 510A.

[0132] In this implementation, a top surface 573A of the
dielectric 570A along the bottom surface of the trench 510A
(at an interface between the dielectric 570A and a bottom
surface of the shield electrode 530A) is substantially aligned
along the longitudinal direction D1 and is constant or flat.
The top surface 573 A of the dielectric 570A can vary along
the longitudinal direction D1. For example, if the thickness
16 of the portion 572 A of the dielectric 570A is thinner than
that shown in FIG. 6B, the top surface 573A can have an
inflection between the main trench portion 512A and the
trench extension portion 514 A. FIG. 6C illustrates the trench
510G with approximately the same shield electrode 530G
dimensions in the trench extension portion 514G (a profile
of the trench extension portion is illustrated with a dashed
line) as the dimensions of the shield electrode 530A in the
trench extension portion 514A of the trench 510A (shown in
FIG. 6B).

[0133] FIG. 6D is a side cross-sectional view of the end
trench 510D, which is cut along line G5 shown in FIG. 6A.
Rather than being filled entirely with a dielectric material as
shown in FIG. 5F, the end trench 510D, in this implemen-
tation, includes a shield electrode 530D disposed within at
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least a portion of the dielectric 570D. In this implementa-
tion, the depth 112 of the end trench 510D is approximately
equal to a depth (e.g., distance I1) of the trench extension
portion 514 A (shown in FIG. 5B). The end trench 510D can
have a depth 112 that is less than or greater than a depth (e.g.,
distance 11) of the trench extension portion 514A (shown in
FIG. 5B). The end trench 510D can have a depth that varies,
similar to the variation in depth of trench 510A.

[0134] FIG. 6E is cut along line G6 (shown in FIG. 6A)
through the trench extension portions 514 orthogonal to the
plurality of trenches 510. As shown in FIG. 6E all of the
trench extension portions 514 include shield electrodes.
Also, the end trench 510D has a width 113 that is approxi-
mately equal to, for example, the width 18 of the trench
extension portion of trench 5S10E. The end trench 510D can
have a width that is greater than, or less than, the width 18
of the trench extension portion of trench 510E. In this
implementation, the width 113 is approximately equal to
each of the widths of the perimeter trenches 590A, 590B.
[0135] A pitch 114 between the end trench 510D and
trench 510C (which are adjacent trenches) is approximately
the same as a pitch 115 between trench 510E and trench
510F (which are adjacent trenches). The pitch 114 between
the end trench 510D and trench 510C can be the less than,
or greater than, the pitch 115 between trench 510E and
trench 510F.

[0136] FIG. 6F is a side cross-sectional view of the main
trench portions 512 of the plurality of trenches 510 cut along
line G7 shown in FIG. 6 A within the termination region 504.
In this side cross-sectional view, each of the main trench
portions 512, including the end trench 510D, includes a
shield electrode coupled to the surface shield electrode 532.
The shield electrode 530D included in the end trench 510D
can be electrically floating.

[0137] FIG. 6G is a side cross-sectional view of the main
trench portions 512 of the plurality of trenches 510 cut along
line G8 shown in FIG. 6A through the termination region
504 and into the active region 502. A portion of the cross-
sectional view of the plurality of trenches 510 is included in
the termination region 504 and a portion of the cross-
sectional view of the plurality of trenches 510 is included in
the active region 502.

[0138] Because the width of the end trench 510D is
substantially constant along the longitudinal axis D1, in this
implementation, the width 113 of the end trench 510D
(shown in FIG. 6G) is the same along cut line G8, as along
cut line G7 (shown in FIG. 6F) and as along cut line G6
(shown in FIG. 6E).

[0139] In contrast, the width of at least some of the
trenches such as, for example, trench 510C and trench 510E
is different along the longitudinal axis D1. For example, the
width 19 of the trench 510E (shown in FIG. 6G and in FIG.
6F) is less than the width 18 of the trench 510E (shown in
FIG. 6E).

[0140] As shown in FIG. 6G the trenches from the plu-
rality of trenches 510 that include source implants therebe-
tween can be referred to as active device trenches 519.
Because the general structure of the active device trenches
519, the partially active gate trench, the termination trenches
518, the source implants, and so forth are similar to those
shown in FIG. 31, these features will not be described again
here in connection with FIG. 6G except as otherwise noted.
Although not shown in FIG. 6G the end trench 510D can
include a variety of a shield electrodes (e.g., a recessed
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shield electrode, an electrically floating shield electrode, a
shield electrode with a thick bottom oxide disposed below,
a shield electrode coupled to a source potential (e.g., via the
surface shield electrode 532) or a gate potential (e.g., via the
surface gate electrode 522)).

[0141] FIGS. 7A through 7J are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device 300 shown in FIGS. 3A through 31. Accord-
ingly, the reference numerals and features included in FIGS.
3 A through 3I are generally maintained and some features
are not described again in connection with FIGS. 7A through
7]. In FIGS. 3A through 31 the transverse trench 380A
bisects the plurality of trenches 310 (or parallel trenches),
however, in FIGS. 7A through 7], a transverse trench 383A
is disposed at an end of the plurality of trenches 310 (or
parallel trenches). Accordingly, each of the plurality of
trenches 310 is not bisected into trench extension portions
and main trench portions as discussed in connection with
FIGS. 3A through 31. Specifically, the transverse trench
383A as shown in FIG. 7A is aligned parallel to the
perimeter trenches 390A, 390B (along longitudinal axis D2),
but is disposed between the perimeter trenches 390A, 390B
and the ends of the plurality of trenches 310, which are
orthogonally aligned to the transverse trench 383A. The side
cross-sectional views along the different cuts included in
FIGS. 7B through 7] are not necessarily drawn to the same
scale (e.g., numbers of trenches, etc.) as the plan view shown
in FIG. 7A.

[0142] In this implementation, the trench 310D is entirely
disposed within the termination region 304 and is the
outermost trench from the plurality of trenches 310. Accord-
ingly, the trench 310D can be referred to as an end trench.
Trenches from the plurality of trenches 310 in the semicon-
ductor device 300 that are lateral to (or interior to) the end
trench 310D can be referred to as interior trenches 317.
[0143] As shown in FIG. 7A, the transverse trench 383A
is aligned along a longitudinal axis D2 that is orthogonal to
(e.g., substantially orthogonal to) the longitudinal axis D1.
As noted above, the transverse trench 383A is aligned
parallel to the perimeter trenches 390A, 390B, but is dis-
posed between the perimeter trenches 390A, 390B and the
ends of the plurality of trenches 310, which are orthogonally
aligned to the transverse trench 383 A. The transverse trench
383 A can be considered to be in fluid communication with,
for example, trench 310A. The transverse trench 383 A may
intersect only a portion (e.g., less than all) of the plurality of
trenches 310. The transverse trench 383 A can be referred to
as an end of trench trench (EOTT) or as a perpendicular
trench because the transverse trench 383 A is perpendicularly
oriented with respect to the parallel trenches (i.e., the
plurality of trenches 310). In this implementation, the trans-
verse trench 383 A is disposed entirely within the termination
region 304.

[0144] Although only one transverse trench is included in
the semiconductor device 300, in some implementations,
more than one transverse trench similar to transverse trench
383 A can be included in the semiconductor device 300. For
example, an additional transverse trench aligned parallel to
the transverse trench 383A and intersecting the plurality of
trenches 310 (similar to the implementations described in
connection with FIGS. 3A through 3I) can be included.
[0145] FIG. 7B is a diagram that illustrates a side cross-
sectional view of the semiconductor device 300 cut along
line F1. The cut line F1 is approximately along a centerline
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of the trench 310A so that the side cross-sectional view of
the semiconductor device 300 is along a plane that approxi-
mately intersects a center of the trench 310A. A portion of
the transverse trench 383A, which intersects the trench
310A, is shown in FIG. 7B. A side cross-sectional view of
the transverse trench 383 A cut along line F2, which is within
the mesa region 360A between the trench 310A and the
trench 310B, is shown in FIG. 7C.

[0146] As shown in FIG. 7B, the trench 310A includes a
dielectric 370A disposed therein. Specifically, a portion of
the dielectric 370A is coupled to (e.g., lines, is disposed on)
a sidewall and a portion of the dielectric 370A is coupled to
a bottom surface of the trench 310A within the main trench
portion 312A of the trench 310A. In this cross-sectional
view the portion of the dielectric 370 A coupled to the bottom
surface of the trench 310A is shown, and the portion of the
dielectric 370A coupled to the sidewall of the trench 310A
is not shown.

[0147] As shown in FIG. 7B, a portion 372A of the
dielectric 370A is included in the trench 310A and a portion
371A of the dielectric 370A is included in the transverse
trench 383A. The portion 372A of the dielectric 370A is
aligned along (e.g., extends in) a vertical direction D3 from
a bottom of the trench 310A to at least a top of the trench
310A. Similarly, the portion 371A of the dielectric 370A is
aligned along (e.g., extends in) a vertical direction D3 from
a bottom of the trench 310A to at least a top of the transverse
trench 383 A. The top of the trench 310A (which includes the
trench portion 314A and the main trench portion 312A) is
aligned along a plane D4, which is aligned along a top
surface of a semiconductor region of the semiconductor
device 300. The dielectric 370A can include one or more
dielectric layers and/or one or more dielectric types formed
using one or more different formation processes. For
example, the portion 372A included in the trench 310A can
be a first dielectric in contact (e.g., can abut) the portion
371A can be a second dielectric included in the transverse
trench 383 A. The portion 371 A and the portion 372A can be
formed using the same dielectric formation process.
[0148] A thickness E1 of the dielectric 370A included in
the trench 310A is constant (e.g., substantially constant)
along the longitudinal axis D1 of the trench 310A. The
portions 371A and 372A of the dielectric 370A have at least
a combined thickness E1 that is greater than a thickness E2
of a portion of the dielectric 370A along the bottom of the
trench 310A. In some implementations the portion 372A of
the dielectric can have a thickness approximately equal to
the thickness E2, and/or the portion 371A of the dielectric
can have a thickness less than the thickness E2. In some
implementations the portion 372A of the dielectric can have
a thickness approximately different than (e.g., greater than,
less than) the thickness E2, and/or the portion 371A of the
dielectric can have a thickness equal to or greater than the
thickness E2.

[0149] Also, the portion 371A of the dielectric 370A
included in the transverse trench 383 A has at least a thick-
ness E4 (also can be referred to as a height) that is greater
than the thickness E2 of a portion of the dielectric 370A
included in the main portion 312A of the trench 310A and/or
the thickness E1 of the portion 372A of the dielectric 370A
included in the trench extension portion 314 A. The thickness
of the portion 371 A of the dielectric 370A shown in FIG. 7B
extends up to a bottom surface of a surface shield electrode
332 beyond the thickness E4. The thickness E4 corresponds
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approximately with a depth (along the vertical direction D3)
of the transverse trench 383A. The depth (or height) of the
transverse trench 383A is also illustrated within the mesa
region 360A shown in FIG. 7C.

[0150] Although not shown, in some implementations, a
transverse trench such as the transverse trench 383A can
include a portion of a shield electrode (e.g., a portion of the
shield electrode 330A, a recessed shield electrode).

[0151] Although not shown in FIG. 7B, the thickness E2
of the portion of the dielectric 370A in the main portion
312A of the trench 310A can vary along the longitudinal axis
D1. For example, a thickness of a portion of the dielectric
370A included in the termination region 304 of the main
trench portion 312A can be greater than a thickness of a
portion of the dielectric 370A included in the active region
302 of the main trench portion 312A, or vice versa.
[0152] The profile of the trench 310A shown in FIG. 3B
can be included with the transverse trench 383A shown in
FIG. 7B (with or without transverse trench 380A). Such an
implementation without transverse trench 380A is shown in
FIG. 71.

[0153] In this implementation, the transverse trench 383 A
has a depth (which corresponds with E4) that is the same as,
or approximately equal to, a depth (which corresponds with
E3) of the trench portion 310A. Although not shown in
FIGS. 7A through 7], the transverse trench 383A can have
a depth that is greater than a depth of the trench 310A.
Although not shown in FIGS. 7A through 7J, the transverse
trench 383 A can have a depth that is less than a depth of the
trench 310A.

[0154] Referring back to FIG. 7A, perimeter trenches
390A, 390B are disposed around a perimeter of the plurality
of trenches 310. As shown in FIG. 7B, the perimeter
trenches 390A, 390B have a depth E5 that is approximately
equal to a depth (e.g., distance E4) of the transverse trench
383 A and a depth (e.g., distance E3) of the trench 310A. The
depth of one or more of the perimeter trenches 390A, 390B
can be less than or greater than the depth of the transverse
trench 383 A and/or the depth of the trench 310A.

[0155] FIG. 7D is a side cross-sectional view of a mesa
region 360G adjacent to trench 310G cut along line F3. In
this implementation, the mesa region 360G is entirely dis-
posed within the termination region 304. As shown in FIG.
7D, the source runner conductor 354 is not contacted with
(e.g., is insulated from, is not electrically coupled to) the
surface shield electrode 332.

[0156] FIG. 7E is a side cross-sectional view of the trench
310G which is cut along line F4 shown in FIG. 7A. In this
implementation, the trench 310G is entirely disposed within
the termination region 304. Trench 3100 and other trenches
entirely disposed within the termination region 304, can be
referred to as termination trenches 318. The dimension of
the trench 310G is similar to the dimensions of (e.g.,
dimensions that are directly lateral to) the trench 310A
shown in FIG. 7B. The dimensions of the trench 310G can
be different than corresponding portions of the trench 310A
shown in FIG. 7B.

[0157] As shown in FIG. 7E, the source runner conductor
354 is not contacted with (e.g., is insulated from, is not
electrically coupled to) the surface shield electrode 332 or
the shield electrode 330G The shield electrode 330G dis-
posed within the trench 310G can be electrically floating.
The shield electrode 330G disposed within the trench 310G
can be electrically coupled to a source potential. Accord-
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ingly, the shield electrode 330G can be tied to the same
source potential as the shield electrode 330A shown in FIG.
7B. The shield electrode 330G disposed within the trench
310G can be recessed.

[0158] FIG. 7F is a side cross-sectional view of the end
trench 310D, which is cut along line F5 shown in FIG. 7A.
The end trench 310D is filled with a dielectric 370D.
Although not shown, in some implementations, at least a
portion of the end trench 310D can include a shield elec-
trode. The end trench 310D can have a length (along the
longitudinal direction D1) that is approximately the same as
a length of, for example, the trench 310A.

[0159] As shown in FIG. 7A, the transverse trench 383A
terminates at the end trench 310D. The transverse trench
383A can terminate at a trench other than the end trench
310D such as one of the interior trenches 317 from the
plurality of trenches 310.

[0160] Referring back to FIG. 7F, the end trench 310D has
a depth E12 less than a depth E5 of the perimeter trenches
390A, 390B and the transverse trench E4. The end trench
310D can have a depth E12 equal to, or greater than a depth
of one or more of the perimeter trenches 390A, 390B and/or
the transverse trench E4.

[0161] As mentioned above, FIG. 7G is cut along line F6
(shown in FIG. 7A) orthogonal to the plurality of trenches
310 through an area entirely within the termination region
304. As shown in FIG. 7G each interior trenches 317
(excluding the end trench 310D) from the plurality of
trenches 310 includes a shield electrode. This is contrasted
with the trench extension portions 314A shown in FIG. 3G
Accordingly, the end trench 310D has a width E13 that is
less than the width E8 of a portion of the trench 310E within
the termination region 304.

[0162] The end trench 310D can have a width that is
greater than, or equal to, the width E8 of the trench 310E.
Also, the end trench 310D can have a depth that is greater
than, or equal to, a depth of one or more of the perimeter
trenches 380A, 390A and/or the interior trenches 317 from
the plurality of trenches 310.

[0163] A pitch E14 between the end trench 310D and
trench 310C (which are adjacent trenches) is less than a pitch
E15 between trench 310E and trench 310F (which are
adjacent trenches). The pitch E14 between the end trench
310D and trench 310C can be the same as, or greater than,
the pitch E15 between trench 310E and trench 310F.
[0164] FIG. 7H is a side cross-sectional view of the
transverse trench 383 A, which is cut along line F7 shown in
FIG. 7A. The line F7 is approximately along a centerline of
the transverse trench 383A. The transverse trench 383A is
filled with a dielectric 385A. Although not shown, in some
implementations, at least a portion of the transverse trench
383A can include a shield electrode. In this implementation,
the transverse trench 383A has a constant depth E4. The
transverse trench 383 A can have a depth that varies along the
longitudinal axis D2.

[0165] FIG. 71 is a side cross-sectional view of the main
trench portions 312 of the plurality of trenches 310 cut along
line F8 shown in FIG. 7A. A portion of the cross-sectional
view of the plurality of trenches 310 is included in the
termination region 304 and a portion of the cross-sectional
view of the plurality of trenches 310 is included in the active
region 302.

[0166] Because the width of the end trench 310D is
substantially constant along the longitudinal axis D1 in this
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implementation, the width E13 of the end trench 310D
(shown in FIG. 71) is the same along cut line F8 as along cut
line F6 (shown in FIG. 7G). Similarly, the width of at least
some of the trenches such as, for example, trench 310C and
trench 310E is substantially constant along the longitudinal
axis D1. This is contrasted with the plurality of trenches 310
shown in FIG. 3A, which vary along the longitudinal axis.
Specifically, the width E9 of the trench 310E (shown in FIG.
71) is approximately equal to the width E8 of the trench
310E (shown in FIG. 7G).

[0167] The end trench 310D can have a width that is
greater than, or equal to, the width E9 of the trench 310E.
Also, the end trench 310D can have a depth that is greater
than, or equal to, a depth of one or more of the perimeter
trenches 380A, 390A and/or the interior trenches 317 (e.g.,
active trenches) from the plurality of trenches 310.

[0168] FIG. 8is a diagram that illustrates a semiconductor
device 800, according to an implementation. In this imple-
mentation, many of the features included in this implemen-
tation are similar to those described above. Accordingly, the
reference numerals used in conjunction with same or similar
features are used to describe this implementation.

[0169] As shown in FIG. 8, the semiconductor device 800
can optionally include a transverse trench 380A (illustrated
by a dashed line) that intersects the parallel trenches 310
(e.g., ends of the parallel trenches). Also, as shown in FIG.
8, the semiconductor device 800 includes several sets of end
trenches 870, 880, and 890. Each of the sets of end trenches
870, 880, and 890 has a semicircular shape and includes
several concentric end trenches. For example, the set of end
trenches 870 (which includes end trenches 870A, 870B,
870D, and 870E) has an end trench 870A that is coupled at
a first end aligned with (or coupled to) one of the plurality
of trenches 310 via the transverse trench 380A, and has a
second end aligned with (or coupled to) another of the
plurality of trenches 310 via the transverse trench 380A.
[0170] Although not shown in FIG. 8, one or more of the
end trenches from the sets of end trenches 870, 880, and/or
890 can have a trench width that is different than (e.g., wider
than, narrower than) a width of one or more of the plurality
of trenches 310. For example, and trench 870A can have a
trench width that is less than a trench width of one of the
plurality of trenches 310 corresponding with the trench
870A.

[0171] In some implementations, a transverse trench can
be excluded from the semiconductor device 800. In some
implementations, multiple transverse trenches similar to
transverse trench 380A can be included in the semiconductor
device 800 and intersecting one or more of the plurality of
trenches 310 and/or one or more of the sets of end trenches
870, 880, and/or 890.

[0172] Although illustrated as having a semicircular
shape, in some implementations, one or more of the sets of
end trenches 870, 880, and/or 890, can define a different
pattern or a different shape. For example, although not
shown, a set of end trenches can define a set of rectangular
shaped end trenches that can be concentric. The spacing (or
mesa width) between each trench from a set of end trenches
can be approximately equal or can vary (e.g., can increase in
width from the innermost end trench to the outermost end
trench, can decrease in width from the innermost end trench
to the outermost end trench).

[0173] FIGS. 9A through 9N are diagrams that illustrate
configurations of a termination region according to some
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implementations. FIG. 9A is a diagram that illustrates a plan
view (or top view along the horizontal plane) of at least a
portion of a semiconductor device 900 including an active
region 902 and a termination region 904. FIGS. 9B through
9N are side cross-sectional views along different cuts (e.g.,
cuts Q1 through Q10) within the plan view FIG. 9A. To
simplify the plan view shown in FIG. 9A some of the
elements illustrated in the side cross-sectional views of
FIGS. 9B through 9N are not shown. The side cross-
sectional views along the different cuts included in FIGS. 9B
through 9N are not necessarily drawn to the same scale (e.g.,
numbers of trenches, etc.) as the plan view shown in FIG.
9A. Variations of the semiconductor device 900, which can
be combined in any combination, are illustrated in at least
FIGS. 10A through 13L (and are numbered with the same or
similar reference numerals).

[0174] As shown in FIG. 9A, a plurality of trenches 910,
including for example trenches 910A through 910J, are
aligned along a longitudinal axis D1 within the semicon-
ductor device 900. At least some portions of the plurality of
trenches 910 can be included in the active region 902 and at
least some portions of the plurality of trenches 910 can be
included in the termination region 904. For example, a
portion of trench 910B is included in the active region 902
and a portion of the trench 910B is included in the termi-
nation region 904. As shown in FIG. 9A, trench 910G
(which includes an electrode 931G) is entirely disposed
within the termination region 904.

[0175] In this implementation, the trench 910C and 910D
(which can be referred to as end trenches 913) are entirely
disposed within the termination region 904 and are the
outermost trenches from the plurality of trenches 910.
Accordingly, the trenches 910C and 910D can be referred to
as end trenches. Trenches from the plurality of trenches 910
in the semiconductor device 900 that are lateral to (or
interior to) the end trenches 910C and 910D can be referred
to as interior trenches 917.

[0176] As shown in FIG. 9A, a source contact region 936
defines an area within the semiconductor device 900 where
source contacts (not shown) (such as source contact 957
shown in FIG. 9K) are formed. The source contact region
936 can also correspond with, for example, a source con-
ductor region (e.g., a source metal region). The source
contacts can be contacted with source implants (such as
source implant 963E within a mesa region 960E between
trenches 910E and 910F shown in FIG. 9K) of one or more
active devices. A source formation region 956 (which can be
referred to as a source exclusion edge) defines an area within
which mesa regions between the plurality of trenches 910
are doped as doped source regions of active devices.
[0177] A shield dielectric edge region 934 shown in FIG.
9A corresponds with (e.g., approximately corresponds with),
for example, an edge 941 of the inter-electrode dielectric
940 shown in FIG. 9B (which is a side cross-sectional view
cut along line Q1). In some implementations, at least a
portion of the inter-electrode dielectric 940 can include a
gate dielectric such as gate dielectric portion 942 shown in
FIG. 9B.

[0178] In this implementation, the active region 902 is
defined by an area of the semiconductor device 900 that
corresponds with a shield dielectric edge region 934. The
termination region 904 includes areas of the semiconductor
device 900 outside of (e.g., excluded by) the active region
902. Accordingly, the termination region 904, similar to the

Jan. 12, 2017

active region 902, is defined by the shield dielectric edge
region 934. The shield dielectric edge region 934 corre-
sponds approximately with a mask area for a shield elec-
trode, a gate electrode, and an inter-electrode dielectric
active area recess. Shield electrodes, in this implementation,
are recessed below gate electrodes. For example, as shown
in FIG. 9B, at least a portion of a shield electrode 930A is
recessed below and insulated from a gate electrode 920A by
the inter-electrode dielectric 940 in trench 910A.

[0179] In this implementation, portions of the plurality of
trenches 910 (that are interior trenches 917 and) starting at
line 916 (along longitudinal axis 916) in the plurality of
trenches 910 can be referred to as trench extension portions
914. Portions of the plurality of trenches 910 (that are
interior trenches 917 and) disposed to the right of line 916
and extend into (or toward) the active region 902 can be
referred to as main trench portions 912. The line 916 can
indicate a point at which a change in depth (e.g., a recess)
of one or more of the plurality of trenches 910 starts.
[0180] For example, trench 910A includes a trench exten-
sion portion 914A on the left side of line 916 (toward the
perimeter and in a distal direction away from the active
region 902) and the trench 910A includes a main trench
portion 912A (similarly shown as 912G in FIG. 9E) on the
right side of line 916 (away from the perimeter and in a
proximal direction toward the active region 902). In this
implementation, at least a portion of the main trench portion
912A is included in (e.g., disposed within) the termination
region 904, and a portion of the main trench portion 912A
is included in (e.g., disposed within) the active region 902.
[0181] FIG. 9B is a diagram that illustrates a side cross-
sectional view of the semiconductor device 900 cut along
line Q1. The cut line Q1 is approximately along a centerline
of the trench 910A so that the side cross-sectional view of
the semiconductor device 900 is along a plane that approxi-
mately intersects a center of the trench 910A. The features
shown in FIG. 9B are disposed in an epitaxial layer 908 of
the semiconductor device 900. Other portions of the sub-
strate, drain contact, and/or so forth are not shown FIGS. 9A
through 9N. Many of the views associated with other figures
are disposed in an epitaxial layer and similarly do not show
the substrate, drain contact, and so forth.

[0182] As shown in FIG. 9B, the trench 910A includes a
dielectric 970A disposed therein. Specifically, a portion of
the dielectric 970A is coupled to (e.g., lines, is disposed on)
a sidewall and a portion of the dielectric 970A is coupled to
a bottom surface of the trench 910A within the main trench
portion 912A of the trench 910A. In this cross-sectional
view the portion of the dielectric 970 A coupled to the bottom
surface of the trench 910A is shown, and the portion of the
dielectric 970A coupled to the sidewall of the trench 910A
is not shown. The portion of the dielectric 970A shown in
FIG. 9B along the bottom surface of the main trench portion
912A of the trench 910A can be referred to as a bottom
dielectric. The dielectric 970A can be coupled to, or can
include, a field dielectric 974 (which can be referred to as a
field dielectric portion).

[0183] As shown in FIG. 9B, a gate electrode 920A and a
portion 931A of a shield electrode 930A are disposed in a
portion of the main trench portion 912A that is included in
the active region 902 of the semiconductor device 900. The
gate electrode 920A and the shield electrode 930A are
separated by (e.g., insulated by) at least a portion of the
inter-electrode dielectric 940. The portion of the main trench
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portion 912A included in the termination region 904 has a
portion 933 A of the shield electrode 930A disposed therein
and insulated from the epitaxial layer 908 by the dielectric
970A. The portion 933A of the shield electrode 930A can be
referred to as a termination region portion of the shield
electrode, and the portion 931A of the shield electrode 930A
can be referred to as an active region portion of the shield
electrode. As shown in FIG. 9B, the portion 933A of the
shield electrode 930A extends up to and contacts a bottom
surface of an interlayer dielectric (ILD) 992 (which could
include another dielectric such as field dielectric 974 (and/or
a gate oxide)) along a thickness R28. The portion 933 A of
the shield electrode 930A has a vertical height (or top
surface) within the trench 910A higher than a top surface of
the portion 931A of the shield electrode 930A, which is
recessed within the trench 910A. The portion 933A of the
shield electrode 930A also has a thickness (e.g., vertical
thickness) within the trench 910A greater than a thickness of
the portion 931A of the shield electrode 930A. The portion
933A extends vertically along a profile (e.g., a sidewall
profile) (not shown) of the trench extension portion 914A
(similarly shown as 914G in FIG. 9E). The portion 933A of
the shield electrode 930A has a portion is disposed between
an edge of the gate electrode 920A (and the edge 941 of the
inter-electrode dielectric 940 and/or the gate dielectric por-
tion 942) and the transverse trench 983A.

[0184] In this implementation, a surface shield electrode
and a surface gate electrode are excluded from the semi-
conductor device 900. This is contrasted with the semicon-
ductor device 300 shown in FIGS. 3A through 31 which
includes a surface shield electrode and a surface gate elec-
trode. As shown in FIG. 9A, a gate runner conductor 952 is
coupled directly to the gate electrodes included in at least
some of the plurality of trenches 910 through vias 951. For
example, gate electrodes in multiple (e.g., more than three)
adjacent trenches from the plurality of trenches 910 are
coupled to the gate runner through vias 951. Specifically,
each of gate electrodes of the plurality of trenches 910 that
includes an active device is coupled to the gate runner
conductor 952 through vias 951. Similar to the gate runner
conductor 952, a source runner conductor 954 (which is
similar to portion 933A) is brought up to at least a surface
of the epitaxial layer (aligned with plane D4) in the active
region 902 and (which is configured to be coupled to a
source potential) is coupled to each source within the
plurality of trenches 910 using one or more vias (not shown).

[0185] As shown in FIG. 9A, a doping region 938 is an
area within which a well implant (e.g., a p-type well implant,
an n-type well implant) is performed. In this implementa-
tion, the doping region 938 is associated a p-well dopant
region (e.g., well dopant region 962A shown in FIG. 9C). In
this implementation, because a surface shield electrode and
a surface gate electrode are excluded from the semiconduc-
tor device 900 the well implant can be performed over a
larger area of the semiconductor device 900. For example,
the area within which a well implant can be performed
within the semiconductor device 300 was limited by a
surface area of the surface shield electrode 332 and/or a
surface area of the surface gate electrode 322, which block
implantation to form the well implant. As a specific
example, in FIGS. 3B and 3C, areas of the epitaxial layer
308 (such as the mesa region 360A) under the gate runner
conductor 352 and/or the source runner conductor 354 could
not be implanted with a well implant because the surface
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shield electrode 332 and the surface gate electrode 322 are
disposed below the gate runner conductor 352 and below the
source runner conductor 354.

[0186] In contrast, because the semiconductor device 900
does not include a surface shield electrode or a surface gate
electrode, implantation to form a well implant is not
blocked. Accordingly, a well implant can be performed over
virtually the entire surface area of the semiconductor device
900.

[0187] As shown in FIG. 9C, a well dopant region 962A
extends below the source runner 954 and below the gate
runner conductor 952. Although not shown, the well dopant
region 962 A can extend below under only the source runner
954 or only below the gate runner conductor 952 (if in a
different location). Although not shown, the well dopant
region 962A can be extended toward the perimeter (e.g., in
a distal direction away from the active region 920).

[0188] An area where the well dopant region 962A can be
optionally expanded is illustrated with line 961. In other
words, the well dopant region 962A can be expanded up to
(e.g., can extend to, can be disposed up to and abut or
contact) one or more of the perimeter trenches 990A, 990B.
In such embodiments, the expansion of the well dopant
region 962 A along line 961 can be implemented in conjunc-
tion with the addition of, for example, a transverse trench
such as transverse trench 383A shown in FIG. 3A or
transverse trench 983A shown in FIG. 10A as a few
examples. The transverse trench can be a transverse trench
that has an edge substantially aligned with, for example, an
edge (e.g., a terminating edge) of the shield electrode 930A
that is disposed within the trench 910A.

[0189] The well dopant region can be expanded beyond
(e.g., can extend beyond, can be disposed beyond) one or
more of the perimeter trenches 990A, 990B. The line 961 is
illustrated in additional figures associated with FIGS. 9A
through 9N. By doping, for example, the entire surface of
the semiconductor device 900, a doping mask associated
with, for example, doping region 938 can be obviated.
[0190] In this implementation, for desirable charge bal-
ancing, a length R18 (which can be referred to as a lateral
balance length) is equal to or greater than depth R3 (shown
in FIG. 9B). The length R18 extends from an end of the main
trench portion 912A (starting at line 916 shown in FIG. 9B)
to an edge 964 A of the well dopant region 962A (shown in
FIG. 9C). In some implementations, length R18 can be less
than or equal to length R17, or greater than length R17.
When edge 964 A of the well dopant region 962A is spaced
laterally (such that R18 is approximately greater than R3, for
example) the breakdown can be maintained in the active
region 902 rather than occurring in the termination region
904. The breakdown voltage, reliability during testing (e.g.,
unclamped inductive switching (UIS)), device performance,
and/or so forth of the semiconductor device 900 can be
maintained in the active region 902 when the depletion edge
laterally from the edge 964 A of the well dopant region 962A
is greater than the vertical depletion associated with distance
R3. By doing so, the electric field in the vertical direction
can be greater than the electric field in the lateral direction.
[0191] Referring back to FIG. 9B, a portion 972A of the
dielectric 970A (also referred to as an extension portion of
the dielectric or as an extension dielectric) is included in the
trench extension portion 914A. The portion 972A of the
dielectric 970A is aligned along (e.g., extends in) a vertical
direction D3 from a bottom of the trench extension portion
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914A of the trench 910A to at least a top of the trench 910A.
The top of the trench 910A (which includes the trench
portion 914A and the main trench portion 912A) is aligned
along a plane D4, which is aligned along a top surface of a
semiconductor region of the semiconductor device 900. The
semiconductor region of the semiconductor device 900 can
correspond approximately with a top surface of the epitaxial
layer 908. The dielectric 970A can include one or more
dielectric layers and/or one or more dielectric types formed
using one or more different formation processes.

[0192] As shown in FIG. 9B, a portion 971A of the
dielectric 970A is included in at an end of the main trench
portion 912A. The portion 971A of the dielectric 970A is
aligned along (e.g., extends in) a vertical direction D3 from
a bottom of the transverse main trench portion 912A to at
least a top of the main trench portion 912A. The top of the
main trench portion 912A is aligned along the plane D4.
[0193] The thickness of the dielectric 970A included in the
trench 910A varies along the longitudinal axis D1 of the
trench 910A. The portion 972A of the dielectric 970A
included in the trench extension portion 914 A has at least a
thickness R1 in the trench extension portion 914 A (also can
be referred to as a height because it is aligned along the
vertical axis D3) that is greater than a thickness R2 of a
portion of the dielectric 970A included in the main portion
912A (both in a termination region portion and in an active
region portion) of the trench 910A. The thickness of the
portion 972A of the dielectric 970 A extends up to the bottom
surface of the inter-layer dielectric (IED) 992 beyond the
thickness R1. The thickness R1 corresponds approximately
with a depth (along the vertical direction D3) of the trench
extension portion 914A.

[0194] Also, the portion 971A of the dielectric 970A
included in the main trench portion 912A has at least a
thickness R3 (also can be referred to as a height) that is
greater than the thickness R2 of a portion of the dielectric
970A included in the main portion 912A of the trench 910A
and is less than the thickness R1 of the portion 972A of the
dielectric 970A included in the trench extension portion
914A. The thickness of the portion 971A of the dielectric
970A shown in FIG. 9B extends up to a bottom surface of
the inter-layer dielectric 992 beyond the thickness R3. The
thickness R3 corresponds approximately with a depth (along
the vertical direction D3) of the main trench portion 912A.
Accordingly, a depth of the trench 910A varies along the
longitudinal axis D1 from depth R3 to depth R1.

[0195] Referring back to FIG. 9B, in this implementation,
the trench extension portion 914A includes the portion 972A
of the dielectric 970A and excludes a shield electrode.
Although not shown, in some implementations, a trench
extension portion such as the trench extension portion 914A
can include a portion of a shield electrode (e.g., a portion of
a shield electrode, a recessed shield electrode).

[0196] Although not shown in FIG. 9B, the thickness R2
of the portion of the dielectric 970A in the main portion
912A of the trench 910A can vary along the longitudinal axis
D1. For example, a thickness of a portion of the dielectric
970A included in the termination region 904 of the main
trench portion 912A can be greater than a thickness of a
portion of the dielectric 970A included in the active region
902 of the main trench portion 912A, or vice versa.
[0197] As shown in FIG. 9B, a length R16 of the trench
extension portion 914A of the trench 910A is longer than a
length R17 of a portion of the main trench portion 912A of
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the trench 910A included in the termination region 904 (up
to the edge 941 of the gate dielectric portion 942 of the IED
940). Although not shown, the length R16 of trench exten-
sion portion 914A of the trench 910A can be equal to or
shorter than the length R17 of the portion of the main trench
portion 912 A of the trench 910A included in the termination
region 904.

[0198] The thickness R2 of the portion 972A of the
dielectric 970A included in the trench extension portion
914A is configured to have termination region advantages
such as those described above. Specifically, an undesirable
electric field or breakdown across the dielectric 970A
included in the main trench portion 912A can be prevented
or substantially prevented inclusion of the trench extension
portion 914 A within the semiconductor device 900. In other
words, an undesirable electric field at the end of a trench
(i.e., the main trench portion 912A without the trench
extension portion 914A) or breakdown across a dielectric at
the end of the trench could occur without features such as the
trench extension portion 914A.

[0199] Referring back to FIG. 9A, perimeter trenches
990A, 990B are disposed around a perimeter of the plurality
of trenches 910. As shown in FIG. 9B, the perimeter
trenches 990A, 990B have a depth RS that is approximately
equal to a depth (e.g., distance R3) of the main trench
portion 912A. The depth R5 of the perimeter trenches 990A,
990B is less than a depth (e.g., distance R1) of the trench
extension portion 914A. The depth of one or more of the
perimeter trenches 990A, 990B can be less than or greater
than the depth of the main trench portion 912A. The depth
of one or more of the perimeter trenches 990A, 990B can be
greater than or equal to the depth of the trench extension
portion 914A. The width of one or more of the perimeter
trenches 990A, 990B can be approximately the same as or
different than (e.g., narrower than, wider than) the width of
the main trench portions 912 of'the plurality of trenches 910.
[0200] In this implementation, each of the perimeter
trenches 990A, 990B includes at least a portion of a shield
electrode. For example, the perimeter trench 990A includes
a shield electrode 935 (or shield electrode portion). In some
implementations, one or more of the perimeter trenches
990A, 990B can include a recessed electrode, or may not
include a shield electrode (e.g., may exclude a shield elec-
trode and can be substantially filled with a dielectric). The
semiconductor device 900 can include more or less perim-
eter trenches than shown in FIGS. 9A through 9N.

[0201] As shown in FIG. 9A, a portion of the gate elec-
trode 920A is recessed below the ILD 992. The recessing of
the gate electrode 920A defines an edge 979 (shown in FIG.
9B) that corresponds with a mask layer 999 shown in FIG.
9A. The recessing can be performed for a self-aligned
dimple contact (using contact 951) active area of the gate
electrode 920A. For an aligned contact a relatively shallow
recess can be formed across the gate electrode 920A. An
example of such an embodiment is shown in FIG. 10E. A
portion of the gate electrode 920A in electrical contact with
the gate runner conductor 952 through the via 951 is not
recessed. More details related to recessing of a gate elec-
trode are discussed below in connection with, for example,
FIG. 10B.

[0202] Referring back to FIG. 9A, the trench extension
portions 914 have widths that are approximately equal to
widths of the main trench portions 912. The widths of the
trenches described herein can be measured across a cross-
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section of the trenches while being referenced along a
horizontal plane through the trenches. The widths can be
referred to as cross-sectional widths. As a specific example,
the trench extension portion 914A of the trench 910A has a
width R10 that is approximately equal to a width R11 of the
main trench portion 912A of the trench 910A. This consis-
tency in width is also shown in, for example, trench 910E in
the various views. Specifically, trench 910E shown in FIG.
9H (which is cut along line Q7 through the trench extension
portions 914 orthogonal to the plurality of trenches 910) has
a width R8 that is approximately equal to, for example, the
width R8 of the trench 910E shown in FIG. 91 (which is cut
along line Q8 through the main trench portions 912 orthogo-
nal to the plurality of trenches 910). Although not shown in
FIG. 9A, one or more of the trench extension portions 914
can have widths that are less than or are greater than the
widths of one or more of the main trench portions 912.
[0203] Although not shown, one or more transverse
trenches can be included in the semiconductor device 900
and can be aligned along a longitudinal axis D2 that is
orthogonal to (e.g., substantially orthogonal to) the longitu-
dinal axis D1. The transverse trench(es) can be similar to the
transverse trenches (e.g., transverse trench 380A, transverse
trench 383A) described above.

[0204] FIG. 9D is a side cross-sectional view of a mesa
region 960G adjacent to trench 910G cut along line Q3. In
this implementation, the mesa region 960G is entirely dis-
posed within the termination region 904. As shown in FIG.
9D, well dopant region 962G is included in the mesa region
960G As mentioned above, an area where the well dopant
region 962G could be expanded is illustrated with line 961.
[0205] FIG. 9E is a side cross-sectional view of the trench
910G which is cut along line Q4 shown in FIG. 9A. In this
implementation, the trench 910G is entirely disposed within
the termination region 904. Trench 910G and other trenches
entirely disposed within the termination region 904, can be
referred to as termination trenches 918. The dimension of
the trench 910G (which includes extension dielectric 972G)
is similar to the dimensions of (e.g., dimensions that are
directly lateral to) the trench 910A shown in FIG. 9B. The
dimensions of the trench 910G can be different than corre-
sponding portions of the trench 910A shown in FIG. 9B. For
example, the trench 910G can have a constant depth, which
can be the same as or different than (e.g., deeper than,
shallower than) the depth R1 of the trench extension portion
914A (shown in FIG. 9B) or the same as or different than
(e.g., deeper than, shallower than) the depth R3 of the main
trench portion 912A.

[0206] The shield electrode 930G disposed within the
trench 910G can be electrically floating. The shield electrode
930G disposed within the trench 910G can be electrically
coupled to a source potential. Accordingly, the shield elec-
trode 930G can be tied to the same source potential as the
shield electrode 930A shown in FIG. 9B. The shield elec-
trode 930G disposed within the trench 910G can be
recessed. As mentioned above, an area where the well
dopant region 962G could be expanded is illustrated with
line 961.

[0207] FIG. 9F is a side cross-sectional view of a mesa
region 960C adjacent to the end trench 910D, which is cut
along line Q5 shown in FIG. 9A. In this implementation, the
mesa region 960C is disposed outside of the doping region
938. Accordingly, a well dopant region is excluded from the
mesa region 960C. As mentioned above, an area where a
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well dopant region can be included in one or more portions
of a cross-sectional area is illustrated with line 961.
[0208] FIG. 9G is a side cross-sectional view of the end
trench 910D, which is cut along line Q6 shown in FIG. 9A.
The end trench 910D is filled with a dielectric 970D.
Although not shown, in some implementations, at least a
portion of the end trench 910D can include a shield elec-
trode. The end trench 910D can have a length (along the
longitudinal direction D1) that is approximately the same as
a length of, for example, the trench 910A.

[0209] The end trench 910D has a depth R12 greater than
a depth R5 of the perimeter trenches 990A, 990B. The end
trench 910D can have a depth E12 equal to, or less than a
depth of one or more of the perimeter trenches 990A, 990B.
In this implementation, the depth R12 of the end trench
910D is approximately equal to a depth (e.g., distance R1)
of the trench extension portion 914A (shown in FIG. 9B).
The end trench 910D can have a depth R12 that is less than
or greater than a depth (e.g., distance R1) of the trench
extension portion 914A (shown in FIG. 9B). The end trench
910D can have a depth that varies, similar to the variation in
depth of trench 910A.

[0210] Although not shown, in some implementations,
multiple trenches similar to end trench 910D, which are
filled with a dielectric can be included in the semiconductor
device 900. An example of such an implementation is
described in connection with FIGS. 4A through 4E above.
Although not shown, in some implementations, a trench that
varies with width and has a portion that includes a shield
electrode, such as trench 910C can be an end trench. In such
implementations, the end trench 910D can be omitted.
[0211] As mentioned above, FIG. 9H is cut along line Q7
(shown in FIG. 9A) through the trench extension portions
914 orthogonal to the plurality of trenches 910. In this
implementation, the widths of the plurality of trenches 910
in the trench extension portions are the same as the widths
of the plurality of trenches 910 in the main trench portions.
Also, each of widths of the plurality of trenches 910 is the
same across the plurality of trenches 910 within the trench
extension portions. For example, as shown in FIG. 9H the
end trench 910D has a width R13 that is approximately equal
to the width R8 of the trench extension portion of trench
910E. The end trench 910D can have a width that is greater
than, or less than, the width R8 of the trench extension
portion of trench 910E.

[0212] A pitch R14 between the end trench 910D and end
trench 910C (which are adjacent trenches) is approximately
equal to a pitch R15 between trench 910E and trench 910F
(which are adjacent trenches). The pitch R14 between the
end trench 910D and end trench 910C can be the less than,
or greater than, the pitch R15 between trench 910E and
trench 910F.

[0213] FIG. 91 is a side cross-sectional view cut along line
Q8 (shown in FIG. 9A) through the main trench portions 912
orthogonal to the plurality of trenches 910. In this imple-
mentation, the gate runner conductor 952 is disposed above
the plurality of trenches 910, and the line Q8 intersects along
a relatively shallow portion of the interior trenches 917 from
the plurality of trenches 910. Both end trench 910D and
910C (i.e., end trenches 913) include a dielectric without a
shield electrode, while the remainder of the plurality of
trenches 910 along this cutline Q9 (which includes the
interior trenches 917) each include a shield electrode. Also,
the depth R12 of end trenches 910D, 910C is greater than a



US 2017/0012099 Al

depth of the remainder of the trenches (e.g., non-end
trenches, interior trenches 917), which include shield elec-
trodes.

[0214] As mentioned above, in this implementation, the
widths of the plurality of trenches 910 in the trench exten-
sion portions are the same as the widths of the plurality of
trenches 910 in the main trench portions. Also, each of the
widths of the plurality of trenches 910 is the same across the
plurality of trenches 910 within the main trench portions.
For example, as shown in FI1G. 91 the end trench 910D in the
main trench portion has a width R13 that is approximately
equal to the width R8 of the main trench portion of trench
910E. The end trench 910D can have a width in the main
trench portion that is greater than, or less than, the width R8
of the main trench portion of trench 910E.

[0215] FIG. 9] is a side cross-sectional view cut along line
Q9 (shown in FIG. 9A) through the main trench portions 912
orthogonal to the plurality of trenches 910 between the gate
runner conductor 952 and the source runner conductor 954.
Different types of interior trenches 917 from the plurality of
trenches 910 are included in this view. The end trenches 913
include a dielectric without a shield electrode, while the
remainder of the plurality of trenches 910 along this cutline
Q9 each include at least a shield electrode. Specifically, both
trench 910G and 910K, which can be referred to as transition
region trenches 915 (which are included in the interior
trenches 917), include a shield electrode that is grounded
and each does not include a gate electrode. The remaining
trenches (excluding the end trenches 913 and the transition
region trenches 915) each includes a gate electrode as well
as a shield electrode.

[0216] The end trenches 913 can include less than two
trenches or more than two trenches, and the transition region
trenches 915 can include less than two trenches or more than
two trenches. For example, the transition region trenches
915 can be excluded or converted to an active trench. In such
implementations, the end trench 910C can be in contact with
an active trench. Such an implementation is illustrated in, for
example, FIG. 9E (and are described in connection with
additional variations to semiconductor device 900 below).

[0217] As shown in FIG. 9E, the end trench 910C is in
contact with or overlaps in parallel with the active trench
910G In other words, a profile of the end trench 910C
(shown with a dashed line) intersects (e.g., overlaps, con-
tacts) a profile of the active trench 910G (shown with a
dashed line). Accordingly, the active trench 910G is self-
aligned to the end trench 910C. Similar structures are
described and shown in other variations, however, the trench
profiles are not shown in all of the figures. In FIG. 9E, a
surface shield conductor and a surface gate conductor are
excluded.

[0218] The shield electrodes included in the transition
region trenches 915 can be electrically floating. Trenches
910C, 910D, 910G and 910K, which are trenches entirely
disposed (along the longitudinal axis D1 within the termi-
nation region 904, can be referred to as termination trenches
918.

[0219] In this implementation, the mesa region 960G (and
the well dopant region 962G) can be a grounded or electri-
cally floating mesa region. The mesa region 960G (and the
well dopant region 962G) can be coupled to a source
potential. In such implementations, a source contact such as
source contact 957 can be coupled to the mesa region 960G
In some implementations, a mesa region between one or
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more end trenches such as the end trenches 913 and/or a
mesa region between transition region trenches such as the
transition region trenches 915 can be electrically floating or
grounded. The mesa region between the one or more tran-
sition region trenches can be coupled to a source potential.
Also, in some implementations, a mesa region disposed
between the transition region trenches 915 and the end
trenches 913 can be electrically floating.

[0220] FIG. 9K is a side cross-sectional view of the main
trench portions 912 of the plurality of trenches 910 cut along
line Q10 shown in FIG. 9A through the termination region
904 and into the active region 902. A portion of the cross-
sectional view of the plurality of trenches 910 is included in
the termination region 904 and a portion of the cross-
sectional view of the plurality of trenches 910 is included in
the active region 902.

[0221] Because the width of the end trench 910D is
substantially constant along the longitudinal axis D1, in this
implementation, the width R13 of the end trench 910D
(shown in FIG. 9K) is the same along cut line Q10 as along,
for example, cut line Q7 (shown in FIG. 9H). Similarly, the
width of at least some of the trenches such as, for example,
trench 910C and trench 910E is constant (substantially
constant) along the longitudinal axis D1.

[0222] As shown in FIG. 9K, the trenches from the
plurality of trenches 910 that include source implants ther-
ebetween can be referred to as active device trenches 919.
Because the general structure of the active device trenches
919, the partially active gate trench, the termination trenches
918, the source implants, and so forth are similar to those
shown in FIG. 31, these features will not be described again
here in connection with FIG. 9K except as otherwise noted.
Although not shown in FIG. 9K, the end trenches 910D
and/or 910C can include at least a portion of a shield
electrode (e.g., arecessed shield electrode, a shield electrode
with a thick bottom oxide disposed below, an electrically
floating shield electrode, a shield electrode coupled to a
source potential (e.g., via the source conductor runner 954)
or a gate potential (e.g., via the gate conductor runner 952)).
[0223] FIG. 9L is a variation of FIG. 9B. As shown in FIG.
9B, length R17 extends between an edge (not labeled) of the
dielectric 970A and edge 941 such that portion 971 A (shown
in FIG. 9B) is excluded. In some implementations, portion
971A can be included. As shown in FIG. 9L, the semicon-
ductor device 900 includes a dielectric portion 974A (which
can also be referred to as protrusion dielectric and is
illustrated in FIG. 9L with a dashed line) that is recessed
(similar to or the same as the dielectric disposed above the
recessed portion 936G of the shield electrode 930G shown
in FIG. 12H). Accordingly, a portion of the shield electrode
930A is recessed below the dielectric portion 974A. The
dielectric portion 974A intersects (e.g., is in contact with,
overlaps), or is a part of, the portion 972A of the dielectric
970A included in the trench extension portion 914A (or
intersects a profile (which is not shown with a dashed line in
this figure) of the trench extension portion 914A). The depth
of the recess of the shield electrode 930A below dielectric
portion 974A is approximately at a same depth as a bottom
surface of the inter-electrode dielectric 940. As shown in
FIG. 9B, the shield electrode 930G (from the left to right) is
recessed (e.g., first recess) below dielectric portion 974A, is
not recessed (e.g., protrudes vertically, extends up to a top of
the trench 910A) between an edge 943 of the dielectric
portion 974 A and the edge 941 of the inter-electrode dielec-
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tric 940, and then is also recessed (e.g., second recess) below
inter-electrode dielectric 940. FIG. 9M is a diagram that
illustrates trench 910G including dielectric 974G (which can
be referred to as a protrusion dielectric), which corresponds
with dielectric 974A shown in FIG. 9L. Many of the other
features of the semiconductor device 900, such as the edge
964A of the well dopant region 962A shown in FIG. 9C, can
be integrated with the features shown in FIGS. 9L and 9M.
[0224] The dielectric 974A (and similar protrusion dielec-
trics shown in other implementations) can eliminate a high
electric field near the end of the trench 910A, thus increasing
stability, reliability, and breakdown voltage of the semicon-
ductor device 900 (and associated termination region 904).
The dielectric 974A can also mitigate high lateral electric
fields toward the end of the trench 910A (along direction D1
toward the left and near the portion 972A of the dielectric
970A) that could be due to relatively light surface doping
concentrations near the end of the trench 910A.

[0225] FIGS. 10A through 100 are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device 900 shown in FIGS. 9A through 9N. Accord-
ingly, the reference numerals and features included in FIGS.
9A through 9N are generally maintained and some features
are not described again in connection with FIGS. 10A
through 100.

[0226] In FIGS. 10A through 100, a perimeter trench
910L similar to the end trench 910C is disposed within the
semiconductor device 900. The perimeter trench 910L
includes a portion aligned along the longitudinal axis D1
that is included within the plurality of trenches 910. The
perimeter trench 910L is different from the perimeter
trenches 990A, 990B because the perimeter trench 910L is
filled with the dielectric (and excludes a shield electrode)
while the perimeter trenches 990A, 990B each include a
shield electrode.

[0227] Also, as shown in FIGS. 10A through 100, the end
trench 910C is coupled to a transverse trench 983A. The end
trench 910C and the transverse trench 983 A can collectively
be referred to as a perimeter trench that has a transverse
portion. The end trench 910C, the transverse trench 983 A,
and/or the perimeter trench 910L can be produced using the
same etching process, or multiple separate etching pro-
cesses.

[0228] The transverse trench 983A is similar to the trans-
verse trench 383 A shown and described in connection with
FIGS. 7A through 7J. Because the transverse trench 983 A is
disposed at the ends of the plurality of trenches 910 (or
parallel trenches). Accordingly, each of the plurality of
trenches 910 is not bisected into trench extension portions
and main trench portions as discussed in connection with
FIGS. 9A through 9N. Specifically, the transverse trench
983A as shown in FIG. 9A is aligned parallel to the
perimeter trenches 990A, 990B, 910L (along the longitudi-
nal axis D2), but is disposed between the termination trench
990A, 990B, 910L and the ends of the plurality of trenches
910, which are orthogonally aligned to the transverse trench
983A. The side cross-sectional views along the different cuts
included in FIGS. 10B through 100 are not necessarily
drawn to the same scale (e.g., numbers of trenches, etc.) as
the plan view shown in FIG. 10A.

[0229] FIG. 10B is a diagram that illustrates a side cross-
sectional view of the semiconductor device 900 cut along
line Q1. The cut line Q1 is approximately along a centerline
of the trench 910A so that the side cross-sectional view of
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the semiconductor device 900 is along a plane that approxi-
mately intersects a center of the trench 910A. As shown in
FIG. 10B, the trench 910A includes a dielectric 970A
disposed therein. Specifically, a portion of the dielectric
970A is coupled to (e.g., lines, is disposed on) a sidewall and
a portion of the dielectric 970A is coupled to a bottom
surface of the trench 910A within the main trench portion
912A of the trench 910A.

[0230] As shown in FIG. 10B, a gate electrode 920A and
aportion 931A of a shield electrode 930 A are disposed in the
trench 910A that is included in the active region 902 of the
semiconductor device 900. The gate electrode 920A and the
shield electrode 930A are separated by (e.g., insulated by) at
least a portion of the inter-electrode dielectric 940. A portion
933 A of the shield electrode 930A is also disposed in the
trench 910A and insulated from the epitaxial layer 908 by
the dielectric 970A. The portion 933 A of the shield electrode
930A can be referred to as a termination region portion of
the shield electrode, and the portion 931A of the shield
electrode 930A can be referred to as an active region portion
of the shield electrode.

[0231] A dielectric portion 976A is disposed within the
transverse trench 983A. The dielectric portion 976 A of the
transverse trench 983A is coupled to the dielectric 970A
included in the trench 910 A. The dielectric portion 976 A and
the dielectric 970A can be formed using one or more
different dielectric formation processes (e.g., a thermal
dielectric formation process, a deposition process). Accord-
ingly, the dielectric portion 976A and the dielectric 970A can
be different dielectrics.

[0232] The perimeter trench 9101 and the transverse
trench 983 A have a depth R1 that is greater than a thickness
R2 of a portion of the dielectric 970A included in the trench
910A. The perimeter trenches 990A, 990B have a depth R5
that is approximately equal to a depth R3 of the trench 910A.
The depth R5 of the perimeter trenches 990A, 990B is less
than the depth R1 of the perimeter trench 910L. and the
transverse trench 983A. The depth of one or more of the
perimeter trenches 990A, 990B can be less than or greater
than the depth of the transverse trench 983 A and/or the depth
of the perimeter trench 910L. The depth of one or more of
the perimeter trenches 990A, 990B can be greater than or
equal to the depth of the trench 910A. Although not shown,
the transverse trench 983 A can have a depth that is approxi-
mately equal to the depth R3 of the trench 910A.

[0233] The width of one or more of the perimeter trenches
990A, 990B can be approximately the same as or different
than (e.g., narrower than, wider than) the width of the
plurality of trenches 910, the width of the transverse trench
983 A, and/or the width of the perimeter trench 910L. The
perimeter trench 910L can have a width R19 greater than a
width R20 of the perimeter trench 990A. Similarly, the
transverse trench 983A can have a width R21 greater than
the width R20 of the perimeter trench 990A. Although the
cross-sectional dimensions of the transverse trench 983A
and the cross-sectional dimensions of the perimeter trench
910L are approximately the same, the cross-sectional dimen-
sions can be different.

[0234] In this implementation, the portion 933A of the
shield electrode 930A is in contact with a dielectric portion
976 A disposed within the transverse trench 983A. Also, the
portion 933A of the shield electrode 930A is insulated from
the interlayer dielectric 992 by a dielectric portion 977A.
The dielectric portion 977A is disposed below the gate
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runner conductor 952, and has a thickness that is less than
a thickness of the field dielectric 974. The gate electrode
920A can be referred to as having a first portion that is
recessed relative to a bottom surface of the ILD 992 below
the field dielectric 974 compared with a second portion that
is recessed to a lesser degree (or not recess at all) relative to
the bottom surface of the ILD 992 and disposed below the
dielectric portion 977A. In other words, the gate electrode
920A can include a first recessed portion (which can be
disposed below the dielectric portion 977A and below the
gate runner conductor 952) and a second recessed portion
(which can have at least a portion disposed below the field
dielectric 974 and below the source runner conductor 954).
[0235] The dielectric portion 977A can be a portion of the
field dielectric 974. The dielectric portion 977A can be
disposed around (e.g., can define a perimeter around) the via
951. The dielectric portion 977A can be in contact with or
can be disposed on the gate dielectric portion 942.

[0236] In this implementation, the transverse trench 983A
can be used for self-aligned etching of one or more of the
plurality of trenches 910. Specifically, a first mask used to
form the transverse trench 983A can overlap with a second
mask used to form the plurality of trenches 910. Accord-
ingly, misalignment of the first mask and the second mask
may not be problematic because of the overlap, which will
result in the transverse trench 983A still intersecting with
one or more of the plurality of trenches 910 (or the ends
thereof). An illustration of the overlap (from a masking
perspective) is shown in FIG. 10L. As shown in FIG. 10L,
ends 929 of the plurality of trenches 910 intersect with the
transverse trench 983A.

[0237] Referring back to FIG. 10B, in this implementa-
tion, the perimeter trench 9101 and the transverse trench
983A each exclude a shield dielectric. Although not shown,
in some implementations, at least a portion of the perimeter
trench 9101 and/or at least a portion of the transverse trench
983A can include a portion of a shield electrode (e.g.,
electrically floating shield electrode, a recessed shield elec-
trode).

[0238] FIG. 10C is a side cross-sectional view of the mesa
region 960A cut along line Q2. In this cross-sectional view,
the well dopant region 962A extends below the source
runner conductor 954 and below the gate runner conductor
952. In this implementation, the well dopant region 962A
contacts the dielectric portion 976A included in the trans-
verse trench 983A. In accordance with prior examples, an
area where the well dopant region 962 A could be expanded
is illustrated with line 961.

[0239] As mentioned above, an area where the well dopant
region 962A could be expanded is illustrated with line 961.
In other words, the well dopant region 962A can be
expanded up to (e.g., can extend to, can be disposed up to
and abut or contact) one or more of the perimeter trenches
990A, 990B. The well dopant region can be expanded
beyond (e.g., can extend beyond, can be disposed beyond)
one or more of the perimeter trenches 990A, 990B. The line
961 is illustrated in additional figures associated with FIGS.
10A through 10K.

[0240] The well dopant region 962A can be truncated to
(e.g., can extend to, can be disposed up to and abut or
contact) end between the left edge of gate electrode 920A
and left edge of shield electrode 933A.

[0241] Similar structures and features are illustrated in the
cross-sectional view of the mesa region 960G cut along line
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Q3 as illustrated in FIG. 10G In FIG. 10G, the mesa region
960G is entirely disposed within the termination region 904.
Accordingly, the source runner conductor 954 has a sub-
stantially flat bottom surface that can be insulated from (e.g.,
does not contact) the mesa region 960G The source runner
conductor 954 can be configured to come in contact with at
least a portion of the mesa region 960G using, for example,
one or more vias.

[0242] FIG. 10D is a side cross-sectional view of a varia-
tion of the trench 910A of the semiconductor device 900 cut
along line Q1. In this implementation, the shield electrode
930A is in contact with the dielectric portion 976 A included
in the transverse trench 983A. The shield electrode 930A,
however, has a constant thickness R22 along the longitudi-
nal axis D1 of the trench 910A. In this implementation, the
termination region 904 is approximately aligned along a side
wall of the transverse trench 983A. Also, the shield electrode
930A is disposed entirely within the active region 902, rather
than having a first portion disposed in the termination region
904 and a second portion disposed in the active region 902.
Also, the gate dielectric portion 942 of the IED 940 is in
contact with the dielectric portion 976A included in the
transverse trench 983A. In such implementations, the gate
dielectric portion 942 of the IED can be referred to as, and
can function as, a protrusion dielectric (similar to, for
example, protrusion dielectric 974 A shown in FIG. 9L).
[0243] FIGS. 10E and 10F illustrates side cross-sectional
views that are variations of the trench structure of trench
910A illustrated in FIG. 10A. As shown in FIG. 10E, gate
electrode 920A is recessed to a lesser extent than the gate
electrode 920A shown in FIG. 10F. Accordingly, the field
dielectric 974 disposed between the gate electrode 920A and
the interlayer dielectric 992 is thinner in FIG. 10E than in
FIG. 10F.

[0244] Within FIG. 10E, a first portion of the field dielec-
tric 974 within the active region 902 has a thickness that is
less than a thickness of a second portion of the field
dielectric 974 included in the termination region 904. Also
as shown in FIG. 10E, the field dielectric 974 has a relatively
constant thickness along a top surface of the gate electrode
920A.

[0245] Within FIG. 10F, a first portion of the field dielec-
tric 974 within the active region 902 has a thickness that
approximately the same as a thickness of a second portion of
the field dielectric 974 included in the termination region
904. In FIG. 10F, the field dielectric 974 has a third portion
disposed above the portion 933A of the shield dielectric
930A (and below the ILD 992) that has a thickness is less
than the thickness of the first portion of the field dielectric
974 and/or the first portion of the field dielectric 974. Also
as shown in FIG. 10E, the field dielectric 974 has a relatively
constant thickness along a top surface of the gate electrode
920A. The features illustrated in FIGS. 10B, 10D, 10E, and
10F, can be combined in any combination except for mutu-
ally exclusive combinations.

[0246] FIG. 10H is a side cross-sectional view of the
trench 910G which is cut along line Q4 shown in FIG. 10A.
In this implementation, the trench 910G is entirely disposed
within the termination region 904. As shown in FIG. 10H,
the shield electrode 930G has a thickness that extends from
the dielectric 970G along a bottom of the trench 910G to the
field oxide 974. The field oxide 974 can be aligned along
plane D4. The shield electrode 930G disposed within the
trench 910G can be recessed.
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[0247] FIG. 101 is a side cross-sectional view of a mesa
region 960G adjacent to the end trench 910C, which is cut
along line Q5 shown in FIG. 10A. In this implementation,
the mesa region 960G is disposed outside of the doping
region 938. Accordingly, a well dopant region is excluded
from the mesa region 960G.

[0248] FIG. 10] is a side cross-sectional view of the end
trench 910C, which is cut along line Q6 shown in FIG. 10A.
The end trench 910C has a dielectric 970C disposed therein.
Although not shown, in some implementations, at least a
portion of the end trench 910C can include a shield elec-
trode. The end trench 910C can have a length (along the
longitudinal direction D1) that is approximately the same as
a length of, for example, the trench 910A.

[0249] FIG. 10K is a side cross-sectional view of the
transverse trench 983 A, which is cut along line Q7 (along
longitudinal axis D2) shown in FIG. 10A. The transverse
trench 983A has a dielectric 973A disposed therein (e.g.,
from a bottom of the transverse trench 983 A to a top of the
transverse trench 983A). Although not shown, in some
implementations, at least a portion of the transverse trench
983A can include a shield electrode. The transverse trench
983 A can have a length (along the longitudinal direction D1)
that is approximately the same as a length of, for example,
the trench 910A.

[0250] FIG. 10M is a variation of FIG. 10H. As shown in
FIG. 10M, the semiconductor device 900 includes a dielec-
tric portion 974G that is recessed (similar to or the same as
the dielectric disposed above the shield electrode 930G
shown in FIG. 9M). Accordingly, a portion of the shield
electrode 930G is recessed below the dielectric portion
974G (e.g., protrusion dielectric) and the dielectric portion
974G is coupled to the dielectric portion 976A included in
the transverse trench 983A. Yet another variation of the
semiconductor device 900, which includes a dielectric por-
tion 974A (that corresponds with dielectric portion 974G
shown in FIG. 10M), is shown in FIG. 100. FIG. 100 is a
variation of FIG. 10B, and portion 933A of the shield
electrode 930A is excluded.

[0251] FIG ION illustrates another variation on the semi-
conductor device 900. As shown in FIG. 10N, an edge 964G
of the well dopant region 962A is separated from the
transverse trench 983A (e.g., a sidewall of the transverse
trench 983A) by a gap (e.g., a semiconductor region) having
a length R24. The length R24 can be less than or equal to
length R25 (shown in FIG. 10M or 100), or greater than
length R25. The length R24 can be less than or equal to
length R29 (shown in FIG. 10E from the transverse trench
983A to an edge of the gate electrode 920A, or greater than
length R29. The length R29 is also shown in other figures
such as FIG. 10F. In this implementation, for desirable
charge balancing, a length R24 (which can be referred to as
a lateral balance length) is equal to or greater than depth R3
(shown in FIG. 10B, 10D, 10E, 10F, & 100).

[0252] The general features of cross-sections along lines
Q8 through Q10 in this implementation associated with FIG.
10A are similar to the features along cut lines Q8 through
Q10 illustrated in FIGS. 91 through 9K and 9N. Accord-
ingly, cross-sectional diagrams along lines Q8 through Q10
are not shown in connection with FIG. 10A.

[0253] FIGS. 11A through 11E are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device 900 shown in FIGS. 9A through 9N and FIGS.
10A through 100. Accordingly, the reference numerals and

Jan. 12, 2017

features included in FIGS. 9A through 9N and FIGS. 10A
through 100 are generally maintained and some features are
not described again in connection with FIGS. 11A through
11E. Specifically, FIGS. 11B through 11E illustrate varia-
tions along cut lines Q8 through Q10, respectively.

[0254] As shown in FIG. 11A, the perimeter trench 910L
includes a portion aligned along the longitudinal axis D1
that is included within the plurality of trenches 910. The
perimeter trench 910L is different from the perimeter
trenches 990A, 990B because the perimeter trench 910L is
filled with the dielectric (and excludes a shield electrode)
while the perimeter trenches 990A, 990B each include a
shield electrode.

[0255] Also, as shown in FIGS. 11A through 11M, the end
trench 910C is coupled to a transverse trench 983A. The end
trench 910C and the transverse trench 983 A can collectively
be referred to as a perimeter trench that has a transverse
portion.

[0256] In this implementation, at least a portion of the end
trench 910C is coupled to (e.g., overlaps with) trench 910G,
which is the outermost of the interior trenches 917. The end
trench 910C and the trench 910G are coupled along the
longitudinal axis D1. Accordingly, a mesa region between
end trench 910C and trench 910G is excluded from the
semiconductor device 900. In other words, end trench 910C
and trench 910G are combined to form a single trench
structure.

[0257] FIG. 11B is a side cross-sectional view cut along
line Q8 (shown in FIG. 11A) through the main trench
portions 912 orthogonal to the plurality of trenches 910. In
this implementation, the gate runner conductor 952 is dis-
posed above the plurality of trenches 910, and the line Q8
intersects along a relatively shallow portion of the interior
trenches 917 from the plurality of trenches 910. Both end
trench 910L and 910C (i.e., end trenches 913) include a
dielectric without a shield electrode, while the remainder of
the plurality of trenches 910 (which includes the interior
trenches 917) along this cutline Q8 each include a shield
electrode. Also, the depth R12 of end trenches 910L, 910C
is greater than a depth of the remainder of the trenches (e.g.,
non-end trenches, interior trenches 917), which include
shield electrodes.

[0258] As shown in FIG. 11B, the end trench 910C is
coupled to the trench 910G In other words, a profile of the
end trench 910C intersects with or overlaps a profile of the
active trench 910G The trench 910G has a depth R23 that is
shallower than the depth R12 of the end trench 910C. Also,
the trench 910G includes a shield electrode (along the
cross-sectional centerline of the trench 910G) while the end
trench 910C does not include a shield electrode (e.g.,
excludes a shield electrode, includes a dielectric along the
cross-sectional centerline of the trench 910C). The end
trench 910C can include a shield electrode (e.g., a recessed
electrode, electrically floating shield electrode, etc.). The
trench 910G can be filled with a dielectric (along the
cross-sectional centerline of the trench 910G) such that the
shield electrode is excluded from at least this cross-sectional
view of the trench 910G

[0259] The single trench structure defined by end trench
910C and trench 910G can have two recesses or trench
bottoms (or dimples) where the depth of one of the trenches
from the single trench structure is greater than a depth of the
other trench (or adjacent or coupled trench) from the single
trench structure. In the implementation shown in FIG. 11B
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the depth of trench 910C is is greater than trenches 910G &
910K. Although not shown, the depth of trench 910G can be
greater than trench 910C, the depth of trench 910G can be
great than trench 910K, or the depth of trench 910G can be
great than both trenches 910K & 910C. Because the two
trench structures overlap, the combined trenches (e.g.,
trench 910G and end trench 910C) can define a point 911 (or
apex). The overlapping of trenches such as trenches 910G
and 910C can be included in any of the embodiments
described herein such as those associated with FIGS. 3A
through 71, 9A through 100, and/or 12A through 17J.

[0260] As shown in FIG. 11B, the mesa regions between
the interior trenches 917 include well dopant regions. In this
implementation, the mesa region 960G (and the well dopant
region 962G) can be a grounded or electrically floating mesa
region. The mesa region 960G (and the well dopant region
962G) can be coupled to a source potential. In some imple-
mentations, a mesa region between one or more end trenches
such as the end trenches 913 and/or a mesa region between
transition region trenches such as the transition region
trenches 915 can be electrically floating or grounded. The
mesa region between the one or more end trenches and/or
the mesa region between transition region trenches can be
coupled to a source potential. Also, in some implementa-
tions, a mesa region disposed between the transition region
trenches 915 and the end trenches 913 can be electrically
floating or grounded. The mesa region disposed between the
transition region trenches 915 and the end trenches 913 can
be coupled to a source potential.

[0261] Inthis implementation, the width of each of the end
trenches 913 is greater than the width of the interior trenches
917. For example, as shown in FIG. 11B the end trench 910L
in the main trench portion has a width R26 that is greater
than the width R8 of the main trench portion of trench 910E.
Also, as shown in FIG. 11B, a width R27 of the combination
of the end trench 910C and the trench 910G is greater than
the width R26 of the end trench 910L. Although not shown,
the end trench 910C and/or the trench 910G can have a
width that is defined so that the width R27 of the combina-
tion of the end trench 910C and the trench 910G is equal to
or less than the width R26 of the end trench 910L. In other
implementations the width of trench 910G can be greater
than or less than trench 910K.

[0262] FIG. 11C is a side cross-sectional view cut along
line Q9 (shown in FIG. 11A) through the main trench
portions 912 orthogonal to the plurality of trenches 910
between the gate runner conductor 952 and the source
runner conductor 954. Different types of interior trenches
917 from the plurality of trenches 910 are included in this
view. The end trenches 913 include a dielectric without a
shield electrode, while the remainder of the plurality of
trenches 910 along this cutline Q9 each include at least a
shield electrode. Specifically, both trench 910G and 910K,
which can be referred to as transition region trenches 915
(which are included in the interior trenches 917), include a
shield electrode that is grounded and each does not include
a gate electrode. The remaining trenches (excluding the end
trenches 913 and the transition region trenches 915) each
includes a gate electrode as well as a shield electrode.
Because many of the features described above with respect
to cut line Q9 apply in this implementation, they will not be
described again here.

[0263] FIG. 11D is a side cross-sectional view of the main
trench portions 912 of the plurality of trenches 910 cut along
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line Q10 shown in FIG. 11 A through the termination region
904 and into the active region 902. A portion of the cross-
sectional view of the plurality of trenches 910 is included in
the termination region 904 and a portion of the cross-
sectional view of the plurality of trenches 910 is included in
the active region 902. Because many of the features
described above with respect to cut line Q10 apply in this
implementation, they will not be described again here.

[0264] FIG. 11E is a side cross-sectional view of a varia-
tion of FIG. 11D that includes a recessed shield electrode in
trench 910G Such recessed shield electrodes can be included
in one or more of the trenches (e.g., trench 910G, 910K,
9101, and/or so forth illustrated in, for example, FIGS. 11B
through 11D). Although not shown in FIG. 11E, in some
implementations, one or more of trench 910G and 910K can
be active trenches (which include a gate electrode and a
shield electrode).

[0265] FIGS. 12A through 12L. are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device 900 described above. Accordingly, the refer-
ence numerals and features described above in connection
with semiconductor device 900 are generally maintained and
some features are not described again in connection with
FIGS. 12A through 12L.. The perimeter trench 910L (shown
in FIGS. 10A through 11E), although excluded in the
implementations shown in FIGS. 12A through 12L, can be
optionally included.

[0266] As shown in FIGS. 12A through 12L, the end
trench 910C is coupled to the transverse trench 983A. The
end trench 910C and the transverse trench 983A can col-
lectively be referred to as a perimeter trench that has a
transverse portion. The end trench 910C and/or the trans-
verse trench 983 A can be produced using the same etching
process, or multiple separate etching processes.

[0267] FIG. 12B is a diagram that illustrates a side cross-
sectional view of the semiconductor device 900 cut along
line Q1. The trench 910A includes the dielectric 970A
disposed therein. As shown in FIG. 12B, the gate electrode
920A and the shield electrode 930A are disposed in the
trench 910A, and are separated by (e.g., insulated by) at least
a portion of the inter-electrode dielectric 940. In this imple-
mentation, a shield electrode 989A is disposed within the
transverse trench 983A. In FIG. 12B, the shield electrode
930A has approximately a constant thickness. The shield
electrode 930A can have a thickness that varies along
longitudinal axis D1.

[0268] The dielectric portion 976A disposed within the
transverse trench 983 A has a bottom thickness R31 that is
approximately equal to the thickness R2 of the dielectric
970A included in the trench 910A. The thickness R31 is
measured along a centerline of the transverse trench 983A
and is measured between a bottom surface of the shield
electrode 989 A disposed within the transverse trench 983 A
and a bottom surface of the transverse trench 983A. The
thickness R31 can be different than (e.g., greater than, less
than) the thickness R2.

[0269] The dielectric portion 976A of the transverse trench
983 A is coupled to the dielectric 970A included in the trench
910A. The dielectric portion 976 A and the dielectric 970A
can be formed using one or more different dielectric forma-
tion processes (e.g., a thermal dielectric formation process,
a deposition process). Accordingly, the dielectric portion
976A and the dielectric 970A can be different dielectrics.
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[0270] FIG. 12C is a side cross-sectional view of the mesa
region 960A cut along line Q2. In this cross-sectional view,
the well dopant region 962A extends below the source
runner 954 and below the gate runner conductor 952. In this
implementation, the well dopant region 962A contacts the
dielectric portion 976A included in the transverse trench
983A. The edge 964A of the well dopant region 962A is
separated (by a gap (e.g., a semiconductor region)) from the
transverse trench 983A similar to that shown in, for
example, FIG. 10N. In this implementation, for desirable
charge balancing, the separation (which can be referred to as
a lateral balance length) is equal to or greater than depth R3
(shown in FIG. 12B, 12D, 12E, & 12G).

[0271] Similar structures and features are illustrated in the
cross-sectional view of the mesa region 960G cut along line
Q3 as illustrated in FIG. 12F. In FIG. 12F, the mesa region
960G is entirely disposed within the termination region 904.
The edge 964G of the well dopant region 962G is separated
(by a gap (e.g., a semiconductor region)) from the transverse
trench 983 A similar to that shown in, for example, FIG. 10N.
[0272] FIG. 12D is a side cross-sectional view of a varia-
tion of the trench 910A of the semiconductor device 900 cut
along line Q1. In this implementation, the shield electrode
930A and the gate electrode 920A have a configuration
similar to that shown in FIG. 10B. In addition to the features
described in connection with FIG. 10B, this cross-sectional
view illustrates that the gate electrode 920A can optionally
have a constant thickness without a recessed portion. The
portion 933A of the shield electrode 930A has a vertical
height (or top surface) within the trench 910A higher than a
top surface of the portion 931A of the shield electrode 930A,
which is recessed within the trench 910A. The portion 933A
of the shield electrode 930A also has a thickness (e.g.,
vertical thickness) within the trench 910A greater than a
thickness of the portion 931A of the shield electrode 930A.
The portion 933 A extends vertically along a profile (e.g., a
sidewall profile) of the transverse trench 983A (illustrated
with a dashed line). The portion 933 A of the shield electrode
930A has a portion is disposed between an edge of the gate
electrode 920A (and the gate dielectric portion 942) and the
transverse trench 983A.

[0273] FIG. 12E is a side cross-sectional view of another
variation of the trench 910A of the semiconductor device
900 cut along line Q1. In this implementation, the shield
electrode 930A and the gate electrode 920A have a configu-
ration similar to that shown in FIG. 12B. In addition to the
features described in connection with, for example, FIG.
10B and FIG. 12B, this cross-sectional view illustrates that
the shield electrode 989 A can optionally be a recessed shield
electrode (or a non-recessed electrode (not shown)). As
shown in FIG. 12E, the gate electrode 920 A has an edge that
intersects (e.g., contacts, overlaps) the transverse trench
983A. Also, the shield electrode 930A has an edge that
intersects (e.g., contacts, overlaps) the transverse trench
983A. The edge of the gate electrode 920A is aligned
vertically with the edge of the shield electrode 930 A, and the
edge of the gate electrode 920A and the edge of the shield
electrode 930A are aligned vertically with a sidewall (e.g.,
a sidewall profile shown with a dashed line) of the transverse
trench 983A.

[0274] FIG. 12G is a side cross-sectional view of another
variation of trench 910G of the semiconductor device 900
cut along line Q4. In this implementation, the shield elec-
trode 930A has a configuration similar to that shown in FIG.
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10H. In addition to the features described in connection
with, for example, FIG. 10H, this cross-sectional view
illustrates that the shield electrode 989A can optionally be a
recessed shield electrode (or a non-recessed electrode (not
shown)).

[0275] FIG. 12H is a side cross-sectional view of another
variation of trench 910G of the semiconductor device 900
cut along line Q4. In this implementation, the shield elec-
trode 930G has a recessed portion 936G and a non-recessed
portion 937G the recessed portion 936G of the shield
electrode 930G has a thickness R33 that is less than a
thickness R34 of the non-recessed portion 937G of the
shield electrode 930G As shown in FIG. 12H, the field
dielectric 974 as a portion with a thickness above (e.g.,
between the recessed portion 936G and the ILD 992) the
recessed portion 936G of the shield electrode 930G that is
greater than a thickness of the field dielectric 974 above the
non-recessed portion 937G of the shield electrode 930G
(e.g., between the non-recessed portion 937G and the ILD
992).

[0276] Shown in FIG. 12H, a top surface of the recessed
portion 936G can be aligned (e.g., horizontally aligned)
approximately with a top surface of the shield electrode
989A (which is illustrated by a dashed line). However, a
bottom surface of the shield electrode 989A can be deeper
than a bottom surface of the portion 936G of the shield
electrode 930G. The bottom surface of the shield electrode
989A can be approximately the same as, or less than, the
bottom surface of the portion 936G of the shield electrode
930G The top surface of the recessed portion 936G may not
be aligned with the top surface of the shield electrode 989A.
The shield electrode 989A can optionally be a non-recessed
electrode (not shown).

[0277] In some implementations, a length R35 of the
recessed portion 936G of the shield electrode 930G (below
and corresponding with dielectric portion 974G which can
be referred to as a protrusion dielectric) can be disposed
within the termination region 904. In this implementation,
the length R35 of the recessed portion 936G of the shield
electrode 930G has at least a first portion that is disposed
below (e.g., vertically disposed below) the gate runner
conductor 952 and a second portion that is disposed below
(e.g., is vertically disposed below) the source runner con-
ductor 954. In some implementation, the length R35 of the
recessed portion 936G of the shield electrode 930G has at
least a first portion that is disposed below (e.g., vertically
disposed below) the gate runner conductor 952 and does not
have a second portion that is disposed below (e.g., is
vertically disposed below) the source runner conductor 954.
The recessed portion 936G can terminate below the gate
runner conductor 952. The length R35 of the recessed
portion 936G of the shield electrode 930G can extend into
the active region 902. Accordingly, in some implementa-
tions, at least a portion of the recessed portion 936G of the
shield electrode 930G can be disposed within the termina-
tion region 904, and a portion of the recessed portion 936G
of the shield electrode 930G can be disposed within the
active region 902. The shield electrode 930G can be
recessed along a relatively large portion of (or nearly an
entirety of) the trench 910G as shown in FIG. 12L.

[0278] FIG. 121 is a side cross-sectional view of the end
trench 910C, which is cut along line Q6 shown in FIG. 12A.
The end trench 910C has a shield electrode 930C and
dielectric 970C disposed therein. The end trench 910C can
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have a length (along the longitudinal direction D1) that is
approximately the same as a length of, for example, the
trench 910C. In this implementation, the dielectric 910C has
pima thickness R37 along an end surface (e.g., a vertical end
surface) of the trench 970C that is approximately equal to
the thickness R31 along the bottom surface of the trench.
The thickness R37 and the thickness R31 can be approxi-
mately the same as the thickness R2 shown in, for example,
FIG. 12B. The thickness R37 and/or the thickness R31 can
be different than (e.g., greater than, less than) the thickness
R2 shown in, for example, FIG. 12B.

[0279] Although not shown in FIG. 121, the shield elec-
trode 930C (or a portion thereof) can be recessed within the
trench 910C. In such implementations, the thickness of the
shield electrode 930C can be less than that shown in FIG.
121. The shield electrode 930C can be electrically floating,
or can be coupled to a source potential via the source runner
conductor 954. Because the features (and options) of the
transverse trench 983A, are nearly identical to those of the
end trench 910C, a cross-sectional view of the transverse
trench 983 A cut along line Q7 is not shown.

[0280] FIG. 12] is a side cross-sectional view cut along
line Q9 (shown in FIG. 12A) orthogonal to the plurality of
trenches 910 between the gate runner conductor 952 and the
source runner conductor 954. Different types of interior
trenches 917 from the plurality of trenches 910 are included
in this view. The end trench 910C include a shield electrode
930C (along a vertical centerline), and the remainder of the
plurality of trenches 910 along this cutline Q9 each include
at least a shield electrode.

[0281] FIG. 12K is a diagram that illustrates a variation of
the portion of the semiconductor device 900 shown in FIG.
12E. As shown in FIG. 12K, the semiconductor device 900
includes a dielectric portion 974A (similar to the portions
(e.g., protrusion dielectrics) described in connection with,
for example, FIGS. 9 and 10). The dielectric portion 974A
is coupled to the dielectric portion 976A included in the
transverse trench 983A.

[0282] FIG. 10N illustrates another variation on the semi-
conductor device 900. As shown in FIG. 10N, an edge 964G
of the well dopant region 962A is separated from the
transverse trench 983A (e.g., a sidewall of the transverse
trench 983 A) by a gap having a length R24. The length R24
can be less than or equal to length R25 (shown in FIG. 10M
or 100), or greater than length R25. The length R24 can be
less than or equal to length R29 (shown in FIG. 10E from the
transverse trench 983A to an edge of the gate electrode
920A, or greater than length R29. The length R29 is also
shown in other figures such as FIG. 10F.

[0283] FIGS. 13A through 13L are diagrams that illustrate
variations on at least some of the features of the semicon-
ductor device 900 shown in FIGS. 9A through 9N. Accord-
ingly, the reference numerals and features included in FIGS.
9A through 9N are generally maintained and some features
are not described again in connection with FIGS. 13A
through 13L.

[0284] As shown in FIGS. 13 A through 131, capacitance
reduction trenches 998 (which include capacitance reduction
trenches 998A through 998E) are disposed below the gate
runner conductor 952. Also as shown in at least FIG. 13A,
surface gate contacts 953 are disposed between the capaci-
tance reduction trenches 998 and the gate runner conductor
952. In this implementation, a surface gate electrode 922 is
included in the semiconductor device 900. A well implant
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(which is defined by the doping region 938A) is at least
partially blocked by the surface gate electrode 992. In some
implementations, at least a portion of the surface electrode
922 can be recessed low a mesa region. In other implemen-
tations the oxide filled trenches are disposed under surface
gate poly in the device gate pad (not shown).

[0285] FIG. 13B is a diagram that illustrates a side cross-
sectional view of the semiconductor device 900 cut along
line Q1. As shown in FIG. 13B, the capacitance reduction
trenches 998 each have a depth that is approximately equal
to the depth R1 of the perimeter trench 9101 and/or the
transverse trench 983A. Each of the capacitance reduction
trenches 998 also has a width that is approximately equal to
the width R19 of the perimeter trench 910L (and the
transverse trench 983A). In some implementations, one or
more of the capacitance reduction trenches 998 can be
formed using the same process that is used to form the
perimeter trench 910L and/or the transverse trench 983A.
[0286] In some implementations, one or more of the
capacitance reduction trenches 998 can have a depth and/or
a width different than the perimeter trench 910L and/or the
transverse trench 983A. For example, one or more of the
capacitance reduction trenches 998 can have a depth and or
a width similar to the perimeter trenches 990A and/or 990B.
In some embodiments, one or more of the capacitance
reduction trenches 998 can include a shield electrode (not
shown).

[0287] An example of one or more of the capacitance
reduction trenches 998 shown in FIG. 13B including shield
electrodes 997 are shown in FIG. 13K. In some implemen-
tations, less than all of the capacitance reduction trenches
998 can include a shield electrode 997. In this implemen-
tation, the shield electrodes 997 are recessed within the
capacitance reduction trenches 998. The shield electrodes
997 may not be recessed within the capacitance reduction
trenches 998. One or more shield electrodes 997 can be
included in one or more of the capacitance reduction
trenches 998 shown in, for example, FIGS. 13C, 13D, 13E,
and/or 13F, A cross-sectional view of the shield electrode
997 along capacitance reduction trench 998E (cut Q6) is
shown in FIG. 13L.

[0288] Referring back to FIG. 13B, a surface gate elec-
trode 922 is disposed between the inter-clectrode dielectric
992 and the capacitance reduction trenches 998. At least a
portion of the epitaxial layer 908 is insulated from the
surface gate electrode 922 by the field dielectric 974. At least
a portion of the field dielectric 974 is disposed between the
surface gate electrode 922 and one or more of the capaci-
tance reduction trenches 998.

[0289] Because the capacitance reduction trenches 998 are
disposed between the gate runner conductor 953 and a drain
(not shown), the capacitance reduction trenches 998 can
reduce a gate to drain capacitance. In some implementations,
one or more capacitance reduction trenches similar to the
capacitance reduction trenches 998 can be formed below, for
example, a gate pad (not shown).

[0290] FIG. 13C is a side cross-sectional view of the mesa
region 960A cut along line Q2. In this cross-sectional view,
the well dopant region 962A extends below the source
runner conductor 954. In this implementation, the well
dopant region 962A contacts the dielectric portion 976 A
included in the transverse trench 983A. In accordance with
prior examples, an area where the well dopant region 962A
could be expanded is illustrated with line 961.
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[0291] As shown in FIG. 13C, well dopant region 962A is
separated from, for example, the transverse trench 983A by
at least a portion of the epitaxial layer 908. In some
implementations, a distance between the well dopant region
962A and the transverse trench 983 A can be less than shown
in FIG. 13C, or greater than shown in FIG. 13C.

[0292] Similar structures and features (as included in FIG.
13C) are illustrated in the cross-sectional view of the mesa
region 960G cut along line Q3 (shown in FIG. 13D). In FIG.
13D, the mesa region 960G is entirely disposed within the
termination region 904.

[0293] FIG. 13E is a side cross-sectional view of the
trench 910G which is cut along line Q4 shown in FIG. 13A.
In this implementation, the trench 910G is entirely disposed
within the termination region 904. As shown in FIG. 13E,
the shield electrode 930G has a thickness that extends from
the dielectric 970G along a bottom of the trench 910G to the
field oxide 974. The field oxide 974 can be aligned along
plane D4. The shield electrode 930G disposed within the
trench 910G can be recessed.

[0294] FIG. 13F is a side cross-sectional view cut along
line Q5 shown in FIG. 13A. At least a portion of this
cross-sectional view intersects the capacitance reduction
trenches, the perimeter trench 9101, and the transverse
trench 983A. Also, at least a portion of this cross-sectional
view is a long trench 910C, which is a dielectric filled
trench.

[0295] FIG. 13G is a side cross-sectional view cut along
line Q6 shown in FIG. 13A. This cross-sectional view is
aligned along capacitance reduction trench 998E. As shown
in FIG. 13G the capacitance reduction trench 998E has an
end 959 that extends in a horizontal direction up to or nearly
to an edge 958 of the gate runner conductor 952 (which is
vertically above the end 959). Accordingly, the end 959 of
the capacitance reduction trench 998E can be disposed
below (e.g., vertically below) at least a portion of the gate
runner conductor 952. In some embodiments, the end 959 of
the capacitance reduction trench 998E can extend beyond
the edge 958 of the gate runner conductor 952 such that the
end 959 of the capacitance reduction trench 998E is not
vertically disposed below an area of the gate runner con-
ductor 952 when view from above. Similarly, the end 959 of
the capacitance reduction trench 998E can be disposed
below, or can extend beyond an area defined by surface gate
electrode 922 when viewed from above.

[0296] FIG. 13H is a side cross-sectional view cut along
line Q7 shown in FIG. 13A. This cross-sectional view is
intersects perimeter trench 910L and is aligned along trans-
verse trench 983A. As shown in FIG. 13H, both the perim-
eter trench 9101 and the transverse trench 983 A are disposed
below the surface gate electrode 922.

[0297] FIG. 131 is a side cross-sectional view cut along
line Q8 (shown in FIG. 13A) orthogonal to the plurality of
trenches 910. In this implementation, the mesa regions
between the interior trenches do not include a well dopant.
In this implementation, the surface gate electrode 922 is
disposed above the plurality of trenches 910, and the line Q8
intersects along a relatively shallow portion of the interior
trenches 917 from the plurality of trenches 910. Both end
trench 910L and 910C (i.e., end trenches 913) include a
dielectric without a shield electrode, while the remainder of
the plurality of trenches 910 (which includes the interior
trenches 917) along this cutline Q8 each include a shield
electrode. Also, the depth R12 of end trenches 910L, 910C
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is greater than a depth of the remainder of the trenches (e.g.,
non-end trenches, interior trenches 917), which include
shield electrodes.

[0298] FIG. 13] is a side cross-sectional view of the
plurality of trenches 910 cut along line Q9 shown in FIG.
13A through the termination region 904 and into the active
region 902. A portion of the cross-sectional view of the
plurality of trenches 910 is included in the termination
region 904 and a portion of the cross-sectional view of the
plurality of trenches 910 is included in the active region 902.
Because many of the features described above with respect
to cut line Q9 apply in this implementation, many elements
will not be described again here.

[0299] As shown in FIG. 13], the well dopant region 962G
is contacted to the source runner conductor 954 using a
source contact 957G Accordingly, the outermost trench
(closest to the perimeter trenches 990A, 990B) from the
interior trenches 917 is in contact with well dopant region
962G which is contacted to the source runner conductor 954
through the source contact 957G In this implementation, the
outermost trench from the interior trenches 917 is trench
910G which is coupled to end trench 910C. In some embodi-
ments, the outermost trench from the interior trenches 917
(which can be adjacent to a well dopant region that is
electrically coupled to a source) can be a standalone trench
that is not coupled to an end trench.

[0300] FIGS. 14A through 14K are side cross-sectional
diagrams that illustrate a method for making one or more
features of a semiconductor device 1400. The semiconduc-
tor device 1400 can be similar to the semiconductor devices
described above. The method can be referred to as a single
hard mask process. The trenches can be aligned along a
longitudinal axis (e.g., longitudinal axis D1) and can be
included in a set of parallel trenches (e.g., the plurality of
trenches 310 shown in FIG. 3A).

[0301] As shown in FIG. 14A, a first mask 1403 is formed
on an epitaxial layer 1408 of a semiconductor substrate (not
shown). A second mask 1404 is formed over at least a
portion of the first mask 1403. In some embodiments, the
first mask 1403 can be a hard mask (e.g., an oxide-based
mask) (rather than a polymeric or other organic material that
can be a soft mask). FIG. 14A illustrates a portion 1411 of
a trench 1410 (shown in FIG. 14B) formed in the epitaxial
layer 1408. The portion 1411 of the trench 1410 can be
associated with a transverse trench, a perimeter trench, a
trench extension portion, and/or so forth.

[0302] After the portion 1411 of the trench 1410 has been
formed, the second mask 1404 is removed, leaving the first
mask 1403. Etching of the portion 1411 and the exposed
region 1407 is commenced to form the trench 1410 shown
in FIG. 14B.

[0303] The processing steps described herein can be modi-
fied such that a transverse trench can be formed within and
in a perpendicular direction to at least a portion of the trench
1410.

[0304] FIG. 14C illustrates formation of a dielectric 1471
within the trench 1410. The first mask 1403 is removed
before the dielectric 1471 is formed within the trench 1410.
[0305] In this embodiment, because the first portion 1414
is narrower than the second portion 1412, the dielectric 1471
can fill the first portion 1414 of the trench 1410 while lining
a sidewall and a bottom surface of the second portion 1412
of the trench 1410. As shown in FIG. 14C, an edge 1472 of
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the dielectric 1471 is offset (e.g., laterally offset) from an
edge 1413 of the first portion 1414 of the trench 1410.
[0306] FIG. 14D illustrates formation of a shield electrode
1430 in the trench 1410. After the shield electrode 1430 has
been formed within the trench 1410, a portion of the shield
electrode 1430 can be removed as shown in FIG. 14E. A
portion of the shield electrode 1430 can be etched to recess
the shield electrode 1430 within the trench 1410. Although
not shown, in some implementations a surface shield elec-
trode can also be formed.

[0307] As shown in FIG. 14F, the shield electrode 1430 is
further recessed within the trench 1410. A dielectric 1476 is
formed as shown in FIG. 14G after a profile of the shield
electrode 1430 has been formed. Although not shown, a gate
dielectric can also be formed after the inter-electrode dielec-
tric 1440 has been formed.

[0308] As shown in FIG. 14H, the inter-electrode dielec-
tric 1440 can be defined and recessed using any combination
of'a CMP process or an etch process. As shown in FIG. 14H,
the inter-electrode dielectric 1440 is recessed within the
second portion 1412 of the trench 1410.

[0309] After a profile of the inter-electrode dielectric 1440
has been formed as shown in FIG. 14H, a gate electrode
1420 can be formed as shown in FIG. 141. The gate electrode
1420 is recessed to form the gate electrode 1420 profile
shown in FIG. 14J. In this implementation, a surface gate
electrode 1422 and a channel stopper 1494 are formed.
[0310] As shown in FIG. 14K, an interlayer dielectric
1492 is formed. A gate runner conductor 1452 and a source
runner conductor 1454 are shown in FIG. 14K. Vias to the
gate runner conductor 1452 and the source runner conductor
1454 can be formed.

[0311] FIGS. 15A through 150 are side cross-sectional
diagrams that illustrate another method for making one or
more features of a semiconductor device 1500. The semi-
conductor device 1500 can be similar to the semiconductor
devices described above. In some implementation, the
method illustrated by FIGS. 15A through 150 can be
referred to as double trench termination process because a
first trench is formed, and a second trench that is self-aligned
with the first trench is later form. The trenches illustrated in
the side cross-sectional diagrams can be aligned along a
longitudinal axis (e.g., longitudinal axis D1) and can be
included in a set of parallel trenches (e.g., the plurality of
trenches 310 shown in FIG. 3A).

[0312] As shown in FIG. 15A, a mask 1503 is formed on
an epitaxial layer 1508 of a semiconductor substrate (not
shown). The epitaxial layer 1508 can be formed within or on
top of the semiconductor substrate. In some embodiments,
the mask 1503 can be a hard mask. FIG. 15A illustrates
termination trenches 1511 (which includes trenches 1511A
through 1511C) formed in the epitaxial layer 1508 using an
etching process through the mask 1503. In some embodi-
ments, one or more of the termination trenches 1511 can be
a transverse trench (e.g., transverse trench 380A shown in
FIG. 3A, transverse trench 383A shown in FIG. 7A), a
perimeter trench (e.g., perimeter trench 390A shown in FIG.
3A, perimeter trench 910L shown in FIG. 9A), a trench
extension portion (e.g., trench extension portion 314A
shown in FIG. 3A), and/or so forth.

[0313] In this implementation, the termination trenches
1511 include three separate termination trenches. In some
implementations, less than three termination trenches (e.g.,
a single termination trench, a pair of termination trenches) or
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a series of termination trenches (such as those shown in FIG.
13) can be formed. In some embodiments, the termination
trench 1511C can be referred to as a transverse trench.
[0314] After the termination trenches 1511 have been
formed, the mask 1503 is removed, and a dielectric 1579 is
formed within the termination trenches 1511 and on a
surface 1507 of the epitaxial layer 1508 as shown in FIG.
15B. In this implementation, portions 1578 (including por-
tions 1578A through 1578D) of the dielectric 1579 are
formed within the termination trenches 1511 and a portion
1577 of the dielectric 1579 is formed on the surface 1507 of
the epitaxial layer 1508. The portions 1578 of the dielectric
1579 can be referred to as dielectric portions.

[0315] In some embodiments, the dielectric 1579 can be
formed using one or more different dielectric formation
processes. For example, a first portion of the dielectric 1571,
which can be an oxide, can be formed using a thermal
growth process, and a second portion of the dielectric 1571
can be formed using a deposition process (e.g., a sub-
atmospheric chemical vapor deposition (SACVD) process),
or vice versa. The dielectric 1579 can include a borosilicate
glass (BSG).

[0316] After the termination trenches 1511 have been
filled with the dielectric portions 1578 of the dielectric 1579,
the portion 1577 of the dielectric 1579 disposed on the
surface 1507 (e.g., a top surface) of the epitaxial layer 1508,
which is aligned along plane D4, is removed. Dielectric
portions 1578 disposed within the termination trenches 1511
and substantially aligned along plane D4 remain within the
termination trenches 1511 and top surfaces of the dielectric
portions 1578 are exposed. For example, one of the dielec-
tric portion 1578A disposed within the termination trench
1511A can have a top surface that is exposed when the
portion 1577 is removed. In some implementations, portion
1577 can be removed using any combination of a wet etch,
a dry etch, and/or a CMP process.

[0317] As shown in FIG. 15C, a mask 1504 (and portions
thereof) is formed on at least a portion of a surface of the
epitaxial layer 1508. Shown in FIG. 15C, the mask 1504 has
at least a portion disposed over the exposed top surfaces of
the dielectric portions 1578. Openings 1509 in the mask
1504 are formed (e.g., defined) so that perimeter trenches
1590 can be etched into the epitaxial layer 1508. Also, a
region 1506 of the epitaxial layer 1508 is exposed so that
etching of trench 1510 (or a main portion 1512 of the trench
1510) can be formed (e.g., etched).

[0318] As shown in FIG. 15D, perimeter trenches 1590
and the trench 1510 are formed in the epitaxial layer 1508
using the mask 1504. In some embodiments, the trench 1510
can be referred to as an active trench, or can have a least a
portion that is disposed within an active area of the semi-
conductor device 1500. As shown in FIG. 15D, one or more
of the perimeter trenches 1590 have a depth N1 that is
approximately equal to a depth N2 of the trench 1510.
[0319] In this embodiment, the etching of the trench 1510
is performed so that the trench 1510 can abut and be
self-aligned with the termination trench 1511C. As shown in
FIG. 15D an edge 1501 of the mask 1504 is offset from an
edge 1518 of dielectric portion 1578C disposed in termina-
tion trench 1511C so that over etching can guarantee that the
trench 1510 abuts the termination trench 1511C even with
some misalignment. In other words, less than all of a top
surface of the dielectric portion 1578C disposed in the
termination trench 1511C may be covered by the mask 1504
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so that a portion of the top surface of the dielectric portion
1578C is exposed to etching. In some embodiments, the
portion of the top surface of the dielectric 1578C that is
exposed to etching can be aligned along (or contiguous with)
the edge 1518 to be contacted with the trench 1510.
[0320] Although not shown, the processing steps
described herein can be modified such that a transverse
trench can be etched within and in a perpendicular direction
to at least a portion of the trench 1510. The transverse trench
can be formed using the same process used to form the
termination trenches 1511.

[0321] The mask 1504 (shown in FIG. 15D) is removed,
as shown in FIG. 15E, using any combination of a wet etch,
a dry etch, and/or a CMP process. After the mask 1504 has
been removed, a dielectric 1571 is formed within the trench
1510, over the termination trenches 1511, and within the
perimeter trenches 1590. In some embodiments, the dielec-
tric 1571 can be formed using one or more different dielec-
tric formation processes. For example, a first portion of the
dielectric 1571, which can be an oxide, can be formed using
a thermal growth process, and a second portion of the
dielectric 1571 can be formed using a deposition process
(e.g., a sub-atmospheric chemical vapor deposition
(SACVD) process).

[0322] As shown in FIG. 15F, a thickness of a portion of
the dielectric 1571 disposed along a bottom surface of one
or more of the perimeter trenches 1590 can be the same as,
or approximately the same as, a thickness of a portion of the
dielectric 1571 disposed along a bottom surface of the trench
1510.

[0323] After the formation of the dielectric 1571, a com-
bined width N3 of dielectric portion 1578C included in
termination trench 1511C and width of a portion of the
dielectric 1571 can be greater than that shown in FIG. 15F
and can be greater than a width of the dielectric portion
1578C alone.

[0324] FIG. 15G illustrates formation of a shield electrode
1530 in the trench 1510. In some embodiments, the shield
electrode 1530 can be formed on (e.g., disposed on) the
dielectric 1571 in the trench 1510 and in the perimeter
trenches 1590 using a deposition process (e.g., a polysilicon
deposition process, an in-situ doped (ISD) amorphous poly-
silicon deposition process). In some embodiments, if one or
more of the termination trenches 1511 are not entirely filled
with the dielectric portions 1578, at least a portion of the
shield electrode 1530 can be included in one or more of the
termination trenches 1511.

[0325] After the shield electrode 1530 has been formed
within the trench 1510 and in the perimeter trenches 1590,
one or more portions of the shield electrode 1530 can be
removed as shown in FIG. 15H (to reduce a thickness of the
shield electrode 1530). Specifically, a chemical mechanical
polish (CMP) process can be applied to the shield electrode
1530 to remove portions of the shield electrode 1530. After
the CMP process has been performed, portions of the shield
electrode 1530 can be etched to recess the shield electrode
1530 within the trench 1510. Although not shown, in some
implementations, at least a portion of a surface shield
electrode can also be formed.

[0326] As shown in FIG. 151, the shield electrode 1530 is
further recessed within the trench 1510. The shield electrode
1530 within the perimeter trenches 1590 can also be further
recessed. The shield electrode 1530 can be recessed using,
for example, an etch process. The shield electrode 1530 can
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be recessed to have a profile similar to that shown in, for
example, FIG. 9B or FIG. 10B. The shield electrode 1530
can be recessed to have a profile similar to that shown in, for
example, FIG. 100, FIG. 9L, FIG. 9M and/or FIG. 12H.
[0327] A dielectric 1576 is formed as shown in FIG. 15]
after a profile of the shield electrode 1530 has been formed.
The dielectric 1576 is formed at least on a portion of the
dielectric 1571. In some embodiments, the dielectric 1576
can be used to form an inter-electrode dielectric 1540 shown
in FIG. 15K. In some embodiments, the dielectric 1576 can
be formed using a deposition process (e.g., an SACVD
process), a thermal formation process, and/or so forth. In
some embodiments, the dielectric 1576 can include a boro-
silicate glass (BSG). In some implementations, one or more
of the dielectric 1571 and the dielectric 1576 can define a
field dielectric (e.g., field dielectric 374 shown in FIG. 3B).
Although not shown, a gate dielectric can also be formed
after the inter-electrode dielectric 1540 has been formed.
[0328] As shown in FIG. 15K, the inter-electrode dielec-
tric 1540 can be defined and recessed using any combination
of'a CMP process or an etch process. As shown in FIG. 15K,
the inter-electrode dielectric 1540 is recessed within the
second portion 1512 of the trench 1510.

[0329] After a profile of the inter-electrode dielectric 1540
has been formed as shown in FIG. 15K, a gate electrode
1520 can be formed as shown in FIG. 15L. In some
embodiments, the gate electrode 1520 can be formed on
(e.g., disposed on) the inter-electrode dielectric 1540 in the
trench 1510 using a deposition process (e.g., a polysilicon
deposition process, an in-situ doped (ISD) amorphous poly-
silicon deposition process).

[0330] The gate electrode 1520 is recessed to form the
gate electrode 1520 profile shown in FIG. 15M. In this
implementation, a surface gate electrode 1522 and a channel
stopper 1594 are formed. The processing associated with the
gate electrode 1520, the inter-electrode dielectric 1540,
and/or the shield electrode 1530 can be modified to define a
different set of profiles (e.g., the profiles shown in FIG. 12B,
FIG. 100, FIG. 10F, FIG. 10E).

[0331] As shown in FIG. 15N, an interlayer dielectric
1592 is formed. In some embodiments, the interlayer dielec-
tric 1592 can be, for example, a borophosphosilicate glass
(BPSG) layer. A gate runner conductor 1552 and a source
runner conductor 1554 are shown in FIG. 15N. Vias to the
gate runner conductor 1552 and the source runner conductor
1554 can also be formed.

[0332] FIG. 150 illustrates a variation of the semiconduc-
tor device 1500 that can be produced using the process
illustrated in FIGS. 15A through 15N. In this variation, a
single termination trench 1511D (which can function as a
transverse trench) is formed within the epitaxial layer 1508.
Also, as shown in FIG. 150, a surface shield electrode 1532
is formed within the semiconductor device 1500.

[0333] FIGS. 16A through 16F are side cross-sectional
diagrams that illustrate a variation of a method for making
one or more features of the semiconductor device 1500.
Accordingly, the reference numerals and features included
in FIGS. 15A through 150 are generally maintained and
some features are not described again in connection with
FIGS. 16A through 16F. In this implementation, the process
for producing the variation uses the same processing steps
up through FIG. 15J. Accordingly, FIG. 16A in this imple-
mentation corresponds with FIG. 15]. The process variation
described in connection with FIGS. 16A through 16F can
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correspond with at least some of the features for a semicon-
ductor device that excludes a surface shield electrode and/or
a surface gate electrode such as that shown in, for example,
FIGS. 9B and 10B.

[0334] As shown in FIG. 16B, at least a portion of the
dielectric 1571 and at least a portion of the dielectric 1576
are removed. The portion of the dielectric 1571 and portion
of the dielectric 1576 are removed until a surface of the
semiconductor device 1500 is substantially planar and
within the plane D4 of the epitaxial layer 1508. The semi-
conductor device 1500 can be referred to as being pla-
narized.

[0335] As shown in FIG. 16B, several of the elements that
were previously covered by, for example, the dielectric 1571
can be exposed. For example, dielectric included in the
perimeter trenches 1590 can be exposed, one or more of the
dielectric portions 1578 can have top surfaces that are
exposed, shield electrodes disposed within the perimeter
trenches 1590 can be exposed, a top surface of the shield
electrode 1530 can be exposed, and/or so forth.

[0336] As shown in FIG. 16C, an inter-electrode dielectric
1540 is defined from the dielectric 1576. The inter-electrode
dielectric 1540 can have a profile that is defined using any
combination of a CMP process or an etch process. As shown
in FIG. 16C, the inter-electrode dielectric 1540 is recessed
within the second portion 1512 of the trench 1510.

[0337] After a profile of the inter-electrode dielectric 1540
has been formed as shown in FIG. 16C, a gate dielectric
1575 can be formed and a gate electrode 1520 can be formed
on the gate dielectric 1575 as shown in FIG. 16D. In some
embodiments, the gate electrode 1520 can be formed on
(e.g., disposed on) the inter-electrode dielectric 1540 in the
trench 1510 and on the gate dielectric 1575 using a depo-
sition process (e.g., a polysilicon deposition process, an
in-situ doped (ISD) amorphous polysilicon deposition pro-
cess).

[0338] The gate electrode 1520 is recessed using one or
more masking and/or recessing steps (e.g., etching steps) to
form a profile of the gate electrode 1520 shown in FIG. 16E.
As shown in FIG. 16E, the gate electrode 1520 has two
different recessed portions—a recessed portion 1523 and a
recessed portion 1522. Accordingly, the recessed portion
1523 of the gate electrode 1520 has a thickness that is less
than the recessed portion 1522 of the gate electrode 1520.
The profile can be similar to the profile of the gate electrode
shown in, for example, FIGS. 10E and 10F. The gate
electrode 1520 can be modified with a different profile such
as that shown in FIG. 12B, FIG. 10B, and/or FIG. 10D. The
gate electrode 1520 can be recessed so that the gate electrode
1520 has a substantially constant thickness across longitu-
dinal length.

[0339] As shown in FIG. 16F, an interlayer dielectric 1592
is formed. In some embodiments, the interlayer dielectric
1592 can be, for example, a borophosphosilicate glass
(BPSG) layer. A gate runner conductor 1552 and a source
runner conductor 1554 are also formed and shown in FIG.
16F. A via 1551 through an ILD 592 to the gate runner
conductor 1552 and a via (not shown) the source runner
conductor 1554 can also be formed.

[0340] It will also be understood that when a layer is
referred to as being on another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. It will also be understood that when an
element, such as a layer, a region, or a substrate, is referred
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to as being on, connected to, electrically connected to,
coupled to, or electrically coupled to another element, it may
be directly on, connected or coupled to the other element, or
one or more intervening elements may be present. In con-
trast, when an element is referred to as being directly on,
directly connected to or directly coupled to another element
or layer, there are no intervening elements or layers present.
Although the terms directly on, directly connected to, or
directly coupled to may not be used throughout the detailed
description, elements that are shown as being directly on,
directly connected or directly coupled can be referred to as
such. The claims of the application may be amended to recite
exemplary relationships described in the specification or
shown in the figures.

[0341] As used in this specification, a singular form may,
unless definitely indicating a particular case in terms of the
context, include a plural form. Spatially relative terms (e.g.,
over, above, upper, under, beneath, below, lower, and so
forth) are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. In some implementations, the rela-
tive terms above and below can, respectively, include ver-
tically above and vertically below. In some implementations,
the term adjacent can include laterally adjacent to or hori-
zontally adjacent to.

[0342] Implementations of the various techniques
described herein may be implemented in digital electronic
circuitry, or in computer hardware, firmware, software, or in
combinations of them. Portions of methods also may be
performed by, and an apparatus may be implemented as,
special purpose logic circuitry, e.g., an FPGA (field pro-
grammable gate array) or an ASIC (application-specific
integrated circuit).

[0343] Implementations may be implemented in a com-
puting system that includes a back-end component, e.g., as
a data server, or that includes a middleware component, e.g.,
an application server, or that includes a front-end compo-
nent, e.g., a client computer having a graphical user interface
or a Web browser through which a user can interact with an
implementation, or any combination of such back-end,
middleware, or front-end components. Components may be
interconnected by any form or medium of digital data
communication, e.g., a communication network. Examples
of communication networks include a local area network
(LAN) and a wide area network (WAN), e.g., the Internet.

[0344] Some implementations may be implemented using
various semiconductor processing and/or packaging tech-
niques. Some implementations may be implemented using
various types of semiconductor processing techniques asso-
ciated with semiconductor substrates including, but not
limited to, for example, Silicon (Si), Galium Arsenide
(GaAs), Silicon Carbide (SiC), and/or so forth.

[0345] While certain features of the described implemen-
tations have been illustrated as described herein, many
modifications, substitutions, changes and equivalents will
now occur to those skilled in the art. It is, therefore, to be
understood that the appended claims are intended to cover
all such modifications and changes as fall within the scope
of the implementations. It should be understood that they
have been presented by way of example only, not limitation,
and various changes in form and details may be made. Any
portion of the apparatus and/or methods described herein
may be combined in any combination, except mutually
exclusive combinations. The implementations described
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herein can include various combinations and/or sub-combi-
nations of the functions, components and/or features of the
different implementations described.
What is claimed is:
1. An apparatus, comprising:
a semiconductor region having an active region; and
an end trench defined within a termination region of the
semiconductor region, the end trench having a curved
shape.
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