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Ground 1: Koshimizu

a2 United States Patent

Yin et al.

(54) DEEP TRENCH ISOLATION AND METHOD
FOR FORMING SAME

1. Field of the Invention

The present invention is generally in the field of semicon-
ductor fabrication. More particularly, the invention is in the
field of isolation region formation in semiconductor sub-

strates.

Deep trench isolation and method for forming same sub- The present invention is directed to deep trench isolation
stantially as shown in and/or described in connection with at and r{'.etlmd for 1_“1':1‘111111g SAne. Tl_'-'e following description
least one of the figures. as set forth more completely in the contains specific information pertaining to the implementa-
claims. Ex. 1001, Title, 1:5-10, 1:45-49, 2:20-23
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Ground 1: Koshimizu

Yin 1s analogous art to the "673 Patent because Yin. like the 673 Patent. is
directed to a semiconductor die with a deep trench isolation region that electrically

isolates an electronic device such as a bipolar transistor. See Thompson Dec.. ¥ 70:
Koshimizu 1s analogous art to the "673 Patent because. like the "673 Patent. it
1s directed to the manufacture of a silicon-based bipolar transistor employing a
deep isolation region to 1solate the transistor from neighboring transistors. See
Norstrém is analogous art to the "673 Patent because. like the "673 Patent. it
1s directed to the manufacture of “bipolar semiconductor devices. in particular
bipolar transistors and semiconductor diodes, which are electrically isolated or

confined by trenches.” Thompson Dec.. 1 77 (quoting Norstrédm. 1:7-10: "673 Pet., 8,11, 14

Patent. Field of Invention). POR, 13-15
4
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Ground 1: Koshimizu

US 200510181569 Al Aug 18, 2005

TECHNICAL FILED OF THE INVENTTOMN

[0001] The present invention relates to a semiconductor
device and a manufacturing technique therefor and particu-
larly to a technigque effectively applied to a semiconductor

device having a hetero-junction bipolar iransisior (hereinaf-

ter abbreviated as “HBET™) and 10 a mamulacturing method
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Ground 1: Koshimizu

US 20050181569 Al

Aug, 18, 2005

[00S0] The:

L B o e L o o
iscslmlien r|,:|1i|||I ol 1be minin sarface | o v fa -|'|'|Ii||;_' surface)
of the semiconducier layer 1o, a shallow isolsiion 2q and A
decp trench isolation 2k are formed. The shallow iselation
Ao 15 made Tror a silicon axide Glm fomed by, Tor ¢ '|_:-II'I|'\-|I' §
a LOCOS (local oxsdization of salweon) method. By thes
iselation 2w, a plane range ol an aciive region is delined. In
midition, the deep trench isolaison 28 s bmmed by embsed-
ding, fir example, a silicon oxide film in a deep trench deg
s s i reach the insulation layer L throwgh 1be isclation 2a
andl e semiconductor layer Lo from the upper surface of the
isolatien 20, By this decp trench isolation 2h, cach device
region in the semicomlucior laver e is complesely separatad
drlecirusally. Bode 1hal ibe molanon 2a may be Losme 16l a
so=called shallow prooye saolatwm {501 winch s tormaed by
embedding, bor example, a silicon oxide film mside @
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Ground 1: Koshimizu

1. Field of the Invention

The present invention 1s generally in the field of semicon-
ductor fabrication. More particularly, the invention is in the
field of isolation region formation in semiconductor sub-
strates.

Ex. 1001, 1:5-10

F FABRICANT.-

TECHNICAL FILED OF THE INVENTION

[00U1] The present invention relates to a semiconductor
device and a manufacturing technique therefor and particu-
larly 1o a technique effectively applied to a semiconductor
device having a hetero-junction bipolar transisior (hereinaf-
ter abbreviated as “HBET™) and 0 a mamulacturing method
tor the semiconductor device.

Ex. 1005, [0001]
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Ground 1: Koshimizu

1. Field of the Invention

The present invention is generally in the field of semicon-
ductor fabrication. More particularly, the invention is in the
field of isolation region formation in semiconductor sub-
strates.

5

It is noted that although a bipolar device is uiilized as an
example of an electronic device to lustrate the present inven-
tion. the invention®s deep trench isolation region can be uti-
lized to 1solated electronic devices other than bipolar devices.
FlG. 1 shows a top view of structure 100, which includes

covrnramtioenl Adoces tegneb domlatiom eoeoions TEEY el bniomedee

Ex. 1001, 2:35-38

Ex. 1001, 1:5-10

F FABRICANT.-

[t is again noted that although a bipolar device (i.e. a bipolar
transistor) is utilized as an example of an electronic device to
illustrate the present invention, the invention’s deep trench
isolation region can be utilized to isolated electronic devices
ather than hipolar devices. FIG. 2 shows a top view of struc-

Ex. 1001, 3:51-55
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Ground 2: Norstrom

1. A semiconductor die including at least one deep rench
1solation region for isolating an electronic device, said at least
one deep trench isolation region comprising:

a trench srtuated n a substrate of said semiconductor die,
said trench having a plurality of sides swrounding said
electronic device, and at least ane trench chamfered
corner formed between and connecting said plurality of
stdes;

wherein said at least one trench chamfered corner cavses a
reduction in athickness of a polysilicon laver within said
trench.

Ex. 1001, cl. 1

POR, 23-33

F FABRICANT.» 9
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 2: Norstrom

N-type over the surrounding P-regions 109. Thereupon
openings to 1solating trenches 119 are lLithographically
dehined to be made from the conhmng oxide regions 125, see
FIG. 4. Then oxide material in the outer confimng regions

Ex. 1006, 7:38-40

Then openings, 1n which 1solating trenches 119 will be
formed, are lithographically defined, see FIG. 9, these
openings being arranged at the edges of the epitaxial layer

Ex. 1006, 9:31-35

oxide layer 125, which is placed over the epitaxial N-region
107, The opening of the trench 119 at this side 1s thus free
from these layvers 129, 131.

“Metal Pitch”
151 fe———+{ 153 155
- J
COLLECTOR 1?7
159
g 15; 125
0 V/ 1
Silicon oxide ///////ﬁ 57//%-
NN =222 RS
Epi of P! i of P-
pi type I Epi of Net Epi of P-type
107-"] Mt Do ¢ —~121
199 ‘t ~—123
Silicon (100) of P-type
FIG. 13a
Pet., 62
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Ground 2: Norstrom

"Metal Pitch”
151 e & 156
COLLECT? 1?7 20 Q. Tuwrning back to figure 13 (a),
/ ' 21 what is element 1577
- 123 125 22 A, 157 is a collector contact
S 7= 7/§ 119 23 pole
Silicon oxide 7
e ﬁi\ (<<\%(\- 24 Q. 2nd then what is 1197
Epi of P i of P-
W ofPope L Epi of N-type Sl of Pype 25 A, 119 are isolating trenches.
07— Ny e 121 Ex. 2010, Thompson Dep, 22:20-25
103 \L\_ma
Silicon (100) of P-type
FIG. 13a
Pet., 62
POR, 25
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Ground 2: Norstrom

required. The resuliing hole 157 will then, is apparent from
"Spacer" FIG. 11, have one of its sidewalls in direct contact with the
139 133 157 119 N-doped epitaxial laver 107 and the bottom diffusion 103

/ and have s opposite sidewall located against the inner
Silicon oxide |

maferial in the trench. The hole 157 will hereby be “self-

. , aligned™ with the sidewall of the trench. Also, the other twe

Epl of P-type I Epl o N_type , Epl of P-type ] Ig [ 1 Ll | 8 [ 00 6 Lg i [ L) L=l = ]
I N+ "Buried laygr”

Silicon (100) 13)3 T s e
il aligned” with the sidewall of the trench. Also, the other twa
"opposite" sidewalls will in the normal case be located against the inner

FIG 1 1 sidewall B |l'|11:lt::riul of the trench 119, see also the plan view of FIG.

Ex. 1006, 10:53-56

Ex. 1006, 10:48-53

107

first sidewall

POR., 27

F FABRICANT.- POR, 26:28 12

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 2: Norstrom
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/ 123 trench
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";_'_'_'_'_'_'d*/i" Sonneotion FIG. 11, have one of its sidewalls in direct contact with the
K jit E P N-doped epitaxial layver 107 and the bottom diffusion 103

| . ' . = L
~ i | and have 1s opposite sidewall located agamst the nner
i ] a . - . ~
norh sidewal |1 1 i '” ™ i material n the trench. The hole 157 will hereby be “self-
LN 17N | i/“ 'Y Bt aligned” with the sidewall of the trench. Also, the other two
base\ : sidewalls will in the normal case be located against the inner
PO | 1 ;f,ﬁecto, material of the trench 119, see also the plan view of FIG.

131—F> —- A" contact 13
otl)a- §outh
POV first sidewall sidewall "opposite" Ex. 1006, 10:48-56
sidewall
POR., 28
POR, 26-28
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Ground 2: Norstrom

bevelled 1o an angle of about 437, Also, the outer sidewalls
i of the trench 123 shown in FIG. 13¢ have no right angles, but
the Hat sidewall scgmenis form an angle of 135% to cach

other,

Sides Chamfered Corner
*] l 123 treny
/ 123 trench \K 187
______.__\ﬁ recess for
T collector

= connection

iﬁ--:..—..—..—;i- 4 |
< | &< ] o2

i | |

2 =ii! i Trench

'| H !

X Igii X | i Electronic
b;z; = E{il j \ % Device
contact & o | 156
- collector
1N—fr——— contact
base
poly-Si \ /
3
FIG. 13c
Pet., 61
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Ground 2: Norstrom
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FIG. 13a s Yy
3
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Pet., 61-62
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Ground 2: Norstrom

123 trench
"Metal Pitch” trenches 119 123 trench Ve 157
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Ground 3: Norstrom

C. Ground 3: Claims 7 and 15 Would Have Been Obvious Over
Norstrom

1. Claim 7

a. “The semiconductor die of claim 1., wherein said
semiconductor die is enclosed in a semiconductor
package.”

To the extent HID contends that Norstrdgm does not disclose the additional

Pet., 71

F FABRICANT.- POR. 39 17
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