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DECI S| ON ON APPEAL

This is a decision on appeal fromthe Exam ner’s final
rejection of clainms 1 through 17. C aim 18 has been cancel ed.
W reverse.

BACKGROUND

Appel lants’ invention is directed to a process for

! Application for patent filed April 6, 1998, which
claims the foreign filing priority benefit under 35 U. S. C
8§ 119 of Tai wanese Application No. 87100742, filed January 20,
1998.
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formng shallow trench isolation in sem conductor integrated
circuits, which overconmes the problemof “dishing effect” in
the trench areas. Dishing is generally caused by the |ong
time needed to etch back the thicker dielectric |ayer outside
the shallow trench and over-etching of the thinner |ayer over
the trench (specification, page 2). Thin layers of silicon
oxide and silicon nitride are formed over a substrate as a
hard mask through which shallow trenches are etched into the
substrate (specification, page 3). An oxide layer is forned
by high density plasnma chem cal vapor deposition (HDPCVD) to
fill in the trenches and cover the substrate. This oxide

| ayer has a higher thickness over |arger substrate areas
conpared to its smaller areas. The HDPCVD oxide | ayer is
covered with a spin-on-glass (SOG |ayer and baked before
partial etching to renove the SOG outside the trenches
(specification, pages 4 & 5). A high-tenperature curing of
the remaining SOG which is left in the formof residue over
the trench area, further evaporates the solvent and nakes the
SOG denser and harder. The denser SOG functions as a
protection mask for preventing the “dishing effect” in the
trench area during the subsequent etching step that renoves
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t he remai ni ng oxide |layer and the hard mask (specification,

pages 5 & 6).

The only independent claimis reproduced as foll ows:

1. A nethod for formng shallow trench isolation in a
silicon substrate, conprising the steps of:

a. formng a hard mask over said silicon substrate;

b. defining said hard mask and form ng a shall ow trench
by et chi ng;

C. form ng an oxide layer to fill said shallow trench

and over said hard mask, in which the oxide |ayer over said
hard mask which has smaller area is thinner and the oxide
| ayer over said hard mask which has |arger area is thicker

d. coating a | ayer of spin-on-glass wth suitable
t hi ckness control and perform ng | owtenperature baking;

e. partially etching back said spin-on-glass and oxide
| ayer to renove the part outside the shallow trench, wherein
said partial etching-back is perfornmed with the reci pe whose
etching rate to said oxide is higher than that of spin-on-
gl ass;

f. curing said spin-on-glass of which a residue
partially remaining over the shallowtrench in the |arger area
serves as a protection nmask; and

g. etching back the remaining of said oxide and said
spi n-on-gl ass over the hard mask to renove it and taking said
hard mask as the end point of etching.
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The prior art references of record relied upon by the

Exami ner in rejecting the appeal ed clains are:

Lur et al. (Lur) 5, 445, 989 Aug. 29,
1995

Zheng et al. (Zheng) 5,728, 621 Mar. 17,
1998

Perera 5, 786, 263 Jul . 28,
1998

(filed Apr. 4, 1995)

Stanley WIf & Richard N. Tauber (WIlf 1), “Silicon
Processing for the VLSI Era, Vol. 1: Process Technol ogy,”
Lattice Press, p. 184, 1986.

Stanley WIf (WIf 2), “Silicon Processing for the VLS
Era, Vol. 2: Process Integration,” Lattice Press, pp. 227, 232
& 238, 1990.

Clainms 1 through 17 stand rejected under 35 U. S. C
§ 103(a) as being unpatentable over Zheng in view of Lur,

Perera and Wl f [WIf 1 and WIf 2].?2

Rat her than reiterate the conflicting viewoints advanced

2 Cainms 1 and 18 were finally rejected under 35 U. S. C
8§ 112, first paragraph and clains 1 through 18 were finally
rejected under 35 U. S.C. § 103 (Paper No. 6, mmiled February
24, 1999). Appellants filed an amendnent after final
rejection (Paper No. 7, filed August 31, 1999) canceling claim
18 and providing argunents to overcone the claimrejections.
The Exam ner approved entry of this anendnent upon filing of a
Notice of Appeal and an Appeal Brief in an advisory action
(Paper No. 8, mailed Septenber 3, 1999). The Exam ner further
indicated that the 8 112 rejection has been overcone by
Appel I ants’ response.



Appeal No. 2000-1587
Appl i cati on 09/ 055, 254

by the Exam ner and Appell ants regardi ng the above-noted
rejections, we nmake reference to the answer (Paper No. 12,
mai | ed Novenber 12, 1999) for the Exami ner’s conplete
reasoning in support of the rejections, and to the brief
(Paper No. 11, filed October 26, 1999) and the reply brief
(Paper No. 13, filed January 12, 2000) for Appellants’
argunent s thereagai nst.
OPI NI ON
In rejecting clains under 35 U. S.C. 8§ 103, the Exam ner

bears the initial burden of presenting a prinma facie case of

obvi ousness. See Inre Rijckaert, 9 F.3d 1531, 1532, 28

USPQ2d 1955, 1956 (Fed. Cir. 1993). The conclusion that the
cl ai med subject matter is obvious nust be supported by

evi dence, as shown by sone objective teaching in the prior art
or by know edge generally available to one of ordinary skil

in the art that would have | ed that individual to conbine the
rel evant teachings of the references to arrive at the clai ned

invention. See In re Fine, 837 F.2d 1071, 1074, 5 USPQd

1596, 1598 (Fed. Cir. 1988). Furthernore, to reach a

concl usi on of obvi ousness under 8§ 103, the exam ner mnust al so
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produce factual basis supported by teaching in a prior art
reference or shown to be common know edge of unquesti onabl e

denonstration, consistent with the holding in G ahamv. John

Deere Co., 383 U.S. 1 (1966). Qur reviewi ng court requires

this evidence in order to establish a prima facie case. In re

Pi asecki, 745 F.2d 1468, 1471-72, 223 USPQ 785, 787-88 (Fed.

Cir. 1984); In re Cofer, 354 F.2d 664, 668, 148 USPQ 268, 271-

72 (CCPA 1966) .

Appel l ants argue that the Wl f references do not suggest
nodi fying the process of Zheng to have a step of | ow
tenperature baking for the SOG foll owed by a partial etch back
and curing of the SOG In particular, Appellants assert that
Wbl f has nothing to do with a partial etch back and does not
teach the desirability of nodifying the process of Zheng
(brief, page 4 and reply brief, page 3). Furthernore,
Appel I ants argue that the Exam ner m scharacterizes Zheng's
etching selectivity of SOGto the plasnma oxide being 1:1 (col.
3, lines 16-18) as the clainmed etching back of SOG with an
etch rate higher to silicon oxide than SOG (brief, page 5 and
reply brief, page 2). Appellants also indicate Zheng and
other prior art references fail to teach or suggest the
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partial etch back as well as the following curing step to
convert the remaining SOGto a protection mask (brief, page 5
and reply brief, page 2).

In response to Appellants’ argunents, the Exam ner argues
that “Zheng forns the SOG partially etches it, and then
further etches by CVP whereas Wl f “describes conventi onal
practice for baking/setting [the] SOG and t hen baki ng/ curing
[it] at a higher tenperature” (answer, page 7). The Exam ner
concl udes that Zheng, although silent on curing, “could not
conplete the CVP step w thout the conventional practice of
baki ng and curing [of the SOG"” (answer, page 7). Wth
respect to the relative etch rate of oxide and SOG, the
Exam ner asserts that criticality of this feature was not
i ndi cated by Appellants and therefore, any snmall deviation
fromthe selectivity of 1:1 is routine optimzation and neets

the clained imtation (answer, page 8).

Initially, we note that the Exam ner indicates the
follow ng features as mssing in Zheng: how the silicon oxide
and silicon nitride layers of the hard mask are formed; the
hi gh tenperature cure of the SOG and specifying a range for

7
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its low tenperature baking and the use of ion etching and
selectively etching of oxide in relation to that of spin on

gl ass. Anmong the above-noted features, only curing of the SOG
and selectively etching of oxide in relation to that of spin
on glass are recited in claim1, the only independent claim

To sinmplify the analysis, we initially focus our eval uation of
the prior art and claim1 on these two features.

After a review of Zheng, we find that the reference
relates to a process for formng planarized shallow trench
isolation in integrated circuits (col. 1, lines 41-43). As
t he Exam ner and Appel |l ants concede, Zheng teaches form ng a
hard mask over a substrate (Fig. 1 and col. 2, |lines 26-30),
etching shallow trenches in the substrate (Fig. 2 and Col. 2,
lines 37-42) and form ng an oxide layer (Fig. 3 and col. 2,
lines 43-59). Zheng further teaches coating a | ayer of SOG
(Fig. 4 and col. 2, lines 64-66, col. 3, lines 4 and 5),
et chi ng back of SOG and oxide layers (Fig. 5 and col. 3, lines
16-21) and etching back the remai ni ng oxi de and SOG | ayers as
well as the hard mask (Fig. 6 and col. 3, lines 22-32). Zheng
clearly requires identical etch selectivity for both the oxide
and the SOG | ayers where the renmai ning oxide and SOG | ayers

8
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are renoved using chem cal nechani cal polishing (CW) (col. 3,
lines 22-25). However, we find that Zheng provi des no
teachi ng or suggestion, at any stage of the process, that
relates to the clainmed step of curing the SOG of which a
partially remaining residue over the shallow trench in the
| arger area serves as a protection mask.

We agree with Appellants that Zheng's relative etching
rate during the step of etching back is different from
Appel lants’ claim1 requiring a higher etching rate for oxide
conpared to that of SOG W find that during etching back of
oxi de and SOG | ayers, Zheng requires that “the etch
selectivity of spin-on-glass to HDP oxide is 1:1" (col. 3,
lines 17 and 18), which indicates the sane etching rate for
both the oxide and the SOG | ayers. W remain unpersuaded by
the Exam ner’s argunents that the criticality of the higher
etching rate or “how high” the “higher” etching rate needs to
be are not clearly defined in the disclosure. Appellants
clearly require that the etching rate of the oxide be higher
than that of the SOG (specification, page 5. W further
di sagree with the Exam ner that changing the etch rate as
di scl osed by Zheng is routine optim zati on and obvi ous since

9
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we find that Zheng provides no teaching or suggestion for

nodi fying the 1:1 ratio. Wereas claim1l requires that the

et ching back be perfornmed with a reci pe having a higher etch
rate for the oxide than that of the SOG This differential
etch rate causes nost of the thick oxide |ayer over the hard
mask in the larger area be etched away while nore of the SOG

| ayer remains over the shallow trench in the larger area as it
is etched nore slowy (specification, page 5, |ines 19-26).

We next review the teachings of Wolf 1 with respect to
heating of the |Iow tenperature, |ow density silicon dioxide in
order to densify the oxide |layer and decrease its etch rate in
hydrofluoric acid (HF) solution (page 184). W first observe
that the teaching relied upon by the Exam ner relates to oxide
| ayers deposited at | ow tenperatures using Chem cal Vapor
Deposition (CVD), rather than the cl ai med spin-on-glass (SOG) .
Additionally, we note that Wl f 1 merely suggests that
“[s] ubsequent heating of such [CVD] filnms to tenperatures
bet ween 700- 1000EC causes densification.” Therefore, WIf 1
provi des no teachi ngs or suggestion to support “multiple
cycling of placing silicon oxide by PECVD and etching for
adhesion [that] will create a build up such as by Hi gh Density

10
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PECVD,” as asserted by the Exam ner.

Turning nowto WIf 2, we find that the step of baking
the SOGin a |ow tenperature and imediately in a high
tenperature after it is spun relates to a step of basic SOG
process that prevents cracking (page 232). The reference is,
however, silent with regard to the step of baking the SOG
subsequent to its partial etch back in order to forma
protection nmask in the large area over the shallow trench

Additionally, the reference teaches that the resist etch rate

is sensitive to the cure cycle, whereas the etch rate of the
SOG, used in lieu of the resist, is |less variable w th bake
tenperature (wolf 2, page 227). Thus, WIf 2 teaches reduced
variation in etch rate when the SOGis cured, which is
different fromthe clained partially etching back of the SOG
and curing its residue over the shallowtrench in the |arge
area that serves as a protection mask.

The Court states that "[t]he nmere fact that the
prior art may be nodified in the manner suggested by the
Exam ner does not neke the nodification obvious unless the
prior art suggested the desirability of the nodification.”™ In
re Fritch, 972 F.2d 1260, 1266 n. 14, 23 USPQ2d 1780, 1783-84

11
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n.14 (Fed. Cr. 1992), citing In re Gordon, 733 F.2d 900, 902,

221 USPQ 1125, 1127 (Fed. Gr. 1984). The court reasons in

Par a- Ordnance Mg. Inc. v. SGS Inporters Int’l Inc., 73 F.3d

1085, 1088-89, 37 USPQRd 1237, 1239-40 (Fed. Cir. 1995), that
for the determ nation of obviousness, the court nust answer
whet her one of ordinary skill in the art who sets out to solve
t he probl em and who had before himin his workshop the prior
art, would have been reasonably expected to use the solution
that is clained by the Appellants.

The Federal Circuit further states that notivation,
suggestion or teaching may cone explicitly fromstatenents in
the prior art, the know edge of one of ordinary skill in the
art, or, in sone cases the nature of the problemto be sol ved.

See In re Denbiczak, 175 F.3d 994, 999, 50 USPQR2d 1614, 1617

(Fed. Cir. 1999). However, “the Board nmust not only assure
that the requisite findings are nade, based on evi dence of
record, but nust also explain the reasoning by which the
findings are deened to support the agency’s conclusion.” 1n
re Lee, 277 F.3d 1338, 1344, 61 USPQ2d 1430, 1434 (Fed. Cr
2002). The court requires evidence for determ nation of
patentability by clarifying that “comon know edge and common

12
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sense,” as nentioned in In re Bozek, 416 F.2d 1385, 163 USPQ

545 (CCPA 1969), may only be applied to analysis of the
evi dence, rather than be a substitute for evidence. 1n re
Lee, 277 F.3d at 1345, 61 USPQ2d at 1435 (Fed. Cir. 2002).

See Sniths Industries Medical Systens, Inc. v. Vital Siagns.,

Inc., 183 F.3d 1347, 1356, 51 USPQ2d 1415, 1421 (Fed. Gr
1999) (Bozek's reference to common know edge “does not in and
of itself make it so” absent evidence of such know edge).

Based on the findings above, we do not agree with the
Exam ner that the nmethod of nmaking shallow trench isolation as
di scl osed by Zheng in conbination with the initial bake of the
SOG and the densification of the PECVD, as disclosed by WIf 1
and Wl f 2, would result in the nethod of claiml1. |In that
regard, while Zheng requires etching back of the oxide |ayer
and the SOG the etch selectivity of SOGto the oxide is

specified as 1:1 which neans equal etch rate instead of the

claimed higher etch rate for oxide conpared to that of the

SOG Consistent with Appellants’ argunents, baking of the SOG
as disclosed by WIf 2 is nerely used to “alleviate the
probl em of resist etch-rate variability” when SOG is used,

whi ch has a |l ess variable etch-rate. Additionally, WIf 2

13
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does not provide for partially etching back of the SOG havi ng
an etching rate |ower than that of the oxide and subsequently
curing the remaining SOG Rather, the |l ow and high

tenperature bake of the SOGis perforned i Mmediately after it

is spun for renoving the sol vents.

Therefore, we find that Wl f 1 and WIf 2 neither
overconme the deficiencies discussed above with respect to
Zheng nor provide any teachings or suggestions to
realistically nodify Zheng. W also note that Lur pertains to
formng trench isolation and specifically teaches the
formati on of the hard mask by subsequently form ng an oxide
| ayer and a nitride layer (col. 3, lines 32-37). Perera, on
the other hand fornms trench isolation by etching a two-1ayer
oxi de layer that fills the trench to |eave a trench plug
reaching a | evel above the substrate surface (col. 3, lines
20-22 & 44-47) that is |later renoved by chem cal - mechani ca
polishing (CWP). Thus, Lur and Perera provide no teaching or
suggestion to overcone the deficiencies of Zheng related to

14



Appeal No. 2000-1587
Appl i cati on 09/ 055, 254

partially etching back the SOG with a reci pe having a higher
etching rate for the oxide and subsequently curing the
remai ni ng resi due SOG  Accordingly, we do not sustain the
rejection of clainms 1 through 17 under 35 U.S.C. 8§ 103 over

Zheng in view of Lur, Perera and Wl f.

CONCLUSI ON

In view of the foregoing, the decision of the Exam ner
rejecting clains 1 through 17 under 35 U.S.C. 8 103 is
rever sed

REVERSED

JAMVES D. THOVAS )
Adm ni strative Patent Judge
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