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1 Application for patent filed Decenber 23, 1997,
entitled "H gh Performance Poly-Si Ge Thin Film Transi stor and
a Method of Fabricating such a Thin Film Transistor,” which is
a continuation of Application 08/411, 203, filed
March 27, 1995, now U.S. Patent 5,828,084, issued Cctober 27
1998.
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DECI S| ON ON APPEAL

This is a decision on appeal under 35 U. S.C. § 134 from
the final rejection of clainms 8 and 10-21.

W reverse.

BACKGROUND

The invention relates to a method of fabricating a thin
filmtransistor (TFT) conprising the steps of: (1) depositing
an active region conprising a polycrystalline Si,, CGe,
(poly-Si,,G,) alloy material and then a channel |ayer of
silicon, to forma conposite; (2) treating the conposite by
crystallization or exciner |aser annealing; and (3) depositing
a gate.

Claim8 is reproduced bel ow.

8. A nethod of fabricating a one-gate thin film
transi stor, having an active region and a gate, wherein
said active region conprises a poly-Si, G, alloy materi al
and channel |ayer of silicon, in which the channel |ayer
of silicon is interposed between the poly-Si, Ge, alloy
mat eri al and the gate, conprising:

depositing a gate,

depositing an active region conprising a poly-Si,, Ge,

alloy material |ayer and a channel |ayer of silicon, to
forma conposite, and
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treating the conposite with at | east one nethod
selected fromthe group consisting of crystallization and
exci mer | aser anneali ng,

wherein said depositing a gate occurs subsequent to

sai d depositing an active region and said treating the
conposite, wherein x ranges fromO0.05 to 0.4 atomc %

The Exam ner relies on the follow ng references:

Sol oron et al. (Sol onon) 5,019, 882 May 28,
1991
Burghartz et al. (Burghartz) 5,461, 250 Cct ober 24,
1995
(filed August 10,
1992)
Chtani et al. (Ohtani) 5, 643, 826 July 1, 1997
(filed Cctober 25,
1994)

Tsu-Jae King and Krishna C. Saraswat, Polycrystalline
Silicon-Germanium Thin-Film Transi stors, |EEE Trans. on
El ectron Devices, Vol. 41, No. 9, Septenber 1994,

pp. 1581-1591 (hereinafter "King").

Clainms 8 and 10-21 stand rejected under 35 U S. C
8 103(a) as being unpatentable over King, Solonon, and OChtani.
The Exam ner cites Burghartz for additional background

material (exam ner's answer, p. 6).°?

2 References relied upon to support a rejection should
be positively included in the statement of the rejection. See
In re Hoch, 428 F.2d 1341, 1342 n.3, 166 USPQ 406, 407 n.3
(CCPA 1970); Ex parte Mwvva, 31 USPQ2d 1027, 1028 n.1 (Bd.

Pat. App. & Int. 1993).
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W refer to the final rejection (Paper No. 17) (pages
referred to as "FR__") and the exam ner's answer (Paper
No. 19) for a statement of the Examiner's rejection, and to
the brief (Paper No. 16) (pages referred to as "Br__ "), the
suppl emental brief® (Paper No. 18) (pages referred to as
"SBr "), and the reply brief (Paper No. 20) (pages referred
to as "RBr__") for a statenent of Appellants' argunents
t her eagai nst.

OPI NI ON

The clains stand or fall together as a group (Br4) and,
thus, stand or fall together wi th i ndependent claim 8.

It is noted that although claim8 is directed a nethod of
fabrication, the steps of fabrication are not listed in order.
The step of "depositing a gate" is listed first, but it is
|ater recited that "said depositing a gate occurs subsequent
to said depositing an active region and said treating the
conposite.” The limtation of "depositing an active region

conprising a poly-Si, Ge, alloy material and a channel |ayer of

3 The Exam ner reopened prosecution in response to the
appeal brief to refornulate the rejection and nmade the action
final (Paper No. 17). Appellants exercised their option under
37 CFR 8 1.193(b)(2)(ii) (1999) to reinstate the appeal.
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silicon" itself does not specifically define the order of
depositing (e.g., depositing a | ayer of poly-SiGe and then a
channel |ayer of silicon). However, the order can be
determ ned fromthe preanble which states that the channe

| ayer of silicon is interposed between the poly-Si Ge all oy
mat eri al and the gate.

King discloses a thin-filmtransistor (TFT) having an
active channel region of poly-Si,,Ge, alloy material and a
gate. The poly-Si, Ge, alloy nmaterial nmay be produced by a
hi gh-tenperature process in which the channel layer is
deposited in polycrystalline form(p. 1581, right col.), which
nmeets the claimlimtation of "depositing an active region
conprising a poly-Si, Ge, alloy material."” The poly-Si, Ce,
alloy material may be al so produced by a | owtenperature
process in which the channel |ayer is deposited in anorphous
form (p. 1581, right col.) and converted to pol ycrystalline
form which does not neet the limtation of "depositing an
active region conprising a poly-Si, ,Ge, alloy material." As
di scussed in connection with Appellants' Table 1

(specification, p. 13), Si,,CGe, filnms may deposited in either
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pol ycrystal line or anorphous form claim8 requires deposition
of the polycrystalline form

The Exam ner finds: (1) King does not teach formng a
silicon layer on top of the poly-SiGe alloy material |ayer
(FR5; EA4); and (2) King teaches recrystallization of the
poly-SiGe alloy material layer in Table 1, step 3, but does
not teach treating the conposite by exciner |aser annealing
(FR6; EAB).

The Exam ner finds that Sol onobn teaches an active region
of a pseudonorphic SiGe alloy 2 and a channel | ayer of
silicon 3, where the silicon |ayer provides high nobility
charge carriers at the interface between the Si Ge and the
upper silicon layer to make an inproved device (FR5; EA4-5).
The Exam ner concl udes that one of ordinary skill in the art
woul d have been notivated by Sol onon to provide a channel
| ayer of silicon above the poly-SiGe of King to increase the
nmobility of charge carriers in the channel, thereby inproving
the electrical characteristics of the device (FR6; EAS).

Appel I ants argue that pseudonorphic materials are single
crystal materials and that a pseudonorphic lattice has a

different structure and different operating characteristics
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than a polycrystalline, or multicrystal lattice (SBr6). It is
stated that pseudonorphic |layers contain a lattice that is

m smat ched with respect to the substrate, form ng a strained

| ayer which effect changes the lattice constant, and, by
contrast, a polycrystalline layer is not necessarily strained
(Br5). Also, pseudonorphic and pol ycrystalline |ayers are
typically formed by different nethods (Br6). Appellants argue
that the pseudonorphic Si Ge | ayer of Sol onobn has a different
structure and different operating characteristics than the
clai med polycrystalline Si Ge |ayer and, thus, it would not
have been obvious to incorporate the teachings of Solonon into
King (SBr6) because processes appropriate for a pseudonorphic
Si Ge | ayer are not necessarily appropriate for a
polycrystalline SiGe |ayer (SBr7). More particularly, it is
argued that one of ordinary skill in the art would not have

| ooked to Sol onmon to inprove the operation of the King device
because King and Sol onon are not readily conbinable due to the
different characteristics between polycrystalline Si Ge and
pseudonorphic SiGe (SBr6-7). That is, there is no notivation

to conbi ne the teachings of Sol onon and King (SBr6; RBr3).
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The Exam ner responds that Sol onon is used to teach a
silicon layer on top of a SiGe alloy layer to increase the
mobility of charge carriers at the interface between the Si Ge
the upper silicon |layer to make an inproved devi ce and King
teaches that it was conventional to use poly-SiGe as an active
| ayer in TFT structures (EA7). The Exam ner states that the
rejection is not overcone by attacking the references
i ndi vidually (EA7).

We are not persuaded by the Exam ner's response. The
Exam ner does not answer the argunent that the teaching of
application of a silicon channel |ayer to a pseudonorphic Si Ge
| ayer in Solonon does not suggest applying a silicon channel
to a polycrystalline SiGe |ayer, such as King. Cases dealing
with argunents attacking the references individually apply
only after notivation has been shown for the conbination and
the issue is what is taught by the conbination of the
ref erences.

The Exam ner further states (EA7):

[1]t is noted that the specification appears to contain

no di sclosure of either the critical nature of the

clai med | ayer being polycrystalline nor does it provide

any unexpected results arising therefrom In contrast,

the specification (pg. 2) nerely hypothesizes that "
very-thin filmsilicon | ayer interposed between a poly

a
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Si, G, alloy and a gate....mght result in superior poly-

Si,,Ge, alloy TFT..." which is not novel as taught by

Sol onon and/ or Burghart z.

As to the first sentence, that the specification does not
di sclose the critical nature of the polycrystalline |ayer or
any unexpected results, we find that the specification clearly
di scusses why poly-SiGe is an i nprovenent over poly-Si. The
speci fication need not discuss pseudonorphic SiGe. The
Exam ner cannot disregard the poly-SiGe limtation.

The second sentence presents an interesting observation.
As admtted by counsel at the oral hearing, the specification
nowher e describes the purpose or advantage of applying a
silicon layer to the poly-SiGe alloy layer of the prior art.
Thus, Appellants are not in a good position to argue that the
Exam ner's reasons based on silicon over a pseudonorphic SiGe
| ayer are wong because Appel |l ants cannot show t hat sone ot her
probl em was being solved. It appears that any suggestion for
adding a silicon channel |ayer to a poly-Si Ge alloy |ayer
woul d be sufficient notivation. Nevertheless, we are not

per suaded that the Exam ner's reasons, based on a silicon

channel |ayer on a pseudonorphic Si Ge | ayer, are persuasive of
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t he obvi ousness of providing a silicon channel |ayer on a
pol y-Si Ge | ayer.

We accept Appellants' statenment that pseudonorphic Si Ge
and polycrystalline SiGe are nutually exclusive crystal forns.
Sol onon di scusses that a pseudonorphic alloy |ayer is under
strain (col. 1, lines 43-52), inplying a single crystal |ayer
because a polycrystalline | ayer cannot be under strain because
any strain ends at the grain boundaries. Sol onon discusses
that it is desirable to have a germanium all oy channel with a
single crystal interface to silicon (col. 2, lines 14-19),
whi ch further supports the statenment that a pseudonor phic
|ayer is a single crystal. Solonon states that the transport
properties of the channel are inproved because the holes are
confined to the interface between the pseudonorphic Si Ge all oy
| ayer and the silicon layer 3 and because the alloy layer is
strained causing the energy of the |light hole band to be
| owered (col. 4, lines 33-40). It appears that the beneficial
results of the silicon channel |ayer in Sol onon are due solely
to the pseudonorphic nature of the alloy |ayer. Thus, there
is no reason why one of ordinary skill in the art woul d expect

that applying a silicon channel |ayer to a poly-Si Ge alloy

- 10 -
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mat eri al would provide the sane results. There nust be both a
suggestion for the nodification and a reasonabl e expectation

of success. See In re Vaeck, 947 F.2d 488, 493,

20 USP2d 1438, 1442 (Fed. Cr. 1991). Here, because the
advant ageous results of silicon on a pseudonorphic Si Ge | ayer
are based on the properties of the pseudonorphic Si Ge |ayer,
we find no notivation in Solonmon for applying silicon to a
poly-Si Ge | ayer or a reasonabl e expectation that doing so has
a reasonabl e expectation of success. The Burghartz patent,

al t hough not technically part of the rejection, refers to the
Sol onon patent and appears to disclose no nore than Sol onon.
Thus, Burghartz does not cure the deficiencies of the
conbination. GChtani is relied on only for a teaching of

exci mer | aser annealing and does not cure the deficiencies of
t he conbi nati on of Sol onon and King. W conclude that the
Exam ner has failed to establish the notivation to add a
silicon channel layer to a poly-SiGe ally layer in King and,

thus, has failed to establish a prim facie case of

obvi ousness. The rejection of clainms 8 and 10-21 is reversed.

Citation of relevant reference
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W cite Banerjee et al. (Banerjee), U S. Patent
5, 665,981, issued Septenber 9, 1997, and having an effective
filing date of COctober 24, 1994 (copy attached) as relevant to
the patentability of claim8. Banerjee teaches a thin film
transi stor (TFT) 20 having an active channel region 26
conprising a mddle |layer 32 of poly-Si Ge between | ayers 28,
30 of poly-Si, where the channel region overlies gate 16
(col. 3, line 35 to col. 4, line 4). This bottomgate
configuration is simlar to the enbodi nent of Appellants
Fig. 3 and, in our opinion, it wuld have been obvious to
apply the bottom gate TFT teachings of Banerjee to a top gate
TFT as shown in King to provide the same advantages. Banerjee
di scl oses that the poly-Si Ge alloy |layer 32 has a | ower energy
bandgap than the poly-Si and the band-edge discontinuity for
poly-SiGe is primarily in the val ence band which is ideal for
confining the holes within layer 32 in the mddle, away from
t he high defect poly-oxide interfaces, which results in | ower
| eakage current and sharper sub-threshold slopes (col. 4,
lines 4-13). Thus, Banerjee expressly teaches the silicon
channel |ayer on a poly-Si Ge | ayer between the poly-Si Ge |ayer

and the gate, and the advantages thereof. Banerjee further
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di scl oses that large grain size is preferred for conductivity
reasons (col. 1, line 66 to col. 2, line 51). Banerjee

di scl oses heating the poly-SiGe alloy to an effective
tenperature for an effective period of tine to increase grain
growh (col. 4, line 63 to col. 4, line 12), which we

interpret to nmean a step of crystallization.
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CONCLUSI ON

The rejections of clains 8 and 10-21 are reversed.

REVERSED
ERROL A. KRASS )
Adm ni strative Pat ent Judge )

BOARD OF PATENT

LEE E. BARRETT APPEALS
Adm ni strative Patent Judge AND
| NTERFERENCES

MAHSHI D D. SAADAT
Adm ni strative Patent Judge
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Ronal d P. Kananen

RADER, FI SHVAN & GRAUER
1223 20th Street, N W
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