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Overview




Intel’s combinations

* Lee (Grounds 1A-1F) (claims 13-17) or Johnson (Grounds 2A-2C) (claim 13) is the base
reference

« Kim or Aspar discloses “stackable add-on layer” (claims 13-17) under Board / Intel
construction (Grounds 1C-1F, 2B-2C)

» Aspar is used to address “SOl pillar” (claims 14-17) under Board / Intel construction (Grounds
1E-1F)

* As an alternative to Lee, Endoh discloses “serially connected” memory cells (claims 16, 17)
(Grounds 1B, 1D, 1F)

» Park + Kim renders claim 1 obvious (Ground 3)

Reply, 4, 22-23
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Under Board / Intel constructions of “stackable add-on layer”

and “SOl pillar,” just a few Intel arguments are relevant

Ground(s) Claim(s) References
1C 13 Lee + Kim
Ground (all  Claims References
onder 35 1E 13-17* | Lee + Aspar
U.S.C. §103)
1A 13-17 Lee *
= == e 1F 16-17 Lee + Aspar + Endoh
1C 13-17 Lee. Kim .
D 1617 Les, Kim, Endch 2B-C 13 Johnson + Aspar/Kim
1E 13-17 Lee, Aspar
1F 16-17 Lee, Aspar, Endoh
2A 13 Johnson .
2B 13 Johnson, Kim 3 1 Park + Kim
2C 13 Johnson. Aspar
3 1 Park Kim L|

**SOl pillar” only appears in claims 14-17

BeSang does not propose an alternative construction for

“stackable add-on layer”

Pet., 3; Reply, 4
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 5



Additional arguments based on Lee and Kim are relevant if

the Board adopts BeSang’s construction for “SOIl pillar”

Ground | Claims References
1C 14-17* | Lee + Kim
1D 16-17* | Lee + Kim + Endoh

*SOl pillar” only appears in claims 14-17

Pet., 3; Reply, 2, 4
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 6



Claim construction




BeSang contests the Board’s preliminary claim constructions

Limitation Board / Intel Construction BeSang Construction
“stackable add-on “a layer that is formed separately from the Disputed but no alternative proposal (POR, 15;
layer...the stackable add- substrate and then bonded to the substrate or a Sur-Reply, 3-4)
on layer [is/being] bonded™ dielectric layer above the substrate” (DI, 9)

(Claims 1, 13) Apparent construction from complaint in
does not include “memory cells that are formed parallel district court proceedings:
by sequential deposition on or above a substrate
or dielectric layer without being added to a “any layer that is directly or indirectly adhered
separately formed substrate” (DI, 9) to the recited layer of the substrate” (Pet., 12)

“a separate layer that is formed apart from the
substrate and then subsequently bonded to the
substrate or a dielectric layer above the
substrate” (DI, 11)

‘SOl pillar” (Claims 14-17) | “pillar-shaped doped stacked structure formed in | “a silicon-on-insulator structure taller than it is
a stackable add-on layer added using SOI wide” (POR, 16)
technology” (DI, 12)

*The demonstratives refer to these limitations jointly as “stackable add-on layer”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 8



A “stackable add-on layer” requires bonding separate

structures

Unless
otherwise noted, “SOI layer” is used herein to refer to a
relatively thin, smgle crystal portion of a semiconductor
wafer that can be cleaved and bonded to another previously
fabricated wafer, or similar type of substrate, such that a
three dimensional stack is formed from the SOI layer and the
previously fabricated wafer or similar type of substrate. In — o o
this context, the SOI layer may be thought of as an attach- EX1005, Fig. 4A (annotated)
ment layer, or stackable add-on structure which is suitable (flip)
for bonding to a semiconductor substrate already contalmng
devices and/or interconnections.

EX1001, 4:47-57 (see also EX1005, 6:4-17)

EX1005, Figs. 4A (annotated), 4B
(bond)

104

*Claims 1 and 13 both recite
EX1005, Fig. 4D EX1005, Fig. 4C (annotated) “stackable add-on |ayer”
(detach substrate)

Pet., 4-8, 10-13; EX1003, [ 59-65, 71-84; DI, 8-9; Reply, 1; EX1037, 7
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 9



“Bonding” in Board construction encompasses “wafer

bonding” in Intel construction

In summary, we preliminarily construe “stackable add-on layer . . . the
first stackable add-on layer is/being bonded” to requirea separate layer that
is formed apart from the substrate and then subsequently bonded to the Board construction requ ires “bondin g”
substrate or a dielectric layer above the substrate.” We do not construe

independent claims 1 or 13 to require any particular form or method of

bonding.'°

DI, 11
Based on the plain

language and intrinsic record, a POSITA would have understood these limitations to
require that the “stackable add-on layer” is wafer bonded to the recited layer of the
Intel construction requires “wafer bonding” | substrate. Sechen, §71.

Based on the plain language, a POSITA would have understood that a
“stackable add-on layer” must be its own structure capable of bemng stacked and

added onto the other recited structures. /d.

Pet., 10-13; DI, 9-11 & n. 10; Reply, 1 Pet., 10
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 10



The specification supports the construction of “pillar”

proposed by Intel and applied by the Board

Petitioner contends theterm “SOI pillar” in claims 1417 “requires a
pillar-shaped doped stacked structure formed in a stackableadd-on layer
added using SOI technology.” Pet. 13.

As such, for purposes of

this decision and based on theintrinsic evidence provided by Petitioner, we

apply Petitioner’s proposedconstruction of “SOI pillar.”

DI, 12

In various embodiments of the present invention, a FLD
can be directly contacted by metal electrodes at top, bottom,
121 (Vbias) and intermediate regions of the individual doped stack

structures (i.e., pillar structures).

EX1001, 6:26-29

) Pet., 13-16; EX1003, 11 85-91; Reply, 3
EX1001, Fig. 23 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 1



“SOI” refers to the claimed pillar’s creation and composition

Petitioner contends the term “SOI pillar” in claims 14-17 “requiresa
pillar-shaped doped stacked structure formed in a stackable add-on layer
addedusing SOI technology.” Pet. 13.

this decision and based on theintrinsic evidence provided by Petitioner, we

apply Petitioner’s proposed construction of “SOI pillar.”

As such, for purposes of

DI, 12

However, embodiments of the
present invention do not use individually working ICs, but
rather, as shown in FIG. 2, provide device integration
technology using bonded SOI technology and a thin single
crystalline semiconductor layer 124 without device forma-
tion before layer transfer. Because single crystalline semi-
conductor layer 124 is formed by SOI technology, it is
referred to herein simply as an SOI.

g Individual semiconductor structures may be formed
by etching through portions of the doped stack to electrically
isolate those structures.

EX1001, 4:62-64

EX1005, 6:44-46

In this way, the stackable add-on layer may
provide a plurality of memory cells suitable for connections
to an underlying substrate.

EX1001, 5:5-7

Pet., 13-14; EX1003, 1] 87, 90-91; Reply, 3
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Lee + Aspar/Kim — claims 13-15




Under Board / Intel construction, Lee teaches all limitations
of claim 13 except “stackable add-on layer”

3102

Substrate
3105

Fi6ueE 3%

Pet., 19; EX1007, Fig. 35

ical devices formed therein, and

a [substrate having electr

further having a dielectric layer disposed above the
electrical devices;

a stackable add-on layer having a plurality of vertically
oriented semiconductor memory cells; and

the stackable add-on layer being bonded to the dielectric
layer; and

wherein the memory cells are nonvolatile memory cells
having at least one transistor.

EX1001, claim 13

Pet., 19; Ex. 1001, 12:24-34
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




Lee discloses many transistor-based nonvolatile memory

cells for potential use in Figure 35’s memory array

118
06\
104 m
r .
o i < hig 5
L Je LIS
’AZJI////C///// -
& am 1 Memory array
FIG. 1A ’ : ol / - 3101

« “nonvolatile memories”
« “pillar TFT EEPROM”

Insulating
Layer 3102

310

3o

Substrate
3105

EX1007, 111 6, 113; see also id., ] 122, 125; EX1003 [ 139

« “thin film transistors (TFTs)”
« memory cells with source,
channel, and drain 3o

\ Driver circuits
3103
EX1007, § 119; see also id., 1] 24, 26, 119, 135, 122-124, 126, 165
\_ J

Pet., 19; EX1007, Figs. 1A, 1B, 2, 7, 25A, 35

Pet., 17-31; EX1003, I 112-139
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 15



Aspar discloses a Smart-Cut process to bond a stackable

add-on layer

é N
INITIAL WAFERS
Oxide -
OGO OROOO-O-O-00 -..-::.-.-"'--‘:: 2 e -
Wafer A AR Wafer B 13. A semlcond!uctor mefnory stl.'ucture, comprlsn%g.
i | NE a substrate having electrical devices formed therein, and
’ ’ i i ‘ gl c further having a dielectric layer disposed above the
*;:‘ 2‘; electrical devices;
Hydrogen implantation :: lL Cleaning and d d il having a pl]'llliallty gf ertically
in wafer A 1 i orlente semicon uctor memory cells; an
- : G the stackable add-on layer being bonded to the dielectric
T pm—— layer; and
@ @ wherein the memory cells are nonvolatile memory cells
- . T having at least one transistor.
Splitting F'ouch polishing
EX1001, claim 13
Fig. 1. Schematic description of the Smart-Cut® process, used to
L obtain SOI wafers. )

EX1009, Fig. 1 (annotated)

Pet., 56-58; EX1003, {[{] 203-208
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 16



The 702 patent discloses using the prior art Smart-Cut

process for bonding

This is a continuation-in-part of application Ser. No.
10/873,969, entitled “Three-Dimensional Integrated Circuit
Structure and Method of Making Same”, filed 21 Jun. 2004,
and which is incorporated in its entirety herein by reference.

EX1001, 1:7-10

(10) Patent No.: US 7,052,941 B2

(21) Appl. No.: 10/873,969

EX1005, (10), (21)

SOI substrate 190 may have a detach layer 191, which
may be a porous or strained layer at a certain desired depth
using, for example, SmartCut (U.S. Pat. No. 5,882,987),
ELTRAN (U.S. Pat. No. 5,371,037), or SiGen technologies.
Detach layer 191 is a defective region in the semiconductor
lattice and, after bonding with dielectric layer 153, SOI

121

substrate 190 will be removed except for single crystal layer
124 which forms the FLD.

EX1005, 9:40-47, Fig. 4B

Pet., 4-8, 11-12; EX1003, {1 59-65, 74; Reply, 12-13
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX1005, Fig. 4C
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A POSITA would have used Aspar’s Smart-Cut process to

fabricate Lee’s memory structures

1 Y (flip, bond
Wafer B Wafer A EE ‘3'? (flip, bond)
. 1 —_—
inverted) N
_-d
-+
- (=) Z L Water .
N+ x —3102 i
3o~ i
— I
3o :
_____________________________________ '
]
1
]
1 Substrate Splitting
I
]
: WaferB + A
i (- substrate)
- N
i
i N ] ol N
1 -d ~
1 + <
L--» |
kA 3j02
dtos™ 3los~
L ?(O ?‘0 J

Pet., 58-60, EX1003, 11 209-211
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Kim discloses bonding a stackable add-on layer

orented sem1condctor memory cells and
the stackable add-on layer being bonded
layer; and

layer having a plurality of vertically

d to the dielectric

EX1001, claim 13

[0020] Attention now is directed to the drawings and
particularly to FIG. 1, an example three-dimensional (3-D)
is illustrated. As shown in

FIG. 1, the 3-D vertical stack (chip) 100 may comprise any
number of active device polysilicon (Si) wafers, such as
wafer #1 110 including, for example, one or more micro-
processors; wafer #2 120 including one or more memory
devices; and wafer #3 130 including one or more radio-
frequcncy (RF) or optical communlcatlon dev1ces Typl-

FIG. 1

EX1008, 20

Pet., 51-54; EX1003, 7 189-197
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX1008, Fig. 1 (annotated)
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A POSITA would have used Kim’s bonding technique to

manufacture Lee’s memory structures

Wafer B
(Lee Fig. 35)

3102

R N

3los™

20

(+)

Wafer A :"g' Y (flip, bond)
(Lee Fig. 1A, EE
inverted) v
B |10 8 |
ur| e i s (=
L)
2o

Wafer
, -
B+A

Pet., 51-54; EX1003, {[189-197
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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A POSITA would have combined Lee and Aspar/Kim for

several reasons

Motivation to Combine

Support

Aspar’s Smart-Cut transferred high-quality
crystalline silicon and allowed for easy transfer of
multiple layers (Lee + Aspar only)

Pet., 60-61 (citing EX1009, 834, 839; EX1003, [ 212)

Reply, 6, 10 (additionally citing EX1037 § 13, 24)

Bonding was a known technique that addressed a
known problem using prior art elements according
to their established functions

Pet., 53, 60-61 (citing EX1003, {1 195, 212)

Reply, 5-6 (citing Pet., 53, 60-61)

Lee’s Figure 35 lacks implementation details that a
POSITA would have sought elsewhere, and Lee
discloses stacking in other embodiments

Pet., 51-52, 56 (citing EX1007, ¥ 107-113; EX1003, ¥ 190-192, 204)

Reply, 6-8 (additionally citing EX1007, 9 115, 117, 207-212, 259, 294; EX1037,
9 14-17; EX2029, 61:12-22)

The combinations would have improved quality
control and reduced waste

Pet., 53-54, 61-62 (citing EX1003, 1 196, 213)

Reply, 8-10 (additionally citing EX1016, 1:48-52; 1055, 943; EX1057, 1:14-18,
2:7-23; EX1047, 295; EX1041, 228; EX1043, 10-11; EX1037, |1 18-21)

The combinations would have allowed fabricating
devices separately using optimized processing
before bonding

Pet., 53-54, 61-62 (citing EX1003, {1 196, 213)

Reply, 10 (additionally citing EX1016, 1:25-27; EX1008, q 22; EX1044, 145-146;
EX1049, 6:42-56; EX1050, 525; EX1037, |1 22-24; EX2039, 91:17-98:9)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Aspar describes benefits that would have motivated a POSITA

to use its techniques

INITIAL WAFERS
Oxide

-, = ™

e

Wafer A

HH_JH

Hydrogen implantation

in wafer A

Cleaning and
bonding

- A —
——————— o o -

n

1
v
[}

...................
...................

)

Splitting Touch polishing

This process has several advantages from both the
technical and economic points of view.” Among these,
the possibility of transferring thin layers of very good
thickness homogeneity and with a high crystalline

quality onto different materials deserves to be high-
lighted.

EX1009, 834

Fig. 1. Schematic description of the Smart-Cut® process, used to
obtain SOI wafers.

\

For example, this layer transfer
process can be repeated several times on a same
structure. Realizing multiple SOI layers based on a
layer transfer process can be achieved in many differ-
ent ways: repeating a single layer transfer several
times onto a same wafer, transferring SOI layers
stacks already formed onto a single substrate or a SOI
wafer. So, multiple SOI layers stacks can be easily
performed thanks to Smart-Cut technology (Fig. 14).1°

EX1009, 835

EX1009, 839

Pet., 60-61; EX1003, 1 212; Reply, 6, 10; EX1037 [ 13, 24
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Intel need only show that bonding is a suitable option, not

an improvement

“‘And if there’s a known technique to address a known problem using ‘prior
art elements according to their established functions,’ then there is a
motivation to combine. ...

And contrary to the Board’s suggestion, Intel never had to show that replacing
Kabemoto's secondary cache with Bauman's secondary cache was an
‘improvement’ in a categorical sense. See Final Written Decision, 2021 WL
3503434, at *11. Intel just had to show that Bauman’s secondary cache was a
“suitable option” to replace Kabemoto’s secondary cache. Intel [Corp. v.
Qualcomm Inc.], 21 F.4th [784,] at 800 [(Fed. Cir. 2021)](emphasis omitted).”

Intel Corp. v. PACT XPP Schweiz AG, 61 F.4th 1373, 1380-81 (Fed. Cir. 2023) (emphasis added)

“Consistent with our recent decision in Intel [v. PACT], the Board should have
addressed whether Cisco showed a motivation to combine Gleichauf with Lewis
independent of whether a skilled artisan would recognize any benefit in
making the proposed combination.”

Cisco Sys., Inc. v. K.Mizra LLC, Nos. 2022-2290, 2023-1183, 2024 WL 3841809, *4 (Fed. Cir. Aug. 16, 2024) (emphasis added)

Pet., 48, 53, 61, 76, 81, 84; EX1003, {1 180, 194-196, 212-213, 249-250, 260-261, 267-269; Reply, 5-6; EX1037, || 13-14
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 23



Bonding was a known solution to known problems using

prior art elements based on established functions

Fabricating 3D structures (Lee, Aspar) and memory arrays above a substrate containing electrical
devices (Lee, Kim) were known problems. Aspar and Kim describe bonding as a known solution.

Rty e [0111] FIG. 35 schematically illustrates an array of charge

T storage logic or memory devices 3101 formed above an

'Mﬂ&—' } 30! interlayer insulating layer 3102 disposed above a monoc-
rystalline substrate 3105.

EX1007, 9 111

[0020] Attention now is directed to the drawings and
FiGURE 3§ particularly to FIG. 1, an example three-dimensional (3-D)
wafer-to-wafer vertical stack is illustrated. As shown in
FIG. 1, the 3-D vertical stack (chip) 100 may comprise any
number of active device polysilicon (Si) wafers, such as
wafer #1 110 including, for example, one or more micro-
processors; wafer #2 120 including one or more memory
devices; and wafer #3 130 including one or more radio-
frequency (RF) or optical communication devices. Typi-
cally, a dielectric layer 102 is used to bond the active device
wafers 110, 120 and 130.

Pet., 19; EX1007, Fig. 35

Wafer bonding and layer transfer enable
different materials to be associated to form multi-
layer substrates.

EX1009, 834

Pet., 17-21, 28, 51-53, 56-61; EX1003, || 112-124, 133, 189-195, 203-212; Reply, 5-6 EX1008, 1120
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 24



Lee describes a monolithic memory array in which array

layers are deposited on other array layers

monolithic memory array

Memory array
3101

[0107] One method of improving device density is to
arrange the devices in a monolithic three dimensional array
3102 of charge storage devices comprising a plurality of device
levels. The term “monolithic” means that layers of each
i level of the array were directly deposited on the layers of
each underlying level of the array. In contrast, two dimen-
sional arrays may be formed separately and then packaged
together to form a non-monolithic memory device.
3103

EX1007, 1 107

Fi6URLE 3%

\, J

Pet., 19 (annotated); EX1007, Fig. 35

Pet., 51-52, 56; EX1003 |[{] 191-192, 204; Reply, 6-7; EX1037, [{] 14-15
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 25



Lee’s Figure 35 lacks details about attaching the bottom of
the monolithic memory array to the substrate

FibuRE 3%

N v

Pet., 19 (annotated); EX1007, Fig. 35

Pet., 51-52, 56; EX1003 |[{] 191-192, 204; Reply, 6-7; EX1037, [{] 14-15
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 26



Lee discloses bonding and a POSITA would have considered

the technique for attaching the bottom of the memory array

\,

Fi6ulE 3%

3101

} 301

2]02Z
3105
3es”

Driver circuits
3103

[0107] One method of improving device density is to
arrange the devices in a monolithic three dimensional array
of charge storage devices comprising a plurality of device
levels. The term “monolithic” means that layers of each
level of the array were directly deposited on the layers of
cach underlying level of the array. In contrast, two dimen-
sional arrays may be formed separately and then packaged
together to form a non-monolithic memory device.

EX1007, 1 107

The silicon-on-insulator substrate may be
formed by any conventional method, such as wafer bonding,
Separation by Implantation of Oxygen (SIMOX), and for-
mation of an insulating layer on a silicon substrate.

Pet., 19; EX1007, Fig. 35

EX1007, 1 208

Pet., 51-52, 56; EX1003, 1] 191-192, 204; Reply, 7-8; EX1037, || 16-17
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Density and cost benefits of monolithic memory arrays would

have applied when bonding was used

as to whether Petitioner’sasserted benefit would have outweighed the memaory array structure as Lee

competing benefits of improved density and lowered costs of monolithic

arrays identified in Lee (Ex. 1007 4 106-107).

DI, 36
B |12 8 lg
Furthermore, by optionally )
stacking the cells vertically in the Z-direction, the array
density is further increased, which leads to further decreases
in the die size and cost.
EX1007, 7 204 2No

The silicon-on-insulator substrate may be
formed by any conventional method, such as wafer bonding,
Separation by Implantation of Oxygen (SIMOX), and for- Pet., 52
mation of an insulating layer on a silicon substrate.

[0169] The above described processes can be repeated as

EX1007, 11208 many times as desired to add additional levels of pillar
Lee teaches implementations that include bonding, memory 1o the array.
increase density, and decrease cost EX1007, 1] 169

Reply, 7-9, 12; EX1037, §{ 16-17, 28
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 28



BeSang ignhores evidence confirming that testing improves

yield

We adopt an “assembly” approach to 3D circuit
Since the chips in each wafer are tested to screen out fabrication [5) in which we begin with multiple completed 2D
defective ones, one must stack only good chips on top of circuits fabricated by conventional means and individually
good chips on a wafer to maintain a reasonable yield. If there tested, and then stack the device layers using wafer bonding,
is no yield loss during the stacking process, the final yield We believe this approach should improve yield and reduce
will coincide with the original wafer yield. manufacturing cost compared to “bottom up” techniques in
EX1016, 1:48-52 which devices in each layer are processed sequentially.

EX1055, 943

If a quality issue is detected, then only that
level 3104 would need to be discarded, whereas with deposition, the whole
underlying structure (e.g., substrate with electrical devices, any previously-

deposited layer stacks, etc.) would need to be discarded.

EX1003, 1 196

Pet., 53-54, 61-62; EX1003, 7 196, 213; Reply, 8-9; EX1037, {1 18-20
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 29



A POSITA would have tested layers in the Lee-Aspar

combination before bonding

Specifically, when using Smart-Cut®,
quality control can be performed on the stack prior to bonding (e.g., layer thickness,

uniformity, ete.).

EX1003, 213

Abstract—Semiconductor fabrication requires tight specifica-
tion limits on thickness and resistivity for epitaxially deposited
silicon films. Our testbed system for integrated, model-based,
run-to-run control of epi films incorporates a Centura tool with an
epi deposition chamber, an in-line epi film thickness measurement
tool, and off-line thickness and resistivity measurement systems.

EX1047, 295
Substrate A sensor in the probe
assembly measures the surface photovoltage induced by the
modulated light. The signal from the sensor is sent to a
computer which then uses the induced surface photovoltage
to determine various electrical characteristics of the wafer,
such as surface charge and surface doping concentration,
among others.

EX1057, 2:17-23
Pet., 59, 61-62; EX1003, 1 213; Reply, 9-10; EX1037, 21
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 30



Objective evidence supports Dr. Sechen’s opinions on

process optimization

Furthermore, the processes In
involved in forming successively devices B addition, the vertical stack can effectively integrate diverse
characteristics of devices placed underneath it. . )

process technologics on a single wafer process, such as, for
EX1016, 1:25-27 example, logic/memory stacking, processor stacking, optical

interconnect, system-on-chip, and RF interconnect.

2 I v The use of optimized EX1008, | 22
processing technology on separate wafers for implementations of ASICs/SOCs or
heterogeneous systems also offers the potential of reducing processing complexity,
increasing the yield and cutting the packaging steps, thus lowering the overall cost.

a Sequentially 3'&?2‘!9 Oue
D a:ﬁz'ab:d"d' ) of the main advantages of the new transfer bonding technology

is that transducers and integrated circuits can be independently
processed and optimized on different wafers before integrating the
transducers on the integrated circuit wafer. Thus, the transducers
can be made of, e.g., monocrystalline silicon or other high-temper-
ature annealed, high-performance materials.

interconnect \-

emory

Dice

S
/03, AlDe/ sonsors,

L

ory b
ProcessoriLogic ) ™ u:am_i_gly!_‘lggld‘/

) EX1050, 525

EX1044, 146

Pet., 51, 53-54, 60-62; EX1003, [ 190, 195-196, 212-213; Reply, 10; EX1037, {[{ 22-24
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Aspar and Wolf describe different Smart-Cut processes

INITIAL WAFERS Inifiol Silicon
Oxide :

M -= ':_—_'! l:_-__‘_' = Ox|ddﬂon

-

Wafer B

Wafer A

REAREE

Smart Cul® implantation

i i
St HR

0.0 gm#: N

B EE—— ) Cleaning & Bonding
Hydrogen implantation
in wafer A

@ DiHEmINe e R e
Annedaling 1100°C &

Splitting Touch polishing CMP Touch polish

Cleaning and
bonding

e oy
Oz-—rao<0mz
~

~)

Smart Cul® Spliting

"
L
4

e e i A T B

)

Waler A becomes

Fig. 1. Schematic description of the Smart-Cut® process, used to o A DL

obtain SOI wafers.
" J A\

EX1009, Fig. 1 (annotated) EX1015, 543 (annotated)
No anneal between splitting and polishing 1100°C anneal between splitting and polishing

Pet., 56-63; EX1003, 1] 203-215; Reply, 12; EX1037, 1] 29-31
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Smart-Cut is a generic process, and Dr. Sechen distinguished

Aspar’s version from Wolf’s

Based on these results, we can conclude that the
Smart-Cut process really is a generic process. It allows
a great deal of combinations (material and bonding
layer) which open up new scope for developments.

Wolf

EX1009, 839
o .
INFTIAL WAFERS Aspar’s Smart-Cut® process
- .___,____I ] EX1003, 1111 209, 212-214, 217, 219, 257, 260-262
e e e
Wafer A ."l R Wafer B
l'l E
AR RS R
= - WY
b :: ' C
Hydrogen implantation ;! :‘ Cleaning and Q. Okay.
in wafer A HEY bonding
1y G

4

Fig. 1. Schematic description of the Smart-Cut® process, used to yes.
obtain SOl wafers.

that it should be annealed at 1100-degree
Celsius to correct those defects; correct?

Splitting Touch polishing A. That is this one article's opinion,

And it specifically suggests

EX1009, 835
Pet. 58; EX1003, §] 208; Reply, 12 n.4, 13; EX1037, [ 30 n.3, 31
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX2039, 120:18-22
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Like Aspar, the incorporated 941 patent describes Smart-Cut

without an 1100°C annealing step

SOI substrate 190 may have a detach layer 191, which
may be a porous or strained layer at a certain desired depth
using, for example, SmartCut (U.S. Pat. No. 5,882,987),
ELTRAN (U.S. Pat. No. 5,371,037), or SiGen technologies.
Detach layer 191 is a defective region in the semiconductor
lattice and, after bonding with dielectric layer 153, SOI

substrate 190 will be removed except for single crystal layer
124 which forms the FLD.

EX1005, 9:40-47

Base substrate 180 should
withstand semiconductor processing temperatures in the

range of 250° C.~650° C.’

EX1005, 8:60-62

No anneal between splitting and polishing

mide. Once the SOI substrate has been detached, Chemical-
Mechanical Polishing (CMP) could be used to reduce sur-
face roughness of the transferred SOI layer.

EX1005, 10:19-21

s 51}
114{ P 104
___________ e M —_—

153

Pet., 11-12; EX1003, 9] 74, 79-81; Reply, 12-13; EX1037, {1 29-31

EX1005, Fig. 4B-4D

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




The thin layer created by Aspar’s splitting step is the

“stackable add-on layer” used to form memory cells

A splitting step, which takes place along the in-
depth weakened layer, gives rise to transfer of
a thin layer from the substrate A onto the

support B.
Clcamng and Splitting T'ouch polishing EX1009, 834
bonding
EX1009, Fig. 1 (annotated)
Substrate Splitting
Wafer B + A Wafer B + A

- \ (- substrate)

........

........

2lai2]

2ld 2]

3j02 30z
3les 3los™

Pet., 56-63; EX1003, 1] 205-215; Reply, 14; EX1037, |[{] 33-34
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 35



A POSITA would have had a reasonable expectation of

success in combining Lee and Aspar/Kim

Aspar Kim

Realizing multiple SOI layers based on a
layer transfer process can be achieved in many differ-
ent ways: repeating a single layer transfer several
times onto a same wafer, transferring SOI layers

[0019] The present invention is applicable for use with all
types of semiconductor wafers and integrated circuit (IC)
devices, including, for example, MOS transistors, CMOS

; devices, MOSFETs, and new memory devices and commu-
stacks already formed onto a single substrate or a SOI L :
wafer. So, multiple SOI layers stacks can be easily nication devices such as smart card, cellular phone, elec-

performed thanks to Smart-Cut technology (Fig. 14).1° tronic tags, gaming devices which may become available as
semiconductor technology develops in the future.

The ability to EX1008, {1 19-20
obtain thin films by means of the layer transfer
process combined with specific bonding via thermally « a predictable way to achieve 3D structure
conductive or metallic layers has also been demon- « within the skill of a POSITA
strated.
EX1009, 839

« suitable for use with Lee’s substrate
« compatible with Lee’s use of thin films to
fabricate memory cells

Pet., 54, 60, 62; EX1003, 1] 197, 212, 214; Reply 11-14; EX1037, 1 26-34
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 36



Intel explained how Lee and Aspar rendered an “SOIl pillar”

obvious under the Board / Intel construction

In addition, " ; ; . .
Petitioner contends theterm “SOI pillar” in claims 14-17 “requires a

Petiti does not to explain how th bination of L dA
ctoner coes notappearto explam how thecombination ot Lecand Aspat pillar-shaped doped stacked structure formed in a stackableadd-on layer

would have resulted in an “SOI pillar” under Petitioner’s construction for adiledl s eSO techttloag” Pet. 13.

that term.
DI, 12
DI, 42
Wafer A would be separately fabricated with a single crystal
surface layer with a doped stack, similar to stack 902 depicted in Lee’s Figure 9A to
Additionally, Section VILE.1.b describes that the stackable add- form the pillars for the memory cell structures of Figs. 1A—1B, 2, 7, and 25A. Id.;
on layer is added using Aspar’s Smart-Cut® process which is SOI technology. EX1007, §9119, 122, 125, 138-141; see also id., Fig. 13A, J147-148; Fn. 9. A

EX1009, 834, 837 (“major application of this process is...fabrication SOI wafers”),
Pet., 59

839. As described in that Section, the doped stack of the stackable add-on layer

pillar-shaped

bonded to Wafer B is used to form pillars (“SOI pillars”) for the memory cell

structures of Lee’s Figure 1A-1B, 2, 7, or 25A. Sechen, §217. doped stacked structure

stackable add-on layer

Pet., 63

KK

SOl technology

Pet., 13-16, 59, 63; EX1003, [ 85-92, 209, 217; DI, 12, 42; Reply, 14-16; EX1037, §] 35
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 37



Intel primarily relies on Lee’s embodiments other than the

one shown in Figure 25A

e Lee + Aspar/Kim
ms{m ::N!Lm 2 Claim Lee embodiments Support
. &5 13 Figs. 1A, 1B, 2, 7, 25A Pet., 16-31, 50-54,
56-63

14 Fig. 2 Pet., 31-33, 54, 63

15 Figs. 1A, 1B, 7 Pet., 33-37, 54, 63

FIG. 18 16-17 Fig. 25A Pet., 37-41, 54, 63

Lee + Aspar/Kim + Endoh
Claim Lee embodiments Support FIG. 257

13-15 See above See above EX1007, Fig. 25A

16-17 Fig. 1B Pet., 47-50, 55, 64;

(Intel also alternatively relies Reply, 17-22
on Endoh’s memory cells)

EX1007, Figs. 1A, 1B, 2, 7 Reply, 11-12, 21-22; EX1037, {1 26-28, 46
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 38



Lee + Aspar/Kim [+ Endoh] - claims 16-17




Lee discloses the “serially connected” nonvolatile memory

cells of claim 16

4 N
16. The semiconductor memory structure of claim 13,
wherein at least two nonvolatile memory cells are vertically 1352 1352
oriented and serially connected together and formed with a 130 L 13508 1350
first SOI pillar.
N+ +

EX1001, claim 16 P- P- P- 1342

Without that upper conductor, the cells in Level 2 cannot P-

be connected mn parallel with the cells in Level 1 because they have only one M

electrical connection to the cells in Level 1. That sole connection between cells 1n

Level 1 and Level 2 1s through metal layer M2, and therefore, the memory cells are

FIG. 25A

& v

EX1037, 1 38 EX1007, Fig. 25A (annotated)

serially connected, one after another, as required by claims 16 and 17. Pet., 38-40.

Pet., 37-39, 54, 63; EX1003, [ 153-162, 199, 217; Reply, 16-17; EX1037, {[{ 37-39
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 40



Lee discloses the “serially connected” nonvolatile memory

cells of claim 17

17. The semiconductor memory structure of claim 16,
wherein the at least two nonvolatile memory cells on the first
SOI pillar are serially connected with an interconnect line
disposed on a dielectric layer, to a nonvolatile memory cell
formed with a second SOI pillar.

Second memory cell

EX1001, claim 17

“Memory cells” and “interconnect line” are separate Firet mamory cali

Figure 25A further shows

that those memory cells are serially connected to a conductive bitline or wordline

M1 1308 (“interconnect line”) and M1 connects the first pillar to an adjacent pillar

1352 1352
1350 1350A 13508 1350
N+ +
P- P- P- }1342
Ay
P- P- P- :
Z
FIG. 25A

y

having a nonvolatile memory cell. L

EX1003, | 164

Pet., 39-41, 54, 63; EX1003, [T 163-168, 199, 217
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX1007, Fig. 25A (annotated)
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Claims 16 and 17 require memory cell structure, not memory

cell function

Second memory cell
First memory cell

1352 1352

L eytmidn
iz .8
e

FIG. 25A

16. The semiconductor memory structure of claim 13,
wherein at least two nonvolatile memory cells are vertically
oriented and serially connected together and formed with a
first SOI pillar.

17. The semiconductor memory structure of claim 16,
wherein the at least two nonvolatile memory cells on the first
SOI pillar are serially connected with an interconnect line
disposed on a dielectric layer, to a nonvolatile memory cell
formed with a second SOI pillar.

y

EX1007, Fig. 25A (annotated)

EX1007, claims 16-17

Reply, 16-17; EX1037, ] 38-39
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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The intermediate step Iin Lee’s prior art method renders the

claimed memory structure unpatentable

“We also do not find it material that the district court found the anticipating
method in the ’211 patent to be ‘an intermediate step’ in the manufacture of
sevoflurane. Abbott, No. 01-CV-1867, slip op. at 42. The product of that method
was an anesthetic sevoflurane composition with sufficient water to prevent Lewis
acid degradation—exactly what is claimed by the 176 patent. Commercial

finality is not claimed.”

Abbott Labs. v. Baxter Pharm. Prods., Inc., 471 F.3d 1363, 1369 (Fed. Cir. 2006) (emphasis added)

1352 1352

1350 /thjﬂ&m [j13508 1350
o))

P- 7 / :wh 7/ ;“ g 1342
o
@‘1 T E G TET /;ui

EX1007, Fig. 25A

Reply, 16-17; EX1037, {[{] 37-39
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Endoh teaches “serially connected” non-volatile memory

cells (claims 16-17)

16. The semiconductor memory structure of claim 13,
wherein at least two nonvolatile memory cells are vertically
oriented and serially connected together and formed with a
first SOI pillar.

17. The semiconductor memory structure of claim 16,
wherein the at least two nonvolatile memory cells on the first
SOI pillar are serially connected with an interconnect line
disposed on a dielectric layer, to a nonvolatile memory cell
formed with a second SOI pillar.

R ﬁ
f
Ill-

EX1001, claims 16-17

the transistors are connected in series along the island-like ;
semiconductor layer, as shown in FIG. 1171 and FIG. 1172. S

EX1012, {1 1206 E'\—
~

\ J

EX1012, Fig. 1172 (annotated)

Pet., 42-50, 55, 64; EX1003, [ 170-186, 200, 218-219
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 44



Based on Endoh, a POSITA would have used serially

connected memory cells

Option 1: stack Lee’s cylindrical memory cells Option 2: implement Endoh’s memory cells
s R
1340 1340 1340 %
N+ N+ Nt :
uzva.z\— p- p- P- : ‘
i
ziz B o
13424 | p. p- | L4342 ! bt |
7777 7777 Je 9 B e Bl 1
FIG. 23A < orvcoil, S 1108
= = :
EX1007, Figs. 1B, 23A (annotated) J
s +
Motivations to combine / reasonable expectation of success: EX1012, Fig. 1171 (annotated)

* Increased device density
« Solving a known problem with a known technique
* Lee and Endoh both teach stacking memory cells (predictable, within the skill in the art)

Pet., 44-50, 55, 64; EX1003, || 177-186, 200, 218-219; Reply, 17-22; EX1037, {[{] 40-47
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 45



Lee suggests a POSITA would have implemented any memory

structure, including Endoh’s, in Lee’s Figure 35 embodiment

[0113] The charge storage devices of the array may be any
type of semiconductor devices which store charge, such as
EPROMSs or EEPROMs.

EX1007, 9 113

Pet., 44; EX1012, Fig. 1171

124. Figure 35 depicts level 3104 as a rectangular box (as shown above), and

is agnostic as to the particular type or structure of the memory cells in it.

EX1003, 1 124; see also id., T 95

l
's.la:lﬁ: - - } 3001
i 13102
add-on layer)

—3(05”

303

Fi6UuRE 3%

Pet., 21; EX1007, Fig. 35

Pet., 21, 47-48; EX1003, |[[123-124, 178-181; Reply, 17-22; EX1037, |[{] 40-47
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Combinations based on Endoh’s teachings of stacked cells

would have increased density

116
106

1
104 l g 5
C 112
103{ 114 \
102

Applying two memory cells in a pillar
increases density

1] 8 |10
A///////g////// -
- doa !
1340 ¢
FIG. 1A Y N+
LEVEL2 | P- :
: N+ |
EX1007, Figs. 1A, 1B (annotated) /!!2/ 7 ”2/
N+ N+
[0125] Although memory device 100 shown in FIG. 1A LEVEL] | P- 1 LEVEL 4 P-
includes a charge storage medium 110 and a control gate 112 N
formed on only one side or surface of pillar 108, it is to be rd } 75 /N+ s
appreciated that the pillar memory device of the present
invention can be fabricated so that the entire body 110 of the
pillar 108 is surrounded by a single charge storage member One cell Two cells Two cells
110 and a single control gate 112 as shown in FIG. 1B. (Lee) (Lee + Endoh) (Endo)

EX1007, 9125
EX1007, Fig. 23A (annotated); EX1012, Fig. 1171 (annotated)

Pet., 47-48, 55, 64; EX1003, || 177-180, 200, 218-219; Reply, 20-21; EX1037, { 44
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 47



Dr. Przybylski Is wrong about implementing Endoh’s memory

cells in Lee’s Figure 35 embodiment

109. Petitioner fails to recognize the fundamental differences between Lee

and Endoh that would prevent a POSITA from being able to make such a

modification, or, alternatively, having any expectation of success in such an effort.

EX2029, 109
Fi6URE 38 T

Dr. Przybylski errs by

Pet., 19; EX1007, Fig. 35

* basing his opinions on Lee’s Figure 25A, which is not part of Intel's
combination (Pet. 47-48; Reply, 21-22; EX2029, q[[ 105, 110)

+ identifying differences without explaining why they would prevent the
proposed combination (EX2029, 111 109-111)

 failing to address whether implementing the combination was within a
POSITA's knowledge (EX1037, 1 47)

Pet., 47-48; EX1003, |[{] 177-180; Reply, 21-22; EX1037, || 46-47

Pet. 44; EX1012, Fig. 1171 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 48



Lee + Aspar/Kim + Endoh render obvious all limitations of

claim 13, from which claims 16-17 depend

Lee’s Fiqure 1B memory cells Endoh’s memory cells
B ; _r = Limitations Support
LEVEL2 | P- : S : )
: ; “vertically oriented Pet., 46
b semiconductor (Endoh describes
LEVELY | P- }1 1 38 W ] memory cells” vertical cells)
” - “nonvolatile Pet., 42
= "o i e memory cells” (Endoh describes
(Lee + Endoh) = I "EEPROM’)
e . “memory cells Pet., 45-46
EX1007, Figs. 1B, 23A ' having at least one | (Endoh describes
— & 1 transistor” “transistors”)
Limitations Support All other limitations | Pet., 16-31, 51-
13[pre], [a], Pet., 16-29, 30-31 54, 56-63 (Lee +
Pet. 44; EX1012, Fig. 1171 ’ :
[b], [d] o N Aspar/Kim)
13][c] Pet., 51-54, 56-63 (Lee
+ Aspar/Kim)

Reply, 21; EX1037, §] 45
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 49



The Petition supports Ground 1F based on Lee, Aspar, and

Endoh

On this record, we are concerned that Petitioner’s cross-reference to
other sections of the Petition may not be sufficient to support a challenge

based on Lee, Aspar, and Endoh.

DI, 42
Ground 1F supports that claims 16 and 17 are unpatentable Support
Lee discloses all limitations of claim 13 except “stackable add-on layer” Pet., 56, 63 (§VII.E)
(citing Pet., 16-31)
Aspar discloses “stackable add-on layer” Pet., 56-60 (§VII.E)
Motivation to combine Lee and Aspar Pet., 60-63 (§VII.E.1.b)
Endoh discloses “serially connected” memory cells of claims 16 and 17 (which Pet., 42-50 (§VII.B)

depend from claim 13);

The combination of Lee, Aspar, and Endoh renders obvious “SOl pillar” of claims | Pet., 64
16 and 17

Motivation to combine Endoh with Lee and Aspar Pet., 47-48 (§VII.B.1),
49-50

Pet., 64; EX1003, {11 218-219; DI, 42; Reply, 17-19, 22-23; EX1037, ] 40-43, 47-49
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 50



Johnson + Aspar/Kim - claim 13




Johnson alone or Johnson + Aspar/Kim render obvious each

limitation of claim 13

“stackable add-on layer”
construction

BeSang Board / Intel

Claim 13 Limitation

Johnson +

JelnEan Aspar/Kim

A semiconductor memory structure, comprising:

electrical devices;

13[a]: a substrate having electrical devices formed therein,
and further having a dielectric layer disposed above the

oriented semiconductor memory cells; and

13[b]: a stackable add-on layer having a plurality of vertically

dielectric layer; and

13[c]: the stackable add-on layer being bonded to the

having at least one transistor.

13[d]: wherein the memory cells are nonvolatile memory cells

SIS K
NIAN AN NN

Pet., 65-82; EX1003, [ 220-263

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

BeSang
disputes
motivation to
combine and
“transistor”
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BeSang incorrectly argues that Johnson fails to disclose

using a transistor

Memory Cell: Pillar

wherein the memory cells are nonvolatile memory cells

EX1010, 7:31 , .
having at least one transistor.

Some possible implementations of the steering ele-
ment are (i) a PN junction diode, in amorphous,
microcrystalline, polycrystalline or single crystal semicon-
ductor (e.g. Si, Ge, SiGe, GaAs, InP, etc.); (ii) a metal- —
semiconductor Schottky diode; (iii) 2 junction field-effect i
transistor with gate connected to source (or to drain); (iv) a
MOSFET with gate either floating, or connected to source or
connected to drain; (v) a Zener diode, avalanche diode, or
tunnel diode; (vi) a four-layer diode (SCR); (vii) a P-I-N
diode in amorphous, microcrystalline, polycrystalline or
single crystal semiconductor; and others that will be readily
apparent to those skilled in the art.

EX1001, claim 13

L~ Steering
Element
22

EX1010, 7:61-8:5

A floating gate MOS device allows numerous (3
possible implementations of multi-level storage, providing =
more than 2 states for a state change element, as is well

known 1n the art.

EX1010, Fig. 4a (annotated)
EX1010, 10:34-37 Pet., 65-73; EX1003, 1[221-243; Reply, 24-26; EX1037, q[{] 52-55, 59; POR, 58-59

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 53



A transistor used in a “2-terminal” memory cell is still a

transistor

Johnson explains exactly how to use the diodes, JFET, or MOSFET in the Simply put, Johnson’s exclusive teaching of 2-terminal memory cells does not

steering element. All (including the JFET and MOSFET) are being used as || disclose or render obvious “nonvolatile memory cells having at least one transistor”

2-terminal devices, not a 3-terminal implementation.

required by Claim 13.

POR, 58 POR, 60

Johnson does not disclose separately connecting the control gate in the JFET

or MOSFET steering element and using it like a 3-terminal device.

POR, 59

Given that claim 13 does not distinguish between “3-terminal”

and “2-terminal” transistor configurations—it simply recites “transistor”™—I do not

believe PO’s, or Dr. Przybylski’s, discussion of “3-terminal” and “2-terminal”

transistor configurations is relevant (POR, 57-62).

EX1037, 1 54
POR, 58-60; Reply, 24-25; EX1037, |[{] 52-55

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 54



The prior art describes a diode-connected transistor as a

“transistor”

SUMMARY OF THE INVENTION

The present invention provides a chalcogenide-based
memory cell including a MOS diode for use in delivering
large amounts of current to the chalcogenide material. The
MOS diode may comprise a simple MOS transistor with its
gate and drain shorted together.

Dramn

lfn
‘ L;“l Vos

Vs -f—

Drain current Ip

Saurce — EX1052, 2:17-21
D——
Drain voltage Vs
HCURE “ L Further, the drain extension region permits forma-
6.7. Diode-connected cnhancement-mode MNOS transistor. (a) Circui i 1 : :
(b) current-voltage characteristic. ansistor. (a) Circuit connection, tion of a compact diode-connected transistor.

EX1053, 2:59-60
EX1051, 272

Reply, 24
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 55



Contrary to BeSang’s argument, claim 13 recites structure,

not function

13. A semiconductor memory structure, comprising:

a substrate having electrical devices formed therein, and
further having a dielectric layer disposed above the
electrical devices;

a stackable add-on layer having a plurality of vertically
oriented semiconductor memory cells; and

the stackable add-on layer being bonded to the dielectric
layer; and

wherein the memory cells are nonvolatile memory cells
having at least one transistor.

54. 1disagree with PO because its argument is contrary to Johnson’s plain
disclosures. PO argues that a diode-connected transistor would act as a diode. POR
59-60. That misses the point. The claim is structural, not functional. Like the claim,
the *702 patent describes a memory cell as “hav[ing] at least one vertical transistor”

without requiring any specific form or function. ’702 Patent, 10:15-17.

EX1001, claim 13

EX1037, | 54

Reply, 24

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Johnson does not teach away from using transistors, as

BeSang argues

“A reference does not teach away, however, if it merely expresses a general
preference for an alternative invention but does not ‘criticize, discredit, or
otherwise discourage’ investigation into the invention claimed.”

DuPuy Spine, Inc. v. Medtronic Sofamor Danek, Inc., 567 F.3d 1314, 1327 (Fed. Cir. 2009) (emphasis added)

BeSang relies on prior art issues that Johnson avoids by building memory cells above the substrate

BACKGROUND OF THE INVENTION

Turning now to the design of the memory cell used in
these memories, most nonvolatile memory cells have
employed semiconductor devices such as MOS field-effect
transistors, junction transistors, or junction diodes, built in a
planar monocrystalline semiconductor substrate. This
approach allows only very limited integration vertically into
the third dimension (i.e. perpendicular to the plane of the
substrate), since each memory cell contains some elements
built in the substrate.

FIG. 4(a) shows one embodiment of our newly invented
memory cell. It has two explicit terminals: an input terminal
20 and an output terminal 21. Between these terminals, the
memory cell contains a steering element 22 and a state
change element 23 connected in series. Neither the input
terminal 20, nor the output terminal 21, nor the steering
element 22, nor the state change element 23 is built in the
planar semiconductor substrate.

EX1010, 5:41-48

EX1010, 2:6-36 (cited in POR, 61; Sur-Reply, 23) Reply, 25; EX1037,  55; POR, 61-62; Sur-Reply, 23
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 57



Although BeSang suggests otherwise, Johnson’s JFET and

MOSFET steering elements were enabled

[R]elying on our precedent, we hold a presumption arises that both the claimed
and unclaimed disclosures in a prior art patent are enabled.

Amgen Inc. v. Hoechst Marion Roussel, Inc., 314 F.3d 1313, 1355 (Fed. Cir. 2003) (emphasis added)

“To render a claim obvious, the prior art, taken as a whole, must enable a
skilled artisan to make and use the claimed invention. In general, a prior art
reference asserted under § 103 does not necessarily have to enable its own
disclosure, i.e., be ‘self-enabling,’ to be relevant to the obviousness inquiry. For
example, a reference that does not provide an enabling disclosure for a
particular claim limitation may nonetheless furnish the motivation to combine,
and be combined with, another reference in which that limitation is enabled.
Alternatively, such a reference may be used to supply claim elements
enabled by other prior art or evidence of record.”

Raytheon Techs. Corp. v. Gen. Elec. Co., 993 F.3d 1374, 1380 (Fed. Cir. 2021) (citations omitted and emphasis added)

Reply, 25-26; EX1037, ]| 56-60
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 58



BeSang ignores that Johnson (like Lee) discloses making

pillars using photomasking as well as self-aligned techniques

The memory cell may also be fabricated using alternative
embodiments; the self-aligned pillar formation described
above may be replaced by a formation involving the use of
a pillar formation photomask. This would eliminate the
self-alignment of the pillar to the conductors, but would be FIG. 8A
advantageous in fabrication processes that could potentially
exploit the physics of free sidewalls.

=y

Ve ™ N N+ 804
/- P- N\ P- 204
Fa N N AT

e

N+

P-

EX1010, 6:46-52

N
W////////)//////

CCSS.

The foregoing process sequence exploits self-alignment
to reduce the required alignment tolerances between the
pillar and the conductors. This embodiment may be substi- FIG. 9A
tuted with an embodiment involving one or more additional
photomasking steps to explicitly define the pillar itself,
rather than defining it using the intersection of two conduc-
tor photomasking steps. as is done in the self-aligned pro-

100
Z[ v 104 ?‘ 7 5
11 \ C 112
X 108{102 4\*[ B JJII;

FIG. 8B

906

o

} 902 E* 908
N+
A
900 900
FIG. 9B

116
106

W

EX1010, 15:12-19

| i

[]
LI7TFPT 7o

FIG. 1A )

Reply 26, EX1037, [ 56-60
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX1007, Figs. 1A, 8A-9B
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Bonding was a known solution to known problems using

prior art elements based on established functions

Fabricating 3D structures (Johnson, Aspar) and memory arrays above a substrate containing
electrical devices (Johnson, Kim) were known problems. Aspar and Kim describe bonding as a
known solution.

The field programmable nonvolatile memory cell of the
present invention is built above, rather than in, a planar
substrate. Therefore, this memory cell can be stacked ver-
tically in numerous layers to form a three dimensional array.
Each layer of memory cells interacts only with the layer
above and the layer below, which makes vertical stacking of
layers quite simple.

[0020] Attention now is directed to the drawings and
particularly to FIG. 1, an example three-dimensional (3-D)
wafer-to-wafer vertical stack is illustrated. As shown in
FIG. 1, the 3-D vertical stack (chip) 100 may comprise any
number of active device polysilicon (Si) wafers, such as
EX1010. 5:30-37 wafer #1 110 including, for example, one or more micro-
’ processors; wafer #2 120 including one or more memory
devices; and wafer #3 130 including one or more radio-
frequency (RF) or optical communication devices. Typi-

Wafer bonding and layer transfer enable cally, a dielectric layer 102 is used to bond the active device
different materials to be associated to form multi- wafers 110, 120 and 130.
layer substrates. EX1008, { 20

EX1009, 834

Pet., 51, 56-58, 66-68, 74-81; EX1003, {1 190, 205-208, 228-231, 246-249, 255-260; Reply, 5-6
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 60



Aspar does not prevent using Johnson’s self-alignment

Wafer B (+)

(substrate splitting)

Wafer A (-) Substrate (=)

5 """ '

WaferB+A
without
Substrate

FIG. 6(b)

FIG. 6(c) FIG. 6l

Pet., 79-80; EX1003, 1[1] 258-260; Reply, 26-28, EX1037, || 59, 63
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Leftover strips taught in Johnson can be used for additional

layers in the combination with Kim

Wafer B

Dielectric Layer ”
N
Substrate

Substrate

- FIG. 6(g) shows that (N+1)=3
conductor layers and hence (N+1)=3 masking steps, are
required to pattern (N=2) layers of pillar layerstack (not
counting the interlevel via layers which are used in the
peripheral circuits but not in the memory array). The wafer
is now ready to receive more stack layers and conductor
layers, at the discretion of the manufacturer.

EX1010, 14:21-27

Pet., 75; EX1003, 1] 248; Reply, 26, 28; EX1037, || 63, 65
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Park + Kim - claim 1




The combination of Park and Kim renders claim 1 obvious

EX1008, Fig. 2 (annotated); EX1011, Fig. 8

Limitation

Park and Kim

semiconductor
memory structure

DRAM (EX1011, 2:11-14), vertically stacked
layers (EX1008, 11 7, 22)

substrate

“active silicon (Si) layer 212” (EX1008, q[ 23)

electrical devices

“active IC devices” (EX1008, ] 23)

dielectric layer

“ILD layers 214” (EX1008, ] 23)

interconnect layer

“bonding layer 106” (EX1008, q] 23)

stackable add-on
layer

“active silicon layer 222" (EX1008, q[1] 20, 22-23,
25)

vertically oriented
memory cells

memory cells formed from “silicon pillar[s]’
(EX1011, 2:16-25, 2:46-56, 1:11-21)

separated

“surrounded [] with an insulating film” (EX1011,
2:16-21, 4:9-27)

bonded, greatest
distance

“‘bonding layer 106” (EX1008, q[{] 23-25, see
figure at left)

DRAM, transistor

DRAM memory cells (EX1011, 2:16-25, 5:20-
22)

Pet., 82-91; EX1003, {[{] 264-281; Reply, 28-29; EX1037, | 66
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Park teaches DRAM memory cells electrically “separated” by

dielectric material, as claimed/described in the 702 patent

81

72

74
T2¢ 7.

=0

62 —
Cz{ 64—

(__
8
{

)
Al

—> dielectric material

7

1. A semiconductor memory structure, comprising:

a substrate having electrical devices formed therein, and
further having at least one dielectric layer and at least
one interconnect layer disposed above the substrate;
and

a first stackable add-on layer, the first stackable add-on
layer including a plurality of vertically oriented semi-
conductor memory cells disposed within the first stack-
able add-on layer, the plurality of vertically oriented
semiconductor memory cells separated from each other
by dielectric material;

wherein the stackable add-on layer is bonded to a layer of
the substrate that is the greatest distance from the
substrate as measured from the bottom surface of the
substrate; and

wherein the memory cell is a DRAM having at least one
‘hﬂm;ch\r

EX1011, Fig. 8 (annotated)

approaches.

Various embodiments of the present invention provide
floating devices that are separated by dielectric isolation | EX1001, claim1
regions. These electrically separated structures do not have
the parasitic devices which are typically found in prior art

J

Pet., 88-89; EX1003, {[{] 275-276; Reply, 28-29; EX1037, | 66 EX1001, 6:6-10
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702 patent Figure 1 does not support BeSang’s argument; it

Is not described as DRAM, as required by claim 1

wherein the memory cell is a DRAM having at least one
transistor.

EX1001, claim 1

FIG. 1 is a cross-sectional view of an embodiment the
present invention that includes a base semiconductor sub-
strate and add-on vertical memory devices.

152{.

101 <

EX1001, 2:13-15

HIH

121

Vertically oriented memory structures constituting
memory cells, or portions thereof, in a 3-D integrated circuit
151 < arrangement in accordance with the present invention, are
shown in FIG. 1.

A

T Lae ] Loe] Lael Laell Lowl Lot
103 < 142 | EX1001, 3:51-54

143

EX1001, 5:17-7:60 — no mention of DRAM

EX1001, Fig. 1
POR, 78; Reply, 28-29; EX1037, §] 66
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The 702 patent discloses that complete separation of DRAM

memory cells by dielectric is not required

r D
4 N
122
Capacitor
101
\ ‘ \ 3\ [ResEge 111
NN N N N ARG ANEIIININSSW
101a
121
122
151 < Capacitor N 5
P 101 22| Mﬁ”” 124 \
\\\\\ TR AR NN BN W
& i e WA B B 1
A b : AR TR 3 URINIINININRNNN NN \\\\\\}
: : \ : : ; 121
A i L\ X AR :
wt | o+ ] K 151
142
103 < n-well
143 p-sub =
M
\ J 103 <
EX1001, Fig. 9 (annotated)
N
\, S

EX1001, Fig. 10 (annotated)

Reply, 29; EX1037, ] 66
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Intel’s arguments are responsive and not new




Intel’s arguments in the Reply properly responded to the

Board’s institution decision and BeSang’s POR

institution.”

“A reply may only respond to arguments raised in the corresponding opposition,
patent owner preliminary response, patent owner response, or decision on

37 C.F.R. § 42.23(b)

“A party may also submit rebuttal evidence in support of its reply.”

Consolidated Trial Practice Guide, 73

Alleged “new” Intel argument

Support in Reply

Intel responds to

Forming more memory levels in Lee and Aspar/Kim Reply, 11-12 POR, 24-25

(Sur-Reply, 7-8)

Lee discloses and suggests stacking (Sur-Reply, 10-11) Reply, 7 DI, 33-35; POR, 25-26
Process optimization as a motivation to combine Lee Reply, 10 DI, 36-37; POR, 20-30, 45-50, 65-68,
and Aspar/Kim (Sur-Reply, 14-15) (this is the only 70-73

argument addressed in BeSang’s motion to exclude)

Aspar does not teach an 1100°C annealing step (Sur- Reply, 12 POR, 10-11, 44-46, 69, 72, 74
Reply, 15-16)

Combinations involving Endoh (Sur-Reply, 20-21) Reply, 17-22 DI, 42-43; POR, 39-40, 42-43
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The arguments in Intel’s Reply were not new

Alleged “new” Intel argument Support in Reply Support in Petition
Forming more memory levels in Lee and Reply, 11-12 Pet., 27-28, 38 & n.12
Aspar/Kim (Sur-Reply, 7-8)

Lee discloses and suggests stacking (Sur- Reply, 7 Pet., 51-52, 56
Reply, 10-11)

Process optimization as a motivation to Reply, 10 Pet., 53-54, 61-62 (citing
combine Lee and Aspar/Kim (Sur-Reply, 14-15) EX1003, 11 196, 213);
(this is the only argument addressed in EX2039, 91:17-98:13 (citing
BeSang’s motion to exclude) EX1003, 1 213)
Aspar does not teach an 1100°C annealing step Reply, 12 Pet., 56-58
(Sur-Reply, 15-16)

Combinations involving Endoh Reply, 17-22 Pet., 41-50, 52-53, 55, 58-
(Sur-Reply, 20-21) 60, 64
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BeSang’s motion to exclude should be denied




BeSang’s motion to exclude raises improper issues: BeSang

should have sought Board permission to move to strike

proper scope of reply or sur-reply.

should a motion to exclude address arguments or evidence that a party believes exceeds the

Nor

Patent Trial and Appeal Board
Consolidated Trial Practice Guide

Consolidated Trial Practice Guide, 79

November 2019

Motions to Strike. If a party believes that a brief filed by the opposing party raises new
1ssues, 1s accompanied by belatedly presented evidence, or otherwise exceeds the proper

scope of reply or sur-reply, it may request authorization to file a motion to strike.

“Prior authorization. A motion will not be entered without Board
authorization.”

37 C.F.R. § 42.20(b)

Paper 30, 2-3; Paper 31, 1-2
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Consolidated Trial Practice Guide, 80

BeSang relies on decisions dated before the
Guide was updated

Intuitive Surgical departs from the Guide and
is not precedential
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A reply Is proper

if it is responsive and elaborates on

previously presented arguments

7

.

\
“[A] reply may be proper if it is responsive and simply expands on previously
raised arguments. ...

Alere’s reply argument discussing cost and time savings has a nexus to
Rembrandt's prior argument and is responsive. It refutes Rembrandt’s
assertions that there is no motivation .... [l]t also properly expands on and is a
fair extension of [Alere’s] previously raised efficiency argument. ...

Alere’s reply argument is responsive to Rembrandt’'s arguments and the
Board’s observations. Alere disputes Rembrandt’s contention ... [and]
elaborates on the motivation-to-combine argument that Alere made in its
petition ....

Alere’s reply argument involves the same ‘legal ground’ based on ‘the same
prior art reference[s]’ and the ‘same legal argument’....”

V.

Rembrandt Diagnostics, LP v. Alere, Inc., 76 F.4th 1376, 1384-85 (Fed. Cir. 2023) (citations omitted and emphasis added)

Paper 30, 4, 7-8;
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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The Petition raises motivation arguments relating to

crystalline silicon and process optimization

In

addition, the Smart-Cut® process was known to have several advantages including

“transferring thin layers of very good thickness homogeneity and with a high
A POSITA would have also recognized that Aspar’s Smart-Cut® process as

crystalline quality.” Sechen, §212; (quoting EX1009, 834).
compared to monolithic deposition allows for more efficient quality control at the

Sechen, 213

Pet., 60-61; see also id., 80-81 (quoting EX1009, 834)

layer formation stage (citing EX1016).

Kim also discloses that its

Pet., 61-62; see also id., 53-54, 76, 81

3D vertical wafer stack may comprise “any number” of wafers, and provides an

example bonding wafer 110 having one or more microprocessors and wafer 120 In: addition, & POSITA. wenld have moogaized that furning cledtudal

including one or more memory devices using a dielectric layer 102. Id., 120, Fig. 1; devices on one substrate separately from the memory devices on another substrate

id., 922 (contemplating “logic/memo

Gagils would have allowed optimization of the respective processes rather than forcing the

memory devices to be formed with a sub-optimal process tailored to preserving the

Pet., 51
In

addition, the vertical stack can effectively integrate diverse electrical devices formed on the single wafer in the monolithic process.

process technologies on a single wafer process, such as, for
example, logic/memory stacking, processor stacking, optical
interconnect, system-on-chip, and RF interconnect.

EX1003, 213
EX1008, 7 22 Paper 30, 4-6 !
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BeSang asked Dr. Sechen about crystalline silicon and process optimization before filing the POR

Q. So first it says -- Aspar says this
process has several advantages; correct?
A. Yes.

Q. And it says, "Among these, the
possibility of transferring thin layers of wvery
good thickness homogeneity and with a high
crystalline quality onto different materials
deserves to be highlighted."

Did I read that correctly?

A. Yes.

EX2039, 74:10-19; see also id., 94:3-21, 96:15-97:11

BeSang was aware of Intel’s arguments but chose not to

address them specifically in the POR

7

\

Q. Okay. That sentence says, "In

addition, a POSITA would have recognized that
forming electrical devices on one substrate
separately from the memory devices on another
substrate would have allowed optimization of
the respective processes rather than forcing
the memory devices to be formed with a
suboptimal process tailored to preserving the
electrical devices formed on the single wafer

on the monolithic process."

Did I read that correctly?

A. Yes.

N\

S

Paper 30, 9-10

EX2039, 92:12-93:1; see also id., 91:17-92:11, 93:2-98:13
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The Reply expands on the Petition in responding to Board

comments and BeSang’s arguments

Second, the parties’ contentions presenta fact issue as to whether
fabricating Lee’s vertical memory structure using Kim’s wafer bonding
method would have amounted to nothing more than applying a known
technique to address a known problem using prior art elements according to B d
their established functions, as Petitioner contends (Pet. 53), or whether the =earc
combination would nothave been viewed as an improvement of Lee’s
monolithic three-dimensional arrays, as Patent Owner contends (Prelim.

Resp. 38-39).

DI, 36-37
A. Intel Does Not Establish A Motivation To Combine Lee With
Aspar (Grounds 1E-1F | Claims 13-17)

BeSang Intel also does not meet its burden to show that a skilled artisan would have

departed from Lee to use Aspar’s stacking technique.

POR, 44; see also id., 20-30, 45-50, 65-68, 70-73
Paper 30, 6-7
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Though BeSang says the opposite, Dr. Sechen testified about

the problems with high temperature processing

A. Well, you also -- I mean, there's Q. Okay. In -- in what ways can
various things that -- that you worry about subsequent processing steps perturb earlier
when you have lots of layers. Like, you know, layers when doing monolithic processing?

a later processing step can cause perturbations A. It can be as simple as ions, for

of previous processing steps, so that's always example, passing through layers, it can be --

somELChing ¥ou worry about au == the heat can cause metal to deform possibly

EX2039, 95:17-22 creating opens or shorts.

EX2039, 96:15-21

Paper 30, 6-7; Paper 31, 3
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 77






Intel specifies the claim constructions addressed in Grounds

1D, 1E, and 1F

D. Ground 1D: Obviousness over Lee, Kim, and Endoh (claims
16-17)

“stackable add-on layer” = Board / Intel
construction

Lee and Kim render obvious claims 16 and 17 under the proper construction
of “the stackable add-on layer being bonded” and PO’s apparent construction of

“SOI pillar.” Claims 16 and 17 would have also been obvious over Lee, Kim, and “SO| pi“ar” — Besang appare nt construction

Endoh under those constructions.

“stackable add-on layer” and “SOl pillar’ =

E. Ground 1E: Obviousness aver Lee and Aspar (Claims 13- Board / |nte| Construction
17)

As discussed 1n Section VI.A, a POSITA would have understood “the
’ F. Ground 1F: Obviousness over Lee, Aspar, and Endoh

stackable add-on layer being bonded” as recited in claim 13 to require that the (claims 16-17)

2 : : » L d Endol der obvi lai 16-17 under PO’ t
“stackable add-on layer” is wafer bonded to “the dielectric layer.” Additionally, as e And BACoh Tender obvious claims Hneer 5 appared

: ; ’ . tructi di d in Section VILB. Under th tructi f
discussed in Section VI.B, a POSITA would have understood that “SOI pillar™ SR RS SRS S RESHEES (ROEED PRI RNEREY

means a pillar-shaped doped stacked stmcture formed in a stackable add-on layer stackable add-on layer being bonded” and “SOI pillar,” claims 16—-17 would have

addsd using SOT technology. been obvious over Lee, Aspar, and Endoh.

Pet., 55, 64
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Intel relies on relevant Federal Circuit claim construction

decisions; BeSang’s non-precedential cases do not apply

Intel raised alternative constructions in multiple grounds; the Board issued preliminary constructions at institution.

AC Techs. S.A. v. Amazon.com, Inc., 912 F.3d 1358, 1360 (Fed. Cir. 2019):
« “The Board must consider all grounds of unpatentability raised in an instituted petition.”
» Petitioner raised multiple grounds based on alternative claim constructions
» The Board adopted a broad construction of the challenged clams, instituted the grounds
corresponding to that construction, and found the claims unpatentable on those grounds

Masimo Corp. v. Sotera Wireless Inc., Techs. S.A., 2023 WL 6990542, *4-5 (Fed. Cir. Oct. 24,
2023): facing facts similar to this IPR, the court affirmed that the Board can narrow its focus to
certain grounds but only if they are tied to issued constructions

Ebates Performance Mktg., Inc. v. Intl Bus. Machs. Corp., IPR2022-00439, Paper 11, 8-12 (PTAB Oct. 3, 2022):

» The Board denied institution; it declined to adopt a construction for a means-plus-function limitation where
the petitioner argued (i) the construction was incorrect and (ii) the limitation was indefinite for lack of
corresponding structure.

Hologic, Inc. v. Enzo Life Scis., Inc., IPR2018-00019, Paper 17, 5-9 (PTAB Apr. 18, 2018):
« The Board denied institution; petitioner presented only grounds based on a construction it asserted was

incorrect.
POR, 31-32; Reply, 2; Sur-Reply, 4
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Intel’s combinations

Lee _|_ Aspar (or Kim) _|_ Endoh
(structure) “stackable add-on layer” (structure for claims 16-17 only)
g(atr:’E T = }3{0!
L —3j02 Fig. 1171
Substrate Splitting
3(051_ Wafer B + A
(- substrate)
o3 N
. l,g sty :a
Fiede.8 5S™ s | ? Z
—3j02Z ‘—-"3107-
+ 3tes™ 3ies™
3o 2lo
16
s\
100
N AND
m{m \’l 8 |u0
.y //c/// 77 - “SOI Illar”
| o | P
FIG. 1A

Pet., 19, 22, 45, 59-60; Ex. 1003, [T 114-34, 170-88, 209-11
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 81



Under Board / Intel construction, Johnson teaches all

limitations of claim 13 except “stackable add-on layer”

Limitation Johnson
: : 13. Aééi:ﬁiéiiii&iiiiféf memory structure, comprising:

semiconductor memory “semiconductor memory” - havmgel """ ca ldewcesfonne d therein, and
structure EX1010, 1:7-12 beatialiag ectri

( ) further having a dielectric layer disposed above the

electrical devices;
substrate ‘substrate” (id., 13:26-35) a stackable add-on layer having a plurality of vertically
: _ _ . oriented semiconductor memory cells; and
electrical devices CMOS transistors” (id.) the stackable add-on layer being bonded to the dielectric
) ) o layer; and
dielectric layer insulator” (id.) . )
wherein the memory cells are nonvolatile memory cells

memory cells “memory cell” (id., 2:33-37), having at least onc [N

“transistor” (id., 5:41-49, 7:61-8:5) EX1001, claim 13

Pet., 65-73; Ex. 1003, || 221-42
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A POSITA would have used Aspar’s or Kim’s bonding

techniques to make Johnson’s memory cells

P ::‘\‘ (substrate splitting)

Aspar

__ Dielecty;. L

WaferB +A

Substrate (=) without
Substrate

Wafer B

Klm Dielectric Layer
—_— Substrate

T

S‘-‘bStm:e

Pet., 74-82; EX1003, || 246-262
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The process relating to Lee’s Figures 13-28 is separate from

and inconsistent with other embodiments

e “
116 1352
106 13508 1350
100
;:: )“, ¢ % 5
= M s [wf
IA//////////;’ o P 1342
- dos l L
FIG. 1A P-
210 200 c
) ::‘:-'* N 218
) w FIG. 25A
| o zfé,s EX1007, Fig. 25A
21
FIG. 2 [0052] FIG. 13 to FIG. 28 illustrate a method of fabri-
cating multiple levels of pillar memories in accordance with
an embodiment of the present invention.
\ J
EX1007, { 52

EX1007, Figs. 1A, 1B, 2, 7
Pet., 38 n.12; EX1003, {[{ 155, 103-110; POR, 9; Reply, 6-7; EX1037, [ 15-16; Sur-Reply, 9
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Implementing pillars with two memory cells was a known

solution to a known problem using prior art elements

Fabricating memory arrays using pillar structures (Lee, Endoh) was a known problem. Endoh describes two
memory cells in a pillar as a known solution.

In the preferred embodiments of
the present invention described in detail below, the charge
storage devices are formed in various configurations, such as
a pillar TFT EEPROM, a pillar diode with a charge storage

region, a self aligned TFT EEPROM, a rail stack TET
EEPROM, and various other configurations.

EX1007, q 113

[1206] In this production example, a semiconductor
memory device has a structure in which a plurality of
floating gates are formed as the charge storage layers;
selection gate transistors are formed, and then tunnel oxide
films are formed; island-like semiconductor layers are
formed 1n the form of pillars by selective epitaxial silicon
growth and are electrically floated with respect to the
semiconductor substrate; active regions of the memory cells
are electrically floated; two memory cells are arranged on
each island-like semiconductor layer; the tunnel oxide films
of the memory transistors are formed at the same time; and
the transistors are connected in series along the island-like
semiconductor layer, as shown in FIG. 1171 and FIG. 1172.

like semiconductor layer.

Thereby two memory transistors are arranged on the island-

EX1012, 9 1206

EX1012, 9 1207

v 4

Pet., 44; EX1012, Fig. 1171

Pet., 21-22, 42-48, 55, 64; EX1003, 11 96, 170-173, 179, 200, 218-219; Reply, 5-6
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702 patent, claims 1 and 13

7

1. A semiconductor memory structure, comprising:

a substrate having electrical devices formed therein, and
further having at least one dielectric layer and at least
one interconnect layer disposed above the substrate;
and

a first stackable add-on layer, the first stackable add-on
layer including a plurality of vertically oriented semi-
conductor memory cells disposed within the first stack-
able add-on layer, the plurality of vertically oriented
semiconductor memory cells separated from each other
by dielectric material;

wherein the stackable add-on layer is bonded to a layer of
the substrate that is the greatest distance from the
substrate as measured from the bottom surface of the
substrate; and

wherein the memory cell is a DRAM having at least one
transistor.

13. A semiconductor memory structure, comprising:

a substrate having electrical devices formed therein, and
further having a dielectric layer disposed above the
electrical devices;

a stackable add-on layer having a plurality of vertically
oriented semiconductor memory cells; and

the stackable add-on layer being bonded to the dielectric
layer; and

wherein the memory cells are nonvolatile memory cells
having at least one transistor.
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702 patent, claims 14-17

14. The semiconductor memory structure of claim 13,
wherein the vertically oriented semiconductor nonvolatile
memory cell comprises a vertical transistor having a floating
gate and a control gate on a SOI pillar.

15. The semiconductor memory structure of claim 13,
wherein the vertically oriented semiconductor nonvolatile
memory cell comprises a vertical transistor having a charge-
trapping gate insulator and a gate on a SOI pillar.

16. The semiconductor memory structure of claim 13,
wherein at least two nonvolatile memory cells are vertically
oriented and serially connected together and formed with a
first SOI pillar.

17. The semiconductor memory structure of claim 16,
wherein the at least two nonvolatile memory cells on the first
SOI pillar are serially connected with an interconnect line
disposed on a dielectric layer, to a nonvolatile memory cell
formed with a second SOI pillar.
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702 patent, Figure 1

)
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f.ff-—124
121
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Ex. 1001, Fig. 1
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‘941 patent, Figure 4A
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Ex. 1005, Fig. 4A
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‘941 patent, Figure 4B
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121
124 { P
o+ i R 1)

\ S
Ex. 1005, Fig. 4B
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941 patent, Figure 4C

( )

p-sub

104 <
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. J
Ex. 1005, Fig. 4C
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941 patent, Figure 4D
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Ex. 1005, Fig. 4D
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Endoh, Figure 1171

SiN film
1320

wiring layer

1840

SiN film

l 3-301 3508iN film

o

% o

1725 n-type layer
1425 sio,

1440 sio,

1522 poly Si (control gate)
1613 insulating layer

1112 p-type layer

1512 poly Si (floating gate)
1722 n-type layer
14225i0,
1111P-type layer

1521 poly Si (control gate)

1612insulating layer
151 1poly Si (floating gate)
1721 n-type layer
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1421si0,

1710 first impurity diffusion layer

i
ﬁi\_, 1100 substrate

\

Pet., 44; Ex.1012

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

93



Endoh, Figure 1172

é h
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_/ SiNfilm
gy x e 1330
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Pet., 45; Ex. 1012, Fig. 1172
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