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Summary

e “Aid carrier movement”

* “Graded dopant concentration” does not necessarily “aid carrier movement.”
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-01242: Inst. Decision [32] at 10

Claim Construction

“Quite apart from the written description and the prosecution
history, the claims themselves provide substantial guidance
as to the meaning of particular claim terms.

To begin with, the context in which a term is used in the
asserted claim can be highly instructive. To take a simple
example, the claim in this case refers to ‘steel baffles,” which
strongly implies that the term ‘baffles’” does not inherently
mean objects made of steel.”

Phillips v. AWH Corp., 415 F.3d 1303, 1314 (Fed. Cir. 2005) (internal citations omitted)
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U.S. Patent 11,121,222, Claim 1

e “Graded” and “aid carrier movement” are 1. A VLSI semiconductor. device, comprising: .
a substrate of a first doping type at a first doping level

separate limitations. having a surface;

a first active region disposed adjacent the surface with a
. “ . ” second doping type opposite in conductivity to the first

* A graded concentration “does not inherently doping type amd within which transistors can be

aid movement. formed:

a second active region separate from the first active region
. disposed adjacent to the first active region and within
* The graded concentration o | which transistors can be formed;
must a | d movement T Bl = : ‘1';;: transistors forme_:d n at_least one of the first active region
. . = or second active region;
from the active region at least a portion of at least one of the first and second
(or surfac e) to the substrate active regions having at least one graded dopant con-
| . centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and
at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

-01242: Ex. 1001 ("222 pat.) at 4:38-62
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US 11,121,222, Claim 1

“Aid Carrier Movement”

US 10,510,842, Claim 1

US 11,121,222, Claim 44

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed,;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

1. A semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having first and second surfaces;

a first active region disposed adjacent the first surface of
the substrate with a second doping type opposite in
conductivity to the first doping type and within which
transistors can be formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region; and

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first sur-
face to the second surface of the substrate.

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Resp. [47] at 13-15; PO Sur-Reply [65] at 2-3

-01243: Ex. 1001 ('842 pat.) at 4:45-60
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44. A CMOS Semiconductor device comprising:

a surface layer;

a substrate;

an active region including a source and a drain, disposed
on one surface of the surface layer;

a single drift layer disposed between the other surface of
the surface layer and the substrate, the drift layer
having a graded concentration of dopants extending
between the surface layer and the substrate, the drift
layer further having a first static unidirectional electric
drift field to ‘aid the movement of carriers from the
surface layer to an area of the substrate where there are
no active regions; and

at least one well region disposed in the single drift layer,
the well region having a graded concentration of dop-
ants and a second static unidirectional electric drift field
to aid the movement of carriers from the surface layer
to the area of the substrate where there are no active
regions.

-01244: Ex. 1001 ('222 pat.) at 8:21-39

Greenthread Ex. 2100, p. 6 of 114
Semiconductor v. Greenthread

6



Specification

* The specification confirms that a graded concentration does not necessarily aid carrier movement.
* The “relative slope” determines whether there is a “suitable aiding drift electric field.”

* The specification discloses slopes that have a magnitude of 10 to 100.

(U O 0 The re]ative doplng Concentrations Of emitter and COlleC-
s w155 tor regions varies from 10'° to 10°%/cm’, whereas the base
csmsgemme o o | region is 10™* to 10'%cm® depending on the desired char-
acteristics of the BJT. In graded base p-n-p transistors, the
donor dopant concentration may be 10 to 100x at the
emitter-base junction, relative to the base-collector junction
(1x). The gradient can be linear, quasi linear, exponential or
complimentary error function. The relative slope of the
donor concentration throughout the base creates a suitable
aiding drift electric field, to help the holes (p-n-p transistor)
transverse from emitter to collector. Since the aiding drift

-01242: Ex. 1001 ('222 pat.) at 2:54-64

-01242: PO Resp. [47] at 15-16; PO Sur-Reply [65] at 20-21 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE SRl 20 210 [ TEr
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Specification

* The specification confirms that the graded concentration “pulls” or “sweeps” carriers

from the surface to the substrate.

Us011121222B2

AccessTransistor
? Storage Capacitor or

nsor element

ilullui!l!!
i Iy I

Graded dopant region to pull minority carriers from surface

P substrate

FIGURE 5B CMOS Substrate for a DRAM or image sensor, with one embodiment of the invention

not practical for VLSI circuits. Hence, a novel technique 1s
described herein which creates a drift field to sweep these
unwanted minority carriers from the active circuitry at the
surface into the substrate in a monolithic die as quickly as
possible. In a preferred embodiment, the subterranean
n layer has a graded donor concentration to sweep the
minority carriers deep into the substrate. One or more of
such layers can also be implemented through wafer to wafer
bonding or similar “transfer” mechanisms. This n"layer can
be a deeply-implanted layer. It can also be an epitaxial layer.
As desired, the n"well and p~wells can also be graded or
retrograded in dopants to sweep those carriers away from the
surface as well. The graded dopant can also be implemented
in surface channel MOS devices to accelerate majority
carriers towards the drain. To decrease programming time in

(;NSEMIEXHIBIT1001,Page1 —01242 EX 1001 at Flg SB

-01242: Ex. 1001 ('222 pat.) at 3:52-66

-01242: PO Resp. [47] at 3-6; PO Sur-Reply [65] at 23 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE SRl 26 210 [ © e

Semiconductor v. Greenthread

8




* The Prosecution History confirms that a graded concentration does not necessarily move

Prosecution History

carriers from the surface to the substrate.

Application/Control Number: 11/622,496
Art Unit: 2892

with which it is most nearly connected, to make and use the inventionf

i se claims. It is not clear if simply the application of "a

is s nt to achieve the effect of “drawing all minor

substrate to said surface layer”. In a complex electronic device, move
carriers is affected by multiple forces and fields, and it does not appe:
presence of “a unidirectional drift field” in itself can achieve “drawing
from said surface layer to said substrate”. Whereas it is true that sucH
drift field may attempt to apply a force on all minority iers in a spej
does not appear to ensure (without knowing other p:

draw “all” minority carriers from said surface layer to surface.

Claim Rejections - 35 USC § 103

4. The following is a quotation of 35 U.S.C. 103(a) which forms t

5. Claims 10-11, and 18-19 are rejected under 35 U.S.C. 103(a)
unpatentable over Kamins (US 4,160,985) of prior record, hereinafter]
Jastrzebski (US 4,481.522), hereinafter Jastrzebski, and further in vie]

2002/0084430) of prior record, hereinafter Bamiji

with which it is most nearly connected, to make and use the invention commensurate in
scope with these claims. It is not clear if simply the application of "a unidirectional drift
field” is sufficient to achieve the effect of “drawing all minority carriers from said
substrate to said surface layer”. In a complex electronic device, movement of minority
carriers is affected by multiple forces and fields, and it does not appear that simply the
presence of “a unidirectional drift field” in itself can achieve “drawing all minority carriers
from said surface layer to said substrate”. Whereas it is true that such a unidirectional
drift field may attempt to apply a force on all minority carriers in a specific direction, it

does not appear to ensure (without knowing other parameters of the device) that it will

195 Office Action
(12/20/2011)

draw “all” minority carriers from said surface layer to said surface. -01242: Ex. 1016 at 270

Greenthread Ex. 2100, p. 9 of 114 9
Semiconductor v. Greenthread
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Prosecution History

* The Prosecution History confirms that carrier movement depends on
“the particular slope” of the graded concentration.

Applicant respectfully disagrees with this position because (as previously argued by

Applicant) a unidirectional drift (electric) field necessarily affects all the present minority
carriers in the same way — moving all minority carriers in the same direction because of the
unidirectional drift due to the existence of the electric ficld. See “Physics and Technology of

Semiconductor Devices,” A.S. Grove, pp. 224-225, John Wiley and Sons, Inc., New York, 1st

Applicant respectfully disagrees with this position because (as previously argued by
Applicant) a unidirectional drift (clectric) field necessarily affects all the present minority
carriers in the same way — moving all minority carriers in the same direction because of the .« <t . . . N . . .

st ot e o e s Gl S Thsis Tl of Edition 1967 (“This same electric field will then be of such direction as to aid the motion of
Semiconductor Devices,” A.S. Grove, pp. 224-225, John Wiley and Sons, Inc., New York, Ist
Edition 1967 (“This same electric field will then be of such direction as to aid the motion of
ol T st ity o, il o v ol by ifson o injected holes. Thus the injected minority carriers will now move not only by diffusion but also
by drift duc to the existence of this electric field.”). Depending on the particular slope of the
graded concentration of dopant, all minority carriers are cither swept “down” (from the surface

layer to the substrate) or “up” (from the substrate to the surface layer). See Applicant’s Figs. 5(b) by drift due to the exiStBnCG Of this electric ﬁeld.”)- Depending on the particular SlOpe Of the

and 5(c).

graded concentration of dopant, all minority carriers are either swept “down” (from the surface

nowing oth of th " Yel, this

layer to the substrate) or “up” (from the substrate to the surface layer). See Applicant’s Figs. 5(b) | ‘195 Applicant Remarks

(4/17/2012)
and 5(c). -01242: Ex. 1016 at 289

Page 6 0f 10
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Prosecution History

* The Prosecution History confirms that carrier movement depends on the
slope of the graded concentration.

Appl. No. 11/622,496
Response to Non-Final Office Action of December 20, 2011

REMARKS
Applicant has carefully reviewed the non-final Office Action of December 20, 2012
(“Office Action”) and in response thereto states as follows:

The Office Action maintains a tion pursuant to 35 U.S.C.

can achieve ‘drawing all minorit
Action at 3
Applicant respectfully disagrees with this position because (as previously argued by
Applicant) a unidirectional drift (clectric) field ne
carricrs in the same way — moving all minority carricrs in the same direction because of the
unidirectional drift due to the exi e electric d Technology of
John Wiley and Sons, Inc., New York, Ist
field will then be of such direction as to aid the motion of
injected holes. Thus the injected minority carriers will now move not only by diffusion but also
by drift duc to the existence of this electric ficld.”). Depending on the particular slope of the
graded concentration of dopant, all minority carriers arc cithe “down’ (from the surface
layer to the substrate) or “up” (from the substrate to the surface layer). See Applicant’s Figs. 5(b)
nd Ste)
The Office Action also states that “such a unidirectional drift field may attempt to apply a
force on all minority carriers in a specific direction, it does not appear to ensure (without
knowing other parameters of the device) that it will draw ‘all’ minority carriers...” Yet, this

argument appears to not consider that the graded dopant concentration itsclf creates a “built-in”

Page 6 0f 10
ONSEMI EXHIBIT 1016, Page 289

-01242: PO Resp. [47] at 15; PO Sur-Reply [65] at 17-19

The Office Action also states that “such a unidirectional drift field may attempt to apply a
force on all minority carriers in a specific direction, it does not appear to ensure (without
knowing other parameters of the device) that it will draw ‘all’ minority carriers...” Yet, this
argument appears to not consider that the graded dopant concentration itself creates a “built-in”
electrical field that forces the movement of carriers into a particular direction, whereby the
“direction” of the electrical field and the resulting direction of the carrier movement depends
solely on the slope of the graded concentration of dopant. With regard to the existence of a
“built-in” electric field created by a graded dopant density, see, e.g., Jastrzebski (US 4,481,522)
col. 5, lines 11-13 (cited in Office Action). Applicant respectfully submits that this inherent
“built-in” unidirectional electric field is the additional parameter for ensuring that all minority
catriers are being moved in one direction and which parameter the Office Action deemed to be

missing from the disclosure.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

195 Applicant Remarks
(4/17/2012)
-01242: Ex. 1016 at 289-290
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Prosecution History

* The Prosecution History confirms that the “relative slope” determines
whether there is a “suitable aiding drift electric field.”

injunction. This corresponds to the label “B” in Figure 1. This 1s defined as a “relative slope”
which means nothing more than the fact that one-side is relatively lower than the other side. This
slope 1s defined “throughout” the base to create “a suitable aiding drift electric field, to help the

holes (p-n-p transistor) traverse from the emitter to collector. In an n-type material, the holes are

17/728,555 Applicant Remarks (8/1/2024)
-01242: Ex. 1054 at 12

-01242: PO Sur-Reply [65] at 17-18 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CretgEe] 25 2005 2 T2 ")
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-01242: PO Sur-Reply [65] at 19

Claim Construction

“IB]ecause the prosecution history represents an ongoing
negotiation between the PTO and the applicant, rather than
the final product of that negotiation, it often lacks the clarity

of the specification and thus is less useful” in understanding
the scope of the patent.

Phillips v. AWH Corp., 415 F.3d 1303, 1317 (Fed. Cir. 2005)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Gl B 2000, 5 T ST e
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Claim Construction

“Any ambiguity” in the prosecution history must be resolved in
favor of the plain claim language, because “the claims
represent the final product of a sometimes imperfect process.

Representations during prosecution cannot enlarge” the
claims.

Biogen, Inc. v. Berlex Lab’ys, Inc., 318 F.3d 1132, 1140 (Fed. Cir. 2003)

-01242: PO Sur-Reply [65] at 20 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE SRR B0 ZI0T, [f U Er T ey,
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Dr. Glew Testimony

* Dr. Glew explained that an electric field does not necessarily “aid carrier movement.”

52. In my opinion, a POSITA would have known that if two forces are

acting on an object in opposite directions, both forces cannot aid its movement.

IPR2023-01242
U.S. Patent No. 11.121.222

out also.”) (emphasis added). 126-127 (“Q. And you just said. ‘if you have| = & 2
gradient. you'll get a force and it will tend to move carriers.” Will it move carrig Elther the Oppo Slng forces are equal—and there ls no mOV ement—or the tWO forc es
or -- what do you mean "tend to move carriers"? A. Well. it creates a force on t
carriers. All other things being equal. they’'ll move. I mean. you could have.
suppose -- I don’t want to theorize....”). 213 (Q. So if you had an electric field tk . . - - -
applied a force to an electron moving in material. ho ould a are no t e qu al and the Ob.] e c t move S ln the dlre ctl On 0 f th e for C e haV lng 1 arg er
impact the travel of that electron? A. As the recombination rate gets higher a
higher. it will travel -- on average. it will travel a shorter distance .....). 187 (*Q. Ay

o magnitude, albeit diminished by the counter force. The smaller force does not “aid”

said they would move if you didn't have some otlier external force acting. I al

the movement of the object, because it is pushing agains/ the movement. The

acting on an object in opposite directions, both forces cannot aid its movemer

Either the opposing forces are equal—and there is no movement—or the two forc

are not equal and the object moves in the direction of the force having larg] 2 i = 2} = )

T " gradient may not be sufficient to overcome the resistance of the material in which
2 A y the counter force. The smaller force does not “ai

the movement of the object. because it is pushing against the movement. T]

magnitude of the concentration gradient plays a substantial role. because a sm:

the gradient exists.

F—-—

-01242: Ex. 2057 (Glew Decl.) at 952

Greenthread Ex. 2100, p. 15 of 114 15
Semiconductor v. Greenthread
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Summary

e “Aid carrier movement”

* “Graded dopant concentration” does not necessarily “aid carrier movement.”

* Petitioner has presented no evidence that carriers move from the surface to the substrate.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Gl B 2R [, e e Ui
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Petition

* Petitioner did not argue in the Petition that “any given electric field will aid
electron movement.”

VI. CLAIM CONSTRUCTION

Claims in an IPR are construed under Phillips v. AWH Corp., 415 F.3d 1303

UNITED STATES PATENT AND TRADEMARK OFFICE

(Fed. Cir. 2005) (en banc). 37 C.F.R. §42.100(b). Pectitioner does not believe any

BEFORE THE PATENT TRIAL AND APPEAL BOARD

SEMICONDUCTOR COMPONENTS INDUSTRIES. LLC,

terms need be construed to resolve the issues presented in this Petition. However,

Petitioner

GREENTHREAD LLC.

Petitioner is aware that Patent Owner and Intel Corporation took positions on the

Patent Owner

U.S. PATENT NO. 11,121,222

Cose PR20D3.01242 meaning of certain claims. See EX1036 (listing constructions in [PR2023-00420).

PETITION FOR INTER PARTES REVIEW
UNDER 35 U.S.C. §312 AND 37 C.FR. §42.104

Petitioner takes no position on whether Intel or Patent Owner’s proposals are correct,
but the Challenged Claims would be unpatentable under either proposal. EX1003

€952-53.

-01242: Pet. [1] at 6

PO Sur-Reply [65] at 2-3 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CEEgEER] 25 20T, 2 i e "Ry
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Petition

 Dr. Blalock testified that “aid carrier movement” means “sweep the
carriers from” the surface to the substrate.

Claim Term

~ el “to aid carrier movement | Plain Meaning Indefinite
. || from ... [to/towards] ...”

Alternative Construction:
“to sweep the carriers
from ... [to/towards] ...”

Ex. 1003 at 9152

o 1 st st 1 5 ot 53. 1 previously stated in a prior proceedine that I supported Intel’s
p Yy p p g PP

proposed constructions. However, I do not believe any

i1ssues preseliied: - s Peluon. becauy

Challenged Claims are unpatentable under either par

1 proposed constructions.

'ONSEMI EXHIBIT 1003, Page 29

103208035 5.D0CK 23

-01242: Ex. 1003 (Blalock Decl.) at 953

-01242: PO Sur-Reply [65] at 3-4 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CLLCEL 26 LD LRI ATE
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Petition

* There is no evidence that Kawagoe moves carriers from surface to substrate.

FIG. 17

N
m

r

United States Patent 9 i

Kawagoe et al. [45]

[54] PROCESS FOR MANUFACTURING A
SEMICONDUCTOR WAFER, A
SEMICONDUCTOR WAFER, PROCESS FOR
MANUFACTURING A SEMICONDUCTOR
INT TED CIRCUIT DEVICE, AN

SEMICONDUCTOR INTEGRATED CIRCUIT

DEVI

[73] Assignee: Hitachi, Ltd., Tokyo, Japan

[21]  Appl. No.: 081934774
[22] Filed:  Sep.22, 1997

[52] US.CL.

[58] Field of Search oo

56 References Cited

- 2W(2S)]

IMPURITY CONCENTRATION [atoms/cm?3]

b rr e e e e e e e - - ——f = ===

|
4N
6p b LNc

%

Ww
—» DEPHT (um)

ONSEMI EXHIBIT 1007, Page 1 '01242: EX. 1007 (KawagOE) at Flg- 23

-01242: Ex. 1007 at Fig. 17

-01242: PO Resp. [47] at 16, 24-25; PO Sur-Reply [65] at 9-11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CEEgEEL] 25 Z10T, [ T “Fk
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Petition

* Petitioner used ellipsis to hide that Kawagoe does not move carriers from
surface to substrate.

Kawagoe further explains that such downward-sloping graded dopant

concentrations aid the movement of carriers from the first and second active regions

S — towards/to the bottom of substrate where there are no active regions:
Kawagoe further explains that such downward-sloping graded dopant
concentrations aid the movement of carriers from the first and second active regions . . . . . A
oo the botom of absate e thee e 6 active regions: [T]he impurity concentration of the p-well 6p 1s given such a gradient
[The impurity concentration of the p-well 6p is given such a gradient
tatitis gradually lowered in the deptivwise divection from the surfuce that it is gradually lowered in the depthwise direction from the surface
of the epitaxial layer 2E. so that the influence to be caused by the
caiers (o clectrons) e o fhe etay s Jowiered. Specifcll. the of the epitaxial layer 2E, so that the influence to be caused by the
electrons produced by the a-ray are attracted to the substrate body 25
Dy that concentration gradient ... so that the soft errors can be reduced

i case the MIS memmory ofthe DRAM or the Lke is formed i the p- carriers (or electrons) due to the a-ray is lowered. Specifically, the

well 6p.
EEI07,L02:EL D Blaloch oiplains et dunne. . sgstalled imale kst ynsst electrons produced by the a-ray are attracted to the substrate body 2§
(SEU). an o-tay generates millions of cartiers, some of which are produced in or
near the active regions at the surface of the substrate. EX1003. 7994-95: EX1009.

431 (“Aln] [o-]particle can induce SEU when it strikes at the channel region of an

by that concentration gradie 0\ that the soft errors can be reduced

off nMOS transistor ...”). FIG. 2. Kawagoe teaches that those carriers are “attracted
in case the MIS memory of the DRAM or the like is formed in the p-
7 Kawagoe states that “electrons produced by the a-tay [ate]... prevented from.

entering the p-well 6p ... EX1007. 16:7-9. This refers to electrons produced in Well 6p‘

the large substrate body below the wells, EX1003. §94: EX1009. FIG. 2.

EX1007, 16:2-11.7

-01242: Pet. [1] at 21
-01242: PO Resp. [47] at 22-23; PO Sur-Reply [65] at 9 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CEEIEER] 25 20T, 5 20ETE "8 g
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Petition

* Dr. Blalock used brackets to hide that Kawagoe does not move carriers
from surface to substrate.

94. Kawagoe further explains that such downward-sloping graded dopant

Declaration of Dr. Blalock for Inrer Partes Review of U.S. Patent No. 11.121.222

concentration aids the movement of carriers from the first and second active regions

of Kawagoe’s first active region “is doped with a p-type impurity such as boron.”
EX1007. 15:28-29: Section X.A.9. Boron is an acceptor dopant. EX1037. 30

Element [42.5] claims a “graded donor dopant concentration.” The graded channel tOWardS/tO the bottom Of the Sub Strate Where there are nO aCtive regions:

region of Kawagoe's second active region “is doped with an n-type impurity such as

phosphor.” EX1007. 15:30-32: Section X.A.9. Phosphor is a donor dopant. [T]he impurity COHCCntratiOH Of the p“Well 6p iS given S].lCh a

EX1037.27

94. Kawagoe further explains that such downward-sloping graded dopant gl—adient that it iS gradually lowered in the depthwise direction

concentration aids the movement of carriers from the first and second active regions

towards/to the bottom of the substrate where there are no active regions: from the Surfac eo0 f ‘the epitaxial layer 2E 3 SO that the inﬂuence tO

[TThe impurity concentration of the p-well 6p is given such a

gradient that it is gradually lowered in the depthwise direction be Caused by the Carri ers (Or electrons) due tO the a_ray iS

from the surface of the epitaxial layer 2E, so that the influence to

be caused by the carriers (or electrons) due to the o-ray is

lowered. Specifically, the electrons produced by the a-ray are lowered . SpeCI ﬁcally, the electrons pI'Oduced by the a-rﬂy ("'e

atfracted to the subsirate body 2S by that concentration

gradient [] so that the soft errors can be reduced in case the MIS attracted to the Substrate body 2S by that concentration

memory of the DRAM or the like is formed in the p-well 6p.

EXI007 162111 gradie b that the soft errors can be reduced in case the MIS

memory of the DRAM or the like is formed i the p-well 6p.

¢ Kawagoe states that “electrons produced by the a-ray [are]... prevented from

entering the p-well 6p ...." EX1007. 16:7-9. This refers to electrons produced in the

EX1007, 16:2-11.°

Active 105208035.5D0CK 47

ONSEMI EXHIBIT 1003, Page 53

-01242: Ex. 1003 (Blalock Decl.) at 994

-01242: PO Resp. [47] at 22-23; PO Sur-Reply [65] at 9 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CrtgEEe] 2 205 2 21 CFie: ")
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Kawagoe

e Kawagoe actually says it prevents the electrons from entering the p-well.

Incidentally, in the present embodiment 4, the aforemen-
tioned p-well 6p and n-well 6x are formed to extend from the

| surface of the epitaxial layer 2E to the upper portion of the

semiconductor substrate body 2S, as shown in FIGS. 16 and

| 17, and the p-well 6p and n-well 6n have their impurity

concentrations gradually lowered in the depthwise direction

| from the principal surface (having an impurity concentration

N,;) of the epitaxial layer 2E. Thus, the impurity concen-

| tration of the p-well 6p is given such a gradient that it is
| gradually lowered in the depthwise direction from the sur-
| face of the epitaxial layer 2E, so that the influence to be

caused by the carriers (or electrons) due to the a-ray is
lowered. Specifically, the electrons produced by the a-ray
are attracted to the substrate body 2S by that concentration
gradient and prevented from entering the p-well 6p so that
the soft errors can be reduced in case the MIS memory of the
DRAM or the like is formed 1n the p-well 6p. The impurity

‘ [~
/,,;,,,{”‘

2WE

gl

] J
2W(2S)
Jf

‘GNSEMI EXHIBIT 1007, Page 1 ‘-

-01242: PO Resp. [47] at 16, 23; PO Sur-Reply [65] at 9

-01242: Ex. 1007 at 15:62-16:11

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01242: Ex. 1007 (Kawagoe) at Fig. 23

Kawagoe does not move electrons from active region (surface) to substrate.

active region/
surface

electrons do
not enter p-well

electrons are
here
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Wieczorek

* Petitioner relies entirely on the following two figures.

* There is no evidence that carriers move from the surface to the substrate.

after anneal

T |

«s United States concentration

a2 Patent Application Publication (o) Pub. No.: US 2003/f 7\
Wi -

134 135 190
> 7/

E1 43 136~/ | (/ 133
S~
,/&/j 32 132

131 11 131

(54) SEMICONI R DEVICE HAVING A 52) S S v
RET! PANT PROFILE IN A

D METHOD FOR
E o) ABSTRACT
esden (DE);
Dresden itaxi yer is
(DE)

v
FIG.1b FIG.2b

~(Prior Art) (Prior Art)

ONSEMI EXHIBIT 1006, Page 1 (

-01242: Ex. 1006 (Wieczorek) at Fig. 1b -01242: Ex. 1006 at Fig. 2b

-01242: PO Resp. [47] at 9-11, 29-30; PO Sur-Reply [65] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CrEteEe] 25 2L 5 A5 ETE "k,
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Wieczorek

* Wieczorek never mentions carriers, much less moving carriers from the
surface to the substrate.

(0 0 O OO OO
US 200301 83856A1
9) United States

2 Patent Application Publication (o Pub. No.: US 2003/0183856 A1
Wieczorek et al. 43) Pub. Date: Oct. 2, 2003

(54) SEMICONDUCTOR DEVICE HAVING A (52) US.CL T A DRE)
T FRADE DOP 3
ABSTRACT

Rolf Stephan,

e Address

Imont
Houston, TX 77040 (US)

(1) Appl. No. 10,282,980
(22) Filed: Oct. 29, 2002
(30) Foreign Ap|
Maz. 28,2002 (DE)....
Publication Cla:

(1) Int.C17 — UL T

[0009] FIG. 24 is a graph, in which the dopant concen-
tration of the N-well structure 120 and the P-well structure
110 is depicted with respect to the depth in the respective
well structures. In particular, it is evident from FIG. 2a that
the Vi implantation (114, 124), indicated by the same
reference number as the respective implantation portions,
leads to a dopant concentration that significantly decreases
at the vicinity of the surface of the semiconductor device
100. That is, the dopant concentration immediately after the
implantation process exhibits a desired retrograde dopant
profile in the N-well structure 120 and the P-well structure
110 near the surface of the semiconductor device 100,
where, after completion of the device, a channel will form
during operation of the device.

-01242: Ex. 1006 at [0009]

[0011] FIG. 2b shows a corresponding graph with a typi-

[0013] Typically, the N-channel transistor 130 and the
P-channel transistor 140 are formed by the following pro-
cesses. After the heat treatment, the gate insulation layer 135
is formed, wherein the gate insulation layer may be depos-
ited by chemical vapor deposition (CVD), or, if an oxide
layer is used, a rapid thermal furnace process or a conven-
tional furnace oxidation process may be used. Since, com-
monly, elevated temperatures are involved in fabricating the
gate insulation layer 135, this process also contributes to a
further diffusion of the dopants within the P-well structure
110 and the N-well structure 120. Thereafter, polysilicon is
deposited and patterned by sophisticated photolithography
techniques to form the gate electrodes 134 and 144. With a
first implantation, the extensions 132 and 142 are defined,
and, subsequently, the spacer elements 133, 143 are formed
and serve as an implantation mask during a subsequent
implantation process for defining the source and drain
regions 131, 141. Since a further heat treatment is necessary
to activate the dopants within the regions 131, 132 and 141,

cal dopant profile with respect to the depth of the respective
well structure. Due to the up-diffusion of the dopant atoms
during the heat treatment, the initially retrograde profile in
the vicinity of the surface of the semiconductor device 100,
as indicated by reference number 200, may have become
substantially uniformly distributed.

142 and to cure any crystal damage caused by the preceding
implantation steps, the initial dopant concentration, as
shown in FIG. 2a, will be even more strongly affected so
that, after the plurality of heat treatments, the actual dopant
concentration will be represented by the graph shown in
FIG. 2b. In particular, it is thus very difficult to obtain or to
maintain a retrograde dopant profile in the channel regions
136 and 146, which would be desirable to achieve an
improved carrier mobility therein.

-01242: Ex. 1006 at [0011]

ONSEMI EXHIBIT 1006, Page 1

-01242: Ex. 1006 (Wieczorek) at [0013]

Greenthread Ex. 2100, p. 24 of 114 24
Semiconductor v. Greenthread
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Wieczorek

* Wieczorek says the gradient concentration after anneal
may be uniform. concentration

(0 0 O OO OO
US 200301 83856A1
9) United States

2 Patent Application Publication o Pub. No.: US 2003/0183856 A1
Wieczorek et al. (43) Pub. Date: Oct. 2, 2003

(52) US.CL T A DRE)

[0011] FIG. 2b shows a corresponding graph with a typi-
cal dopant profile with respect to the depth of the respective
well structure. Due to the up-diffusion of the dopant atoms
during the heat treatment, the initially retrograde profile in
the vicinity of the surface of the semiconductor device 100,
as indicated by reference number 200, may have become
substantially uniformly distributed.

\
FIG.2b

(Prior Art)

-01242: Ex. 1006 (Wieczorek) at [0011]

-01242: Ex. 1006 at Fig. 2b

-01242: PO Resp. [47] at 9-11, 29-30; PO Sur-Reply [65] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CrateEe] 25 20T 5 22 @G "),
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Wieczorek

* Dr. Blalock admitted the force depends on the slope, and that he did
not calculate the slope for any of the references.

(B How do you know the magnitude of the 0. And regarding
force a dopant concentration puts on carriers? references, for the mapping

By MWell, as the patent owner discussed -- carrier movement," have you
I have references to it, but it's —-- I don't know. the gradient other than its
Anyway, 1it's related to the -- the steepness of the MR. SPEEGLE:

gradient, the slope of the concentration gradient. THE WITNESS:

which the patent owner pointed out also. that's what I did.

1730 M Street, NW, Suite 812

any of these three

of the claim phrase "aid
looked at any aspect of
being downward sloping?
Objection, form.

As I've said, the patent

And that was also well known by a POSITA as well, owner tells us that that's sufficient, so

I have not done

DIGITAL EVIDENCE GROUP ‘01242 EX. 2058 at 893'10 caleulationsg @f the Slope eair S&,

washington, D.C. 20036

www.DigitalEvidenceGroup.com  Digital Evidence Group C't 2024 202-232-0646
Greenthread Ex. 2058, p. 1 of 249

Semiconductor v. Greenthread

IPR2023-01242

-01242: PO Resp. [47] at 16-17, 20-21, 30 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

(om) mamesse -01242: Ex. 2058 (Blalock Dep. Tr.) at 195:8-16

Greenthread Ex. 2100, p. 26 of 114
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Wieczorek

* There is no way to determine the slope, or whether there is a sufficient force.

60. Dr. Blalock testified that he did not calculate the slope of the after anneal

concentration gradient that he said Wieczorek discloses. Ex. 2058, 195 (“Q. And _
concentration
Tl

regarding any of these three references [including Wieczorek], for the mapping of
the claim phrase ‘aid carrier movement,” have you looked at any aspect of the

gradient other than its being downward sloping? ... THE WITNESS: As I’ve said,

the patent owner tells us that that’s sufficient, so [t]hat’s what I did. I have not done

calculations of the slope per se.”). It would have been impossible for Dr. Blalock to
make such a calculation because the dopant gradient Petitioner points to in Figure
2B (and Wieczorek generally) does not have any values from which one could

calculate a slope. In mathematical terms, the slope in each direction (X, Y, and Z)

b

is known formally as the gradient vector. The magnitude of the slope is essential to

determine the magnitude of the force the dopant gradient places on the carrier and FI G 2b
(Prior Art)

thus the net force.

-01242: Ex. 2057 (Glew Decl.) at 960 -01242: Ex. 1006 (Wieczorek) at Fig. 2b

PO Resp. [47] at 30-31 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CEEIFEER] 25 20T, 2 21 ErTE "8k
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Wieczorek

* Dr. Blalock admitted that an electric field does not always move carriers.

5/2/2024

www.DigitalEvi

Qs I'm saying apart from what the patent
owner said and whatever your interpretation of that
may be, are you saying that as a matter of physics,
such an electric field will definitely be created

and will definitely move carriers?
k k %

THE WITNESS: | I mean, it depends on
as I said, if there are no other fields --
and I guess I should qualify for not an
absolute zero temperature, all this stuff,
but in normal circumstances, if you have a
concentration gradient, it will result in an
electric field, which will then act on the

carriers.

s So you mentioned that if there aren't
other fields present and the carrier was introduced
into that field, you'll move the carrier.

Where could other fields come from?

A. Externally applied voltages from the
@iliz@piiiE,  aiE e sbruatmre s an @ CLEenilG s Eailns
like that. Or I suppose some environmental effect.

I don't know.

TPRO023.01242 T

-01242: PO Sur-Reply [65] at 7

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01242: Ex. 2058 (Blalock Dep. Tr.) at 131:13-132:13

Greenthread Ex. 2100, p. 28 of 114
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Dr. Blalock Testimony

0. Is there a gradient that would be so

* Dr. Blalock also admitted that there
may be a force that is larger than the
gradient force. rovenentes . ¥

THE WITNESS: It will create a force.

steep or so shallow, that it would not aid carrier

s Reritonhimtinper e [ Srealtoa {16 Dt ok A shallow or a steep one will create a force.

Page 1

UNITED STATES PATENT AND TRADEMARK OFFICE

As I said a few moments ago, as I've already

BEFORE THE PATENT TRIAL AND APPEAL BOARD

SEMICONDUCTOR COMPONENTS INDUSTRIES, LLC, answe red, i f the re are --— through some o t her

Petitioner
)

GREENTHREAD 11c, imagined, who knows, means, someone creates

Patent Owner

reR2023-01242 an additional force, that might be larger

IPR2023-01243

IPR2023-01244

than the force created by the gradient.

DEPOSITION OF DR. TRAVIS BLALOCK But there will be a force —_— that

May 2, 2024

8:58 a.m.

Teported by: Eileen Mulvemna, CSR/RMR/CRR mechanism, the gradient mechanism which

DIGITAL EVIDENCE GROUP creates the force, which acts in the

1730 M street, NW, Suite 812

Washington, D.C. 20036

(202 2320048 direction to move the carriers, will be

www.DigitalEvidenceGroup.com  Digital Evidence Group C'rt 2024 202-232-0646

Greenthread Ex. 2058, p. 1 of 249 t h e r e .

Semiconductor v. Greenthread
IPR2023-01242

-01242: Ex. 2058 (Blalock Dep. Tr.) at 137:17-138:11
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* Petitioner relies entirely on the following two figures.

* There is no evidence that carriers move from the surface to the substrate.

United States Patent s 1) Patent Number: 4,684,971
Payne Patent: Aug. 4, 1987

[54] ION IMPLANTED CMOS DEVICES

CONCENTRATION

FIG. 11

DEPTH

-01244: PO Resp. [46] at 7-8, 23; PO Sur-Reply [64] at 11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01244: Ex. 1005 (Payne) at Fig. 10

-01244: Ex. 1005 at Fig. 11
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* Payne never mentions carriers, much less moving carriers from the surface
to the substrate.

United States Patent p
Payne

4,684,971
Aug. 4, 1987

[11] Patent Number:
[45] Date of Patent:

5]
73]

21
221

[51]
[52]

(58

156)

[54] ION IMPLANTED CMOS DEVICES
Inventor: Richard S. Payne, Andover, Mass.
Assignee:  American Telephone and Telegraph

4217,149 8/1980 Sawazaki
4231,055 10/1980 Tizuka .....

FOREIGN PATENT D!
52266 _4/1980 Japan

e 148/1.5
B—5772)

Company, AT&T B
Murray Hill, N.J.

Appl. No.: 243,621
Filed:

Int. CL* ..

Us.Cl..

Field of Searc]

References Cited
U.S. PATENT DOCUMEN

3,821,781 6/1974 Chang et al. ...
4067,100 1/1978 Kojima et al. ...
4212,100 7/1980 Paivinen

-01244: PO Resp. [46] at 7-8; PO Sur-Reply [64] at 11

Next, as shown in FIG. 8, a thick oxide portion 19 is
formed over the previously implanted regions 18 and 15
utilizing the nitride layer, 12, as a mask. The thickness
of this portion should be sufficient to block the subse-
quent ion implantation to be described. In this example,
the layer is approximately 4000 Angstroms thick, but in
general would fall within the range 3000-4500 Ang-
stroms. The portion is formed by heating in wet O3 at a
temperature of approximately 1000 degrees Celsius for
1 hour. Any means of growing the requisite thickness of
SiO; masked by the SizN4is suitable. Typically, heating
in wet O, at 900-1050 degrees Celsius for 1-4 hours will
be useful. ‘

It should be appreciated that in the formation of the
oxide a portion of the semiconductor surface will be
consumed. The N region 18 will diffuse ahead of the
growing oxide and so will remain at the new surface.
For purposes of illustration, the semiconductor surface
is shown as flat, although, as a result of oxidation, there
will be an indentation in the area of the N tub.

a separate step is not ordinarily needed. The resulting
impurity profile in both tubs thereby has the general
shape illustrated in FIG. 11, where the abscissa is depth
and the ordinate is impurity concentration.

The oxide layer can then be stripped off, for example,
with a solution of dilute HF, and fabrication may pro-
ceed in accordance with standard techniques to pro-
duce the CMOS device depicted in FIG. 10. The p-
channel device includes source and drain regions, 21
and 22, respectively, of P+ conductivity type formed
with the N surface region, 18. Similarly, the n-channel
device includes source and drain regions, 23 and 24, of
N+ conductivity type formed within the P surface re-
gion 20. These source and drain regions would typically
have a surface impurity concentration of approximately
1019-10%0 ions/cm3 and a depth of 1 pm. It will be
noted, therefore, that the n and p surface regions, 18 and
20, will be present at the surface of their respective
devices except for the areas comprising the source and
drain. The depth of the surface regions should be at
least as great as that of the source and drain regions.

The devices further include gate electrodes, 25 and
26, typically comprising polycrystalline silicon, formed
over gate oxide portions 27 and 28. Ohmic contacts to
source and drain regions are provided by metal por-
tions, 29-32, typically comprising aluminum, formed
over field oxide portions 33-35 and contact windows in
said oxide. These features and their method of fabrica-
tion are well-known in the art and consequently are not
discussed in detail.

It will be appreciated that during the drive-in of the
source and drain regions, 21-24, the regions 18, and 20
will also be driven somewhat further into the substrate,
while the depth of the tubs 15 and 17 is essentially unaf-
fected. In a typical device, the final depth of surface
regions 18 and 20 would be approximately 1-2u and the
depth of tub regions 15 and 17 would be typically 3-8p.
The surface impurity concentration of the surface re-
gions is typically 0.5-5X 1016 jons/cm3 and that of the
tub regions is typically 1015-10!¢ jons/cm3, with the
former concentration being at least twice as much as the
latter over these ranges.

The major advantage in formation of the high-low
implant profile of FIG. 11 is illustrated in FIGS. 12 and

device. In a device fabricated in accordance with the
present invention, as illustrated in FIG. 13, the compos-
ite profiles remain high and then fall off rapidly at a
much closer distance from the boundary. This is due to
the high impurity concentration of surface regions 18
and 20 as well as the short diffusion lengths of these
regions. On each side of the boundary, therefore, the
high impurity concentration of the surface region (e.g.,
18) is compensated for only by the low concentration
tub region of the adjacent device (17) and substantial
overlap is permitted. In a typical device, it is expected

-01244: Ex. 1005 (Payne) at 4:38-59

-01244: Ex. 1005 at 5:14-57

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01244: Ex. 1005 at 6:7-17
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Summary

e “Aid carrier movement”
 “Graded dopant concentration” does not necessarily “aid carrier movement.”
* Petitioner has presented no evidence that carriers move from the surface to the substrate.

* Petitioner introduced a new and incorrect claim construction in its Reply.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Gl B 200, B s2 oI ey
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Petitioner’s New Claim Construction

e Petitioner now argues that “any given electric field will aid electron movement.”

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

SEMICONDUCTOR COMPONENTS INDUSTRIES. LLC

Petitioner

V.

GREENTHREAD LLC

Patent Owner

Under the strawman guise of arguing about whether “graded” means “aided,”
PO repeatedly mischaracterizes prior relevant statements about what “aid[ing]
carrier movement” requires. To be clear, Petitioner is not arguing that “graded”
means “aided,” but Petitioner nonetheless disagrees with PO’s characterization of
the “aid carrier movement” limitation. In particular, PO wrongly suggests that the
“aid carrier movement” limitation requires calculating the slope of a dopant
concentration, which is not disclosed in the patent, not discussed in the prosecution

history, and would be inconsistent with PO’s statements in district court litigation.

Third, PO’s argument that Kawagoe only teaches “using a graded slope to
impede carrier movement” is incomprehensible. POR, 16 (emphasis in original). As
PO’s expert Dr. Glew admitted, whether an electric field from a graded dopant
concentration aids movement or impedes movement depends on the direction of the
movement. EX1052, 83:13-89:13, 92:2-97:8, 102:2-109:14, 109:25-116:3, 121:19-
123:15. It, thus, makes no sense to say an electric field would impede all movement
(nor aid all movement): any given electric field will aid electron movement in one
direction and impede electron movement in the opposite direction. /d. So, when
Kawagoe says that “electrons produced by the a-ray are attracted to the substrate
body 2S by that concentration gradient and prevented from entering the p-well,” this
means an electric field aids carrier movement “to the substrate body 2S” and impedes
carrier movement in the opposite direction “entering the p-well.” Id.; EX1007, 16:2-

11, Figs. 17, 23; Petition, 27-28.

So, “graded” does
not mean “aided,” but “graded” does mean “electric field,” and an “electric field”
means “aided” in one direction. This is why Dr. Blalock correctly focused on
direction of the dopant concentration slope in Kawagoe (and Wieczorek). See e.g.,

EX2058, 73:20-76:5, 167:9-169:7, 189:18-193:14, 196:8-198:8.

-01242: Pet. Reply [62] at 2-3

-01242: PO Sur-Reply [65] at 2-4

-01242: Pet. Reply [62] at 7

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01242: Pet. Reply [62] at 9
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Petitioner’s New Claim Construction

“IT]he petitioner’s petition ... is supposed to guide the life of
the litigation.”

SAS Inst. v. lancu, 584 U.S. 357, 366, 138 S.Ct. 1348, 1356 (2018)

“Petitioner may not submit new evidence or argument in
reply that it could have presented earlier, e.g. to make out a
prima facie case of unpatentability.”

U.S. Patent Trial and Appeal Board, Consolidated Trial Practice Guide 73 (Nov. 2019)

-01242: PO Sur-Reply [65] at 3 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE SRR B0 2100, [f St B T ey
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Petitioner’s New Claim Construction

“If [PO] had been given notice of the [new] theory, it could
have challenged the Board’s interpretation.... The Board
deprived [PO] of that opportunity, and we have held similar
deprivations of notice regarding non-prior-art [i.e., claim

constructions] to be violations of the APA.”

M & K Holdings, Inc. v. Samsung Elecs. Co., Ltd., 985 F.3d 1376, 1385 (Fed. Cir. 2021)

Greenthread Ex. 2100, p. 35 of 114 35
Semiconductor v. Greenthread
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Petitioner’s New Claim Construction

» Petitioner’s new claim construction reads out the requirement that the graded concentration
“aid carrier movement from” the active region (or surface) to the substrate.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

Petitioner’s New and Incorrect Claim Construction

“any given electric field
will aid electron
movement”

“graded dopant Electric
concentration” field

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Sur-Reply [65] at 2-5

Correct Claim Construction

”

“aid carrier movement
from active region (or
surface) to substrate

“graded dopant Electric
concentration” field

Greenthread Ex. 2100, p. 36 of 114 36
Semiconductor v. Greenthread
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Petitioner’s New Claim Construction

* Petitioner knew the specification mentions specific slopes, and the prosecution history
reiterates that carrier movement depends on the slope.

The relative doping concentrations of emitter and collec-

55 tor regions varies from 10'® to 10°%/cm’, whereas the base
region is 10'* to 10'%/cm® depending on the desired char-
acteristics of the BJT. In graded base p-n-p transistors, the
donor dopant concentration may be 10 to 100x at the
emitter-base junction, relative to the base-collector junction
(1x). The gradient can be linear, quasi linear, exponential or
complimentary error function. The relative slope of the
donor concentration throughout the base creates a suitable
aiding drift electric field, to help the holes (p-n-p transistor)
transverse from emitter to collector. Since the aiding drift

Depending on the particular slope of the
graded concentration of dopant, all minority carriers are either swept “down” (from the surface
layer to the substrate) or “up” (from the substrate to the surface layer). See Applicant’s Figs. 5(b)

and 5(c).

-01242: Ex. 1001 ('222 pat.) at 2:54-64

195 Applicant Remarks (4/17/2012)
-01242: Ex. 1016 at 289

-01242: PO Resp. [47] at 14-15; PO Sur-Reply [65] at 17 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CLICEL 2.6 LI EST I ek
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Petitioner’s New Claim Construction

e Petitioner knew the specification mentions “pulling” carriers, and Dr. Blalock
understood “aid carrier movement” to mean “sweeping” carriers.

Us011121222B2

AccoseTransictor Hence, a novel technique i1s
? Storage Capasitor or described herein which creates a drift field to sweep these
unwanted minority carriers from the active circuitry at the
surface into the substrate in a monolithic die as quickly as
| possible. In a preferred embodiment, the subterranean
|| || L] n layer has a graded donor concentration to sweep the
I v Ve b .7 : )
SR .. o BBl iy caries BOAGHEEGS minority carriers deep into the substrate. One or more of
such layers can also be implemented through wafer to wafer
bonding or similar “transfer” mechanisms. This n"layer can
- be a deeply-implanted layer. It can also be an epitaxial layer.
P substrate As desired, the n"well and p~wells can also be graded or
retrograded in dopants to sweep those carriers away from the
surface as well. The graded dopant can also be implemented
FIGURE 5B CMOS Substrate for a DRAM or image sensor, with one embodiment of the invention in surface channel MOS devices to accelerate majority
carriers towards the drain.

-01242: Ex. 1001 at Fig. 5B -01242: Ex. 1001 ('222 pat.) at 3:52-66

PO Resp. [47] 4-6 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CrEEmie B ZI0L 5 S U ey
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Petitioner’s New Claim Construction

e Petitioner’s new claim construction cannot save Kawagoe, when the electrons never
enter the p-well.

Incidentally, in the present embodiment 4, the aforemen-
tioned p-well 6p and n-well 6# are formed to extend from the
| surface of the epitaxial layer 2E to the upper portion of the
semiconductor substrate body 2S, as shown in FIGS. 16 and
17, and the p-well 6p and n-well 6s have their impurity
concentrations gradually lowered in the depthwise direction

from the principal surface (having an impurity concentration
| Ny;) of the epitaxial layer 2E. Thus, the impurity concen-
| tration of the p-well 6p is given such a gradient that it is LPd J 5
| gradually lowered in the depthwise direction from the sur- TN

A A
 m—

| face of the epitaxial layer 2E, so that the influence to be "7{‘74_",716?':? “ : }25

caused by the carriers (or electrons) due to the a-ray is i ; \ )

lowered. Specifically, the electrons produced by the a-ray

are attracted to the substrate body 2S by that concentration n T ZW(ZS)J

gradient and prevented from entering the p-well 6p so that S y ‘ \ ’ electrons do

the soft errors can be reduced in case the MIS memory of the T b hépa ) !k | iNa not enter p-well
DRAM or the like is formed 1n the p-well 6p. The impurity LPb P LNc
‘ONSENITEXHIBIT 1007, Page 1 ‘-

- active region/

Al/ surface

IWE
p-well

-01242: Ex. 1007 at 15:62-16:11 -012242: Ex. 1007 (Kawagoe) at Fig. 23
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Petitioner’s New Claim Construction

* Petitioner’s new claim construction cannot save Wieczorek, when there is absolutely no
mention of carriers, much less moving carriers from the surface to the substrate.

US 20030183856A1
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9) United States
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43) Pub. Date: Oct. 2, 2003

(54) SEMICONDUCTOR DEVICE HAVING A (52) US.CL
KTROGRADE DOP/ 'l

Rolf Stephan,
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(30) Foreign Ap|
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Publication Cla:
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ABSTRACT

ONSEMI EXHIBIT 1006, Page 1

[0009] FIG. 2a is a graph, in which the dopant concen-
tration of the N-well structure 120 and the P-well structure
110 is depicted with respect to the depth in the respective
well structures. In particular, it is evident from FIG. 2a that
the Vi implantation (114, 124), indicated by the same
reference number as the respective implantation portions,
leads to a dopant concentration that significantly decreases
at the vicinity of the surface of the semiconductor device
100. That is, the dopant concentration immediately after the
implantation process exhibits a desired retrograde dopant
profile in the N-well structure 120 and the P-well structure
110 near the surface of the semiconductor device 100,
where, after completion of the device, a channel will form
during operation of the device.

-01242: Ex. 1006 at [0009]

[0011] FIG. 2b shows a corresponding graph with a typi-
cal dopant profile with respect to the depth of the respective
well structure. Due to the up-diffusion of the dopant atoms
during the heat treatment, the initially retrograde profile in
the vicinity of the surface of the semiconductor device 100,
as indicated by reference number 200, may have become
substantially uniformly distributed.

PO Resp. [47] at 11; PO Sur-Reply [65] at 14-15

-01242: Ex. 1006 at [0011]

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

[0013] Typically, the N-channel transistor 130 and the
P-channel transistor 140 are formed by the following pro-
cesses. After the heat treatment, the gate insulation layer 135
is formed, wherein the gate insulation layer may be depos-
ited by chemical vapor deposition (CVD), or, if an oxide
layer is used, a rapid thermal furnace process or a conven-
tional furnace oxidation process may be used. Since, com-
monly, elevated temperatures are involved in fabricating the
gate insulation layer 135, this process also contributes to a
further diffusion of the dopants within the P-well structure
110 and the N-well structure 120. Thereafter, polysilicon is
deposited and patterned by sophisticated photolithography
techniques to form the gate electrodes 134 and 144. With a
first implantation, the extensions 132 and 142 are defined,
and, subsequently, the spacer elements 133, 143 are formed
and serve as an implantation mask during a subsequent
implantation process for defining the source and drain
regions 131, 141. Since a further heat treatment is necessary
to activate the dopants within the regions 131, 132 and 141,
142 and to cure any crystal damage caused by the preceding
implantation steps, the initial dopant concentration, as
shown in FIG. 2a, will be even more strongly affected so
that, after the plurality of heat treatments, the actual dopant
concentration will be represented by the graph shown in
FIG. 2b. In particular, it is thus very difficult to obtain or to
maintain a retrograde dopant profile in the channel regions
136 and 146, which would be desirable to achieve an
improved carrier mobility therein.

-01242: Ex. 1006 (Wieczorek) at [0013]
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Petitioner’s New Claim Construction

* Petitioner’s new claim construction cannot save Payne, when there is absolutely no
mention of carriers, much less moving carriers from the surface to the substrate.

United States Patent p

(1] Patent Number:
Payne [45] Date of Patent:

4,684,971
Aug. 4, 1987

{54 ION IMPLANTED CMOS DEVICES
{75] Inventor: Richard S. Payne, Andover, Mass.

[73] Assignee: American Telephone and Telegraph
Company, AT&T Bell Laboratories,
Murray Hill, N.J.
11 Anol No 243621

Primary Examiner—!

4217,149 8/1980 Say . 148/15
4231,055 1071980 Tz - 351/82

FOREIGN PAT] S
55.52266 4/1980 Jay

Attorney, Agent, or Firm—Lester H. Birnbaum

Next, as shown in FIG. 8, a thick oxide portion 19 is
formed over the previously implanted regions 18 and 15
utilizing the nitride layer, 12, as a mask. The thickness
of this portion should be sufficient to block the subse-
quent ion implantation to be described. In this example,
the layer is approximately 4000 Angstroms thick, but in
general would fall within the range 3000-4500 Ang-
stroms. The portion is formed by heating in wet Oz at a
temperature of approximately 1000 degrees Celsius for
1 hour. Any means of growing the requisite thickness of
SiO; masked by the SizNy is suitable. Typically, heating
in wet O3 at 900-1050 degrees Celsius for 1-4 hours will
be useful.

It should be appreciated that in the formation of the
oxide a portion of the semiconductor surface will be
consumed. The N region 18 will diffuse ahead of the
growing oxide and so will remain at the new surface.
For purposes of illustration, the semiconductor surface
is shown as flat, although, as a result of oxidatior, there
will be an indentation in the area of the N tub.

-01244: Ex. 1005 (Payne) at 4:38-59

-01244: PO Resp. [46] at 7-8; PO Sur-Reply [64] at 11

a separate step is not ordinarily needed. The resulting
impurity profile in both tubs thereby has the general
shape illustrated in FIG. 11, where the abscissa is depth
and the ordinate is impurity concentration.

The oxide layer can then be stripped off, for example,
with a solution of dilute HF, and fabrication may pro-
ceed in accordance with standard techniques to pro-
duce the CMOS device depicted in FIG. 10. The p-
channel device includes source and drain regions, 21
and 22, respectively, of P+ conductivity type formed
with the N surface region, 18. Similarly, the n-channel
device includes source and drain regions, 23 and 24, of
N+ conductivity type formed within the P surface re-
gion 20. These source and drain regions would typically
have a surface impurity concentration of approximately
1019-1020 jons/cm? and a depth of 1 pm. It will be
noted, therefore, that the n and p surface regions, 18 and
20, will be present at the surface of their respective
devices except for the areas comprising the source and
drain. The depth of the surface regions should be at
least as great as that of the source and drain regions.

The devices further include gate electrodes, 25 and
26, typically comprising polycrystalline silicon, formed
over gate oxide portions 27 and 28. Ohmic contacts to
source and drain regions are provided by metal por-
tions, 29-32, typically comprising aluminum, formed
over field oxide portions 33-35 and contact windows in
said oxide. These features and their method of fabrica-
tion are well-known in the art and consequently are not
discussed in detail.

It will be appreciated that during the drive-in of the
source and drain regions, 21-24, the regions 18, and 20
will also be driven somewhat further into the substrate,
while the depth of the tubs 15 and 17 is essentially unaf-
fected. In a typical device, the final depth of surface
regions 18 and 20 would be approximately 1-2y and the
depth of tub regions 15 and 17 would be typically 3-8p.
The surface impurity concentration of the surface re-
gions is typically 0.5-5X 1016 ions/cm3 and that of the
tub regions is typically 1015-1016 ions/cm3, with the
former concentration being at least twice as much as the
latter over these ranges.

The major advantage in formation of the high-low
implant profile of FIG. 11 is illustrated in FIGS. 12 and

device. In a device fabricated in accordance with the
present invention, as illustrated in FIG. 13, the compos-
ite profiles remain high and then fall off rapidly at a
much closer distance from the boundary. This is due to
the high impurity concentration of surface regions 18
and 20 as well as the short diffusion lengths of these
regions. On each side of the boundary, therefore, the
high impurity concentration of the surface region (e.g.,
18) is compensated for only by the low concentration
tub region of the adjacent device (17) and substantial
overlap is permitted. In a typical device, it is expected

—

' Ex. 1005 at 5:14-57

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01244: Ex. 1005 at 6:7-17
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Summary

e “Aid carrier movement”

“Graded dopant concentration” does not necessarily “aid carrier movement.”
Petitioner has presented no evidence that carriers move from the surface to the substrate.

Petitioner introduced a new and incorrect claim construction in its Reply.

All of the grounds in all of the petitions must be dismissed for lack of evidence.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 42 of 114 45
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All of the Grounds Fail

 All of the Grounds rely on Kawagoe, Wieczorek, or Payne.

Challenged Claims Reference(s) Ground Challenged Claims Reference(s)
1-9, 13-14, 16-21, 23-28, 32-42 | Kawagoe
1-2,4-9, 13-23,25-28,32-42 Wieczorek, Wolf
1-9, 13-14, 16-21, 23-28, 32-42 Kawagoe, Gupta 11 1-3.5-11. 13-18 Wieczorek. Wolf
1-2,4-9, 13-23,25-28,32-42 | Wicczorek, Wolf, - ’
Gupta 1-2, 4-10, 12-18 Kawagoe, Gupta
19, 37 Kawagoe,
Silverbrook 1-3,5-11, 13-18 Wieczorek, Wolf,
19,37 Wieczorek, Wolf, Gupta
Silverbrook

1 1-2, 4-10, 12-18 Kawagoe

-01242: Pet. [1] at 5 -01243: Pet. [1] at 5

| Payne

Sakai, Kawagoe

-01244: Pet. [1] at 5

-01242: PO Resp. [47] at 20-31; -01243: PO Resp. [46] at 21-3; _ Greenthread Ex. 2100, p. 43 of 114
-01244: PO Resp. [46] at 19-27 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Semiconductor v. Greenthread 43




No Evidence for Kawagoe

* There is no evidence that Kawagoe moves carriers from the active region
(surface) to the substrate.

Ground Basis Challenged Claims Reference(s) Ground Challenged Claims Reference(s)
I §103 1-9, 13-14, 16-21, 23-28, 32-42 Kawagoe
II §103 1-2,4-9, 13-23, 25-28, 32-42 Wieczorek, Wolf a
§103 1-9, 13-14, 16-21, 23-28, 32-42 | Kawagoe, Gupta 1 13, 5-11. 13-18 Wicczorek, Wolf
v §103 1-2,4-9, 13-23,25-28,32-42 | Wieczorek, Wolf,
Gupta u 111 1-2, 4-10, 12-18 Kawagoe, Gupta

v §103 19, 37 Kawagoe, .
Silverbrook v 1-3, 5-11, 13-18 Wieczorek, Wolf,

Wieczorek, Wolf, Gupta
Silverbrook

I 1-2,4-10, 12-18 Kawagoe

$103 19,37

-01242: Pet. [1] at 5 -01243: Pet. [1] at 5

Payne

Sakai, Kawagoe

-01244: Pet. [1] at 5

-01242: PO Resp. [47] at 20-20; -01243: PO Resp. [46] at 21-29; _ Greenthread Ex. 2100, p. 44 of 114
-01244: PO Resp. [46] at 19-23 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Semiconductor v. Greenthread 44




No Evidence for Wieczorek

* There is no evidence that Wieczorek moves carriers from the active region
(surface) to the substrate.

Ground

Basis

Challenged Claims

Reference(s) Ground

I

§103

1-9, 13-14, 16-21, 23-28, 32-42

Challenged Claims

Reference(s)

Kawagoe

II

§103

1-2. 4-9, 13-23,25-28, 32-42

Wieczorek, Wolf I

§103

1-9, 13-14, 16-21, 23-28, 32-42

1-2,4-10, 12-18

Kawagoe

Kawagoe, Gupta 1

1A%

§103

1-2, 4-9, 13-23, 25-28, 32-42

Wieczorek, Wolf,

1-3,5-11, 13-18

Wieczorek, Wolf

Gupta 111

v

§103

19,37

Kawagoe,

1-2,4-10, 12-18

Kawagoe, Gupta

Silverbrook 8%

§103

19,37

Wieczorek, Wolf,

1-3, 5-11, 13-18

Gupta

Wieczorek, Wolf,

Silverbrook

-01242: Pet. [1] at 5

Basis

Challenged Claim | Reference(s)

§ 103

44 Payne

§ 103

44 Sakai, Kawagoe

-01242: PO Resp. [47] at 29-31; -01243: PO Resp. [46] at 29-31

-01244: Pet. [1] at 5
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-01243: Pet. [1] at 5
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No Evidence for Payne

* There is no evidence that Payne moves carriers from the active region
(surface) to the substrate.

Ground Basis Challenged Claims Reference(s) Ground Challenged Claims Reference(s)
1 §103 1-9, 13-14, 16-21, 23-28, 32-42 Kawagoe

I §103 1-2,4-9, 13-23,25-28,32-42 | Wieczorek, Wolf

§103 1-9, 13-14, 16-21,23-28, 32-42 | Kawagoe, Gupta T 13511, 13-18 a0 S

v $103 1-2,4-9, 13-23, 25-28, 32-42 | Wieczorek, Woll,

Gupta 11 =2 o]0 2=118 Kawagoe, Gupta

I 1-2,4-10, 12-18 Kawagoe

vV 103 19,37 Kawagoe, :
¥ Silverbrook IV 1-3.5-11. 13-18 T O

19, 37 Wieczorek, Wolf, Gupta
Silverbrook

§103

-01242: Pet. [1] at 5 -01243: Pet. [1] at 5

Basis Challenged Claim | Reference(s)

§ 103 44 Payne

§ 103 44 Sakai, Kawagoe

-01244: Pet. [1] at 5

-01244: PO Resp. [46] at 23-27 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSHIIIEELT 2% 00T [ 20 @R R 1
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Summary

“Aid carrier movement”

“Graded dopant concentration” does not necessarily “aid carrier movement.”

Petitioner has presented no evidence that carriers move from the surface to the substrate.
Petitioner introduced a new and incorrect claim construction in its Reply.

All of the grounds in all of the petitions must be dismissed for lack of evidence.

* Petitioner cannot rely on inherency for “aid carrier movement”
* Petition never mentions inherency

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 47 of 114 45

Semiconductor v. Greenthread



Petition Never Mentions Inherency

io:
[

* Petitioner never argued “inherency” for Kawagoe.

Kawagoe further explains that such downward-sloping graded dopant

concentrations aid the movement of carriers from the first and second active regions

S — towards/to the bottom of substrate where there are no active regions:
Kawagoe further explains that such downward-sloping graded dopant
concentrations aid the movement of carriers from the first and second active regions . . . . . A
oo the botom of absate e thee e 6 active regions: [T]he impurity concentration of the p-well 6p 1s given such a gradient
[The impurity concentration of the p-well 6p is given such a gradient
tatitis gradually lowered in the deptivwise divection from the surfuce that it is gradually lowered in the depthwise direction from the surface
of the epitaxial layer 2E. so that the influence to be caused by the
caiers (o clectrons) e o fhe etay s Jowiered. Specifcll. the of the epitaxial layer 2E, so that the influence to be caused by the
electrons produced by the a-ray are attracted to the substrate body 25
Dy that concentration gradient ... so that the soft errors can be reduced

i case the MIS memmory ofthe DRAM or the Lke is formed i the p- carriers (or electrons) due to the a-ray is lowered. Specifically, the

well 6p.
EX1007, 16:2-11." Dr. Blalock explains that during a so-called single event upset electrons produced by the a_ray are attracted to the SubStr(lte body ZS
(SEU). an g-ray generates millions of carriers. some of which are produced in or
near the active regions at the surface of the substrate. EX1003. 7994-95: EX1009. . .
by that concentration gradie§ ) that the soft errors can be reduced

431 (“Aln] [o-]particle can induce SEU when it strikes at the channel region of an
off nMOS transistor ...”). FIG. 2. Kawagoe teaches that those carriers are “attracted
in case the MIS memory of the DRAM or the like is formed in the p-
7 Kawagoe states that “electrons produced by the a-tay [ate]... prevented from.

entering the p-well 6p ... EX1007. 16:7-9. This refers to electrons produced in Well 6p‘

the large substrate body below the wells, EX1003. §94: EX1009. FIG. 2.

EX1007, 16:2-11.7

-01242: Pet. [1] at 21
-01242: PO Resp. [47] at 23, 28; PO Sur-Reply [65] at 6-9 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CLICEL D6 LIRS IR S |
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Petition Never Mentions Inherency

ao:
]

* Petitioner never argued “inherency” for Wieczorek.

Further, Wieczorek’s downward-sloping graded dopant concentrations aid

carrier movement from the surface and from the first and second active regions

Petition for Inter Partes Review of U.S. Patent No. 11.121.222

EX1006, FIGS. 1b/2b. Thus, Wieczorek discloses “at least a portion of™ the first towards/to an area Of the Substrate Where there are no active I‘egions to the same

and second active regions (the channel regions) having a downward-sloping graded
S R e extent to which Applicant relied on the prior art and admitted to the Patent Office
Element [41.5] claims a “graded dopant acceptor concentration.” The graded
channel region of Wieczorek's first active region is doped with a p-type impurity . .
T —— that such carrier movement would occur under the same scenario. EX1003, 159.
EX1003, 158. Element [42.5] claims a “graded donor dopant concentration.™ The
eraded channel region of Wieczorek’s second active region is doped with an n-type AS detailed in §VIII.A_ 1 .g’ during prosecution Of the parent ¢ 195 Patent’ Applicant
impurity such as phosphorous. a donor dopant. EX1006. [0008]: §VIILB.8:
represented to the Patent Office that a downward-sloping graded dopant
Further, Wieczorek's downward-sloping graded dopant concentrations aid
carrier movement from the surface and from the first and second active regions . . . . .
_ S concentration was known in the prior art to move carriers deep into the substrate.
towards/to an area of the substrate where there are no active regions to the same
extent to which Applicant relied on the prior art and admitted to the Patent Office

that such carrier movement would occur under the same scenario. EX1003. 159. Appllcant Clted JaStI'ZGbSkl al’ld KamlnS 11’1 Support §VIIIA. 1 g NOtably, aCCOI'dIIlg

As detailed in §VIIL.A.1.g. during prosecution of the parent ‘195 Patent. Applicant
represeated 10 the Patent Office that . dowmvard-sloping graded dopant to Jastrzebski, a downward-sloping graded dopant concentration creates an electric
concentration was known in the prior art to move carriers deep into the substrate.
Applicant cited Jastrzebski and Kamins in support. §VIIL.A.1.g. Notably, according

drift field that “force[s] most of the charge carriers ... deep into the substrate[.]”

to Jastrzebski, a downward-sloping graded dopant concentration creates an electric

EX1010, 2:27-32, 5:14-22.

-01242: Pet. [1] at 58-59
-01242: PO Resp. [47] at 29-31; PO Sur-Reply [65] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CLHIIEELT 1226 AT [ 258 @ TR R L
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Petition Never Mentions Inherency

Payne’s downward-sloping graded-dopant concentration aids the movement

* Petitioner never argued
“inherency” for Payne.

of minority carriers from the surface layer to the substrate—more precisely, to an

area of the substrate where there are no active regions, as discussed above—to the

same extent to which Applicant relied on the prior art and admitted to the Patent

Petition for Inter Partes Review of U.S. Patent No. 11.121.222

Office that such carrier movement would occur under the same scenario. EX1003,

part of the surface layer ...”"): EX1033: EX1003. 9/990-94. Payne’s device fabrication

steps illustrated in Figures 1-10 confirm this. Id. As Payne explains. the starting 1'”'[95_99 During prosecution Of the parent 1 95 Patent’ Appllcant represented to the

material used to fabricate its CMOS device is the silicon semiconductor substrate

10. shown in Figure 1. which is devoid of any active regions or active devices. Patent Office that a downward_sloping graded_dopant concentration was known in

EX1005. 2:50-60: see also id.. 1:5-15. 1:51-54. Deep wells (tubs 15/17) are formed

in the substrate through ion implantation and drive-in annealing steps as illustrated the prior art to create an “inherent ‘built_in’ unldlrectlonal electrlc ﬁeld” that moves

in Figures 2-6. Id.: 3:28-4:25. Shallow wells (surface regions 18/20) are

subsequently formed through additional ion implantation and drive-in annealing Carriers deep into the Substrate (Whlle an upward_sloping Concentration’ not at issue

steps as illustrated in Figures 7-9. Id.. 4:31-5:12. Only then are active regions

(soince and, rait tedfons. 21,27 and 2/20) Kot acaordarice i sndard in Payne, would move those carriers in the opposite direction towards the surface):
techniques™in the shallow wells. as shown in Figure 10. 7d.. 5:18-29

Payne’s downward-sloping graded-dopant concentration aids the movement [TThe graded dopant concentration itself creates a ‘built-in’ electrical field
of minority carriers from the surface layer to the substrate—more precisely. to an
area of the substrate where there are no active regions, as discussed above—to the that forces the movement of carriers into a particular direction, whereby the
same extent to which Applicant relied on the prior art and admitted to the Patent
Office that such carrier movement would occur under the same scenario. EX1003, ‘direction’ of the electrical field and the resulting direction of the carrier
9995-99. During prosecution of the parent ‘195 Patent, Applicant represented to the
Patent Office that a downward-sloping graded-dopant concentration was known in movement depends solely on the slope of the graded concentration of
the prior art to create an “inherent ‘built-in’ unidirectional electric field” that moves

dopant.

Active 105034772.3.DOCY

EX1020, 289-290 (underlining in original); EX1003, 9995-99. Applicant further
-01244: Pet. [1] at 26-27

-01244: PO Resp. [46] at 13, 23-24; PO Sur-Reply [64] at 11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 50 of 114 g5
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Petition Never Mentions Inherency

“IT]he petitioner’s petition ... is supposed to guide the life of
the litigation.”

SAS Inst. v. lancu, 584 U.S. 357, 366, 138 S.Ct. 1348, 1356 (2018)

“Petitioner may not submit new evidence or argument in
reply that it could have presented earlier, e.g. to make out a
prima facie case of unpatentability.”

U.S. Patent Trial and Appeal Board, Consolidated Trial Practice Guide 73 (Nov. 2019)

-01242: PO Sur-Reply [65] at 3 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE S B0 Z10L, 5 91 OHL Ty
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Summary

e “Aid carrier movement”
“Graded dopant concentration” does not necessarily “aid carrier movement.”
Petitioner has presented no evidence that carriers move from the surface to the substrate.

Petitioner introduced a new and incorrect claim construction in its Reply.

All of the grounds in all of the petitions must be dismissed for lack of evidence.

* Petitioner cannot rely on inherency for “aid carrier movement”

* Petition never mentions inherency
* There is no evidence carriers necessarily move from the surface to the substrate

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 52 of 114 55
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Petitioner Cannot Rely on Inherency

“IT]he Board’s analysis rests upon the very kind of probability
or possibility ... that this court has pointed out is insufficient to
establish inherency.”

In re Robertson, 169 F.3d 743, 745 (Fed. Cir. 1999)

A

A1

Az

8
A

X+

“[A]nticipation by inherent disclosure is appropriate only when
the reference discloses prior art that must necessarily include
the unstated limitation.”

Transclean Corp. v. Bridgewood Servs., Inc., 290 F.3d 1364, 1373 (Fed. Cir. 2002)

-01242: PO Sur-Reply [65] at 6-8 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE SIS0 AL 2 SRS e
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Petitioner Cannot Rely on Inherency

* In Kawagoe, the electrons do not enter the p-well.

* So the electrons do not necessarily move from the active region (or surface) to
the substrate.

Incidentally, in the present embodiment 4, the aforemen-
tioned p-well 6p and n-well 6x are formed to extend from the
| surface of the epitaxial layer 2E to the upper portion of the
semiconductor substrate body 2S, as shown in FIGS. 16 and
| 17, and the p-well 6p and n-well 6n have their impurity
concentrations gradually lowered in the depthwise direction

| from the principal surface (having an impurity concentration
N,;) of the epitaxial layer 2E. Thus, the impurity concen-
| tration of the p-well 6p is given such a gradient that it is active region/
| gradually lowered in the depthwise direction from the sur- ‘7//; : surface

| face of the epitaxial layer 2E, so that the influence to be /< "{"l = }25‘/

caused by the carriers (or electrons) due to the a-ray is i

LWE electrons do
lowered. Specifically, the electrons produced by the a-ray }2\#(25) J not enter p-well
)

are attracted to the substrate body 2S by that concentration
gradient and prevented from entering the p-well 6p so that
the soft errors can be reduced in case the MIS memory of the I ! here
DRAM or the like is formed 1n the p-well 6p. The impurity

‘GNSEMI EXHIBIT 1007, Page 1 ‘-

electrons are

-01242: Ex. 1007 at 15:62-16:11 -01242: Ex. 1007 (Kawagoe) at Fig. 23

-01242: PO Resp. [47] at 8-9, 16, 23, 26-28 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE SRR B0 20T, [ 2w T S
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Petitioner Cannot Rely on Inherency

 Dr. Glew confirmed that electrons in Kawagoe do not necessarily move
from the active region (or surface) to substrate.

11 Q. And this electric field resulting from the

12 graded dopant concentration of Figure 17 would sweep

13 those electrons from the active region down into the

UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD 1 4

substrate?

SEMICONDUCTOR COMPONENTS )
INDUSTRIES, LLC,

15 MR. WHITEHURST: Object to the form.
16 THE WITNESS: It doesn't disclose that it

17 does that.

¥

T The patent only describes that this dopant

gradient is able to keep SEU electrons out of the

OF ALEXANDER GLEW, PHD
July 16, 2024

well. It doesn't tell you what's happening in the

Reported by: Dana Peabody, RDR, CRR, CSR No. 6332
Pages 1 through 153

Job No. HOU 6760791 Well .

Veritext Legal Solutions
346-293-7000

-01242: Ex. 1052 (Glew Dep. Tr.) at 121:11-17; 122:6-9

-01242: PO Sur-Reply [65] at 10 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSLCER DS LREI I
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Petitioner Cannot Rely on Inherency

* In Wieczorek, the carriers do not necessarily move.
* The gradient concentration may be uniform.

(0 0 O OO OO
US 200301 83856A1
9) United States

2 Patent Application Publication o Pub. No.: US 2003/0183856 A1
Wieczorek et al. (43) Pub. Date: Oct. 2, 2003

DEVICE HAVING A .. 257/285
PANT PROFILE IN A

after anneal

concentration

[0011] FIG. 2b shows a corresponding graph with a typi-
cal dopant profile with respect to the depth of the respective
well structure. Due to the up-diffusion of the dopant atoms
during the heat treatment, the initially retrograde profile in
the vicinity of the surface of the semiconductor device 100,
as indicated by reference number 200, may have become
substantially uniformly distributed.

-01242: Ex. 1006 (Wieczorek) at [0011]

-01242: PO Resp. [47] at 9-11, 29-30; PO Sur-Reply [65] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

\
FIG.2b

(Prior Art)

-01242: Ex. 1006 at Fig. 2b

Greenthread Ex. 2100, p. 56 of 114
Semiconductor v. Greenthread
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Petitioner Cannot Rely on Inherency

* In Payne, the carriers do not necessarily move.

United States Patent s 1) Patent Number: 4,684,971
1451 Date of Patent: Aug. 4, 1987

[54] ION IMPLANTED CMOS DEVICES

S
sr/

CONCENTRATION

DEPTH
-01244: Ex. 1005 (Payne) at Fig. 10 -01244: Ex. 1005 at Fig. 11

-01244: PO Resp. [46] at 7-8, 23; PO Sur-Reply [64] at 11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE eI B ZI0L, 5 9 G g
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Dr. Glew Testimony

* An electric field does not necessarily move carriers.

51.  In my opinion, a POSITA would have known that if two forces are
acting on an object m opposite directions, both forces cannot aid its movement.
Either the opposing forces are equal—and there 1s no movement—or the two forces

are not equal and the object moves in the direction of the force having larger

IPR2023-01244 magnitude, albeit diminished by the counter force. The smaller force does not “aid”

U.S. Patent No. 11,121,222
related to the -- the steepness of ]

S dovanmons|  the movement of the object, because 1t 1s pushing against the movement. The

out also.”) (emphasis added)

ot magnitude of the concentration gradient plays a substantial role, because a small
or -- what do you mean "tend to X . o a . -
gradient may not be sufficient to overcome the resistance of the material in which

carriers. All other things being

suppose -- I don’t want to theori;

applied a force to an electron m the gTadient eXiStS.

impact the travel of that electro
higher. it will travel -- on average. it will travel a shorter distance ....). 187 (*Q. And 0 .

-01242: Ex. 2057 (Glew Decl.) at 51-52
you said that there could be some additional force. Do you recall that testimony? A. ° X ° e W e C : a
I said they would move if you didn't have some other external force acting. I also
pointed out that the movement is a statistical process. So it’s not like you can reach
in and say that carrier will move in this direction.”) (all emphasis added).

51.  In my opinion, a POSITA would have known that if two forces are
acting on an object in opposite directions. both forces cannot aid its movement.
Either the opposing forces are equal—and there is no movement—or the two forces
are not equal and the object moves in the direction of the force having larger
magnitude, albeit diminished by the counter force. The smaller force does not “aid™

the movement of the object. because it is pushing against the movement. The

Greenthread Ex. 2057, p. 29 of 38
Semiconductor v. Greenthread
IPR2023-01244

-01242: PO Resp. [47] at 17-20; PO Sur-Reply [65] at 2, 4, 7 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

52. I see that in response to the question “have you looked at any aspect of
the gradient other than its being downward sloping?” Dr. Blalock replied: “As I’ve
said, the patent owner tells us that that’s sufficient, so [t/hat’s what I did. I have not
done calculations of the slope per se.” Ex. 2058, 195 (emphasis added). And in
response to the question: “Do you need to know the magnitude of the force on
carriers to know if their movement is being aided?” Dr. Blalock said: “Well, the
patent owner -- the patent hasn’t given us a threshold for aiding. ... when I look at
the prior art, when I find a concentration gradient, ... if there was a gradient, then
it was producing that force and aiding the movement.” Ex. 2058, 91-92 (emphasis
added). Since the mere direction of the gradient issufﬁcient to determine
whether there 1s a “net force”—the premise of Dr. Blalock’s analysis is incorrect.
Therefore, I disagree with his conclusion about the “aid carrier movement...” feature
being taught in the prior art (apparently by Kawagoe, though Dr. Blalock’s
declaration does not clearly say that Kawagoe inherently teaches the “aid carrier
movement...” feature). As I explained above, since Kawagoe teaches inhibiting
carrier movement, it does not teach aiding carrier movement. The SEU event is
described as creating electrons, which are the minority carriers in a p-well, but not

in an n-well. Kawagoe is not relevant for an n-well.

Greenthread Ex. 2100, p. 58 of 114
Semiconductor v. Greenthrea

d

58




Dr. Glew Testimony

* An electric field does not necessarily move carriers.

Q. Is that what's creating the downward force force, like a little bit of a temperature to
we talked about in Figure 5B? activate or a little bit of voltage, but there is a
A. That's part of it. Mainly, what we talk diffusional force also.
about, there 1s a diffusion, diffusional force too. There's other -- there's other forces that
But, you know, if you think of a drop of ink in a cause things to happen that we're not discussing

pool, you put it a corner, it doesn't stay there. here: Stress, energy. 2Any form of energy can cause

Tt will eventually diffuse out. things to happen, potentially.

If T had a pile of electrons or holes in
-01242: Ex. 1052 (Glew Dep. Tr.) at 87:14-88:7
one area, and I didn't have them -- I had a dearth

next to 1t, then there's a little bit of diffusional

driving force to get them to move. Usually they

don't move, really, on their own without some other

17
18 DEPOSITION OF ALEXANDER GLEW, PHD
19 July 16, 2024

20
21
22
23 Reported by: Dana Peabody, RDR, CRR, CSR No. 6332
24 Pages 1 through 153

25 Job No. HOU 6760791

Page 1

Veritext Legal Solutions
346-293-7000

ONSEMI EXHIBIT 1052, Page 1
[ Industries, LL(

v.
IPR2023-01242

-01242: PO Sur-Reply [65] at 7-8 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CLSICELT 26 LI RS TR
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Dr. Glew Testimony

* An electric field does not necessarily overcome the resistance of the semiconductor.

Q. And you didn't identify any contrary

forces that would act opposite of the graded dopant
concentration in Payne?

MR. WHITEHURST: Object to form.

THE WITNESS: One with skill in the art
would understand these are semiconductors, so

there's always some resistance to a semiconductor.

-01242: Ex. 1052 (Glew Dep. Tr.) at 146:12-18

-01242: PO Sur-Reply [65] at 8, 15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CLHICELT 26 AL PEEYEANE SRRy,
Semiconductor v. Greenthread




Summary

e “Aid carrier movement”

 “Graded dopant concentration” does not necessarily “aid carrier movement.”

* Petitioner has presented no evidence that carriers move from the surface to the substrate.
* Petitioner introduced a new and incorrect claim construction in its Reply.

* All of the grounds in all of the petitions must be dismissed for lack of evidence.

e Petitioner cannot rely on inherency for “aid carrier movement”
* Petition never mentions inherency
* There is no evidence carriers necessarily move from the surface to the substrate

* Petitioner’s Kawagoe grounds fail
« Kawagoe does not aid carrier movement from active region (or surface) to substrate

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 61 0of 114 g4

Semiconductor v. Greenthread



-01242: Grounds 1, 3 & 5; Elements 1.5, 21.5, 39.5,41.5 & 42.5

e Kawagoe does not aid movement, it prevents movement.

. . - lowered. Specifically, the electrons produced by the a-ray

1. A VLSI semiconductor device, comprising: are attracted to the substrate body 2S by that concentration
a substrate of a first doping type at a first doping level . .

having a surface; gradient and prevented from entering the p-well 6p so that

a first active region disposed adjacent the surface with a wmea | the soft errors can be reduced in case the MIS memory of the
second doping type opposite in conductivity to the first

doping type and within which transistors can be DRAM or the like is formed in the p-well 6p. The impurity
formed;
a second active region separate from the first active region o : Ex. 1007 at 15:62-16:11
disposed adjacent to the first active region and within

which transistors can be formed; E /-_- / 6 2 3
transistors formed in at least one of the first active region s H B e .

[21]  Appl. No: 08/934,774

or second active region; s 4P
at least a portion of at least one of the first and second o1 s e, . 2 1 . .
active regions having at least one graded dopant con- D o it g 15 / _ active region /
centration to aid carrier movement from the first and : — f
. : TR 7 surrace
second active regions towards an area of the substrate /,-,,—,ﬁ.,-/lé‘ N,

4 _l amunvav r—7
D ==
where there are no active regions; and e - i e | N N 7 ’
at least one well region adjacent to the first or second b ' - ) electrons do
not enter p-wel

active region containing at least one graded dopant

region, the graded dopant region to aid carrier move- SR RN

ment from the surface towards the area of the substrate = 2

where there are no active regions, wherein at least some TW l Nt electrons are

of the transistors form digital logic of the VLSI semi- DA A ’

conductor device. = . D LNa
- LNc

IND
L N3 uN] 1ol

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: Ex. 1007 (Kawagoe) at Fig. 23

-01242: PO Resp. [47] at 22-25; PO Sur-Reply [65] at 9-11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSLCER DG D LREACIAINE )
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-01242: Grounds 1, 3 & 5; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Kawagoe does not aid movement from the active region to the substrate
because the electrons do not enter the p-well.

lowered. Specifically, the electrons produced by the a-ray

1. A VLSI semiconductor device, comprising: are attracted to the substrate body 2S by that concentration
a substrate of a first doping type at a first doping level . .

having a surface; gradient and prevented from entering the p-well 6p so that

a first active region disposed adjacent the surface with a wmea | the soft errors can be reduced in case the MIS memory of the

second doping type opposite in conductivity to the first —— . . . . .

doping type and within which transistors can be DRAM or the like is formed in the p-well 6p. The impurity
formed; SEbcohDLcT
a second active region separate from the first active region e s : Ex. 1007 at 15:62-16:11

disposed adjacent to the first active region and within

which transistors can be formed; /-_- / 6 2 3
transistors formed in at least one of the first active region s H B e .

[21]  Appl. No: 08/934,774

or second active region; 21 F S

. Related U.S. Application Data l._ P

at least a portion of at least one of the first and second o1 s e, . 2 1 . .

active regions having at least one graded dopant con- e e / active region /
centration to aid carrier movement from the first and —

NN

=
T surface
second active regions towards an area of the substrate /,-,,—,‘7/.. ll,,;( _—“,;7,143‘-_./

where there are no active regions; and i s e ‘Q N
at least one well region adjacent to the first or second bt : \ electrons do

not enter p-wel

active region containing at least one graded dopant

region, the graded dopant region to aid carrier move-

ment from the surface towards the area of the substrate s

where there are no active regions, wherein at least some TN \J WA electrons are

of the transistors form digital logic of the VLSI semi- DNy A ’

conductor device. == T D LNa
- LNc

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: Ex. 1007 (Kawagoe) at Fig. 23

-01242: PO Resp. [47] at 22-25; PO Sur-Reply [65] at 9-11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSLCER DS DRI
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-01242: Grounds 1, 3 & 5; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Dr. Glew confirmed that Kawagoe does not move electrons from active
region to substrate.

1. A VLSI semiconductor device, comprising: Q. And this electric field resulting from the

a substrate of a first doping type at a first doping level
having a surface; graded dopant concentration of Figure 17 would sweep

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed;

a second active region separate from the first active region MR. WHITEHURST: Object to the form.
disposed adjacent to the first active region and within
which transistors can be formed; THE WITNESS: It doesn't disclose that it

transistors formed in at least one of the first active region
or second active region; does that.

at lea.st a portion of at least one of the first and second T -01242: Ex. 1052 at 121:11-17
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and eSS
second active regions towards an area of the substrate The patent only describes that this dopant
where there are no active regions; and

at least one well region adjacent to the first or second gradient is able to keep SEU electrons out of the
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi- ———
conductor device. SemiconducorCamperents oo L1 . Mgt "

those electrons from the active region down into the

substrate?

well. It doesn't tell you what's happening in the

well.

ead LI
IPR2023-01242

-01242: Ex. 1052 (Glew Dep. Tr.) at 122:6-9

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Sur-Reply [65] at 10 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE ClELCER DG 2L, PR ER I .
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-01242: Grounds 1, 3 & 5; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Petition does not allege that Kawagoe moves electrons from active
region to substrate.

Kawagoe further explains that such downward-sloping graded dopant

. . . concentrations aid the movement of carriers from the first and second active regions
1. A VLSI semiconductor device, comprising: -

a substrate of a first doping type at a first d()pillg level towards/to the bottom of substrate where there are no active regions:
having a surface;

a first active region disposed adjacent the surface with a
second doping type oppo site 1n conductivity to the first that it is gradually lowered in the depthwise direction from the surface
doping type and within which transistors can be
formed;

a second active region separate from the first active region carriers (or electrons) due to the a-ray is lowered. Specifically, the
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region; in case the MIS memory of the DRAM or the like is formed in the p-

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and EX1007, 16:2-11.7 Dr. Blalock explains that during a so-called single event upset
second active regions towards an area of the substrate

[T]he impurity concentration of the p-well 6p is given such a gradient
of the epitaxial layer 2E, so that the influence to be caused by the

electrons produced by the a-ray are attracted to the substrate body 28

by that concentration gradient ... so that the soft errors can be reduced
well 6p.

(SEU), an a-ray generates millions of carriers, some of which are produced in or

where there are no active regions; and &
at least one well region adj acent to the first or second near the active regions at the surface of the substrate{ EX1003, 1994-95 @

active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate off nMOS transistor ...”), FIG. 2. Kawagoe teaches that those carriers are “attracted
where there are no active regions, wherein at least some

of the transistors form digital logic of the VLSI semi-
conductor device. concentration illustrated in Figure 17{ EX1007, 16:2-11,

431 (“A[n] [o-]particle can induce SEU when it strikes at the channel region of an

to the substrate body by [the] concentration gradient” of the graded dopant

-01242: Ex. 1001 ('222 pat.) at 4:38-62 -01242: Pet. [1] at 21-22

-01242: PO Resp. [47] at 24-25, 26-28; PO Sur-Reply [65] at 9-11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSLCER DS LREICITIE R
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-01242: Grounds 1, 3 & 5; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Petition does not allege that it would have been obvious to modify
Kawagoe in view of Wang.

Kawagoe further explains that such downward-sloping graded dopant

. . . concentrations aid the movement of carriers from the first and second active regions
1. A VLSI semiconductor device, comprising: -

a substrate of a first doping type at a first d()pillg level towards/to the bottom of substrate where there are no active regions:
having a surface;

a first active region disposed adjacent the surface with a
second doping type oppo site 1n conductivity to the first that it is gradually lowered in the depthwise direction from the surface
doping type and within which transistors can be
formed;

a second active region separate from the first active region carriers (or electrons) due to the a-ray is lowered. Specifically, the
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region; in case the MIS memory of the DRAM or the like is formed in the p-

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and EX1007, 16:2-11.7 Dr. Blalock explains that during a so-called single event upset
second active regions towards an area of the substrate

[T]he impurity concentration of the p-well 6p is given such a gradient
of the epitaxial layer 2E, so that the influence to be caused by the

electrons produced by the a-ray are attracted to the substrate body 28

by that concentration gradient ... so that the soft errors can be reduced
well 6p.

(SEU), an a-ray generates millions of carriers, some of which are produced in or

where there are no active regions; and &
at least one well region adj acent to the first or second near the active regions at the surface of the substrate{ EX1003, 1994-95 @

active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate off nMOS transistor ...”), FIG. 2. Kawagoe teaches that those carriers are “attracted
where there are no active regions, wherein at least some

of the transistors form digital logic of the VLSI semi-
conductor device. concentration illustrated in Figure 17{ EX1007, 16:2-11,

431 (“A[n] [o-]particle can induce SEU when it strikes at the channel region of an

to the substrate body by [the] concentration gradient” of the graded dopant

-01242: Ex. 1001 ('222 pat.) at 4:38-62 -01242: Pet. [1] at 21-22

-01242: PO Resp. [47] at 25-26; PO Sur-Reply [65] at 10 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSHIIIEELT 2% 20U LD @R ],
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-01242: Grounds 1, 3 & 5; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Petition does not allege that it would have been obvious to modify
Kawagoe in view of Wang.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

a first active region disposed adjacent the surface with a Challenged Claims Reference(s)

second doping type opposite in conductivity to the first 1-9, 13-14, 16-21, 23-28, 32-42 Kawagoe

doping type and within which transistors can be 1-2, 4-9, 13-23, 25-28, 32-42 Wieczorek, Wolf

formed, o 1-9. 13-14, 1621, 23-28.32-42 | Kawagoe. Gupta
a second active region separate from the first active region .

disposed adjacent to the first active region and within 1-2,4-9,13-23,25-28, 32-42 \éﬁg:azorek, Wolf,

which transistors can be formed;

transistors formed in at least one of the first active region 19,37 Kawagoe,
or second active region; Silverbrook

at least a portion of at least one of the first and second 19, 37 Wieczorek, Wollf,
active regions having at least one graded dopant con- Silverbrook
centration to aid carrier movement from the first and
second active regions towards an area of the substrate -01242: Pet. [1] at 5
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Resp. [47] at 25-26; PO Sur-Reply [65] at 10 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE ClHIICELT 1226 20T [T @R o
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-01242: Grounds 1, 3 & 5; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Wang is not even prior art.

21st International Conference on VLSI Design

Single Event Upset: An Embedded Tutorial

Fan Wang and Vishwani D. Agrawal

Dept. of Electrical and Computer Engincering, Auburn University, Auburn, AL, 36849, USA

uburn.edu

Email:

Abstract—With the continuous downscaling of CMOS tech-
nologies, the reliability has become a major bottleneck in the
evolution of the next ion systems. trends such

to get almost complete, but not comprehensive, information.

Looking over the Appendix on the last pag:

as transistor down-sizing, use of new materials, and system
on chip architectures continue fo increase the sensitivity of
systems to soft errors. These errors are random and not related
(0 permanent hardware faults. Their causes may be internal
fe.g., interconnect coupling) or external (e.g., cosmic radiation).
To meet the system reliability requirements it is necessary for
both the circuit designers and fest engineers to et the basic
knowledge of the soft errors. We present a tutorial study of
the radiation-induced single event upset caused by
external radiation, which is a major source of soft errors. We
summarize basic radiation mechanisms and the resulting soft
errors in silicon. Soft error mitigation techniques with time and
space redundancy are illustrated. An industrial design example,
the IBM 2090 system, shows how the industry is dealing with
soft errors these days.

1. INTRODUCTION

From the beginning of the recorded history, man has be-
lieved in the influence of heavenly bodies on the life on
Earth. Machines, electronics included, are considered scientific
objects whose fate is controlled by man. So, in spite of the
knowledge of the exact date and time of its manufacture, we
do not draft a horoscope for a machine. Lately, however, we
have started noticing certain behaviors in the state of the art
electronic circuits whose causes are traced to be external and to
the celestial bodies outside our Earth. The Single Even Upser
(SEU) phenomenon, as this non-permanent (i.c., random or
soft) error behavior is termed, in digital systems affects the
modern nanotechnology electronic devices. We believe SEU
will assume greater importance in the future [12]. Sifting
through the literature of the last half a century, we have
collected the necessary material for a starter. Our aim is not to
cram up these six pages with most information, but to provide
the essentials that can be assimilated conveniently to help a
reader to become an effective contributor. We begin with the
definition.

“Single Event Upset (SEU): Radiation-induced er-

rors in microelectronic circuits caused when charged

particles (usually from the radiation belts or from

cosmic rays) lose energy by ionizing the medium

through which they pass, leaving behind a wake of

electron-hole pairs™. - -- NASA Thesaurus
The objective of this tutorial is to familiarize the reader with
the SEU in digital electronics — definitions and terms, causes
(mostly experi ) and estimation, reliability
standards, and the related design methods. You should expect

1063-9667/08 §25.00 © 2008 IEEE
DOI 10.1109/VLSI1.2008.28

as you read through this arti

We will present an up-to-date understan|
phenomena. Following the historical note of
tion, we summarize the concept of basic radi
and explain how a soft error occurs in silic

Examples of soft error mitigation technique]
Section IV. In Section V, a case study of s
and tolerance in IBM 2990 system is given |
-
II. HISTORICAL NOTES [ ]

Soft emors have been studied by ele]
nuclear and radiation engineers for almost
the period 1954 through 1957 failures in

were reported during the above-ground nul
These were treated as electronic anomalies

equipment because they were random and

not be traced to any hardware fault [27].

paper concerning the role of cosmic rays * & &

by Wallmark and Marcus [24]. As quo
literature [16], these authors predicted that cf
start upsetting microcircuits due to heavy|
strikes and cosmic ray reactions when featl
small enough. Through 1970s and early 19
radiation received attention and more rese.

the physics of these Also fror
of fault tolerance and sclf-repairing computing were being
developed due to the increased reliability requirement of
critical applications like the space-mission [23].

May and Woods of Intel Corporation [13] determined that
these errors were caused by the alpha particles cmitted in
the radioactive decay of uranium and thorium present just
in few parts-per-million levels in package materials. Their
paper represented the first public account of radiation-induced
upsets in electronic devices at sea level and these errors
were referred to as “soft errors™. The term soft error was
used to differentiate from the repeatable errors traceable to
permanent hardware faults. Guenzer and Wolicki [10] reported
that the error causing particles came not only from uranium
and thorium but that nuclear reactions generated high energy
neutrons and protons, which could also cause upsets in circuits.
Because the title of their paper was “Single Event Upset of
Dynamic RAMs by Neutrons and Protons”. the term “SEU”
has been in use ever since [10] (refer to [16]). In 1979, Ziegler
and Lanford from IBM [28] predicted that cosmic rays could

computer
PO

-01242: Ex. 1009 (Wang) at 1

ONSEMI EXHIBIT 1013, Page 1

-01242: PO Resp. [47] at 25-27; PO Sur-Reply [65] at 10 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE GreeniheadEx321D0pIoBIoIIIdEN £ 8
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-01242: Grounds 1, 3 & 5; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Kawagoe does not move electrons from the surface to the substrate.

IPR2023-01244
U.S. Patent No. 11,121,222

n” lon Track Lirift

60. Dr. Blalock’s analysis of Kawagoe’s disclosure regarding electrons
generated by alpha-rays 1s incorrect. A POSITA would have understood that when

Kawagoe mentions “electrons produced by the a-ray” (Ex. 1007, 16:7-11), Kawagoe

ig- 2. §
immediate|
collection,

1s not describing electrons near the surface. Nishizawa (Ex. 2060), demonstrates

Ex. 1013. FIG. 2.

disclose that they aj

60. Dr. BlalocK's analysis of Kawagoe s disclosule regarding clectro

generated by alpha-rays is incorrect. A POSITA would have understood that when _O 1 2 4 2 : E X. 2 O 5 7 ( G I ew D ec I . ) at 1" 60

Kawagoe mentions “electrons produced by the a-ray™ (Ex. 1007, 16:7-11), Kawagoe

38
Greenthread Ex. 2057, p. 35 of 38
Semiconductor thread
IPR2023-01244

-01242: PO Resp. [47] at 30-31 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthead|Ex32100p090ifiiiaas £
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-01242: Grounds 1, 3 & 5; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Kawagoe does not move electrons from the surface to the substrate.

into, for example, silicon. As shown in FIG. 33, when
the alpha-particle gains an energy €3 of about 360 keV,
it creates electron-hole pairs with highest probability.
T Bhe e In case the alpha-particle gains an energy higher than
[ESSREERTE | omeo that, the probability of generation of electron-hole pairs

{13] Assignee: Zaidan Hojin Handotai Kenkyu
Sendai, Japen

g SR drops sharply. Accordingly, it will be understood that

S e the alpha-particle immediately after irradiation to the
mRE SR surface of a semiconductor body has an energy of sev-
eral MeV, for example about 5 MeV, and that, accord-
ingly, the probability of creation of electron-hole pairs
is extremely low near the surface. The alpha-particle
will begin to create electron-hole pairs after it has en-
tered into the semiconductor substrate to a certain dis-

tance. The number:of electron-hole pairs which are

electrons is 1.9 109, That is, the amount of electrons
created which adversely affect the memory action is no
greater than only 10% of the stored electric charge, and
thus it can be disregarded.

-01242: Ex. 2060 (Nishizawa) at 19:21-34; 20:19-22

Greenthread Ex. 2100, p. 70 of 114 70
Semiconductor v. Greenthread

-01242: PO Resp. [47] at 26-28 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




-01243: Grounds 1 & 3; Elements 1.5 & 9.5

* The same points apply to the -01243 petition.

lowered. Specifically, the electrons produced by the a-ray
1. A semiconductor device, comprising: are attracted to the substrate body 2S by that concentration

bstrate of a first doping t t a first doping level . .
" having fint and second surfaces: o gradient and prevented from entering the p-well 6p so that
i United Statg

a first active region disposed adjacent the first surface of wemaa | the SOft errors can be reduced in case the MIS memory of the
the substrate with a second doping type opposite in “ el DRAM or the like is formed in the p-well 6p. The impurity

conductivity to the first doping type and within which
transistors can be formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within

which transistors can be formed; L A S 4 F / 6 23

transistors formed in at least one of the first active region 1 o s
or second active region; and it LP
at least a portion of at least one of the first and second o
active regions having at least one graded dopant con-

active region/
centration to aid carrier movement from the first sur- S RN

Ex. 1007 at 15:62-16:11

~ surf
A N, surrace

face to the second surface of the substrate. ) £ ""”qi?"/ l e

electrons do
not enter p-wel

-01243: Ex. 1001 (‘842 pat.) at 4:45-60 R \

electrons are

I

LNa

4Nc

-01243: Ex. 1007 (Kawagoe) at Fig. 23

-01243: PO Resp. [46] at 21-29; PO Sur-Reply [64] at 9-11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSLCER SSRGS |
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-01244: Ground 2; Element 44.5

 The same points apply to the -01244 petition.

lowered. Specifically, the electrons produced by the a-ray

: : — are attracted to the substrate body 2S by that concentration
:‘L’uffiygseiemmndwor device comprising: | gradient and prevented from entering the p-well 6p so that
a substrate; wmea | the sOft errors can be reduced in case the MIS memory of the
an active region including a source and a drain, disposed 0 »msml DRAM or the like is formed in the p-WCH 6p. The impurity

on one surface of the surface layer;

a single drift layer disposed between the other surface of
the surface layer and the substrate, the drift layer
having a graded concentration of dopants extending :
between the surface layer and the substrate, the drift s F/ 6 23
layer further having a first static unidirectional electric ) v ’
drift field to aid the movement of carriers from the T et gkt e LP
surface layer to an area of the substrate where there are B e active re gl on /
no active regions; and -

at least one well region disposed in the single drift layer, AN N, surface

the well region having a graded concentration of dop- § ~ ""”ii’s?"’ 7

Ex. 1007 at 15:62-16:11

ants and a second static unidirectional electric drift field

electrons do
not enter p-wel

to the area of the substrate where there are no active

to aid the movement of carriers from the surface layer .
regions.

-01244: Ex. 1001 (222 pat.) at 8:21-39 iy ’ ne electrons are

I

LNa

4Nc

-01244: Ex. 1007 (Kawagoe) at Fig. 23

-01244: PO Resp. [46] at 19-23; PO Sur-Reply [64] at 9-11 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 72 of 114 7
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Summary

e “Aid carrier movement”

 “Graded dopant concentration” does not necessarily “aid carrier movement.”

* Petitioner has presented no evidence that carriers move from the surface to the substrate.
* Petitioner introduced a new and incorrect claim construction in its Reply.

* All of the grounds in all of the petitions must be dismissed for lack of evidence.

e Petitioner cannot rely on inherency for “aid carrier movement”
* Petition never mentions inherency
* There is no evidence carriers necessarily move from the surface to the substrate

* Petitioner’s Kawagoe grounds fail
« Kawagoe does not aid carrier movement from active region (or surface) to substrate
* Petition does not identify a “second doping type opposite in conductivity”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 73 of 114 53
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The Petition identifies the “first doping type” as p-type.

Kawagoe discloses “semiconductor substrate body 2S” of a first doping type

1. A VLSI semiconductor device, comprising: . ) . o . ) ) )

a substrate of a first doping type at a first doping level (p-type) having a silicon “epitaxial layer 2E [] doped with a p-type impurity such as
having a surface;

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
?Opin% type and within which transistors can be smoremerarey  With @ p-fype impurity such as boron...”° EX1007, 14:61-15:12, 6:50-7:3. The

ormed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second US-PAT
active regions having at least one graded dopant con- -
centration to aid carrier movement from the first and SU— Sarface —— | ; 7 )
second active regions towards an area of the substrate sy ‘ A =4 a7 day. }?E
where there are no active regions; and \

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate 1 | BN T Subsirate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

boron” formed over non-epitaxial “semiconductor substrate body 2S [also] doped

UNITED STATES PAT]

SEMICONDUCTOR C!

substrate (orange) has a surface, shown below. EX1003, 969.

I

I P N Ko LA A A rawees)
[ 1 1 T ’

|

EX1007, FIG. 23.

-01242: Ex. 1001 ('222 pat.) at 4:38-62
-01242: Pet. [1] at 8-9

-01242: PO Resp. [47] at 31-34; PO Sur-Reply [65] at 11-12 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE ClLCER DG 2L, bk 1A G ),
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* In Kawagoe, the identified “substrate” is p-type.

1. A VLSI semiconductor device, comprising:

a subs.trate of a first doping type at a first doping level The SemICOI’ldUCtOI' SU.bStrate
having a surface; body 2S is doped with a p-type impurity such as boron (B)

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first in a concentr ation Of about 1 '3>< 1015 atoms /CII]3 )
doping type and within which transistors can be
formed; s , i i

a second active region separate from the first active region P S KV S s -01242: Ex. 1007 at 6:62-63
disposed adjacent to the first active region and within '
which transistors can be formed;

transistors formed in at least one of the first active region -
or second active region; gy BBl

at least a portion of at least one of the first and second i
active regions having at least one graded dopant con- g il :
centration to aid carrier movement from the first and " g N -
second active regions towards an area of the substrate b B /f'll—llﬁ'“v;ﬁ,;' eSS Sl oF
where there are no active regions; and . - il e ‘Q N

[73] Assigace: Hitachi, Ltd., Tokyo, Japan

at least one well region adjacent to the first or second
active region containing at least one graded dopant e 0% o055
region, the graded dopant region to aid carrier move- PAE Gl ta) |2l 2W(2S)
ment from the surface towards the area of the substrate 8
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi- BN i :
conductor device. = . D LNa
- LNc

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: Ex. 1007 (Kawagoe) at Fig. 23

-01242: PO Resp. [47] at 31-34; PO Sur-Reply [65] at 11-12 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSLCER DS IR YOI iy )

Semiconductor v. Greenthread




-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The claim requires a first active region with a “second doping type.”

1. A VLSI semiconductor device, comprising:
a substrate of a first doping type at a first doping level
a first active region disposed adjacent the surface with a el Rl
second doping type opposite in conductivity to the first 1 RO PR AT &
doping type and within which transistors can be Tr‘o’fﬂmﬁ"ﬁ
formed: el
a second active region separate from the first active region I S K
disposed adjacent to the first active region and within '
which transistors can be formed; o b e
transistors formed in at least one of the first active region e
or second active region; o w et

Related U.S. Application Data

at least a portion of at least one of the first and second 1 gt w2

ed.

active regions having at least one graded dopant con- i i e

On 25, 1094 [T ——

centration to aid carrier movement from the first and il

second active regions towards an area of the substrate 1 o S

where there are no active regions; and i "f*"““““‘_‘"“‘*, .
at least one well region adjacent to the first or second s e
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move- a‘a“ Al w 2W(2S)
ment from the surface towards the area of the substrate ..,”53?‘ &
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-

conductor device.

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Resp. [47] at 31-34; PO Sur-Reply [65] at 11-12 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE S 76




-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The petition relies on
transistor 4N.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Resp. [47] at 31-34; PO Sur-Reply [65] at 11-12

Petition for Inter P.

Kawagoe discloses “semiconductor regions 4Na and 4Nb ... for forming the
source-drain regions of the nMOS [n-channel transistor] 4N.” EX1007, 8:66-67,
3:30-37, 8:46-52, 14:46-55, 15:26-40. Source-drain regions 4Na/4Nb (purple) form
part of the claimed first active region, which also includes the channel region (light
purple) between source-drain regions 4Na/4Nb and below insulating film 4Nc¢. Id.,
8:46-65, 14:46-55, 15:26-40; EX1003, 9481; EX1008B, 299-300 (“The top surface
of the [substrate] body consists of active or transistor regions as well as passive or
(field) regions. The active regions are those in which transistor action occurs; 1.e.,
the channel and the heavily doped source and drain regions.”), F1IG. 5-2, 382, FIG.
6-8(c), 387, FIG. 6-10; EX1008C, 525, FIG. 8-1(¢). As shown in Figure 23, nMOS
transistor 4N is formed in the surface of the first active region, which is adjacent the

surface of the substrate. EX1003, q81.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01242: Pet. [1] at 13-14

Greenthread Ex. 2100, p. 77 of 114
Semiconductor v. Greenthread
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The active region for transistor 4N is also p-type.

1. A VLSI semiconductor device, comprising: The
a substrate of a first doping type at a first doping level

having a surface; = " " " " "
a first active region disposed adjacent the surface with a p Well 6p 15 doped Wlth d p type 1mpur1ty SUCh as boron'
second doping type opposite in conductivity to the first e —

doping type and within which transistors can be S : : -01242: Ex. 1007 at 15:28-29

INTEGRATED CIRCUIT DEVICE, AN

formed; SEMICONDUCIOR INTEGRALLD CIRCuIT

a second active region separate from the first active region I
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region -
or second active region; B e

at least a portion of at least one of the first and second T T —
active regions having at least one graded dopant con- o e

centration to aid carrier movement from the first and L ; — active region

Sl o8 7
second active regions towards an area of the substrate e WL E D — ="/ _’./ }ZE /

[73] Assigace: Hitachi, Ltd., Tokyo, Japan

where there are no active regions; and i
at least one well region adjacent to the first or second W W ~ ) 1 2WE
active region containing at least one graded dopant 0 o P
region, the graded dopant region to aid carrier move- PAE Gl t 3 [2hoe 2W(2 S)J
ment from the surface towards the area of the substrate a it
where there are no active regions, wherein at least some 4 i I SN p-type
of the transistors form digital logic of the VLSI semi- ‘ 4 ]

conductor device. ,a* : l‘t( g ! iNa
P LNc

p-well

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: Ex. 1007 (Kawagoe) at Fig. 23

-01242: PO Resp. [47] at 31-34; PO Sur-Reply [65] at 11-12 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE R B0 200 5 1O T
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The claim makes clear that the active region is where a transistor may be built.
* This means the doping type is determined by the well region before the source and drain are counter-doped.

1. A VLSI semiconductor device, comprising: The
a substrate of a first doping type at a first doping level
having a surface; . . p-well 6p 1s doped with a p-type impurity such as boron.

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first B — "
doping type and within which transistors can be [Pt e : Ex. 1007 at 15:28-29

i e ,

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region -
or second active region; gy BBl

at least a portion of at least one of the first and second i
active regions having at least one graded dopant con- g il :
centration to aid carrier movement from the first and " g TR

[73] Assigace: Hitachi, Ltd., Tokyo, Japan

- active region

RN
second active regions towards an area of the substrate 1, oo S - /;,7‘,7"—.,,7,,;( e
where there are no active regions; and . - il e N N
at least one well region adjacent to the first or second
active region containing at least one graded dopant T
N X X X L Mo unj 1K“r 9P 4pTF° ssb
region, the graded dopant region to aid carrier move- > £ atlla 8
ment from the surface towards the area of the substrate
. . . iy Lo 2. el
where there are no active regions, wherein at least some 4 ENEN p-type
of the transistors form digital logic of the VLSI semi- BNy ’ ]
conductor device. e T Lt o D LNa
LNc

p-well
zW(zs;J

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: Ex. 1007 (Kawagoe) at Fig. 23

-01242: PO Resp. [47] at 31-34; PO Sur-Reply [65] at 11-12 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE e B 2100 2 7O e
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The claim makes clear that the active region is where a transistor may be built.
* This means the doping type is determined by the well region before the source and drain are counter-doped.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

So the active region exists before the
transistors, the well exists before the transistors
are formed, it has a type, n or p, and then the

transistors are formed in that doped region.

|1

could be a number of doping steps, but yes, the

source and drain are formed by counter-doping,

doping opposite the active region.

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Sur-Reply [65] at 11-13

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01242: Ex. 1052 (Glew Dep. Tr.) at 24:22-25; 27:25-28:2

Greenthread Ex. 2100, p. 80 of 114
Semiconductor v. Greenthread
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The claim makes clear that the active region is where a transistor may be built.
* This means the doping type is determined by the well region before the source and drain are counter-doped.

then used to cover the PMOS device active regions. An n-type implant heavy enough to overcompensate
for the boron implant in the active regions of the n-channel devices is used to form the sources and drains
of the NMOS transistors.

(a) Patterning of the active region. (¢} Active region formation and channel-stop implant.

Field nxide

5§ subsirate

-01242: Ex. 1008A (Wolf) at 123; Ex. 1008B (Wolf) at 63, 64

-01242: PO Sur-Reply [65] at 13 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 81 of 114 g4
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The claim makes clear that the active region is where a transistor may be built.
* This means the doping type is determined by the well region before the source and drain are counter-doped.

are different types of active areas. Looking back rxf””Jﬁh‘*mhu_fx“”Fﬂ“mﬂxﬁm

at 5A, one can see a p-well and an n-well. Active devices

Basically, sources and drains are of the opposite
type of well or active area they're formed in, so

wells -- sources and drains are counter-doped. So :P"Rye[l

_ _—
n well I P well

y

if I have an n-type source and drain, it will be

. : Graded dopant n” layer
formed in a p-type region. If I have a p-type

source and drain, it's formed in an n-type region.

-01242: Ex. 1052 (Glew Dep. Tr.) at 24:2-9

P substrate

-01242: Ex. 1001 ('222 pat.) at FIG. 5A

-01242: PO Sur-Reply [65] at 13 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSSILCER DG DLREACIAINE )
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The doping type for the active region is not n-type.

* The doping type for the active region is not opposite in conductivity.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

Petition for Inter Partes Review of U.S. Patent

UNITED STATES PATENT AND

BEFORE THE PATENT TRIAL ;

SEMICONDUCTOR COMPONEN]

Petitioner
V.

GREENTHREAT)
Patent Owne
U.S. PATENT NO.

Case IPR2023-0

PETITION FOR INTER P4
UNDER 35 U.S.C. §312 AND

Kawagoe discloses “semiconductor regions 4Na and 4Nb ... for forming the
source-drain regions of the nMOS [n-channel transistor] 4N.” EX1007, 8:66-67,
3:30-37, 8:46-52, 14:46-55, 15:26-40. Source-drain regions 4Na/4Nb (purple) form
part of the claimed first active region, which also includes the channel region (light
purple) between source-drain regions 4Na/4Nb and below insulating film 4Nc. /d.,
8:46-65, 14:46-55, 15:26-40; EX1003, 981; EX1008B, 299-300 (“The top surface
of the [substrate| body consists of acfive or fransistor regions as well as passive or
(field) regions. The active regions are those in which transistor action occurs; i.¢.,
the channel and the heavily doped source and drain regions.”), FIG. 5-2, 382, FIG.
6-8(c), 387, FIG. 6-10; EX1008C, 525, FIG. 8-1(e). As shown in Figure 23, nMOS

transistor 4N 1s formed in the surface of the first active region, which is adjacent the

-01242: Ex. 1001 (222 pat.) at 4:38-62 surface of the substrate. EX1003, 81.

-01242: Pet. [1] at 13-14

Greenthread Ex. 2100, p. 83 of 114 83
Semiconductor v. Greenthread
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* The doping type for the active region is not n-type.
* The doping type for the active region is not opposite in conductivity.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

Q. Okay. So when a transistor is formed in
the first active region, per the fourth element,
it's a p-type well; n-type dopants would be added to
form the transistor, right?

A. Yes, n-type dopants are added to form the
source and drain. There may be other doping steps
involved. That's sort of a simplification. There

could be a number of doping steps, but yes, the

source and drain are formed by counter-doping,

doping opposite the active region.

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Sur-Reply [65] at 11, 13

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01242: Ex. 1052 (Glew Dep. Tr.) at 27:18-28:2
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-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

* Realizing its mistake, Petitioner identifies transistor 4P in its Reply.
* Petitioner is not permitted to rely on new arguments or evidence in its Reply.

lEE

However, the Board need not resolve this dispute because even under the PO’s \ |

incorrect interpretation, Kawagoe still teaches this limitation. Specifically, L 2W(25)

Kawagoe describes a CMOS device that has both the NMOS device and an adjacent

PMOS transistor 4P having source and drain regions 4Pa, 4Pb formed with an n-type

channel in n-type well 6n. EX1007, 9:40-54, 17:50-54, 18:15-23, 21:55-61, Fig. 23.

-01242: Pet. Reply [62] at 18

Greenthread Ex. 2100, p. 85 of 114 85
Semiconductor v. Greenthread

-01242: PO Sur-Reply [65] at 14 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

e Realizing its mistake, Petitioner identifies transistor 4P in its Reply.
* Petitioner is not permitted to rely on new arguments or evidence in its Reply.

Q. Okay. You see on the left-hand side of

this figure on 38, there's a PMOS transistor there,

right?

THE WITNESS: Yes, there's a transistor
there.
BY MR. SPEEGLE:

0. It's a PMOS transistor on the left side?

(The requested portion was read back.)

THE WITNESS: I don't believe I analyzed

that transistor.

-01242: Ex. 1052 (Glew Dep. Tr.) at 130:6-17

-01242: PO Sur-Reply [65] at 14 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSHIICELT 26 I PEEO AR SR

Semiconductor v. Greenthread




-01242: Grounds 1, 3 & 5; Elements 1.2, 21.2, 39.2,41.2 & 42.2

Even if a part of a prior art reference is discussed in the
petition, it cannot be used to satisfy a claim element when the
Petition does not use it for that purpose.

Oren Techs., LLC v. Proppant Express Invs. LLC, 2021 WL 3120819, at *4
(Fed. Cir. July 23, 2021)

-01242: PO Sur-Reply [65] at 14 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE SrEEmine B0 2L 5 B Gt g

Semiconductor v. Greenthread



-01243: Grounds 1 & 3; Elements 1.2 & 9.2

* The same points apply to the -01243 petition.

1. A semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having first and second surfaces;

a first active region disposed adjacent the first surface of
the substrate with a second doping type opposite in
conductivity to the first doping type and within which
transistors can be formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region; and

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first sur-
face to the second surface of the substrate.

-well 6p 1s doped with a p-type impurity such as boron.

The

-01243: Ex. 1001 ('842 pat.) at 4:45-60

-01243: PO Resp. [46] at 31-33; PO Sur-Reply [64] at 11-14

PROCESS FOR MANUFACTURING A
SEMICONDUCTOR WAFER, A
SEMICONDUCTOR WAFER, PROCESS FOR
MANUFACTURING A SEMICONDUCTOR
INTEGRATED CIRCUIT DEVICE, AN
SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE

5] Iveniors: Hiroto Kawagoe,

Nakakoma-gun; Manabu Kitano,
Yanai; Yoshihiko Sakural; 'nmnm
Naganuma, both of Nakakoma-
Hisashi Arakawa, Kohfu, all of Ja p n

[73] Assigace: Hitachi, Ltd., Tokyo, Japan
[21]  Appl. No: 08/934,774
[22] Filed:  Sep.22, 1997
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Summary

“Aid carrier movement”
 “Graded dopant concentration” does not necessarily “aid carrier movement.”

* Petitioner has presented no evidence that carriers move from the surface to the substrate.

* Petitioner introduced a new and incorrect claim construction in its Reply.
* All of the grounds in all of the petitions must be dismissed for lack of evidence.

Petitioner cannot rely on inherency for “aid carrier movement”
* Petition never mentions inherency
* There is no evidence carriers necessarily move from the surface to the substrate

Petitioner’s Kawagoe grounds fail
« Kawagoe does not aid carrier movement from active region (or surface) to substrate
* Petition does not identify a “second doping type opposite in conductivity”

Petitioner’s Wieczorek grounds fail

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Greenthread Ex. 2100, p. 89 of 114 89
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-01242: Grounds 2, 4 & 6; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* There is no evidence that carriers move from the surface to the substrate.

1. A VLSI semiconductor device, comprising: I
a substrate of a first doping type at a first doping level o e fg’gﬁ;ﬁm Prilillcailon: e nos RAMRIEERE AT after anneal
having a Sl_lrface; ‘Wieczorek et al. (43) Pub. Date: Oct. 2, 2003
a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first q
doping type and within which transistors can be / 130
formed; / 154 135 /
a second active region separate from the first active region ) {) //
disposed adjacent to the first active region and within 136 ( 133

i 102
which transistors can be formed; ' /
transistors formed in at least one of the first active region 7 . // ~
or second active region;
at least a portion of at least one of the first and second 142 142 ,M 32 132
active regions having at least one graded dopant con- 141 120 141 / 131 110 137
second active regions towards an area of the substrate ///f
where there are no active regions; and
at least one well region adjacent to the first or second v
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move- FIG.1b FIG.2b

ment from the surface towards the area of the substrate (Prior Art) (Prior Art)
where there are no active regions, wherein at least some ‘

of the transistors form digital logic of the VLSI semi- 01242: Ex. 1006 at Fig. 1b -01242: Ex. 1006
d t d 1 . ONSEMI EXHIBIT 1008, Page 1 ' ' ' - *
——— (Wieczorek) at Fig. 2b

[E

concentration
Jan

centration to aid carrier movement from the first and

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Resp. [47] at 29-31; PO Sur-Reply [65] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CLSLCELN oL D ER U TATNE Sy
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-01242: Grounds 2, 4 & 6; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Wieczorek never mentions carriers, much less moving carriers from the

surface to the substrate.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

[0009] FIG. 24 is a graph, in which the dopant concen-
tration of the N-well structure 120 and the P-well structure
110 is depicted with respect to the depth in the respective
well structures. In particular, it is evident from FIG. 2a that
the Vi implantation (114, 124), indicated by the same
reference number as the respective implantation portions,
leads to a dopant concentration that significantly decreases
at the vicinity of the surface of the semiconductor device
100. That is, the dopant concentration immediately after the
implantation process exhibits a desired retrograde dopant
profile in the N-well structure 120 and the P-well structure
110 near the surface of the semiconductor device 100,
where, after completion of the device, a channel will form
during operation of the device.

-01242: Ex. 1006 at [0009]

[0011] FIG. 2b shows a corresponding graph with a typi-
cal dopant profile with respect to the depth of the respective
well structure. Due to the up-diffusion of the dopant atoms
during the heat treatment, the initially retrograde profile in
the vicinity of the surface of the semiconductor device 100,
as indicated by reference number 200, may have become
substantially uniformly distributed.

-01242: Ex. 1001 ('222 pat.) at 4:38-62

-01242: PO Resp. [47] at 11, 29-31; PO Sur-Reply [65] at 14-15

-01242: Ex. 1006 at [0011]

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

[0013] Typically, the N-channel transistor 130 and the
P-channel transistor 140 are formed by the following pro-
cesses. After the heat treatment, the gate insulation layer 135
is formed, wherein the gate insulation layer may be depos-
ited by chemical vapor deposition (CVD), or, if an oxide
layer is used, a rapid thermal furnace process or a conven-
tional furnace oxidation process may be used. Since, com-
monly, elevated temperatures are involved in fabricating the
gate insulation layer 135, this process also contributes to a
further diffusion of the dopants within the P-well structure
110 and the N-well structure 120. Thereafter, polysilicon is
deposited and patterned by sophisticated photolithography
techniques to form the gate electrodes 134 and 144. With a
first implantation, the extensions 132 and 142 are defined,
and, subsequently, the spacer elements 133, 143 are formed
and serve as an implantation mask during a subsequent
implantation process for defining the source and drain
regions 131, 141. Since a further heat treatment is necessary
to activate the dopants within the regions 131, 132 and 141,
142 and to cure any crystal damage caused by the preceding
implantation steps, the initial dopant concentration, as
shown in FIG. 2a, will be even more strongly affected so
that, after the plurality of heat treatments, the actual dopant
concentration will be represented by the graph shown in
FIG. 2b. In particular, it is thus very difficult to obtain or to
maintain a retrograde dopant profile in the channel regions
136 and 146, which would be desirable to achieve an
improved carrier mobility therein.

-01242: Ex. 1006 (Wieczorek) at [0013]

Greenthread Ex. 2100, p. 91 of 114
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-01242: Grounds 2, 4 & 6; Elements 1.5, 21.5, 39.5,41.5 & 42.5

“[A]nticipation by inherent disclosure is appropriate only when
the reference discloses prior art that must necessarily include
the unstated limitation.”

Transclean Corp. v. Bridgewood Servs., Inc., 290 F.3d 1364, 1373 (Fed. Cir. 2002)

-01242: PO Sur-Reply [65] at 6-7 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 92 of 114 g7

Semiconductor v. Greenthread



-01242: Grounds 2, 4 & 6; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Wieczorek says the gradient concentration may be uniform.

1. A VLSI semiconductor device, comprising: N0 0O O
a substrate of a first doping type at a first doping level 1 United States

h . f p g yp p g :JE: Patent Application Publication (o Pub. No.: US 2003/0183856 A1 after anneal

aVlng a sur ace; Wicezorek et al. 43) Pub. Date: Oct. 2, 2003

a first active region dlsposeq agljacent the- sprface with a B concentration

second doping type opposite in conductivity to the first G e o e

(76) Inventors: Karster B
Manfr n,

doping type and within which transistors can be Pl e
formed; b

a second active region separate from the first active region o 09
disposed adjacent to the first active region and within o
which transistors can be formed; B e s

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second . . .
active regions having at least one graded dopant con- [0011] FIG. 2b shows a corresponding graph with a typi-

centration to aid carrier movement from the first and cal dopant profile with respect to the depth of the respective

second active regions towards an area of the substrate . .
where there are no active regions; and well structure. Due to the up-diffusion of the dopant atoms

at least one well region adjacent to the first or second during the heat treatment, the initially retrograde profile in
active region containing at least one graded dopant the vicinity of the surface of the semiconductor device 100, '

region, the graded dopant region to aid carrier move- . g
ment from the surface towards the area of the substrate as indicated by reference number 2009 may have become FIG.2b

where there are no active regions, wherein at least some substantially uniformly distributed. (Prior Art)
of the transistors form digital logic of the VLSI semi-

Conductor deViceo ONSEMI EXHIBIT 1006, Page 1 EX. 1006 at [0011] -01242: EX. 1006
-01242: Ex. 1001 ("222 pat.) at 4:38-62 (Wieczorek) at Fig. 2b

. HOIL 29/80  layer.

-01242: PO Resp. [47] at 11, 29-31; PO Sur-Reply [65] at 14-15 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSSLCER DG RLERS I
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-01242: Grounds 2, 4 & 6; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Dr. Blalock admitted the force depends on the slope, and that he did
not calculate the slope for any of the references.

0 How do you know the magnitude of the
force a dopant concentration puts on carriers?

Bis MWell, as the patent owner discussed --
I have references to it, but it's —-- I don't know.
Anyway, 1it's related to the —-- the steepness of the
gradient, the slope of the concentration gradient.
And that was also well known by a POSITA as well,

which the patent owner pointed out also.

-01242: Ex. 2058 at 89:3-10

DIGITAL EVIDENCE GROUP
1730 M Street, NW, Suite 812
washington, D.C. 20036

(202) 232-0646

www.DigitalEvidenceGroup.com  Digital Evidence Group C't 2024 202-232-0646
Greenthread Ex. 2058, p. 1 of 249

Semiconductor v. Greenthread

IPR2023-01242

-01242: PO Resp. [47] at 17, 20, 21, 30

Q. And regarding any of these three
references, for the mapping of the claim phrase "aid
carrier movement," have you looked at any aspect of
the gradient other than its being downward sloping?

MR. SPEEGLE: Objection, form.

THE WITNESS: As I've said, the patent
owner tells us that that's sufficient, so
that's what I did. | I have not done

calculations of the slope per se.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01242: Ex. 2058 (Blalock Dep. Tr.) at 195:8-16

Greenthread Ex. 2100, p. 94 of 114
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-01242: Grounds 2, 4 & 6; Elements 1.5, 21.5, 39.5,41.5 & 42.5

There is no way to determine the slope or whether there is a sufficient force.

60. Dr. Blalock testified that he did not calculate the slope of the after anneal

concentration gradient that he said Wieczorek discloses. Ex. 2058, 195 (“Q. And _
concentration

N

regarding any of these three references [including Wieczorek], for the mapping of
the claim phrase ‘aid carrier movement,” have you looked at any aspect of the

gradient other than its being downward sloping? ... THE WITNESS: As I’ve said,

the patent owner tells us that that’s sufficient, so [t]hat’s what I did. I have not done

calculations of the slope per se.”). It would have been impossible for Dr. Blalock to
make such a calculation because the dopant gradient Petitioner points to in Figure
2B (and Wieczorek generally) does not have any values from which one could

calculate a slope. In mathematical terms, the slope in each direction (X, Y, and Z)

b

is known formally as the gradient vector. The magnitude of the slope is essential to

determine the magnitude of the force the dopant gradient places on the carrier and FI G 2b
(Prior Art)

thus the net force.

-01242: Ex. 2057 (Glew Decl.) at 960 -01242: Ex. 1006 (Wieczorek) at Fig. 2b

PO Resp. [47] at 30-31 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CUSIMLCER DG LEEI I )
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-01242: Grounds 2, 4 & 6; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* Dr. Blalock admitted that an electric field does not always move carriers.

5/2/2024

www.DigitalEvi

Qs I'm saying apart from what the patent
owner said and whatever your interpretation of that
may be, are you saying that as a matter of physics,
such an electric field will definitely be created

and will definitely move carriers?
k k %

THE WITNESS: | I mean, it depends on
as I said, if there are no other fields --
and I guess I should qualify for not an
absolute zero temperature, all this stuff,
but in normal circumstances, if you have a
concentration gradient, it will result in an
electric field, which will then act on the

carriers.

s So you mentioned that if there aren't
other fields present and the carrier was introduced
into that field, you'll move the carrier.

Where could other fields come from?

A. Externally applied voltages from the
@iliz@piiiE,  aiE e sbruatmre s an @ CLEenilG s Eailns
like that. Or I suppose some environmental effect.

I don't know.

TPRO023.01242 T

-01242: PO Sur-Reply [65] at 7

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01242: Ex. 2058 (Blalock Dep. Tr.) at 131:13-132:13

Greenthread Ex. 2100, p. 96 of 114
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-01242: Grounds 2, 4 & 6; Elements 1.5, 21.5, 39.5,41.5 & 42.5

0. Is there a gradient that would be so

e Dr. Blalock also admitted that there

may be a force that is larger than the
gradient force. rovenentes . ¥

THE WITNESS: It will create a force.

steep or so shallow, that it would not aid carrier

s Reritonhimtinper e [ Srealtoa {16 Dt ok A shallow or a steep one will create a force.

Page 1

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

As I said a few moments ago, as I've already

SEMICONDUCTOR COMPONENTS INDUSTRIES, LLC, answe red, i f the re are --— through some o t her
Petitioner

GREENTHREAD 11c, imagined, who knows, means, someone creates

Patent Owner

reR2023-01242 an additional force, that might be larger

IPR2023-01243

IPR2023-01244

than the force created by the gradient.

DEPOSITIONOFDE' Z}:ZZISBLALOCK But there will be a force -- that
May 2,
8:58 a.m.

Reported by: Eileen Mulvenna, CSR/RMR/CRR

mechanism, the gradient mechanism which

DIGITAL EVIDENCE GROUP creates the force, which acts in the

1730 M street, NW, Suite 812

Washington, D.C. 20036

(202 2320048 direction to move the carriers, will be

www.DigitalEvidenceGroup.com  Digital Evidence Group C'rt 2024 202-232-0646
Greenthread Ex. 2058, p. 1 of 249 t h ere.,

Semiconductor v. Greenthread

IPR2023-01242

-01242: Ex. 2058 (Blalock Dep. Tr.) at 137:17-138:11

-01242: PO Resp. [47] at 17; PO Sur-Reply [65] at 7 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE CLICEL 6 LI R TR Sy
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-01242: Grounds 2, 4 & 6; Elements 1.5, 21.5, 39.5,41.5 & 42.5

* An electric field does not necessarily overcome the resistance of the semiconductor.

Q. And you didn't identify any contrary
forces that would act opposite of the graded dopant
concentration in Payne?

MR. WHITEHURST: Object to form.
THE WITNESS: One with skill in the art
would understand these are semiconductors, so

there's always some resistance to a semiconductor.

-01242: Ex. 1052 (Glew Dep. Tr.) at 146:12-18

-01242: PO Sur-Reply [65] at 8, 15

Greenthread Ex. 2100, p. 98 of 114 98
Semiconductor v. Greenthread

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



-01243: Grounds 2 & 4; Elements 1.5 & 9.5

* The same points apply to the -01243 petition.

1. A semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having first and second surfaces;

a first active region disposed adjacent the first surface of
the substrate with a second doping type opposite in
conductivity to the first doping type and within which
transistors can be formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region; and

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first sur-
face to the second surface of the substrate.

(0 00 OO
US 20030183856A1
9 United States

a2 Patent Application Publication o) Pub. No.: US 2003/0183856 A1
Wieczorek et al. (43) Pub. Date: Oct. 2, 2003

(54) SEMICONDUCTOR DEVICE HAVING A (52) US.CL e 27 O
RETROGRADE DOPANT PROFILE IN A
CHANNEL REGION AND METHOD FOR
FABRICATING THE SAME 57 ABSTRACT

. Dresden (DE); An cpitaxially grown channel layer is provided on a wel
(DE) struct

Houston, TX 77040 (US)
1) Appl. No. 107282,980
(22) Filed: Oct. 29, 2002

Foreign Application Priority Data

. HOIL 29/80  layer.

after anneal

concentration

-01243: Ex. 1001 ('842 pat.) at 4:45-60

-01243: PO Resp. [46] at 29-31; PO Sur-Reply [64] at 14-15

[0011]

FIG. 2b shows a corresponding graph with a typi-
cal dopant profile with respect to the depth of the respective
well structure. Due to the up-diffusion of the dopant atoms
during the heat treatment, the initially retrograde profile in
the vicinity of the surface of the semiconductor device 100,
as indicated by reference number 200, may have become
substantially uniformly distributed.

\)

FIG.2b

(Prior Art)

ONSEMI EXHIBIT 1006, Page 1

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Ex. 1006 at [0011]

-01243: Ex. 1006
(Wieczorek) at Fig. 2b
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Summary

“Aid carrier movement”

 “Graded dopant concentration” does not necessarily “aid carrier movement.”

* Petitioner has presented no evidence that carriers move from the surface to the substrate.
* Petitioner introduced a new and incorrect claim construction in its Reply.

* All of the grounds in all of the petitions must be dismissed for lack of evidence.

Petitioner cannot rely on inherency for “aid carrier movement”
* Petition never mentions inherency
* There is no evidence carriers necessarily move from the surface to the substrate

Petitioner’s Kawagoe grounds fail
« Kawagoe does not aid carrier movement from active region (or surface) to substrate
* Petition does not identify a “second doping type opposite in conductivity”

Petitioner’s Wieczorek grounds fail
Petitioner’s Payne ground fails

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 100 0f 114 15

Semiconductor v. Greenthread



-01244: Ground 1; Element 44.5

* There is no evidence that carriers move from the surface to the substrate.

1. A VLSI semiconductor device, comprising:

a substrate of a first doping type at a first doping level
having a surface;

a first active region disposed adjacent the surface with a
second doping type opposite in conductivity to the first
doping type and within which transistors can be
formed;

a second active region separate from the first active region
disposed adjacent to the first active region and within
which transistors can be formed;

transistors formed in at least one of the first active region
or second active region;

at least a portion of at least one of the first and second
active regions having at least one graded dopant con-
centration to aid carrier movement from the first and
second active regions towards an area of the substrate
where there are no active regions; and

at least one well region adjacent to the first or second
active region containing at least one graded dopant
region, the graded dopant region to aid carrier move-
ment from the surface towards the area of the substrate
where there are no active regions, wherein at least some
of the transistors form digital logic of the VLSI semi-
conductor device.

United States Patent ns
Payne

(1] Patent Number: 4,684,971
[45] Date of Patent: Aug. 4, 1987

[54] ION IMPLANTED CMOS DEVICES
[75] Inventor: Richard . Payne, Andover, Mass.

149 8/1980 Sawazaki ..
1,055 1071980 Tizuka ...

FOREIGN PATENT DOCUMENTS

F16. /0

CONCENTRATION

DEPTH

-01242: Ex. 1001 (222 pat.) at 4:38-62

-01244: PO Resp. [46] at 23-27; PO Sur-Reply [64] at 11

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

-01244: Ex. 1005
(Payne) at Fig. 10

-01244: Ex. 1005 at Fig. 11

Greenthread Ex. 2100, p. 101 of 114 101
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-01244: Ground 1; Element 44.5

* Payne never mentions carriers, much less moving carriers from the surface
to the substrate.

United States Patent p
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Aug. 4, 1987

[11] Patent Number:
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Next, as shown in FIG. 8, a thick oxide portion 19 is
formed over the previously implanted regions 18 and 15
utilizing the nitride layer, 12, as a mask. The thickness
of this portion should be sufficient to block the subse-
quent ion implantation to be described. In this example,
the layer is approximately 4000 Angstroms thick, but in
general would fall within the range 3000-4500 Ang-
stroms. The portion is formed by heating in wet O3 at a
temperature of approximately 1000 degrees Celsius for
1 hour. Any means of growing the requisite thickness of
SiO; masked by the SizN4is suitable. Typically, heating
in wet O, at 900-1050 degrees Celsius for 1-4 hours will
be useful. ‘

It should be appreciated that in the formation of the
oxide a portion of the semiconductor surface will be
consumed. The N region 18 will diffuse ahead of the
growing oxide and so will remain at the new surface.
For purposes of illustration, the semiconductor surface
is shown as flat, although, as a result of oxidation, there
will be an indentation in the area of the N tub.

a separate step is not ordinarily needed. The resulting
impurity profile in both tubs thereby has the general
shape illustrated in FIG. 11, where the abscissa is depth
and the ordinate is impurity concentration.

The oxide layer can then be stripped off, for example,
with a solution of dilute HF, and fabrication may pro-
ceed in accordance with standard techniques to pro-
duce the CMOS device depicted in FIG. 10. The p-
channel device includes source and drain regions, 21
and 22, respectively, of P+ conductivity type formed
with the N surface region, 18. Similarly, the n-channel
device includes source and drain regions, 23 and 24, of
N+ conductivity type formed within the P surface re-
gion 20. These source and drain regions would typically
have a surface impurity concentration of approximately
1019-10%0 ions/cm3 and a depth of 1 pm. It will be
noted, therefore, that the n and p surface regions, 18 and
20, will be present at the surface of their respective
devices except for the areas comprising the source and
drain. The depth of the surface regions should be at
least as great as that of the source and drain regions.

The devices further include gate electrodes, 25 and
26, typically comprising polycrystalline silicon, formed
over gate oxide portions 27 and 28. Ohmic contacts to
source and drain regions are provided by metal por-
tions, 29-32, typically comprising aluminum, formed
over field oxide portions 33-35 and contact windows in
said oxide. These features and their method of fabrica-
tion are well-known in the art and consequently are not
discussed in detail.

It will be appreciated that during the drive-in of the
source and drain regions, 21-24, the regions 18, and 20
will also be driven somewhat further into the substrate,
while the depth of the tubs 15 and 17 is essentially unaf-
fected. In a typical device, the final depth of surface
regions 18 and 20 would be approximately 1-2u and the
depth of tub regions 15 and 17 would be typically 3-8p.
The surface impurity concentration of the surface re-
gions is typically 0.5-5X 1016 jons/cm3 and that of the
tub regions is typically 1015-10!¢ jons/cm3, with the
former concentration being at least twice as much as the
latter over these ranges.

The major advantage in formation of the high-low
implant profile of FIG. 11 is illustrated in FIGS. 12 and

device. In a device fabricated in accordance with the
present invention, as illustrated in FIG. 13, the compos-
ite profiles remain high and then fall off rapidly at a
much closer distance from the boundary. This is due to
the high impurity concentration of surface regions 18
and 20 as well as the short diffusion lengths of these
regions. On each side of the boundary, therefore, the
high impurity concentration of the surface region (e.g.,
18) is compensated for only by the low concentration
tub region of the adjacent device (17) and substantial
overlap is permitted. In a typical device, it is expected
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“[A]nticipation by inherent disclosure is appropriate only when
the reference discloses prior art that must necessarily include
the unstated limitation.”

Transclean Corp. v. Bridgewood Servs., Inc., 290 F.3d 1364, 1373 (Fed. Cir. 2002)
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* Dr. Blalock admitted the force depends on the slope, and that he did

not calculate the slope for any of the references.

(B How do you know the magnitude of the 0. And regarding
force a dopant concentration puts on carriers? references, for the mapping

By MWell, as the patent owner discussed -- carrier movement," have you
I have references to it, but it's —-- I don't know. the gradient other than its
Anyway, 1it's related to the -- the steepness of the MR. SPEEGLE:

gradient, the slope of the concentration gradient. THE WITNESS:

which the patent owner pointed out also. that's what I did.
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being downward sloping?
Objection, form.
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I have not done
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-01244: Ground 1; Element 44.5

* Dr. Blalock admitted that an electric field does not always move carriers.

5/2/2024

www.DigitalEvi

Qs I'm saying apart from what the patent
owner said and whatever your interpretation of that
may be, are you saying that as a matter of physics,
such an electric field will definitely be created

and will definitely move carriers?
k k %

THE WITNESS: | I mean, it depends on
as I said, if there are no other fields --
and I guess I should qualify for not an
absolute zero temperature, all this stuff,
but in normal circumstances, if you have a
concentration gradient, it will result in an
electric field, which will then act on the

carriers.

s So you mentioned that if there aren't
other fields present and the carrier was introduced
into that field, you'll move the carrier.

Where could other fields come from?

A. Externally applied voltages from the
@iliz@piiiE,  aiE e sbruatmre s an @ CLEenilG s Eailns
like that. Or I suppose some environmental effect.

I don't know.

TPRO023.01242 T
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-01244: Ground 1; Element 44.5

0. Is there a gradient that would be so

* Dr. Blalock also admitted that there
may be a force that is larger than the
gradient force. rovenentes . ¥

THE WITNESS: It will create a force.

steep or so shallow, that it would not aid carrier

s Reritonhimtinper e [ Srealtoa {16 Dt ok A shallow or a steep one will create a force.

Page 1
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-01244: Ground 1; Element 44.5

* An electric field does not necessarily overcome the resistance of the semiconductor.

Q. And you didn't identify any contrary

forces that would act opposite of the graded dopant
concentration in Payne?

MR. WHITEHURST: Object to form.

THE WITNESS: One with skill in the art
would understand these are semiconductors, so

there's always some resistance to a semiconductor.

-01244: Ex. 1052 (Glew Dep. Tr.) at 146:12-18
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Summary

“Aid carrier movement”

 “Graded dopant concentration” does not necessarily “aid carrier movement.”

* Petitioner has presented no evidence that carriers move from the surface to the substrate.
* Petitioner introduced a new and incorrect claim construction in its Reply.

* All of the grounds in all of the petitions must be dismissed for lack of evidence.

Petitioner cannot rely on inherency for “aid carrier movement”
* Petition never mentions inherency
* There is no evidence carriers necessarily move from the surface to the substrate

Petitioner’s Kawagoe grounds fail
« Kawagoe does not aid carrier movement from active region (or surface) to substrate
* Petition does not identify a “second doping type opposite in conductivity”

Petitioner’s Wieczorek grounds fail
Petitioner’s Payne ground fails
Substantial evidence of objective indicia of non-obviousness

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 108 of 114 1 g
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Objective Indicia of Non-Obviousness

“Objective evidence of nonobviousness ... may often be the
most probative and cogent evidence in the record. It may
often establish that an invention appearing to have been
obvious in light of the prior art was not.”

* k %k

“[L]icenses with companies under no apparent threat of
litigation” are especially probative of non-obviousness.

Transocean Offshore Deepwater Drilling, Inc. v. Maersk Drilling USA, Inc., 699 F.3d
1340, 1349, 1353 (Fed. Cir. 2012)
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Objective Indicia of Non-Obviousness

* Two semiconductor companies took licenses without any threat of litigation.
* There is no evidence that these companies took a license to save litigation costs.

* The license was for the entire patent family and all of the patents involved graded
dopant concentrations.

4, Greenthread ha@hrﬂawned lit@-impliuilly. explicitly, or otherwise—

agrins N * ¢y ©F tieir eflstes.

.+ In 2020, after Greenthread sued Samsung for infringing Greenthread’s patents,

RPX Corp. (*RPX™) approached Greenthread to negotiate a license on behalf of some of its

members, mn:luding_ Greenthread and RPX negotiated a license

to RPX (Appendix A) which gave RPX the right to sublicense those companies to the Greenthread

family of patents and which I understand RPX did in fact grant to them.

-01242: Ex. 2072 (John Decl.) at 2
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Objective Indicia of Non-Obviousness

Intel, Sony, Micron, and Western Digital have also licensed the patents.

EXHIBIT E EXHIBIT D - LITIGATION
LICENSEE NULLITY PROCEEDINGS AND LICENSOR LITIGATIONS Greenthread, LLC v. Micron Technology, Inc. et al., 23-¢v-00333 (D. Del.)

Greenthread, LLC v. Intel Corporation, 22-¢cv-02001-JR (D. Or. -01242: Ex. 2072 at 81
tel Corp. v. Greenthrea '
Intel Corp. v. Greenthread LLC, TPR2023-00308
Intel Corp. v. Greenthread LLC, IPR2023-00386 EXHIBIT D - LITIGATION
Intel Corp. v. Greenthread LLC, IPR2023-00420
Intel Corp. v. Greenthread LLC, TPR2023-00541 Greenthread, LLC v. Western Digital Corporation et al., 1:23-cv-00326-RGA (D. Del.)
Intel Corp. v. Greenthread LLC, TPR2023-00548
Intel Corp. v. Greenthread LLC, IPR2023-00552 -01242: Ex. 2072 at 101

GREENTHREAD-AMS-OSRAM SETTLEMENT

EXHIBIT D - LITIGATION and IPRs

Greenthread, LLC v. OSRAM GmbH et al., 2:23-cv-00179-JRG (E.D. Tex.)

IPR2024-00001, [PR2024-00016, IPR2024-00017, IPR2024-00018, IPR2024-00019,

_01242: Ex. 2072 at 55 ;21;312.24-00020, IPR2024-00021 and all other proceedings challenging the validity of a Licensed

-01242: Ex. 2072 (John Decl.) at 122

-01242: PO Resp. [47] at 39 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 111 of 114 979

Semiconductor v. Greenthread



-01242: PO Sur-Reply [65] at 21

Objective Indicia of Non-Obviousness

“Appreciation by contemporaries skilled in the field of the
invention is a useful indicator of whether the invention would
have been obvious...”

Vulcan Eng’g Co. v. Fata Aluminum, Inc., 278 F.3d 1366, 1373 (Fed. Cir. 2002)
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Summary

“Aid carrier movement”

 “Graded dopant concentration” does not necessarily “aid carrier movement.”

* Petitioner has presented no evidence that carriers move from the surface to the substrate.
* Petitioner introduced a new and incorrect claim construction in its Reply.

* All of the grounds in all of the petitions must be dismissed for lack of evidence.

Petitioner cannot rely on inherency for “aid carrier movement”
* Petition never mentions inherency
* There is no evidence carriers necessarily move from the surface to the substrate

Petitioner’s Kawagoe grounds fail
« Kawagoe does not aid carrier movement from active region (or surface) to substrate
* Petition does not identify a “second doping type opposite in conductivity”

Petitioner’s Wieczorek grounds fail

Petitioner’s Payne ground fails

Substantial evidence of objective indicia of non-obviousness
Petitioner has not shown that the Petitions are timely

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE Greenthread Ex. 2100, p. 113 of 114 113
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Petitions are Untimely

Since it is well established that customer-manufacturer
relationships can create privity, Petitioner’s admission that

those relationships exist is “some evidence” that it is in privity
with them.

Worlds Inc. v. Bungie, Inc., 903 F.3d 1237, 1242-44 (Fed. Cir. 2018)
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