
























































































































































Therefore, for the reasons discussed above, my opinion is that Warren
renders obvious all elements of claim 1.

C. Claim 2

Claim 2 of the ’698 Patent recites:

Each and every element of claim 1 is obvious as explained above. In
the context of claim 1, Warren’s fabrication tool (e.g., the apparatus 10 shown in
FIGS. 23A-23C) includes an extruder (either the capillary vibro-sensor dispensing

unit or the through-nozzle dispenser — both designated as 100 in FIG. 23A). As I
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have explained above under Sections VII.LA &VIII.A, the capillary vibro-sensor
dispensing unit is expressly disclosed as used with Warren’s vibrating force sensing
and a POSITA would also have been motivated to configure the through-nozzle
dispenser with Warren’s vibrating force sensing. Use of either, or both, provides the
claimed extruder.

95.  The capillary vibro-sensor dispensing unit is an extruder because it
“forces, e.g., fluid or paste, in a reservoir 3850 through the tip 3840 of a syringe
using air pressure applied from a source 3810.” EX1004, [0295], [0299], FIGS 18-
20A, 20B.

96. The through-nozzle dispenser is likewise am extruder because it
features a “positive-displacement/suck-back pump system,” where “the pump 148
powers a simple process of applying positive pressure to a material in a reservoir
149, and the flow of material is controlled by adjusting the open position P1 and
closed position P2 of the valve 130.” EX1004, [0232]; see also generally [0230-
0252], FIGS. 11A-12B. The “valve 130 includes a linear-actuated piston 140..., the
piston being operatively coupled to [the] miniature displacement pump 148.” Id.,
[0242]. “[T]he linear actuator 144 [operating the valve piston 140] controls the

material dispensing rate” through the nozzle tip orifice 110. Id., [0243-0244].
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97.  Moreover, Warren’s teachings parallel the 698 patent’s preferred
embodiments, which “employ a “motor 128 or the like to push the build material
into the chamber 122 and/or through the extrusion tip 124.” EX1001, 2:45-47. And
extruders in fused deposition modeling, like the ‘698 patent, have long been referred
to as “dispensers.” See, EX1021, 3:14-38 (30-year-old fused deposition patent with
a “dispenser”).

98.  Therefore, my opinion is that the combined teachings of Warren render
obvious claim 2.

D. Claim 3

99. Claim 3 of the ’698 Patent recites:
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3. The method of claim 2, wherein the at least one compo-

nent of the three-dimensional printer controls a feed rate for a
build material used in the build.

100. Each and every element of claims 1 and 2 is obvious as explained above.
In the through-nozzle dispenser, “the flow of material is controlled by adjusting...the
valve 130.” EX1004, [0232]; see also generally [0230-0252], FIGS. 11A-11D, 12A-
12B. The “valve 130 includes a linear-actuated piston 140...operatively coupled to
[the] miniature displacement pump 148.” Id., [0242]. “[T]he linear actuator 144
[operating the valve piston 140] controls the material dispensing rate” through the
nozzle tip orifice 110. 1d., [0243-0244], [0239].

101. Warren further teaches that the actuator-controlled ‘“valving
mechanism may be synchronized with the xyz motion of the dispenser.” EX1004,
[00234]; see also generally id., [0234-0240]. In view of Warren’s teaching that the
z-height be controlled based on contact force, it would have been apparent or

obvious to a POSITA that control signals to the z-controller step motor for adjusting

the z-position of the dispenser based on contact force result in corresponding control

signals to the linear actuator to provide synchronous adjustments to the flow of

material from the dispenser.
102. Further, Warren describes the position of the valve is changed at certain

trouble spots’ in the middle of a path (such as at a corner where there is too much

material being deposited, the valve position can be slightly closed.” EX1004, [0238].
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A POSITA would have known, or found it obvious that, the same contact force
sensing enabling dispensing onto conformal surfaces would identify these trouble
spots “where there is too much material being deposited” and, in response, Warren
teaches “the valve position can be slightly closed.” EX1004, [0238]; supra, Element
[1.d] (discussing dispensing on “conformal surfaces™).

103. Therefore, the through-nozzle dispenser includes a linear actuator (i.e.,
one of the claimed “at least one component”) to adjust dispensing rate (i.e., feed
rate for build material used in the build). EX1004, [0243] (“flow characteristic
upon leaving the tip orifice 110”), [0239]. And that feed rate is controlled
synchronously with the “z motion of the dispenser” and in response to identified
“‘trouble spots’...where there is too much material being deposited” — both of which
are controlled based on contact force. Id., [0234], [0236].

104. Accordingly, my opinion is that Warren’s combined teachings render
obvious claim 3.

E. Claim 4

105. Claim 4 of the 698 Patent recites:

4. The method of claim 2, wherein the at least one compo-
nent of the three-dimensional printer controls a z-distance
between the extruder and a build platform of the three-dimen-
sional printer.

106. Each and every element of claims 1 and 2 is obvious as explained above.

As I have explained above under Sections VII.LA & VIIL.A, and further discussed
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above under Element [1.d], Warren discloses creating a control signal “to control the
position of the dispenser 3700.” EX1004, [0302]. FIG. 18 (below) illustrates an

example of using ““a z-controller processor 3750 to control the z positioning of the

dispenser 3700 via a z-controller step motor 3760.” Id.

\-\\ 3760 3750
Z

Z-CONTROLLER | PROCESSOR

3720 3730 3740

OSCILLATOR VlBRO-SENSOR TRANSDUCER

g%

FIG.18

EX1004

107. A POSITA would have found it apparent or obvious that “substrate
3710 of FIG. 18 can be mounted on a build stage (i.e., build platform), as depicted
in FIG. 22, and hence, a “z-controller step motor” of the material dispensing system
(i.e. one of the claimed “at least one component”) controls a z-distance between

the extruder (e.g., tip of the extruder) and a build platform.
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108. Accordingly, my opinion is that the combined teachings of Warren
render obvious claim 4.

F. Claim 5

109. Claim 5 of the ’698 Patent recites:

5. The method of claim 2 further comprising comparing the
current contact force to an expected contact force.

110. Each and every element of claims 1 and 2 is obvious as explained above.
As I have explained above under Sections VILLA & VIII.A, Warren’s combined
teachings further provide comparing the current contact force (e.g., measured
contact force) fo an expected contact force (e.g., desired contact force). See e.g.,

EX1004,[0313] (“... a determination is made whether the contact force is that which

is desired, based on the detected change in amplitude.”), FIG. 22A (below).

FIG.22A

EX1004
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111. Accordingly, Warren’s combined teachings render obvious claim 5.

G. Claim 6

112. Claim 6 of the 698 Patent recites:
6. The method of claim 5 further comprising adjusting at
least one parameter of the three-dimensional printer to reduce

a difference between the current contact force and the
expected contact force.

113. Each and every element of claims 1, 2 and 5 is obvious as explained
above. In this context, Warren’s combined teachings further provide adjusting at
least one parameter of the three-dimensional printer (e.g., the z-position of
integrated dispenser) to reduce a difference between the current contact force and
the expected contact force (e.g., maintain a desired force of contact).

114. Specifically, Warren teaches that “feedback signal is used to control the

position of the dispenser 3700 to maintain a desired force of contact between the

dispenser 3700 and the substrate 3710.” EX1004, [0302], [0313] (“Steps 4104, 4106
and 4108 are repeated as necessary to obtain a desired contact force between the

substrate and the dispenser, e.g., to maintain contact of a desired force between the

substrate and the dispenser.”). “If at step 4108 it is determined that the contact force
is not as desired, the position(s) of the dispenser and/or substrate are varied at step

4108, causing a change in the amplitude of vibration.” /d., [0313].
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115. Accordingly, my opinion is that Warren’s combined teachings render

obvious claim 6.

H. Claim 8

116. Claim & of the 698 Patent recites:

8. The method of claim 1 wherein the control signal
includes a signal to the three-dimensional printer to change a
distance between the fabrication tool and the separate struc-
ture.

117. Each and every element of claim 1 is obvious as explained above. As
annotated below and explained above under Element [1.d], Warren teaches that “a

z-controller processor 3750 [asserts an instance of a control signal] to control the z

positioning of the dispenser 3700 via a z-controller step motor 3760 so that “the

position(s) of the dispenser and/or the substrate are varied.” EX1004, [0302], [0313],

FIGS. 18, 22A. Hence the distance between the tip of the extruder (on the
fabrication tool) and the substrate (i.c., the separate structure) is changed.
118. Accordingly, my opinion is that Warren’s combined teachings render
obvious claim 8.
I. Claim 9
119. Claim 9 of the 698 Patent recites:
9. The method of claim 2 wherein the control signal

includes a signal to the three-dimensional printer to change a
feed rate of build material extruded by the extruder.
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120. Each and every element of claims 1 and 2 is obvious as explained above.
As I have explained above under Sections VII.LA & VIIL.A, and further discussed
supra claims 1-2, Warren’s processor provides instances of control signal to drive
components of the material dispensing system including a linear actuator, which

“controls the material dispensing rate.” Id., [0243] (explaining “the motion of the

piston 140 transfers a momentum to the material and causes the material to flow at

a specific flow rate™), [0239] (discussing “valve position control ... to control the

amount of material dispensed per second”), [0234], [0255], FIGS. 11A-11C, and

12A-12B. In the context of Warren’s “force feedback control” that “enables the
dispenser to seek and find contact with a surface,” dispense on “conformal surfaces,”
and identify “trouble spots” having “too much material,” a POSITA would have
known that the linear actuator regulates the dispensing rate of material from the
dispenser to control the amount of material fed to the nozzle tip per second (i.e., feed
rate of build material extruded by the extruder) so that Warren’s dispenser
“maintains contact of a desirable intensity.” Id. [0316], [0234] (“flow characteristic
upon leaving the tip orifice 110”); supra claim 3.

121. Accordingly, my opinion is that Warren’s combined teachings render
obvious claim 9.

J. Claim 10

122. Claim 10 of the 698 Patent recites:
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10. The method of claim 2 further comprising detecting a
planarity of the separate structure based upon a number of
contact force measurements across a surface of the separate
structure.

123. Each and every element of claims 1 and 2 is obvious as explained above.
In this context, Warren’s combined teachings further provide detecting a planarity
of the separate structure (e.g., flatness of the substrate positioned on the build
platform) based upon a number of contact force measurements (e.g., by measuring
AA (changed amplitude) of a vibration signal imposed on the dispenser) across a
surface of the separate structure (e.g., a surface of the substrate positioned on the
build platform).

124. As Warren explains, control based on continuously detecting contact
force “allows for dispensing to be accomplished onto conformal surfaces as the force
feedback control continuously corrects for dispensing structure’s z-height position
as the height of the substrate surfaces changes.” EX1004, [0316].[0293]. AsIhave
explained above under Element [1.b], Warren describes its force sensing mechanism
ate.g., [0301-0304] and FIG. 22A.

Detecting Planarity During Printing

125. Warren’s dispensing system, “by varying the position of the dispenser
relative to the substrate, enables the dispenser to follow irregular or curved surfaces.”
EX1004, [0293] (reference number omitted). A POSITA would have recognized

that, when printing on a non-flat (e.g., irregular or conformal) surface, Warren’s
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dispensing system is detecting that the substrate is not flat (i.e., detecting a planarity
of the separate structure) by “continuously” measuring “a change in the amplitude
of vibration signal [which] is proportional to the force of contact” (i.e., a number of
contact force measurements across a surface) with the substrate, and correcting for
it “as the force feedback control continuously corrects the dispensing structure's z-
height position as the z height of the substrate surface changes.” EX1004, FIG. 22,
[0313], [0316].
Detecting Planarity Before Printing

126. A POSITA would have found it obvious to apply Warren’s force
sensing to determine surface planarity as part of a calibration procedure before
printing an object. Indeed, a POSITA would have been motivated by known benefits
and advantages of the calibration procedure including, e.g., obtaining “spatial
relationship between the extrusion tip and the substrate prior to building” in order to
“build accurate error-free models.” See e.g., EX1007 (“Dunn”), [0006], [0052-54].

127. Accordingly, my opinion is that Warren’s combined teachings render
obvious claim 10.

K. Claim 11

128. Claim 11 of the 698 Patent recites:
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11. The method of claim 10 further comprising fabricating
a layer on the surface of the separate structure that decreases
one or more irregularities in the surface of the separate struc-
ture.

129. Each and every element of claims 1, 2 and 10 is obvious as explained
above. In this context, Warren discloses its HAT process “begins with a
biocompatible scaffold that acts as a framework for the subsequent cell growth and
proliferation.” EX1004, [0320]. “The porosity and the surface area...are important
characteristics of the scaffold material” so as “to allow cell attachment” and “so that
cells penetrate the pores.” Id., [0074], [0068] (“cells seeded into a porous,
biodegradable polymer scaffold”), [0069] (scaffold material requirements including
“pore volume”), [0320] (“seeding preformed porous scaffolds with host cells™). A
POSITA would understand that such porosity is an irregularity in the surface of the
scaffold because the pores do not present a regular, smooth surface. Warren’s
“dispensers may all be used for cellular deposition,” and when they are used to
deposit cells as a layer on the surface of the separate structure (the scaffold), a
POSITA would understand that the deposited cells are a layer on the separate
structure and that decreases one or more irregularities by attaching and penetrating
the pores. EX1004, [0323], [0324] (describing depositing a layer of cells onto
scaffold materials such as polyurethane and PPF). The cells would fill or partially
fill the pores, thus decreasing irregularities in the surface of the scaffold by filling or

partially filling the depth of the pores. Further, even if the cellular materials were
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low viscosity, they would coat the scaffold and, at least to some degree, decrease
irregularities in the surface.

130. Warren also teaches its “the force feedback control continuously

corrects the dispensing structure’s z-height position as the z height of the substrate

surface changes.” Id., FIG. 22, [0316], [0313], [0293], [0010], [0015].
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131. In its “layer-by-laye deposition process,” Warren discloses depositing
a layer on the surface of the conformal substrate. EX1004, [0088], [0010], [0015],
[0295], [0316], [0324] (“four different layers”). By way of illustration, as the
“viscous materials” exit the through-nozzle dispenser or the capillary dispenser, the
extruded fluids would decrease irregularities, and certainly any smaller
irregularties, in the surface of the separate structure when the viscous materials

accumulate and fill the irregularities on the surface. EX1004, [0278]. Moreover, it
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was general knowledge that “[t]he bottom of the extrusion tip typically includes an
‘iron’ that physically contacts and flattens out the bead of material making up the
build path for that layer as it is deposited.” See e.g., EX1007, [0030]. Moreover, it
was well-known to prepare a supporting layer that effectively reduces the non-
flatness of the surface of the substrate so that build can be constructed on a flat level.
See e.g., EX1005 (“Napadensky”), 17:56-18:4, 18:5-18, 18:25-47.

132. Accordingly, my opinion is that Warren’s combined teachings render
obvious claim 11.

L. Claim 12

133. Claim 12 of the 698 Patent recites:

12. The method of claim 1, wherein the build mstructions
include at least one instruction for achieving a specified con-
tact force between the fabrication tool and a separate struc-
ture, and wherein the control signal controls the at least one
component of the three-dimensional printer to achieve the
specified contact force.

[12.a] The method of claim 1, wherein the build instructions include at least one
instruction for achieving a specified contact force between the fabrication tool and
a separate structure, and

134.  Each and every element of claim 1 is obvious as explained above. In
this context, and as I have explained above in Sections VII.LA & VIII.A Warren’s
combined teachings provide that the computer-aided design and manufacturing
(CAD/CAM) data, capable of being executed on the integrated printing system,

include at least one instruction “to maintain a desired force of contact between the
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dispenser 3700 and the substrate 3710 (i.e., for achieving a specified contact force
between the fabrication tool and a separate structure). EX1004, [0302], [0313]
(“maintain contact of a desired force between the substrate and the dispenser”),
[0290], [0397], [0404-415].

[12.b] wherein the control signal controls the at least one component of the three-
dimensional printer to achieve the specified contact force.

135. As explained supra §§V.A.1-2 and further discussed supra under
Elements [1c] and [1d],, the control signal (e.g., an instance of control signal from
the processor) controls the at least one component of the three-dimensional printer
(including, e.g., z-controller step motor and linear actuator) to achieve the specified
contact force. EX1004, [0302], [0288-289], [0304-0305].

136. Accordingly, my opinion is that Warren’s combined teachings render
obvious claim 12.

M. Claim 13

137. Claim 13 of the 698 Patent recites:

13. The method of claim 1 wherein the one or more sensors
include a strain gauge.

138.  Each and every element of claim 1 is obvious as explained above. In
this context, Warren provides piezotransducers as sensors “for sensing ...vibration

of the dispenser 3700.” EX1004, [0300-302]. Indeed, it was general knowledge that

piezotransducers were commonly configured to convert input mechanical
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pressure/strain to an electrical output based on the piezoelectric effect. See e.g.,
EX1019. Because the vibrating dispenser 3700 of Warren experiences mechanical
distortion, a POSITA would have found it obvious to configure, e.g., vibration
sensor 3730 of Warren, to sense mechanical properties, such as strain, of the
vibrating dispenser 3700. See e.g., EX1012 (“Matsumiya’), [0034] (discussing
force detection based on a vibrating stylus by using “a strain gauge for detecting
distortion of the stylus”), and EX1006 (“Batchelder122”), [0044-45], FIG. 7.

139. Accordingly, my opinion is that Warren’s combined teachings render
obvious claim 13.

N. Claim 14

140. Claim 14 of the 698 Patent recites:

14. The method of claim 1 wherein the one or more sensors
include a piezoelectric sensor.

141.  Each and every element of claim 1 is obvious as explained above. In
this context, the one or more sensors include a piezoelectric sensor (e.g., a
piezoelement). For example, Warren describes “piezoelement” when explaining its
sensor operation to detect changed amplitude, known as AA, which “brings
additional flexibility and sensitivity to the system.” EX1004, [0304], [0306-07]

(examples of “a dispensing system with a piezoelement attached”). A POSITA

would have recognized that the piezoedelement refers to a piezo electric sensor. |
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note that the terms are used interchangeably as seen in EX1004, [0305]
(“piezotransducer”), [0300] (“transducer”), [0295-96] (“piezomembrane™).

O. Claim 15
142. Claim 15 of the 698 Patent recites:
15. The method of claim 1 wherein the one or more sensors
include at least one of a capacitive sensor, and optical sensor,

an electromechanical sensor, an electromagnetic sensor, and
an acoustical sensor.

143. Each and every element of claim 1 is obvious as explained above. In
this context, the one or more sensors include an electromechanical sensor and/or an
acoustical sensor (¢.g., transducer 3740). In the combination, Warren provides: “A
vibration sensor 3730 and a transducer 3740 are attached to the dispenser 3700 for
sensing the A and f of vibration of the dispenser 3700.” EX1004, [0300], [0301]
(100 kHz range), FIG. 18; see also claim 14. The transducer 3740 is
electromechanical in that it converts mechanical vibration into an electrical signal,
and acoustic in that it converts ~100kHz vibration into an electrical signal.

IX. GROUND 1B: WARREN IN COMBINATION WITH ESHED WOULD
HAVE RENDERED CLAIMS 3, 7, AND 9 OBVIOUS

A. Overview of the Combination and Reasons to Combine

144.  As I have explained in Sections VIL.A & VIII.A, Warren’s combined
teachings provide method for operating Warren’s material dispensing system. As I

have further explained under Section VIII.G (claim 5), Warren teaches comparing
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the current contact force and the expected contact force. EX1004, [0313] (“a
determination is made whether the contact force is that which is desired, based on
the detected change in amplitude [of vibration],” which change is “proportional to
the force of contact between the dispenser and the substrate”), [0288-290].
According to Warren: “The transducer 3740 senses and transfers the changed
vibration signal to an amplifier ..., which then creates a feedback signal that is
generally proportional to the intensity of the physical contact of the dispenser 3700
with the substrate 3710... The feedback signal is used to control the position of the
dispenser 3700 to maintain a desired force of contact between the dispenser 3700
and the substrate 3710.” Id., [0302].

145. Warren also acknowledges that an “improper prediction” of contact
force “may result in either destruction of the dispenser or the substrate as the tip
crashes into the substrate material”. EX1004, [0285]. A POSITA would understand,
or find obvious, that a contact force above the desired contact force resulting in
“destruction of the dispenser or the substrate” to be a fabrication error.

146. In my opinion, a POSITA would have been motivated to safeguard
operation of the three-dimensional printer by comparing the current contact force
and the expected contact force, as taught in Warren, and stopping production when
the difference indicates a fabrication error, such as a collision with unwanted

protuberances, terminating the build, as suggested by Eshed. EX1008, [0171] (*...
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as shuttle [including printing head] moves over the construction layer it may collide
with the protuberance and be damaged”). I provide the following non-limiting
reasons.

147. First, a POSITA would have known the desirability of preventing
further damage to the extruder tip and the build structure being constructed. Here,
once a collision has occurred, continuing the build can cause further damage to both.
Second, a POSITA would have been prompted by operational efficiency—once a
collision has occurred, the build structure can be damaged beyond repair. Hence,
there is no point to continue the build, as it may not result in a usable ETC. Third,
Warren already suggests “destruction of the dispenser or the substrate as the tip
crashes into the substrate material,” (EX1004, [0285]), which would have prompted
a POSITA to look for complementary teachings from references like Eshed that
explain what to do in those scenarios--i.e., shut the system down and output an error
message.

148. As a POSITA would have known, the scenario of “unwanted
protuberances” described by Eshed is just an example for causing collision -- an
obstacle in the path of the extruder of the integrated printing system during
fabrication. EX1008, [0171-0172]. Eshed further teaches that “[t]he detection
system generates signals responsive to unwanted protuberances that may be formed

on a construction layer.” EX1008, [0172]. In the Warren-Eshed Combination,
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Warren’s acknowledging potential “destruction of the dispenser or the substrate”
due to a fabrication error and teaching of “comparing the current contact force and
the expected contact force” provides a known technique for a POSITA to apply to
the detection system of Eshed to achieve predictable results (i.e., when the difference
indicates a fabrication error (e.g., blockage by unwanted protuberances), the
fabrication is terminated). Hence, a POSITA would have a reasonable expectation
of success.

B. Claim 3
149. Claim 3 of the 698 Patent recites:

3. The method of claim 2, wherein the at least one compo-
nent of the three-dimensional printer controls a feed rate for a
build material used in the build.

150. Each and every element of claims 1, and 2 is obvious as explained
above. In the Warren-Eshed Combination, a POSITA would have understood or
found it obvious that when “[u]pon occurrence of a collision, controller...stops
production of the object” the controller would stop the feed of material as part of
stopping production. Thus, creating a control signal to stop production based on the
measured contact force indicating a fabrication error, e.g., collision, provides the
claimed creating a control signal to control at least one component where the

component...controls a feed rate for a build material used in the build.
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151. Accordingly, my opinion is that claim 3 is also rendered obvious by

Warren in combination with Eshed.

C. Claim7

152. Claim 7 of the 698 Patent recites:

7. The method of claim 5 further comprising terminating
the build when a difference between the current contact force
and the expected contact force indicates a fabrication error.

153. Each and every element of claims 1, 2 and 5 is obvious as explained
above. As I have explained in Section IX.A, the Warren-Eshed combination
provides terminating the build (e.g., stop the fabrication, as taught in Eshed) when
a difference between the current contact force and the expected contact force (e.g.,
based on comparing the current contact force and the expected contact force, as
taught in Warren) indicates a fabrication error (e.g., blockage by unwanted
protuberances, as taught in Eshed). A POSITA would have been motivated to pursue
the combination to protect the integrity of the extruder on the integrated printing
system. EX1008, [0171]. A POSITA would have a reasonable expectation of
success because doing so merely involves applying known techniques to a known
system to achieve predictable results.

154. Accordingly, my opinion is that claim 7 is rendered obvious by Warren

in combination with Eshed.
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D. Claim 9

155. Claim 9 of the *698 Patent recites:
9. The method of claim 2 wherein the control signal

includes a signal to the three-dimensional printer to change a
feed rate of build material extruded by the extruder.

156. Each and every element of claims 1, and 2 is obvious as explained
above. In the Warren-Eshed Combination, a POSITA would have understood or
found it obvious that when “[u]pon occurrence of a collision, controller...stops
production of the object” the controller would stop the feed of material as part of
stopping production. Thus, creating a control signal to stop production based on the
measured contact force indicating a fabrication error, e.g., collision, provides the
claimed control signal that includes a signal...to change a feed rate of build
material extruded by the extruder.

157. Accordingly, my opinion is that claim 9 is also rendered obvious by

Warren in combination with Eshed.

X.  GROUND 2A: CALDERON IN COMBINATION WITH REPRAP20208
WOULD HAVE RENDERED CLAIMS 1-5, 7-10, AND 12-15 OBVIOUS

A. Overview of the Combination and Reasons to Combine

158. As I have explained in Section VII.C, Calderon describes auto-
initialization of the z-axis of a three-dimensional printer where “the tip of nozzle 132

... can be used as a plunging means to find z-axis positions of the platform,” where
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“[c]ontact between the tip of nozzle 132 and the substrate 128 is monitored by a

sensing means and the controller 116 electrically records the z-axis position of

platform 134 at the time contact is detected.” EX1009, 9:63-10:23.
159. RepRap20208 complements Calderon’s disclosure with developers’

perspective of incorporating a force sensor, e.g., “[a] strain gauge on the extrusion

mount,” which can be used “to calibrate the Z-axis” and enable “collision detection.”

EX1010, 13-14, 19. According to developer Wade on RepRap20208: “I'd have the

machine shut down and flag me if it [i.e., a collision] happens, as opposed to

breaking something.” Id., 19. “That saved my machine once already.” Id.

160. Based on my review, Calderon and RepRap20208 provide synergistic
and complementary disclosures, which would have motivated a POSITA to
implement collision detection after initialization, for example, using one or more
strain gauges on the extrusion head mount, as suggested by RepRap20208, rather
than Calderon’s suggestion of “monitoring a change in the servo drive current” to
enable collision detection as well as to provide “a sensing means,” as called for by
Calderon to monitor “contact between the tip of the nozzle 132 and the substrate
128.” EX1010, 13-14; EX1009, 9:63-10:23. The collision detection in the Calderon-
RepRap20208 would follow RepRap20208’s suggestion to “have the machine shut

down” upon collision to avoid damage to the machine. EX1010, 19.
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161. A POSITA would have been motivated to apply the strain gauge from
RepRap20208 to Calderon’s three-dimensional printer so that the printer of the
Calderon-RepRap20208 Combination is equipped with a strain gauge located on the
extruder mount, where Calderon’s extrusion head 126 mounts to the arm 124, to
sense a contact force between nozzle 132, and substrate 128. The visual aid below
demonstrates an exemplary three-dimensional printer embraced by the Calderon-
RepRap20208 Combination where the strain gauge example of RepRap20208 is

applied to Calderon’s “sensing means.”

extr Ud( r mount
EX1010

the tip of nozzle 132
the substrate
128

a sensing means”

Z- AXIS
TRANS l/m’

162. Indeed, adding collision detection using a strain gauge described in
RepRap20208 to Calderon’s three-dimensional printer would have been nothing

more than applying proven elements to a system ready for improvement. The
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fundamental operations of Calderon’s three-dimensional printer would remain intact,
bolstered by the known advantages of RepRap’s collision detection with a strain
gauge with a reasonable expectation of success.

163. A POSITA also would have found it obvious to implement collision
detection using a strain gauge (e.g., strain gauge on extruder mount) to shut down
the 3D printer upon collision detection, as advocated by RepRap20208, to improve
operation of the three-dimensional printer of the Calderon-RepRap20208
Combination.

164. In my opinion, multiple independent reasons support the Calderon-
RepRap20208 Combination.

165. As a_first reason, a POSITA would have been reminded of the benefits
collision detection. As explained by developer Wade: “I'd have the machine shut

down and flag me if it [i.e., collision] happens, as opposed to breaking something.”

EX1010, 19. Developer Wade further explains “a tangled plastic filament feed,
which has wrecked a few builds of mine, ... would probably just trigger the head
collision detection.” Id., 20. A POSITA would have understood that “a collision
may be, for example, as a result of dispensed layers being too thick and/or
inconsistent in thickness, and/or because of a mechanical malfunction of the
dispensing head,” or “faulty material dispensing that may occur anywhere in the path”

of the extrusion head. EX1005, 18:5-18. A POSITA would have been motivated to
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shut down the three-dimensional printer upon collision detection to conserve energy,
minimize damage, and avoid material waste.

166. As a second reason, a POSITA would have been prompted by the
express indication that “[c]ollision detection is a nice side affect [sic]” for its strain
gauge configuration. EX1010, 19. A POSITA would have been inspired to use the
suggested strain gauge on extruder mount for real-time collision detection after
system initialization because the feature would have used the same sensor
configuration without requiring more.

167. As a third reason, the support frame of the extrusion head and the
motors and associated drive, including those of Calderon (e.g., arm 124, x-y axis
translator 118, z-axis translator 120 and servo drive motors), were known to have
“slop/backlash” that would make it difficult to accurately and precisely identify
when the nozzle contacted the substrate as is needed for Calderon’s Find-Z program.
EX1010, 20. As Wade described, if “you’ve got a certain amount of backlash to
take up before the sensor registers, [it] would prevent [one] from knowing exactly
when the head touches.” Id. In other words, using the servo drive as a sensing means
would have a dampening effect on the force signal due to this “slop/backlash.”

168. In contrast, the RepRap’s approach of using strain gauge on the
extruder mount would not suffer the same degree of “slop/backlash,” in part because

the strain gauge would measure force from a location closer to the nozzle — at the
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extrusion head mounting — which would alleviate the issue of “slop/backlash” in
Calderon’s arm, x-y axis translator or its servo drive.

169. Furthermore, Wade explains “There's fair amount of give in the entire
system when you're looking at scales of less than a mm, so I was thinking a constant
measurement of the force on the head (including it's [sic] weight) would be useful.”
EX1010, 20. A POSITA would understand Wade’s suggestion of constantly
measuring the force acting on the extrusion head, including its weight, to be teaching
detecting contact by sensing when the weight of the extrusion head carried by the
extrusion head mounting is reduced by contact of the nozzle to the substrate. A
POSITA would appreciate that this manner of identifying contact would not be
influenced by slop/backlash, because it is not measuring in force relative to a
reaction force affected by slop/backlash. A strain gauge on the extrusion mount
would allow the weight of the extrusion head to be constantly monitored. Thus, a
POSITA would seek to use a strain gauge on the extrusion head mounting as a
“sensing means” in Calderon to more precisely identify when the nozzle 132 has
contacted the substrate 128 without the imprecision caused by slop/backlash.

170. As a fourth reason, a POSITA would have understood that the
“monitoring a change in the servo drive current” measures the force of resistance to
movement of the substrate 128 and platform 134 in the Z-axis, not just the contact

force between the substrate 128 and nozzle 132. EX1009, 9:63-10:23. The resistance
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to movement of the substrate 128 and platform 134 can be influenced by other
factors like damage, wear or friction (e.g., due to dirt or need of maintenance) in the
servo drive motors and drive system, as well as other factors. This resistance to
movement can change over time, and so measurements made by “monitoring a
change in the servo drive current” are both inaccurate and, over time, inconsistent.
Id. A POSITA would have appreciated that the force measured by a strain gauge on
the extrusion head mount would not be influenced by these other factors, because
the extrusion head mount is not in a force chain of components that experience this
type of damage, wear or friction. A strain gauge on the extrusion head mount can
measure the forces acting on the extrusion head, itself, which during Calderon’s
initialization 1s largely the contact force between the nozzle 132 and substrate 128.
Id. Thus, a POSITA would seek to implement RepRap20208’s strain gauge on the
extrusion head as a “sensing means” in Calderon’s system to produce more accurate
and consistent force measurements by which to sense contact of the nozzle 132 to
the substrate 128.

171. As a fifth reason, Calderon teaches that different substrates, including
“rigid substrates” and “foam substrates,” can be used in its 3D modeling process and
that those substrates can have greatly different compression strength. EX1009; 2:15-
53 (e.g., a polystyrene foam with a very low “compression strength of 30 psi” versus

a metal “magnetic material” — e.g., compression strength of steel is 25,000 psi or
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more). A POSITA would understand that the contact force between the nozzle 132
and substrate 128 must be controlled to prevent damaging the substrate 128,
especially with low compression strength foam substrates, and that there is also a
risk of damaging the nozzle 132 on rigid substrates. /d. Strain gauges were
commonly used for force sensing long before the 698 patent. Thus, a POSITA
would be motivated to use a strain gauge as a convenient, well understood manner
of measuring force that would allow the contact force, and thus contact pressure of
the nozzle 132 on the substrate 128 to be sensed with sufficient precision to control
the contact force or contact pressure to an amount that would not damage the nozzle
on the “rigid substrates” and not to damage ‘“foam substrates.” EX1009, 2:36-53.
172. As a sixth reason, strain gauges were commonly used for force
measurement of the type described in Calderon long before the 698 patent. In fact,
the 698 patent admits that “[s]train gauges are one common sensor used for such
[contact force] measurements.” EX1001, 9:1-7. The predictable inclusion of a strain
gauge follows the familiar pattern of merely substituting one element (a common
strain gauge) for another known in the field (Calderon’s teaching of monitoring
servo drive current) to obtain predictable results. Supplementing Calderon with a
strain gauge on the extrusion head mount would not have disturbed the other aspects
of the system, and it would have produced substantially similar functionality to what

Calderon described.
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173. In my opinion, a POSITA would have reasonably expected success in
the above-discussed combination. Based on my knowledge and experience, strain
gauges and the use of strain gauges to sense force were commonplace at the time of
the 698 patent in 2012 and had been successfully demonstrated in the real-world by
then. See e.g., EX1018 at 302-304 (strain gauge commonly used in a Wheatstone
configuration described at 284-290). Thus, the result of the Combination would
have been predictable to a POSITA, and the POSITA would have expected it to work.

174. For the reasons above, my opinion is that a POSITA would have found
it obvious to implement collision detection using a strain gauge on extruder mount,
as described in RepRap20208 (as the “sensing means” of Calderon) to improve the
operation of the three-dimensional printer of the Calderon-RepRap20208
Combination.

B. Independent Claim 1

175. Independent claim 1 of the *698 Patent recites:
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1. A method comprising:

identifying build instructions for fabricating an object;

initiating a build using a three-dimensional printer com-
prising a fabrication tool and one or more sensors
mechanically coupled to the fabrication tool, the one or
more sensors configured to detect a current contact force
between the fabrication tool and a separate structure;

detecting the current contact force based on a sensor signal
from the one or more sensors; and

creating a control signal to control at least one component
of the three-dimensional printer in response to the cur-

rent contact force while depositing material during the
build.

176. As I explain in more detail below through my element-by-element
analysis, the combination of Calderon with RepRap20208 renders claim 1 obvious.

[1.pre]: A three-dimensional printer comprising:

177. To the extent that the preamble is treated as a limitation, the Calderon-
RepRap20208 Combination provides a method for fabricating three-dimensional
objects. Calderon teaches “a method” to operate “an additive process computer-
controlled three-dimensional modeling machine,” (Abstract), in which a “sensor
assembly mounted to an extrusion head” is used to sense “the force of contact,”
EX1009, 5:10-24, 6:16-18 (reference numbers omitted), FIG. 1. RepRap20208
states: “A strain gauge on the extruder mount would [show head collisions] as well,
and it could do a few other things as well, like finding the bed height automatically.”
EX1010, 13, 19 (“Collision detection is a nice side affect [sic]” in addition to

“extruder height control”). As I have explained above under Section X.A, the
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combination method provides “a constant measurement of the force on the head,”
1.e., both during initialization and during actual printing. EX1010, 20.

[1.a]: identifying build instructions for fabricating an
object;

178. In the Calderon-RepRap20208 Combination, Calderon teaches
identifying build instructions (e.g., “a file describing the geometry of a part 109 to
be created,” where the file includes “volume elements 110 corresponding to shapes
that can be extruded from a nozzle,” (EX1009, 4:19-33)) for fabricating an object
(e.g., “build up model 136 layer-by-layer on the substrate 128.” Id., 4:53-65, FIG.

1 (below).

EX1009

179. Calderon also refers to the file as “design data provided from a

computer aided design (CAD) system,” where “[a] mathematical description of a
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physical part to be created is split into (usually) planar layers.” Id., 1:12-23

(“layered manufacturing”), 1:33-47 (“The extruded material is deposited layer-by-

layer in areas defined from the CAD model.”); §§VIL.C-D, X.A.

180. Therefore, the Calderon-RepRap20208 Combination provides Element

[1.b]: initiating a build using a three-dimensional printer
comprising a fabrication tool and one or more sensors
mechanically coupled to the fabrication tool, the one or more
sensors configured to detect a current contact force between
the fabrication tool and a separate structure;

181. In the Calderon-RepRap20028 Combination, Calderon teaches
initiating a build using “extrusion-based layered modeling system 106,” (i.e., a
three-dimensional printer), when “[a]n electronic controller 116, in response to
receiving three-dimensional shape data ..., controls the extrusion of modeling
material in an xyz-coordinate reference frame so that beads of modeling material are
extruded layer-by-layer in a pattern defined by the volume elements.” EX1009, 4:19-

21, 34-39.
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182. As depicted in FIG. 1 (above), the “extrusion-based layered modeling
system 106 includes a fabrication tool, e.g., “an extrusion head 126.” EX1009,
4:34-5:10 (“The extrusion head 126 terminates in a nozzle 132 through which the
modeling material is extruded...onto substrate 128...to build up a model 136 layer-
by-layer”). Calderon further teaches a “sensor assembly...mounted to an extrusion
head,” which can sense “the force of contact of the tip against the substrate.” EX1009,
5:10-24, 6:16-18 (reference numbers omitted), 6:37-7:5 (Sensor “may be

interchanged with any sensing means”).

183. As I have explained above under Section VII.C, RepRap20208

provides “[a] strain gauge on the extruder mount,” which would be mechanically
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coupled to the fabrication tool, and “affix[ed] to an extruder or other location along
a mechanical chain that supports an extruder in an intended position during
fabrication,” as disclosed by the 698 patent. EX1001, 9:1-7.

184. As I have explained above under Section X.A, a POSITA would have
found it obvious to use the strain gauge example from RepRap20208 (e.g., “strain
gauge on the extruder mount” (EX1010, 13)), as Calderon’s “sensing means,”
(EX1009, 6:37-7:5, 9:63-10:23), which corresponds to the claimed one or more

sensors. EX1010, 13, 19-20; EX1009, FIG. 1 (below).

“strain gauge on the
extruder mount”
EX1010

the tip of nozzle 132
the substrate
128

a sensing means”

185. As depicted at FIG. 1 (above), the one or more strain gauges of the

Calderon-RepRap20208 Combination operate to detect the contact force between
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the fabrication tool and a separate structure, e.g., the substrate (mounted on
modeling platform 134), or the model 136 being built in a layer-by-layer manner.

186. Accordingly, the Calderon-RepRap20208 Combination provides
Element [1b].

[1.c]: detecting the current contact force based on a sensor
signal from the one or more sensors; and

187. As I have explained above under Section X.A, a POSITA would have
found it obvious to use the strain gauge example from RepRap20208 (e.g., “strain
gauge on the extruder mount”) in the Calderon-RepRap20208 Combination to
“provide a constant measurement of the force on the head,” thereby detecting the
current contact force. EX1010, 20. Here, a sensor signal from one or more strain
gauges of the Calderon-RepRap20208 Combination is provided to not only
“measure upwards pressure from a calibration touch,” but also to implement
collision detection during actual printing. Id., 13, 19-20; EX1009, FIG. 1. In my
opinion, there is no need to stop force sensing after initialization because the need
for collision detection remains during actual printing.

188. Accordingly, the Calderon-RepRap20208 Combination provides
Element [1c].

[1.d] creating a control signal to control at least one

component of the three-dimensional printer in response to the

current contact force while depositing material during the
build.
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189. In the Calderon-RepRap20208 Combination, Calderon teaches
creating a control signal (e.g., control signal from controller 116) to control at least
one component of the three-dimensional printer (such as an xy axis translator 118,
a z-axis translator 120 and an extrusion pump 122 on the extrusion-based layered
modeling system 106). EX1009, 4:34-52, FIG. 1; §VIL.D.

190. As I have explained above under Sections VII.C-D, X,A, a POSITA
would have found it obvious to create the control signal in response to the current
contact force (e.g., detected by the strain gauge on the extruder mount , as taught in
RepRap20208) while depositing material during the build (e.g., to implement real-
time collision detection, as suggested by RepRap20208).

191. As I have explained under Section X.A, a POSITA would have known
that collision detection matters when build material is being dispensed during
printing. Id. In other words, there would be no reason to turn off the strain gauge
based collision detection while depositing material.

192. Tellingly, the prosecution history makes clear that the Applicant
equated “during a build” with “while material is being extruded to fabricate an
object.” See e.g., EX1002, 28-37 (When distinguishing prior art to obtain allowance,

Applicant represented that “the presently claimed use of a force sensor, which
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provides feedback to control print parameters during a build, i.e., while material is

being extruded to fabricate an object.”).

193. Accordingly, my opinion is that the Calderon-RepRap20208
Combination renders obvious all limitations of claim 1.

C. Claim 2

194. Claim 2 of the ’698 Patent recites:

2. The method of claim 1, wherein the fabrication tool
includes an extruder.

195. Each and every element of claim 1 is obvious in light of the Calderon-
RepRap20208 Combination as explained above. Additionally, in the Calderon-
RepRap20208 Combination, Calderon teaches “[t]he extrusion head 126 terminates
in a nozzle 132 through which the modeling material is extruded,” which aligns with
the claimed “extruder.” Compare EX1009, 4:48-56 with EX1001, 2:25-47 (“The
extruder 106 may include an extrusion tip 124 or other opening that includes an exit
port™); supra §VII.C.

D. Claim3

196. Claim 3 of the 698 Patent recites:

3. The method of claim 2, wherein the at least one compo-
nent of the three-dimensional printer controls a feed rate for a
build material used in the build.

197. Each and every element of claim 1 is obvious in light of the Calderon-

RepRap20208 Combination as explained above. As I have explained under Section
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X.A, the Calderon-RepRap20208 Combination would “have the machine shut down”
upon a collision detection. As stated by developer Wade on RepRap20208: “I'd have

the machine shut down and flag me if it [1.e., a collision] happens, as opposed to

breaking something.” EX1010, 19. “That saved my machine once already.” /d.

198. A POSITA would have recognized or found obvious that shutting the
3D printer down includes stopping the feed of additional build material (i.e.,
controlling a feed rate of build material used in the build). In fact, it was general
knowledge in the field of 3D printing to “stop[] production of an object” when “a
collision has occurred.” See e.g., EX1008, [0180]. To save the machine and avoid
material waste, a POSITA would have known, or at least found it obvious, to stop
feeding of additional build material by controlling, e.g., “[e]xtrusion pump 122 that
provides modeling material from a material supply 130 to extrusion head 126,”
(EX1009, 4:48-50), and hence controlling a feed rate of build material used in the
build.

199. Accordingly, the Calderon-RepRap20208 Combination renders
obvious claim 3.

E. Claim4

200. Claim 4 of the 698 Patent recites:

4. The method of claim 2, wherein the at least one compo-
nent of the three-dimensional printer controls a z-distance
between the extruder and a build platform of the three-dimen-
sional printer.
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201. Each and every element of claims 1 and 2 is obvious as explained above.
The Calderon-RepRap20208 Combination meets claim 4 during printing when a
collision is detected. Similar to the analysis under claim 3, the Calderon-
RepRap20208 Combination would “have the machine shut down” upon a collision
detection. A POSITA would have recognized, or found obvious, that shutting the
3D printer down includes stopping changing any relative z-distance between the
dispensing head and the platform. Moreover, it was general knowledge in 3D
printing to “stop[ ] production of an object” when “a collision has occurred.” See e.g.,
EX1008, [0180]. Thus, a POSITA would have known, or at least found it obvious,
to stop changing any relative distance between the dispensing head and the platform
by controlling, e.g., “z-axis translator 120,” (EX1009, 4:56-57), and hence
controlling a z-distance between the extruder and a build platform of the three-
dimensional printer to save the machine, as suggested by RepRap20208. EX1010,
19.

202. Accordingly, my opinion 1is that the Calderon-RepRap20208
Combination renders obvious claim 4.

F. Claim 5

203. Claim 5 of the 698 Patent recites:

5. The method of claim 2 further comprising comparing the
current contact force to an expected contact force.
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204. Each and every element of claims 1 and 2 is obvious in light of the
Calderon-RepRap20208 Combination as explained above. In the Calderon-
RepRap20208 Combination, a POSITA would have known, or found it obvious, to
introduce, for example, a threshold tension indicative of collision, and compare the
current contact force (e.g., obtained based on sensor signals from the strain gauge
on the extruder mount, as taught in RepRap20208) zo this threshold (as an expected
contact force) so that a collision event (i.e., “when you run into something”) can be
detected. Id. In fact, trigger conditioning was ubiquitously available long before
2012 as used in a wide variety of applications.

205. Accordingly, my opinion is that the Calderon-RepRap20208
combination renders obvious claim 5.

G. Claim 7

206. Claim 7 of the ’698 Patent recites:

7. The method of claim 5 further comprising terminating
the build when a difference between the current contact force
and the expected contact force indicates a fabrication error.

207. Each and every element of claims 1, 2 and 5 is obvious in light of the
Calderon-RepRap20208 Combination as explained above. The Calderon-
RepRap20208 Combination meets claim 7 because the three-dimensional printer
(e.g., modelling system) of claim 1 would have been shut down (i.e., the build is

terminated) when a difference between the current contact force and the threshold
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value (as compared under claim 5) indicates that a collision is occurring (i.e., a
fabrication error). As stated by developer Wade on RepRap20208: “I'd have the

machine shut down and flag me if it [i.e., a collision] happens, as opposed to

breaking something.” EX1010, 19. “That saved my machine once already.” /d.
Based on my experience, it was general knowledge in the field of 3D printing to
“stop[] production of an object” when “a collision has occurred.” In fact, it was
general knowledge to do so. See e.g., EX1008, [0180]. Thus, a POSITA would have
known, or at least found it obvious, to terminate the build once a collision is detected
so that energy and material can be saved while additional damages may be prevented.

208. Accordingly, my opinion is that the Calderon-RepRap20208
Combination renders obvious claim 7.

H. Claim 8

209. Claim 8 of the 698 Patent recites:
8. The method of claim 1 wherein the control signal
includes a signal to the three-dimensional printer to change a

distance between the fabrication tool and the separate struc-
ture.

210. Each and every element of claim 1 is obvious in light of the Calderon-
RepRap20208 Combination as explained above. In the Calderon-RepRap20208
Combination, a POSITA would have known, or found it obvious, to have a threshold
force indicative of collision, and compare the current contact force to this threshold

to detect a collision event (i.e., “when you run into something”) can be detected.
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EX1010, 14. T have already explained the ubiquitous use of a trigger condition by
2012. Such a threshold force in the Calderon-RepRap20208 combination would
prevent mistakenly identifying a collision and shutting down the 3D printer in
response to things that are not a problematic collision event, such as forces resulting
from the extrusion of material, the 3D printer being bumped, and light contact
between the extrusion head 126 and separate structure that would not damage the
extrusion head, print bed or 3D object. Each of these would register as a strain/force
on the strain gauge, while only some constitute contact between the extrusion head
and separate structure. Moreover, one would not want to shut the printer down, for
example, if the extrusion head lightly touched something such that there was no
damage or, perhaps, contacted an errant string of print material that would readily
break from normal movement of the extrusion head without damaging the extrusion
head, print bed or 3D objection. When the current contact force is below the
threshold, a POSITA would understand, or find obvious, for the 3D printer to
continue to print the 3D object and for such printing to involve a signal to the three-
dimensional printer to continue to change a distance between the fabrication tool
and the separate structure. The change in distance, of course, would be the
extrusion head traversing the x-y-z path necessary to print the 3D object, and the

print bed and/or extrusion head moving in the z direction to print a subsequent layer.
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211. Additionally, the Calderon-RepRap20208 Combination provides a
control signal to, e.g., z-axis translator 120, to change a z-distance between the
fabrication tool (including, e.g., extrusion head 126) and the separate structure
(e.g., modeling platform 134 where substrate 128 is mounted) in performing z-axis
initialization, after the nozzle has contacted the substrate, as taught in Calderon. Or,
a POSITA would have found it obvious to change a distance between the
fabrication tool and the separate structure in disengaging the nozzle from the
separate structure once a collision is detected during printing, as suggested by
RepRap20208. EX1009, 3:1-10, 27-30, 4:56-57, 11:6-11; EX1010, 13, 19-20; supra
§§VIL.C-D, X.A, Element [1.b].

212. Accordingly, my opinion is that the Calderon-RepRap20208
Combination renders obvious claim 8.

I. Claim 9

213. Claim 9 of the 698 Patent recites:
9. The method of claim 2 wherein the control signal

includes a signal to the three-dimensional printer to change a
feed rate of build material extruded by the extruder.

214. Each and every element of claims 1 and 2 is obvious in light of the
Calderon-RepRap20208 Combination as explained above. As I have explained
under claim 3, the Calderon-RepRap20208 Combination shuts the 3D printer down

upon collision, and with it the feed of additional build material (i.e., controlling a
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feed rate of build material used in the build). EX1010, 13, 19-20. Thus, a POSITA
would have known, or at least found it obvious, to stop feeding of additional build
material by sending a control signal to, e.g., “[e]xtrusion pump 126 that provides
modeling material from a material supply 130 to extrusion head 126,” (EX1009,
4:48-50), and hence changing a feed rate of build material extruded by the extruder
to save the machine and avoid material waste.

215. Accordingly, my opinion is that the Calderon-RepRap20208
Combination renders obvious claim 9.

J. Claim 10
216. Claim 10 of the *698 Patent recites:
10. The method of claim 2 further éomprising detecting a
planarity of the separate structure based upon a number of

contact force measurements across a surface of the separate
structure.

217. Each and every element of claims 1 and 2 is obvious in light of the
Calderon-RepRap20208 Combination as explained above. As I have explained
above under Section VII.D, Calderon teaches z-axis initialization “to determine
whether the top surface of substrate is approximately parallel to a horizontal, xy-
plane.” EX1009. 7:65-8:5 (noting if “substrate top surface does not closely enough
approximate a horizontal plane, that result indicates either that the substrate was not
mounted flush to platform, or that the substrate has a deformity”) (reference numbers

omitted). In Calderon’s Example 3, Calderon describes “positioning the nozzle
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above pre-selected locations of the substrate” so that “[c]ontact between the tip of

nozzle and the substrate is monitored” at these “pre-selected locations.” Id., 9:65-67

(reference numbers omitted).

218. The method of the Calderon-RepRap20208 Combination, thus further
includes a multi-point calibration (i.e., detecting a planarity of the separate
structure (such as the substrate) based upon a number of contact force
measurements across a surface of the separate structure) that precedes actual
printing as part of the z-axis initialization routine provided by Calderon.

219. Accordingly, my opinion is that the Calderon-RepRap20208
Combination renders obvious claim 10.

K. Claim 12

220. Claim 12 of the 698 Patent recites:

12. The method of claim 1, wherein the build instructions
include at least one instruction for achieving a specified con-
tact force between the fabrication tool and a separate struc-
ture, and wherein the control signal controls the at least one
component of the three-dimensional printer to achieve the
specified contact force.

[12.a] The method of claim 1, wherein the build instructions include at least one

instruction for achieving a specified contact force between the fabrication tool
and a separate structure, and

221. Each and every element of claim 1 is obvious in light of the Calderon-
RepRap20208 Combination as explained above. As I have explained above under

Section VIL.D, Calderon provides build instructions for electronic controller 116 to
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“control[s] the extrusion of modeling material in an xyz-coordinate reference frame
so that beads of modeling material are extruded layer-by-layer.” EX1009, 4:19-52.

222. A POSITA would have known, or found it obvious, to compare the
current contact force (e.g., obtained based on sensor signals from the strain gauge
on the extruder mount, as taught in RepRap20208) to a threshold indicative of, e.g.,
“when you run into something.” EX1010, 13-14. I also note that ubiquitous use of
a trigger condition for comparison, as I have discussed above under claims 5,7 and
8.

223. In this context, a POSTIA would have recognized that the Calderon-
RepRap20208 Combination provides at least one build instruction for achieving a
specified contact force (e.g., one that does not exceed the threshold indicative of
collision) between the fabrication tool and the separate structure, as already I have
discussed under claim 1.

[12.b] wherein the control signal controls the at least one component of the three-
dimensional printer to achieve the specified contact force.

224. Inthe context of Element [12.a], a POSITA would have understood that
the control signal, as discussed under claim 1, is sent to control at least one
component of the three-dimensional printer (such as “an Xy axis translator 118, a
z-axis translator 120 and an extrusion pump 122,” EX1009, 4:33-52) so that
“[c]ontact between the tip of nozzle 132 and the substrate 128 (EX1009, 9:63-10:8)

is monitored by “strain gauge on the extruder mount” (EX1010, 13) to achieve the
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specified contact force that does not exceed the threshold indicative of collision, as
I have explained above under Section X.A, and under claims 5 and 7.

225. Accordingly, my opinion is that the Calderon-RepRap20208
Combination renders obvious claim 12.

L. Claim 13

226. Claim 13 of the 698 Patent recites:

13. The method of' claim 1 wherein the one or more sensors
include a strain gauge.

227. Each and every element of claim 1 is obvious in light of the Calderon-
RepRap20208 Combination as explained above. As I have explained above under
Section X.A, the Calderon-RepRap20208 combination applies the “strain gauge on
the extruder mount,” as suggested by RepRap20208, to Calderon’s “sensing means.”
EX1010, 19-20, EX1009, 9:63-10:23.

228. Accordingly, my opinion is that the Calderon-RepRap20208
Combination renders obvious claim 13.

M. Claim 14

229. Claim 14 of the 698 Patent recites:

14. The method of claim 1 wherein the one or more sensors
include a piezoelectric sensor.

230. Each and every element of claim 1 is obvious in light of the Calderon-

RepRap20208 Combination as explained above. In the above context, a POSITA
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would have found it obvious to use one or more piezoelectric strain sensors on the
extruder mount of the Calderon-RepRap20208 Combination. Based on my
experience and knowledge, piezoelectric strain sensors were commonly used to
measure mechanical pressure/strain. See e.g., EX1019, Abstract (“Strain
measurements from piezoceramic (PZT) and piezofilm (PVDF) sensors are
compared with strains from a conventional foil strain gage and the advantages of
each type of sensor are discussed, along with their limitations.”), Conclusions
(noting “the performance of piezoelectric sensors surpasses that of conventional foil
type strain gages [sic]” in some cases)). A POSITA would have been motivated to
employ a piezoelectric strain sensor in the Calderon-RepRap20208 Combination
because such sensors were well understood, convenient, and readily available off-
the shelf type devices designed for the very purpose of measuring strain and force.
See e.g., EX1020 (“Matsumyia”). The predictable inclusion of a piezoelectric strain
sensor follows the familiar pattern of merely substituting one element (a common
piezoelectric strain sensor) for another known in the field (RepRap20208’s broad
teaching of a “strain gauge”) to obtain predictable results. Supplementing the
Calderon-RepRap20208 Combination with a piezoelectric strain sensor would not
have disturbed the other aspects of the system, and it would have produced

substantially similar functionality to what RepRap20208 described.
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231. Accordingly, my opinion is that the Calderon-RepRap20208
combination renders obvious claim 14.

N. Claim 15

232. Claim 15 of the 698 Patent recites:

15. The method of claim 1 wherein the one or more sensors
include at least one of a capacitive sensor, and optical sensor,
an electromechanical sensor, an electromagnetic sensor, and
an acoustical sensor.

233. Each and every element of claim 1 is obvious in light of the Calderon-
RepRap20208 Combination as explained above. Based on my experience and
knowledge, a strain gauge is an electromechanical sensor because it was general
knowledge to use a strain gauge to convert a mechanical input (e.g., strain) to an
electrical readout (e.g., a differential voltage between two parallel voltage dividers
on a Wheatstone bridge configuration). See e.g., EX1018 at 302-304, 284-290.

234. Moreover, the claim’s list of “a capacitive sensor, an optical sensor, an
electromechanical sensor, an electromagnetic sensor, optical sensors, and an
acoustic sensor” encompasses nearly all common types of strain sensors. A POSITA
would have found it obvious to incorporate any of these common types of strain
sensor based on RepRap20208’s general teaching of a “strain gauge.” Indeed, the

specification of the 698 patent reveals nothing more than what was already

commonly known about sensors.
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235. Accordingly, my opinion is that the Calderon-RepRap20208
combination renders obvious claim 15.

XI. GROUND 2B: CALDERON AND REPRAP20208 FURTHER IN VIEW
OF NAPADENSKY WOULD HAVE RENDERED CLAIM 11 OBVIOUS

A. Overview of the Combination and Reasons to Combine

236. In the Calderon-RepRap20208-Napadensky Combination, a POSITA
would further incorporate a leveling operation, as suggested by Napadensky, to
“straighten the newly formed layer prior to the formation of the successive layer
thereon.” EX1005, 18:25-47.

237. A POSITA would have been motivated to pursue the Calderon-
RepRap20208-Napadensky Combination because the leveling reduces surface
irregularities that can cause collisions (e.g., “dispensed layers being too thick and/or

29 ¢¢

inconsistent in thickness,” “material spill or faulty material dispensing”). EX1005,
18:5-18. As I have explained above (e.g., under Sections VII.C-D, X.A, and claim
10), “if the substrate is deformed [and] lacks a horizontal planar surface, the model
quality will be adversely affected.” EX1009, 2:63-3:1.

238. A POSITA would have a reasonable expectation at the Calderon-
RepRap20208-Napadensky Combination because doing so merely involves

applying known elements to achieve predictable improvements, namely, reduced

surface irregularities to facilitate formation of successive layers.

B. Claim 11
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239. Claim 11 of the 698 Patent recites:

11. The method of claim 10 further comprising fabricating
a layer on the surface of the separate structure that decreases
one or more irregularities in the surface of the separate struc-
ture.

240. Each and every element of claim 1, 2, and 10 is obvious in light of the
Calderon-RepRap20208 Combination as explained above. In this context, the
Calderon-RepRap20208-Napadensky Combination provides fabricating a layer
(e.g., newly formed layer subject to the leveling operation, as taught in Napadensky)
on the surface of the separate structure (¢.g., surface of the platform as provided
by Calderon) that decreases one or more irregularities in the surface of the
separate structure (e.g., reduces surface irregularities, as taught in Napadensky).

Sections VII.B-C&E, X.A & XI.A; EX1005, 18:25-47, 17:56-18:4.

XII. SECONDARY CONSIDERATIONS OF NON-OBVIOUSNESS.

241. I have considered the impact of secondary considerations of non-
obviousness. I am not aware of any evidence of the existence of any secondary
considerations of non-obviousness regarding the Challenged Claims that would alter
the opinions expressed above. In the event patent owner asserts any such evidence,

I reserve the right to address it.
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XIII. ADDITIONAL REMARKS

242. In signing this declaration, I recognize that the declaration will be filed
as evidence in a contested case before the Patent Trial and Appeal Board of the
United States Patent and Trademark Office. I also recognize that I may be subject to
cross examination in the case and that cross examination will take place within the
United States. If cross examination is required of me, I will appear for cross
examination within the United States during the time as mutually agreed between
the parties.

243. 1 currently hold the opinions expressed in this declaration. But my
analysis may continue, and I may acquire additional information and/or attain
supplemental insights that may result in added observations. Therefore, I reserve
the right to revise, supplement, and/or amend my opinions stated herein based on
new information that becomes available to me and on my continuing analysis of the
materials already provided.

244. 1 hereby declare that all statements made are of my own knowledge are
true and that all statements made on information and belief are believed to be true. I
further declare that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,
under Section 1001 of the Title 18 of the United States Code and that such willful

false statements may jeopardize the validity of this proceeding.

101

105



2/3/2025 / ///(/ﬂ_\

Date Andrew Wolfe, Ph.D.
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