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Case Overview – ’381 Patent Claim 1



fr.com  |  7DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  7

Independent Claims Comparison

698 Patent Claim 1 381 Patent Claim 1

1. A method comprising: 1. A three-dimensional printer comprising:

identifying build instructions for fabricating an object; a fabrication tool including an extruder configured to 

extrude build material to fabricate an object during a build 

process;

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;

one or more sensors mechanically coupled to the 

extruder, wherein the one or more sensors are collectively 

operable to sense a contact force between the extruder 

and a separate structure distinct from the fabrication tool; 

and

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 current contact force while depositing material 

during the build.

a controller configured to receive a signal from the one or 

more sensors on the extruder and to calculate the 

contact force between the extruder and the separate 

structure.
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’698 Patent Dependent Claims

698 Patent Dependent Claims

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

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.

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. 
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’381 Patent Dependent Claims

’381 Patent Dependent Claims

11. The three-dimensional printer of claim 1, further comprising:

one or more actuators mechanically coupled to the fabrication tool, and

a control circuit in data communication with the one or more actuators and the one 

or more sensors, the control circuit configured to control the one or more actuators 

to achieve a specified contact force between the one or more sensors and the 

separate structure.
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Warren Grounds 
’698 Grounds 1A & 1B
’381 Ground 1A
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Independent Claims Comparison
698 Patent Claim 1 381 Patent Claim 1

1. A method comprising: 1. A three-dimensional printer comprising:

identifying build instructions for fabricating an object; a fabrication tool including an extruder configured to extrude build 

material to fabricate an object during a build process;

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;

one or more sensors mechanically coupled to the extruder, 

wherein the one or more sensors are collectively operable to 

sense a contact force between the extruder and a separate 

structure distinct from the fabrication tool; and

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 current contact force 

while depositing material during the build.

a controller configured to receive a signal from the one or more 

sensors on the extruder and to calculate the contact force 

between the extruder and the separate structure.

’698 Patent Claim 2

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

extruder.



fr.com  |  12DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  12

US 2003/0100824 to Warren – EX 1004

EX 1004, face

EX 1004 ¶¶ [0287]-[0288]  

’698 EX 1003 ¶¶ 45-46 / ’381 EX 1003 ¶ 45-46, 94

’698 Pet. pp. 8, 22 / ’381 Pet. pp. 7, 23 

EX 1004 ¶ [0285] 

’698 EX 1003 ¶ 71 /  ’381 EX 1003 ¶ 71 

’698 Pet. pp. 15, 33, 35, 38-39 / ’381 Pet. pp. 13-14
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Warren Teaches Controlling the Position of the 
Dispenser Based on Sensor Signals

’698 EX 1003 ¶ 46 / ’381 EX 1003 ¶ 46

 EX 1004 ¶¶ [0293], [0300], [0315], FIG. 18

’698 Pet. p. 9 / ’381 Pet. p. 8

’698 EX 1003 ¶ 91 (citing EX 1004 ¶ [302]) / ’381 EX 1003 ¶¶ 93, 133

’698 Pet. pp. 22, 29 / ’381 Pet. p. 22, 34

’698 EX 1003 ¶¶ 45-46 / ’381 EX 1003 ¶ 45-46 

’698 Pet. pp. 8-9 / ’381 Pet. pp. 7-9

’698 POR p. 13 / ’381 POR p. 13
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Warren Uses Change in Amplitude, ΔA, Instead of 
Frequency

’381 EX 1003 ¶ 87

EX 1004 ¶¶ [0304]-[0306]

’381 EX 1003 ¶ 89

’381 Pet. p. 20-21

’381 POR p. 34
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Warren Teaches the Claimed 
Sensor Coupled to an Extruder
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Warren Teaches a Sensor Coupled to an Extruder
698 Patent Claim 1 381 Patent Claim 1

1. A method comprising: 1. A three-dimensional printer comprising:

identifying build instructions for fabricating an object; a fabrication tool including an extruder configured to extrude build 

material to fabricate an object during a build process;

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;

one or more sensors mechanically coupled to the extruder, 

wherein the one or more sensors are collectively operable to 

sense a contact force between the extruder and a separate 

structure distinct from the fabrication tool; and

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 current contact force 

while depositing material during the build.

a controller configured to receive a signal from the one or more 

sensors on the extruder and to calculate the contact force between 

the extruder and the separate structure.

’698 Patent Claim 2

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

extruder.
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Warren Teaches a Fabrication Tool with an Extruder

’698 EX 1003 ¶ 80 (citing EX 1003 ¶¶ 47-49 

discussing EX 1004 FIGS. 19, 23A, 11A-D)

’381 EX 1003 ¶¶ 36, 77 

’698 Pet. pp. 6-13, 18 / ’381 Pet. pp. 5-11, 15-18
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Warren’s Fabrication Tool Can Include a Capillary or 
Through-Nozzle Dispenser or Both

’698 EX 1003 ¶¶ 80 / ’381 EX 1003 ¶¶ 77-78

’698 Pet. pp. 9-10 / ’381 Pet. pp. 9-10, 15-16

EX 1004 ¶ [0300], [0315], FIGS. 18 & 23A

’698 EX 1003 ¶ 81 / ’381 EX 1003 ¶¶ 77-78 

’698 Pet. pp. 18-19 / ’381 Pet. pp. 9-10, 15-16
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Warren’s Fabrication Tool Is Coupled to a Sensor

EX 1004 ¶ [0300], [0315], FIG. 18 & 23A

’698 EX 1003 ¶ 81 / ’381 EX 1003 ¶¶ 77-78

’698 Pet. pp. 17-21 / ’381 Pet. pp. 9-10, 15-16 

’698 EX 1003 ¶¶ 80 / ’381 EX 1003 ¶¶ 77-78

’698 Pet. pp. 9-10 / ’381 Pet. pp. 9-10, 15-16
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Petitioner Consistently Points to the Capillary Vibro-
sensor Dispenser as the Extruder (’698 Patent)

’698 EX 1003 ¶¶ 94-96

’698 Pet. pp. 23-25

’698 Reply pp. 1-2
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Petitioner Consistently Points to the Capillary Vibro-
sensor Dispenser as the Extruder (’381 Patent)

’381 EX 1003 ¶¶ 78-81

’381 Pet. pp. 16-17

’381 Reply pp. 1-2
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The Board Recognized Petitioner’s Mapping of 
Warren’s Capillary  Vibro-Dispenser to Claim 1

’698 Institution Decision p. 8



fr.com  |  23DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  23

Warren’s Capillary Extruder Is Coupled to a Sensor

’698 EX 1003 ¶ 48 / ’381 EX 1003 ¶¶ 47-48

’698 Pet. pp. 10-11 / ’381 Pet. pp. 9-10

’698 EX 1003 ¶ 94 / ’381 EX 1003 ¶ 79

’698 Pet. pp. 23-24 / ’381 Pet. pp. 16-17

’698 EX 1003 ¶ 48 / ’381 EX 1003 ¶¶ 47-48

’698 Pet. pp. 10-11 / ’381 Pet. pp. 9-10 
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Patent Owner Does Not Dispute that Warren’s 
Capillary Design Includes a Sensor

’698 POR pp. 14, 24

’381 POR pp. 14, 17

’698 Sur-reply pp. 2-3

’381 Sur-reply pp. 2-3
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Obvious that Warren’s Through-
Nozzle Includes a Sensor
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Warren Renders it Obvious to Use Vibration Sensor 
with Through-Nozzle Dispenser

’698 EX 1003 ¶¶ 45-46 / ’381 EX 1003 ¶ 45-46 

’698 Pet. pp. 8-9 / ’381 Pet. pp. 7-9

’698 POR p. 13 / ’381 POR p. 13

’698 EX 1003 ¶ 94 / ’381 EX 1003 ¶ 79 

’698 Pet. pp. 23-24 / ’381 Pet. pp. 16-17

’698 Reply pp. 1-2 / ’381 Reply pp. 1-2
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Warren’s Claims Prove Obviousness of a Sensor 
with the Through-Nozzle Extruder

EX 1004 Claims 59 and 70

’698 Reply p. 2 / ’381 Reply p. 2

EX 1004 Claim 54

’698 Reply p. 2 / ’381 Reply p. 2 
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Warren Recognizes a Desire to Use a Sensor with A 
Dispenser

EX 1004 ¶ [0287]

’698 EX 1003 ¶¶ 45-46  / ’381 EX 1003 ¶ 45-46

’698 Pet. pp. 8-9 / ’381 Pet. pp. 7-8

’698 Reply pp. 4-5 / ’381 Reply pp. 4-5

’698 EX 1003 ¶¶ 45-46 / ’381 EX 1003 ¶¶ 45-46 

’698 Pet. pp. 7-9 / ’381 Pet. pp. 7-9, 19

’698 POR p. 13 / ’381 POR p. 13

EX 1004 ¶ [0285] 

’698 EX 1003 ¶ 71 /  EX 1003 ¶ 71

’698 Pet. pp. 15, 33, 35, 38-39 / 381 Pet. pp. 13-14
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Warren’s General Dispenser Includes a Sensor

EX 1004 ¶ [0300]

’698 EX 1003 ¶ 46 / ’381 EX 1003 ¶ 46

’698 Pet. pp. 8-9, 18 / ’381 Pet. p. 7-8, 19

’698 EX 1003 ¶ 45-46

’698 Pet. pp. 8-9 / ’381 Pet. p 7-8

’698 POR p. 13 / ’381 POR p. 13
’698 POR p. 13 / ’381 POR p. 13
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Any of Warren’s Extruders Includes a Sensor

’698 POR p. 17

EX 1004 FIGS. 18-20

EX 1004 ¶ [0299]

’698 EX 1003 ¶ 68 / ’381 EX 1003 ¶ 

’698 Pet. pp. 13-14 / ’381 Pet. pp. 

’698 POR pp. 16-17 / ’381 POR pp.

EX 1004 FIGS. 18-20

’698 EX 1003 ¶ 49 / ’381 EX 1003 ¶

’698 Pet. pp. 11-12 / ’381 Pet. pp. 

EX 1004 ¶ [0300]

’698 EX 1003 ¶ 46, 81-82, 143 / ’381 EX 1003 ¶ 

’698 Pet. pp. 8-9 / ’381 Pet. pp. 
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Warren Invites the Use of a Sensor with the Through-
Nozzle Extruder

EX 1004 ¶ [0299], [0294]

’698 EX 1003 ¶ 68 / ’381 EX 1003 ¶ 68

’698 Pet. pp. 13-14 / ’381 Pet. pp. 12-13 ’698 EX 1003 ¶¶ 45-46 / ’381 EX 1003 ¶¶ 45-46

’698 Pet. pp. 8-9 / ’381 Pet. pp. 7-9

’698 POR p. 13 / ’381 POR p. 13
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Warren Recognizes the Advantages of Vibration 
Sensing to Different Deposition Processes

’698 EX 1003 ¶ 69 / ’381 EX 1003 ¶ 69

’698 Pet. p. 14 / ’381 Pet. pp. 12-13
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Rebuttal – Warren Claims Multiple Dispensers in 
Other Claims

EX 1004 Claims 60, 71

’698 Sur-reply p. 2 / ’381 Sur-reply p .
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’698 Patent [1b]
’381 Patent [1b]

Warren’s Sensor Detects / Senses 
Contact Force
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Warren’s Application to ’698 [1b] and ’381 [1b]

698 Patent Claim 1 381 Patent Claim 1

1. A method comprising: 1. A three-dimensional printer comprising:

identifying build instructions for fabricating an object; a fabrication tool including an extruder configured to extrude build 

material to fabricate an object during a build process;

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;

one or more sensors mechanically coupled to the extruder, 

wherein the one or more sensors are collectively operable to 

sense a contact force between the extruder and a separate 

structure distinct from the fabrication tool; and

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 current contact force 

while depositing material during the build.

a controller configured to receive a signal from the one or more 

sensors on the extruder and to calculate the contact force 

between the extruder and the separate structure.
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The ’698 / ’381 Patents Define Sensor Function 
Broadly

EX 1001, 8:62-9:8

’698 EX 1003 ¶¶ 55-61 / ’381 EX 1003 ¶ 36  

’698 Pet. pp. 45-46 / ’381 Pet. pp. 57

EX 1001, 8:56-61

’698 EX 1003 ¶¶ 36, 86 / ’381 EX 1003 ¶¶ 36, 90 

’698 Pet. pp. 4, 20 / ’381 Pet. pp. 4, 21
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Strain Gauges and Piezoelectric Sensors Meet the 
Claimed Sensor

EX 1001, Claims 13-15

EX 1001, Claim 1
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Strain Gauges Detect Contact Force by Sensing Strain

EX 1001, 8:56-61

’698 EX 1003 ¶¶ 36, 86 / ’381 EX 1003 ¶¶ 36, 90 

’698 Pet. pp. 3-4, 20-21 / ’381 Pet. pp. 4, 21

’698 Reply p. 3 / ’381 Reply p. 3

’698 POR pp. 32-33 / ’381 POR pp. 33-34

’698 EX 1003 ¶ 233 / ’381 EX 1003 ¶ 120 

’698 Pet. p. 36-37 / ’381 Pet. p. 30
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Warren Teaches a Piezoelectric Sensor that Detects 
Contact Force

EX 1004, ¶¶ [0295]-[0296], [0300], [0304]-[0307]

’698 EX 1003 ¶ 141 / ’381 EX 1003 ¶ 117

’698 Pet. pp. 36-37 / ’381 Pet. pp. 29-30

EX 1004, ¶ [0295]

’698 EX 1003 ¶ 141 / ’381 EX 1003 ¶ 117 

’698 Pet. pp. 36-37 / ’381 Pet. p. 29-30

EX 1001, 8:62-9:8

’698 EX 1003 ¶¶ 55-61 / ’381 EX 1003 ¶ 36  

’698 Pet. pp. 45-46 / ’381 Pet. pp. 57
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Warren’s Sensor Detects a Change in Amplitude, 
ΔA, Proportional to Contact Force

EX 1004 ¶ [0313]

’698 EX 1003 ¶¶ 65, 85, 91 / ’381 EX 1003 ¶¶ 87-90

’698 Pet. pp. 19-21, 28, 38 / ’381 Pet. pp. 8-9, 20-21 
EX 1004 FIG. 22A

’698 EX 1003 ¶¶ 85-86 / ’381 EX 1003 ¶¶ 87-90

’698 Pet. pp. 19-21, 28, 38 / ’381 Pet. pp. 19-21
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Contact Force Can Be Readily Calculated from ΔA

’381 EX 1003 ¶ 95

’381 Pet. pp. 22-24

’698 EX 1003 ¶ 86 / ’381 EX 1003 ¶ 90

’698 Pet. pp. 20-21 / ’381 Pet. pp. 20-21
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Patent Owner Recognizes that Warren’s Sensor 
Detects ΔA

’698 POR at 27

’698 POR at 26
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’698 Patent [1c]
Warren Detects a Contact Force
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Warren’s Application to ’698 [1c]

698 Patent Claim 1 381 Patent Claim 1

1. A method comprising: 1. A three-dimensional printer comprising:

identifying build instructions for fabricating an object; a fabrication tool including an extruder configured to extrude build 

material to fabricate an object during a build process;

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;

one or more sensors mechanically coupled to the extruder, 

wherein the one or more sensors are collectively operable to 

sense a contact force between the extruder and a separate 

structure distinct from the fabrication tool; and

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 current contact force 

while depositing material during the build.

a controller configured to receive a signal from the one or more 

sensors on the extruder and to calculate the contact force 

between the extruder and the separate structure.
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Detecting Is Distinguishable from Calculating a 
Current Contact Force

698 Patent Claim 1 381 Patent Claim 1

1. A method comprising: 1. A three-dimensional printer comprising:

identifying build instructions for fabricating an object; a fabrication tool including an extruder configured to extrude build 

material to fabricate an object during a build process;

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;

one or more sensors mechanically coupled to the extruder, 

wherein the one or more sensors are collectively operable to 

sense a contact force between the extruder and a separate 

structure distinct from the fabrication tool; and

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 current contact force 

while depositing material during the build.

a controller configured to receive a signal from the one or more 

sensors on the extruder and to calculate the contact force 

between the extruder and the separate structure.
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Warren Seeks to Protect the Dispenser and Substrate 
Using Knowledge of Contact Force

EX 1004 ¶ [0285] 

’698 EX 1003 ¶ 71

’698 Petition pp. 15, 33, 35, 38-39

’698 EX 1003 ¶ 71 (quoting EX 1004 ¶ [0285])

’698 Pet. pp. 15-16

’698 Reply pp. 4-5
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Change in Amplitude, ΔA, Is Proportional to Contact Force

’698 EX 1003 ¶ 85

’698 Pet. p. 

EX 1004 FIG. 22A

’698 EX 1003 ¶ 85

’698 Pet. pp. 19-21

EX 1004 ¶ [0316]

’698 Reply p. 5

’698 Pet. pp. 21-22
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Warren Uses the Detected Contact Force to Control the 
Dispenser

EX 1003 ¶ 88

’698 Pet. pp. 21-22

’698 Reply p. 4-6

’698 Reply p. 4-6

’698 Pet. pp. 21-22
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Warren Uses the Detected Contact Force to Control the 
Dispenser

’698 Reply p. 4-6

’698 Pet. pp. 20-23, 33-35
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Warren Demonstrated Detecting Contact Force to Control 
the Dispenser

’698 Reply pp. 4-5

’698 Pet. pp. 

EX 1004 ¶ [0316]

’698 Pet. 22-23, 31

’698 EX 1003 ¶¶ 90-91, 120
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Warren Calculates Force to Compare to a Desired 
Intensity

’698 Reply pp. 4-5

’698 Pet. pp. 7-9

EX 1004 ¶ [0289]

’698 Reply pp. 4-5

’698 Pet. pp. 7-9
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Petitioner Pointed Out the Difference Between 
Detecting and Calculating Contact Force

’698 EX 1003 ¶ 82, 86

’698 Pet. pp. 17-21
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Petitioner Pointed Out the Difference Between 
Detecting and Calculating Contact Force

’698 Reply p. 4
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Warren Renders Calculating Contact Force Obvious

’698 EX 1003 ¶ 86

’698 Pet. pp. 20-21

’698 Reply pp. 6-9



fr.com  |  55DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  55

PO’s Evidence Proves Properties for Determining 
Contact Force Were Obtainable

’698 Reply pp. 6-9

’698 Pet. p. 23

’698 Reply pp. 6-9

EX 1042 100:13-104:14
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Warren Supports the Necessity of Determining 
Force

EX 1004 ¶ [0285] 

’698 EX 1003 ¶ 71

’698 Petition pp. 15, 33, 35, 38-39

’698 Reply pp. 5-6

’698 Pet. pp. 21-23, 28-29, 35
EX 1004 ¶ [0313]

’698 Reply pp. 5-6

’698 Pet. pp. 21-23, 28-29, 35
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’381 Patent [1c]
Warren Teaches Calculating 

Contact Force
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Warren Desires Accurately Determining Contact 
Force Intensity

EX 1004 ¶¶ [0316]

’381 EX 1003 ¶ 94EX 1004 ¶¶ [0287]-[0289]

’381 EX 1003 ¶ 94

’381 Pet. pp. 7, 22-24; ’381 Reply p. 4

’381 POR at 26
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Warren Desires Accurately Determining Contact 
Force Intensity to Maintain a Desired Contact Force

’381 EX 1003 ¶ 94

’381 Pet. pp. 6-8

’381 Reply pp. 4-5
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Warren Desires Accurately Determining Contact 
Force Intensity

’381 Reply p. 4

’381 Pet. p. 7

’381 EX 1003 ¶¶ 45, 94
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Warren Desired (and Demonstrated) Accurate 
Determination of Contact Force Intensity

’381 Reply p. 4

EX 1004 ¶ [0316]

’381 Pet. pp. 25-27

’381 EX 1003 ¶¶ 105-107

’381 Reply p. 4
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Warren Calculates Contact Force Based on 
Proportionality to ΔA

’381 EX 1003 ¶ 95

’381 Pet. p. 23

’381 EX 1003 ¶ 95

’381 Pet. p. 23
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Warren Calculates Contact Force Based on 
Proportionality to ΔA to Control the Dispenser

EX 1004 ¶ [0313]

’381 Pet. pp. 7-9

’381 EX 1003 ¶¶ 89-90, 94, 133 

EX 1004 ¶ [0316]

’381 Pet. pp. 25-27

’381 EX 1003 ¶¶ 106
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Warren Supports the Necessity of Determining 
Force

EX 1004 ¶ [0285] 

’381 EX 1003 ¶ 71

’381 Petition pp. 13-14

’381 Reply pp. 4-5

’381 Pet. pp. 21-23, 33-35

EX 1004 ¶ [0313]

’381 Reply pp. 4-5

’381 Pet. pp. 8-9, 19-23, 33-35

’381 EX 1003 ¶¶  93-95, 133
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Warren Claims Obtaining a Desired Contact Force to 
Micronewton Precision - Rebuttal

EX 1004 Claim 61

EX 1004 Claim 72
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’381 Patent [1c]
Warren Renders

Calculating Contact Force 
Obvious
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A POSITA Would Have Been Motivated to Calculate 
Contact Force to Prevent Destruction of the 
Dispenser

’381 EX 1003 ¶ 94

’381 Pet. p. 22-24

’381 EX 1003 ¶ 71 (quoting EX 1004 ¶ [0285])

’381 Pet. pp. 13-14, 22-24
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A POSITA Would Have Been Motivated to Calculate 
Contact Force to Prevent Destruction of the 
Dispenser

’381 Pet. pp. 22-24

’381 EX 1003 ¶ 95

EX 1004 ¶ [0285]

’381 Pet. pp. 22-24

’381 EX 1003 ¶ 95
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Warren’s Sensor Detects a Change in Amplitude, ΔA, 
Proportional to Contact Force

’381 EX 1003 ¶ 89

’381 Pet. pp. 20-22

’381 EX 1003 ¶ 89

’381 Pet. pp. 19-22

’381 Reply p. 3

’381 EX 1003 ¶ 90

’381 Pet. pp. 20-21



fr.com  |  70DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  70

Obvious to Compare Values in Force Domain

’381 EX 1003 ¶ 95

’381 Pet. pp. 22-24

EX 1004 ¶ [0313]

’381 EX 1003 ¶ 95

’381 Pet. pp. 20-21, 23

’381 Reply p. 3-5, 11-12
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Intensity Is Magnitude in Newtons

’381 EX 1004 ¶ [0316]

’381 Pet. pp. 21-24

’381 Reply p. 6-7

’381 EX 1003 ¶ 106

EX 1004 ¶ [0316]

’381 EX 1003 ¶ 95

’381 Pet. pp. 20-27 / ’381 Reply p. 6-7

’381 EX 1003 ¶  71

’381 Pet. pp. 13-14



fr.com  |  72DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  72

Warren’s Expresses a Desire for Accurately 
Determining Intensity of Contact Force

’381 Reply pp. 6-7

EX 1004 ¶ [0285]

’381 Pet. pp. 13-14

’381 Reply pp. 6-7

EX 1004 ¶¶ [0313]-[0316]

’381 Pet. pp. 26-27
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Contact Force Was Readily Calculable from ΔA

’381 EX 1003 ¶ 95

’381 Pet. pp. 22-24
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Obviousness of Calculating Force Is Corroborated

’381 EX 1003 ¶ 95

’381 Pet. pp. 22-24

’381 Reply p. 9

EX 1012 ¶¶ [0034], [0078]
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Contact Force Was Readily Calculable from ΔA

’381 EX 1003 ¶ 95

’381 Pet. pp. 22-24
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PO Failed to Prove Non-enablement

’381 Reply p. 8
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PO’s Arguments Support the Obviousness of 
Calculating Contact Force from ΔA

’381 Reply pp. 8-9

’381 EX 2024 6-8

’381 EX 1042 80:2-81:6
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PO’s Expert Testified that Force Is Obtainable 
Empirically

’381 Reply pp. 8-9

’381 EX 1042 102:7-103:11, 100:13-104:14
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PO’s Expert Testified that Force Is Obtainable from 
Frequency Through Experimentation

EX 1042 102:7-103:11

’381 Reply p. 9
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PO’s Expert Testified that Modulus Is Not Required to 
Determine Force

EX 1042 102:7-103:11

’381 Reply p. 9
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PO’s Expert Testified that Young’s Modulus Is 
Readily Obtainable

EX 1042 75:14-25

EX 1042 78:6-14

EX 1042 77:13-17

EX 1042 70:13-16
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Obviousness of Calculating Force Is Corroborated 
by Warren

EX 1004 Claim 61

EX 1004 Claim 72
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’698 Patent Ground 1A
Warren Renders 
Claim 2 Obvious
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Warren Teaches an Extruder -- Undisputed

’698 Patent Claim 2

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



fr.com  |  85DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  85

Warren’s Capillary Vibro-sensor and Through-Nozzle 
Dispenser Are Extruders

’698 EX 1003 ¶¶ 95-96

’698 Pet. pp. 23-25

’698 EX 1003 ¶ 48

’698 Pet. pp. 10-11

’698 EX 1003 ¶ 49

’698 Pet. pp. 11-12
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PO Recognizes that Warren Teaches an Extruder

’698 POR p. 44
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PO Does Not Offer Technical Arguments for Claim 2

’698 EX 1003 ¶ 124

’698 Pet. pp. 31-32

’698 Reply pp. 11-12



fr.com  |  88DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  88

’698 Patent Ground 1A
Warren Renders 
Claim 9 Obvious
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Warren Renders Claim 9 Obvious

’698 Patent Dependent Claims

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

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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Warren Controls Material Dispensing Rate

’698 EX 1003 ¶ 120

’698 Pet. p. 31

’698 EX 1003 ¶ 120

’698 Pet. p. 31
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Warren Teaches a Linear Actuator to Control Feed 
Rate

EX 1004 ¶ [0243]

’698 EX 1003 ¶ 120

’698 Pet. p. 31
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Claim 9 Does Not Link Feed Rate to Contact Force

’698 Reply pp. 9-10
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Warren’s Claims Prove Obviousness of a Sensor 
with the Through-Nozzle Extruder

EX 1004 Claims 59 and 70

’698 Reply p. 2

EX 1004 Claim 54

’698 Reply p. 2
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’698 Patent Ground 1A
Warren Renders 

Claim 10 Obvious
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Warren Renders Detecting a Planarity Obvious

’698 Patent Claim 10

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

10. The method of claim 2 further comprising detecting a planarity of the separate structure 

based upon a number of contact force meaements across a surface of the separate 

structure. 
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Warren Teaches Continuously Detecting a Z-height 
of the Substrate

’698 EX 1003 ¶ 124

’698 Petition pp. 31-32

’698 Reply pp. 11-12
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Obvious From Warren to Detect Planarity

’698 EX 1003 ¶ 126

’698 Pet. pp. 31-32

’698 Reply pp. 11-12
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Petitioner’s Mapping Does Not Implicate a Claim 
Construction

’698 Reply p. 11

EX 1001, claim 10
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Patent Owner Did Not Advance a Construction of 
Claim 10

POR pp. 8-9

POR p. 91

EX 1001, claim 10
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Rebuttal – Warren Claims Mapping the Surface

’698 Sur-reply p. 11

EX 1004 claims 63, 74

’698 POR p. 39
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’698 Patent Ground 1B
Warren + Eshed Renders 

Claim 9 Obvious
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Warren-Eshed Combination Renders Claim 9 
Obvious

’698 Patent Dependent Claims

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

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.



fr.com  |  103DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  103

Overview of Eshed – 698 EX 1008

EX 1008, Face

EX 1008 ¶ [0002]

EX 1008 ¶ [0180]
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Obvious to Combine Warren and Eshed

’698 EX 1003 ¶¶ 146-147

’698 Pet. pp. 38-40
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Patent Owner Does Not Address Collisions

’698 POR p. 44

’698 Sur-reply p. 12
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Petitioner Did Not Argue Bodily Incorporation

’698 POR p. 45

’698 Reply p. 12
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Warren-Eshed Renders Claim 9 Obvious

’698 EX 1003 ¶ 156

’698 Pet. pp. 37-38

’698 Reply p. 12
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Patent Owner Does Not Dispute Eshed’s Teachings

’698 Sur-reply p. 12

’698 POR p. 46
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’381 Patent Ground 1A
Warren Renders 

Claim 11 Obvious
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’381 Patent Claim 11

’381 Patent Dependent Claims

11. The three-dimensional printer of claim 1, further comprising:

one or more actuators mechanically coupled to the fabrication tool, and

a control circuit in data communication with the one or more actuators and the one 

or more sensors, the control circuit configured to control the one or more actuators 

to achieve a specified contact force between the one or more sensors and the 

separate structure.
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Warren Renders Claim 11 Obvious

’381 EX 1003 ¶¶ 123-127

’381 Pet. pp. 22-23, 30-33

’381 EX 1003 ¶ 126

’381 Pet. p. 31
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Warren Repeatedly Calls for Maintaining a Desired 
Contact Force

’381 EX 1003 ¶¶ 123-127

’381 Pet. pp. 31-33

’381 EX 1003 ¶ 126

’381 Pet. p. 31
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Warren Repeatedly Calls for Determining Contact 
Force and Maintaining a Desired Contact Force

’381 Pet. p. 23

’381 EX 1003 ¶ 94 

’381 Reply pp. 11-12
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Warren Compares Calculated Force with a Desired 
Force

’381 Reply pp. 11-12

381 EX 1003 ¶¶ 131-132

EX 1004 ¶ [0313]

’381 Pet. pp.

’381 Reply p. 11-12

’381 EX 1003 ¶¶ 131-132
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Rebuttal – Warren Controls the Dispenser to Obtain a 
Desired Contact Force in MicroNewtons

EX 1004 Claims 61, 72
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Calderon + RepRap Grounds
’698 Grounds 2A & 2B
’381 Grounds 2A & 2B
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Calderon + RepRap Application to the ’698 Claims

Claim 1 Slide

[1pre] A method comprising: Undisputed

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

[1b] 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;

[1c] detecting the current contact force based on a sensor signal from the one or 

more sensors; and

[1d] 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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Calderon + RepRap Application to the ’381 Claims

Claim 1 Slide

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

[1a] a fabrication tool including an extruder configured to extrude build material to 

fabricate an object during a build process;

Undisputed

[1b] one or more sensors mechanically coupled to the extruder, wherein the one 

or more sensors are collectively operable to sense a contact force between 

the extruder and a separate structure distinct from the fabrication tool; and

[1c] a controller configured to receive a signal from the one or more sensors on 

the extruder and to calculate the contact force between the extruder and the 

separate structure.
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US 6,629,011 to Calderon – EX 1009

EX 1009, front page

EX 1009 6:62-66

’698 EX 1003 ¶¶ 56-60/’381 EX 1003 ¶¶  54-61

’698 Pet. pp. 42-46/’381 Pet. pp. 42-46 

EX 1009 4:66-5:9

’698 EX 1003 ¶¶ 56-60/’381 EX 1003 ¶¶ 54-61

’698 Pet. pp. 42-46/’381 Pet. pp. 42-46 
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RepRap20208 – EX 1010

EX 1010, p. 1

EX 1010, p. 13

’698 EX 1003 ¶ 52/’381 EX 1003 ¶ 63

’698 Pet. pp. 46-47/’381 Pet. pp. 46-48
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RepRap is a Printed Publication
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RepRap Had 1,000 Monthly POSITA Users

Thread Was Found by POSITA

EX 1014 ¶ 4; ’698 Pet. p. 2/’381 Pet. p. 2
EX 1010; ’698 Pet. p. 2/’381 Pet. p. 2

’698 Reply pp. 26-27;/381 Reply pp. 27-28

DECLARATION OF ADRIAN BOWYER RepRap

Contributions from 9 different participants, many not involved in initial Genetic Algorithms discussion
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RepRap Forum Was Cited By ’698/’381 Inventors

’698 EX 1001, front page

’698 Pet. p. 2

’381 EX 1001, front page

’381 Pet. p. 2
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Relevant Posts Public in 2009

EX 1014 ¶ 5 and 7

’698 Pet. p. 2/’381 Pet. p. 2

DECLARATION OF ADRIAN BOWYER RepRap

EX 1010 p. 13, 20

’698 Pet. pp. 46-47/’381 Pet. pp. 45-46
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POSITA Could Navigate to Forums in 2009

EX 1014 ¶ 5

’698 Pet. p. 2/’381 Pet. p. 2

EX 1014 ¶ 10

’698 Pet. p. 2/’381 Pet. p. 2

EX 1014 ¶ 8

’698 Pet. p. 2/’381 Pet. p. 2

Exhibit B-1 to EX 1014 (as annotated ¶ 8)

’698 Pet. p. 2/’381 Pet. p. 2

’698 Reply p. 28/’381 Reply p. 29 

DECLARATION OF ADRIAN BOWYER RepRap
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Entire Text of Forums Were Keyword Searchable

EX 1014 ¶ 6; ’698 Pet. p. 2/’381 Pet. p. 2

’698 Reply p. 26/’381 Reply p. 27

EX 1014 ¶ 11; ’698 Pet. p. 2/’381 Pet. p. 2

EX 1014 ¶ 11; ’698 Pet. p. 2/’381 Pet. p. 2

EX 1014 ¶ 7; ’698 Pet. p. 2/’381 Pet. p. 2

’698 Reply p. 26/’381 Reply p. 27

DECLARATION OF ADRIAN BOWYER RepRap

Patent Owner declined to depose RepRap founder and forum moderator Dr. Bowyer. 

Dr.  Bowyer’s testimony is undisputed.
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RepRap Thread Titles

EX 1010 p. 16

’698 Reply p. 27/’381 Reply p. 28

RepRap
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Motivation to Combine
Calderon & RepRap
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Calderon – Monitors Contact of Tip Two Ways

EX 1009 10:1-8; ’698 Pet. p. 49/ ’381 Pet. p. 48

’698 Reply p. 14/’381 Reply p. 14

“sensing means”

“In an apparatus that uses servo drive motors…

monitoring a change in the servo drive current”

Calderon et al.
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Calderon – “Sensing Means” Are Broadly Disclosed

EX 1009 6:62-7:5; ’698 Pet. pp. 44-45/’381 Pet. p. 44

’698 Reply p. 14/’381 Reply p. 15

“Any manner of sensing…may be used”

“sensing means include but are not limited to”

Calderon et al.

’698 EX 1003 ¶ 61/ ’381 EX 1003 ¶ 60; ’698 Pet. p. 45/ ’381 Pet. p. 45

DECLARATION OF ANDREW WOLFE
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’698 Calderon + RepRap Combination

EX 1003 FIG. 1

’698 Pet. p. 43

’698 Pet. pp. 49-50

’698 Pet. p. 49

PETITION FOR INTER PARTES REVIEW

Calderon et al.

EX 1010 p. 13

Pet. p. 59-60

RepRap

The combination is not limited to Calderon’s servo drive embodiment.
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’381 Calderon + RepRap Combination

EX 1003 FIG. 1

’381 Pet. p. 42 ’381 Pet. pp. 48-49

’381 Pet. p. 49

PETITION FOR INTER PARTES REVIEWCalderon et al.

EX 1010 p. 13

Pet. p. 57-58

RepRap

The combination is not limited to Calderon’s servo drive embodiment.
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’381 Calderon + RepRap Combination

’381 Pet. pp. 54-55

’381 Pet. p. 55

PETITION FOR INTER PARTES REVIEW

EX 1003 FIG. 1

’381 Pet. p. 42

Calderon et al.

EX 1010 p. 20

’381 Pet. p. 55

RepRap
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’698 Calderon + RepRap Many Motivations
• “benefits of collision detection” (’698 Pet. p. 51)

• “real-time collision detection after system initialization” (’698 Pet. pp. 51-52)

• avoid “imprecision caused by slop/backlash” (’698 Pet. pp. 52-53)

• “more accurate and consistent force measurements” by not measuring the “force of 

resistance to movement” (’698 Pet. pp. 53-54)

• “strain gauge as a convenient, well understood manner of measuring force” with “sufficient 

precision to control the contact force” so as to “not damage the nozzle on ‘rigid substrates’ 

and not damage ‘foam substrates’” (’698 Pet. pp. 54-55)

• “strain gauges were commonly known” and a “predictable inclusion” (’698 Pet. pp. 55-56)
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’381 Calderon + RepRap Many Motivations
Strain gauge

• avoid “imprecision caused by slop/backlash” (’381 Pet. pp. 50-52)

• “more accurate and consistent force measurements” by not measuring the “force of resistance to 

movement” (’381 Pet. p. 52)

• “strain gauge as a convenient, well understood manner of measuring force” with “sufficient precision to 

control the contact force” so as to “not damage the nozzle on ‘rigid substrates’ and not damage ‘foam 

substrates’” (’381 Pet. p. 53) 

• “strain gauges were commonly known” and a “predictable inclusion” (’381 Pet. pp. 53-54)

Calculating force

• Wade’s seeking a “measurement of the force” and a “weight” invites calculating force (’381 Pet. p. 55)

• facilitates comparison between strain and strength of substrate or nozzle (’381 Pet. pp. 55-56)

• facilitate “programming controller to a maximum contact pressure setpoint” (381 Pet. p. 56)



fr.com  |  136DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  136

Real-time Collision Detection After Initialization

Calderon et al.

EX 1009 10:26-47

’698 POR pp. 48-50/’381 POR pp. 46-48

PETITION FOR INTER PARTES REVIEW

’698 Pet. p. 52/’381 Pet. pp. 70-71
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Constant Measurement of Force Collision Detection

EX 1010 p. 20

’698 Pet. p. 51/’381 Pet. p. 71

PETITION FOR INTER PARTES REVIEW

’698 Pet. p. 53/’381 Pet. p. 51

EX 1003 ¶ 169

’698 Pet. p. 53/’381 Pet. p. 51
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Slop/Backlash Was a Known Problem

DECLARATION OF ANDREW WOLFERepRap

EX 1010 p. 20

’698 Pet. p. 53/’381 Pet. p. 50

’698 EX 1003 ¶ 167/’381 EX 1003 ¶ 161

’698 Pet. p. 52/’381 Pet. p. 50
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Slop/Backlash

’698 EX 2027 ¶ 251/’381 EX 2027 ¶ 

242

’698 POR p. 51/’381 POR p. 48

DECLARATION OF DR. TIM A. OSSWALD
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Slop/Backlash Is Solved by the Combination
DECLARATION OF ANDREW WOLFE

’698 EX 1003 ¶ 168-169/’381 EX 1003 ¶ 162-163

’698 Pet. p. 53/’381 Pet. p. 50

DECLARATION OF ANDREW WOLFE
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Slop/Backlash Is Solved by the Combination
EX 1009 FIG. 1 (annotated as in 

Pet.)

’698 Pet. p. 50/’381 Pet. p. 50

extrusion head

z-axis translator
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Servo Drive Current Is Inaccurate, Inconsistent 
Solved by Combination

DECLARATION OF ANDREW WOLFE DECLARATION OF ANDREW WOLFE

’698 EX 1003 ¶ 170/’381 EX 1003 ¶ 

164

’698 Pet. pp. 53-54/’381 Pet. p. 52



fr.com  |  143DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  143

Servo Drive Current

DECLARATION OF DR. TIM A. OSSWALD

’698 EX 2027 ¶ 253/’381 EX 2027 ¶ 244

’698 POR p. 52/’381 POR p. 49



fr.com  |  144DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  144

RepRap Teaches/Renders Obvious
Calculating Contact Force
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RepRap Taught Calculating Force 

EX 1010 p. 20

’381 Pet. p. 55

EX 1010 p. 13

’381 Pet. p. 55

RepRap RepRap

EX 1003 ¶ 170

’381 Pet. p. 55

DECLARATION OF ANDREW WOLFE
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Calculating Force From a Strain Gauge Is Rudimentary

EX 1003 ¶ 171

’381 Pet. p. 55

DECLARATION OF ANDREW WOLFE DECLARATION OF ANDREW WOLFE

EX 1003 ¶ 173

’381 Pet. p. 57

“strain” → “force” → “contact pressure”
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Strain Gauges Were Commonly Used
for Force Sensing

DECLARATION OF ANDREW WOLFE

EX 1003 ¶ 166

’381 Pet. pp. 53-54
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ME students use force sensors/strain gauges by 
“sophomore year, beginning of junior year” 

EX 1042 67:24-68:20

’381 Reply p. 21

DEPOSITION OF TIM A OSSWALD
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Calculating Force Facilitates Comparison to 
Nozzle/Substrate Strength

EX 1003 ¶ 170

’381 Pet. pp. 55-56

DECLARATION OF ANDREW WOLFE

“control the contact force…to prevent 

damaging the substrate…[and]nozzle”

“maximum contact pressure…related to 

compression strengths of the substrate [] and 

nozzle[]”

“[c]ompression strength is expressed in units 

of force per unit area,” i.e., pressure

“the output of a strain gauge…[is] 

displacement or strain
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Calculating Force Facilitates Setting Controller 
Maximum Force

EX 1003 ¶ 172

’381 Pet. p. 56

DECLARATION OF ANDREW WOLFE
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’698 [1a] Calderon Teaches
Identifying Build Instructions
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’698 Limitation [1a]



fr.com  |  153DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  153

[1a] Calderon Teaches Identifying Build Instructions

EX 1009 4:20-33

’698 EX 1003 ¶178-180

’698 Pet. pp. 57-58

EX 1009 1:12-18

’698 EX 1003 ¶178-180

’698 Pet. pp. 57-58

Calderon Calderon
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’698 [1b]-[1d] / ’381 [1b]-[1c] 
Calderon + RepRap
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’698 Limitation [1b]-[1d]
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’381 Limitation [1b]-[1c]
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RepRap Determining/Calculating Force 

’698 EX 1003 ¶’ 169/’381 EX 1003 ¶ 170

’698 Pet. 53/’381 Pet. p. 55

DECLARATION OF ANDREW WOLFE

’691 EX 1003 ¶ 169/’381 EX 1003 ¶ 163

’691 Pet. p. 53/’381 Pet. p. 55

DECLARATION OF ANDREW WOLFE

EX 1010 p. 20

’698 Pet. 61/’381 Pet. p. 55

RepRap
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’698 [1d] A Control Signal Is Obvious to 
Implement Collision Detection

’698 EX 1003 ¶ 190

’698 Pet. p. 62

DECLARATION OF ANDREW WOLFE DECLARATION OF ANDREW WOLFE

EX 1003 ¶ 165

’698 Pet. p. 51

’698 PETITION FOR INTER PARTES REVIEW

’698 Pet. p. 62
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’698 Claims 2, 9 and 10
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Calderon + RepRap

698 Patent Dependent Claims

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

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.

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. 

Claims 2 and 9 are not separately disputed apart from their features shared with claim 1.
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Claim 10 - Calderon Initialization Examples

EX 1009 7:6-10

EX 1009 9:61-7:8

’698 Pet. pp. 68-69

’698 Reply p. 24

Calderon Calderon

’698 EX 1003 ¶ 217

’698 Pet. pp. 68-60

DECLARATION OF ANDREW WOLFE
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Calderon Initialization – Planarization/Z-start (Find-Z)

EX 1009 7:62-8:9

’698 Pet. pp. 68-69

’698 Reply p. 24

Planarization Z-start (Find-Z)
Calderon Calderon

EX 1009 8:11-19

’698 Pet. p. 46

’698 Reply p. 24
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Calderon Find-Z

EX 1009 8:11-37

’698 POR p. 60-61

EX 1009 10:9-15

’698 POR. pp. 60

Calderon

Calderon



fr.com  |  164DEMONSTRATIVE EXHIBIT – NOT EVIDENCE fr.com  |  164

’381 Claim 11
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’381 Patent Claim 11

’381 Patent Dependent Claims

11. The three-dimensional printer of claim 1, further comprising:

one or more actuators mechanically coupled to the fabrication tool, and

a control circuit in data communication with the one or more actuators and the one 

or more sensors, the control circuit configured to control the one or more actuators 

to achieve a specified contact force between the one or more sensors and the 

separate structure.
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Maximum to Prevent Damage to Nozzle/Substrate

381 EX 1003 ¶ 170

’381 Pet. pp. 67-68

’381 EX 1003 ¶ 206

’381 Pet. pp. 67-68

DECLARATION OF ANDREW WOLFE
DECLARATION OF ANDREW WOLFE
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