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Ihl( ummls.. Tewsd e for huikd mineriz], and the comml
rate of build material extruded by
s of decresss the cunent conioet fare:
wemgar(s). In ancdher aspeet, the companent
npoaket thal eontrels o Zaxis pesition of an
ikl whumeof at

C -m|'l¢ rlk‘ process i may include termi
when a differcoce between the current
expected coningt force ladicates & fabricatica emor.

I ancdher aspect. cottrol may e muqu.md
tareeily X

o i afa

ol prinder (¢ h I feed

ks position, exirusion head speed, temperatare] 1o
icve the specified contact foree.

aspect, the method
and respossively making comectioes a5 described
abirve witls referenie 10 FIG. 4. This levelig pro
performed prior to ar coacurmently with a fahrication process

irpse Canler
The processes may be realined
rmare microprocessors, microcontrllers, embedded
mierocomimllers, programme! ignal processors, of
odher prog Je device Landfor exter-
nal memery, The processes may also, or istesd, be embodied
i an application specilic integratal ciruit, a progresmmable
hc, or any oiher devi

iy or o leve] programening langznge
(including assembly languages, hardwane description lan-

i lLthJw o gn-nlmmg'L nguiges and technal
1,

innerpreted o

beterogeneons coibinalans
o processars, processer archileeiures, or combinstives of
different handware and software.

“Thus, in ane nspect, ench method described ahove and
combinations thereaf may he embeclied in computer execut-
bl code that, when executing on one or more computing
tevices, perfarms the steps therenf. la ssather aspect, e
wsethids ey be exboded b syssemns bt perfoem the sieps
thereaf, and may be distributed across devices in a namber of

include detecting |\h-

12

ways, or all of the funciianality may be imegrated inta
dudicaed, standalose device or other bardwane, In another
apet, meas for perfonming the st ed with the
processes described ahove may include any of the hardware
and‘or software described abowe, All such permutations s
combintions are inreuded 1o Gl withi the scope of the
present dischasure,

It sheald §

]

t1he howe are

provided by wa explicit idication i

" the cantmry, the disclosed steps may he modified, supple-

mented, cenitied, asdior re-ordered withaur departisg frie
the scope of this disclosure.

The methad steps of the invention{s) described hencin are

. interded 1o include sy suitable msethod of causise such

method steps 1o be performed, consistent with the patentabil-

ity of the fallowing claims, unless o different meaning is

enpressly provided or atlserwise clear from the cantext. Sa far

axample perfoeming the step of X inchdes any susshle

i method for cavsing ancther pary such as a remote user or o

R PROCESSINE MESOUR serverorclowd computer]

1o perfoen the step of X, Similarly, performing sieps XY and

# may inchude amy method of directing or controlling oy

haratis suchother indivi artess 00 perfinm

5 sepe XY and £ vo obtsin the benefi of such seps.

While pariiculsr embediments of the presen

hirve been shown and describecl, it will be appan

skilled in tse art that varous changes and modific:

il v bemade therein witheot

the spirit and scope af ths disclosure and are intended 1o form

a part of the mvention as defned by the fallowing

which are t0 be interpreted in the hroadest sense

’698 Patent Claim 1

What & claimed is:
1. A method comprising:
ickentifving build instructions for fabricsting se ahject;
imitiating a build wxing a three-dimensional printer com.
o prising & febricaiion wol s one or moee sensors
meckanically coupled to the fabrication toed, the ane or
N SN e 1 dlitict  curnes contaet force
hetween the | om too] 2l a separale stractn
detecting the curment contact force based an a sensor sgnal
a8 from 1l oF e sesars; and
ervating & coutrol signal 1o control & leist one componest
af the three-ditensional printer i respanse i the cue-
rent comtaet Toeve whibe depositing material during the

bild.
L8 T s T T e T
inehades am extnac.
3. The method of claim 2, wherein the at keast one compa-

nent of the three-dimenssanal printer contralsa feed rate fara
buidel material used in the beild
4. The method of claim 2, wherein the at keast ane compa-
nent of the three-dimensional printer contnls o zedistance
between the extroder and o build platform of the three-dimen-
stonal printer
5. The metbod ofctaien 2 further compeising comparing the
) curnent coatact e 10 an expecied contact Farce.
- The metbod of chaim S furher campesing -
I e
] |]|IT|.I\:|\.|. hetween the cument contact farc
axpected contact fon
&5 7. The method of elsim 5 further comprising tensinating
the build whien o diffienersce between the coment contact force
and the expected contact frce indicstes a fabricativn emor

12

What 1s claimed is:

1. A method comprising:

identitying 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 toel 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.
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As shown in step 6016, a current conlact force mary be
detected. The current contact farce may he wsed directly os
an ingut to @ control program exceuting oo the conroller for
thee throe-dimensioml pricter, or the current contaet fome
mny be comparad we other data such as a provious coatact
foree or an expected contact foree in order 10 determine an
approprinte response. [t will be apprecited that ather forces
may ol be sensed o used in feedback systems as con-
remplated herein. For example, o deflection force on the
fabrcatbon ool may be meeasired, o & positional deflection
or displocement may be messured, in onder 1o determine
when adjustments might be made or when o process should
be paused or terminated due 10 an inferred filure

As shown in step 608, the process 600 may inchide
creating o contrel signal i response W0 the cumrent contact
force. The conerel signal may be gepertel. og., by the
comtroller, w controld ab least one compooent of the tree-
dimen: printer during o build. For example, the com-
penent may ke adrive system fi amant of bl r
or cilver hardware that controls o feed rate for build material,
and the conirol signal may change the foed rate of build
mavtertal extruded by an extrsder 10 wsnease o doonease the
currenl contaet foree measuned by the senser(s). In another
aspect. the compenent may be o component that controls o
z-axis position of an extruder within a build volume of a
three-dimensional printer, eg.. by comrolling o distanee
between the extnsder and o boild platform (or mose gener-
ally. berwizen a fabrication wol i a separate strocruse), and
thir comtrol signal may vary the dstance o adjus 1o mamtain
relatively steady matenal depostion whale adjisting 10
surface iregularities. More genermlly, the controller may
adjus w sensed conditions by ||dju&(mg any suitable param-
cicr of the three-dimensional | printer 1o obtain an eperational
arpet, such os reducing a difference between the current
comtaet foree and an expecied contact force or o tarpel
contict force

Where a detested enrrent sontact foree excesds some
threshold, or devisies from an expected value by 5 cerain
relative of absolute amount, other sctions may b aken. For
example. the process 000 may inclide terminating o build
when a difference between the cumemnl contacl fonoe asd the

indicates a f.lbml..l[luu. ernoe.

direxily into machine ready code for vse Junn! fubrication.
For examnple o builkl isstroetion in nsachive-ready code may
diretly specaly a tanget for the contsel force, eg. a5 an
explicit imstrnction 10 achieve or mamtaimn o specfied contact
foree between the fahs on tonl and a sepante stnactune,
With such an instruction, o control signal may be generated
during fbrication that controls one or more compones of
a three-dimensional prioter (e, compoaents that control
fiewnd rate, 5 positaon, eximsion bead speed, emperaiine |
o achieve G specified contact fonce.

I asother aspect, the method moy inchule detecting
ity and responsively making comections as described
abve with reference to F1G. 4. This leveling process may be
parformeed prioe o or coneurently with a fabrication process
for an ohject.

The methods or processes deseribed above, and steps
therea!, may be realized in hard software, or

h

FISH.

of these suitable for o particular application.
The hardware may include 8 general-pumpose computer
and/or dedicsted computing device. The processes may be
realized in ome of mose mlcroprocessors, macrecontrollers,
ernbeddin] microconimollers, programmable digital signal
processars, ar ather progranamable device, along with inter-
mal andior extemnal memory, The processes may also, or

5

as

40

a5

12

instesd, be embodied in an spplication specific integrated
cireuit, @ programmable gate array. progrommable ey
logie, of any otber deviee or combination of deviees that
may be configured 1o process elecironic signals, 1t will
flarther be appreciated that one or more of the procs ses may
be realized a5 computer executshle code created using o
stctured programming languape such as O an object
orented progrmaring Linguege such as Ces, or any other
highelevel o low-level peogramming laguage (inchuding
assembly lnogunges, hardware description languages, aod
ditahase programming lmguages and techoologees ) that
may be stored. compiled o interpreted w nan on eoe of the
ahowe devices, o3 well a5 heterngensous u\mhllmlpm af
pe ik, processar arch o of dif-

.
ferent hardware and software.

Thus, in one mpect, ench method described above and
combinations hereol may be embodied in computer execu-
ablir code that, when @Xeculing on ooe or more compiting
devices, performs the steps thereof. In another nspec, the
annethonds muzry e eenbedied i systems that perfonn the steps
thened, and may be distributed e devices i a oumber
af ways, or all of the fupstionality may be integruted ine o
dedicated, standalone device or ather hardware. In another
ispoct, maans. for perfonming the steps associated with the
processes described nbove may inclade any of the hardware
amelior saftware described above All such permautations and
combinations ane wtended w fall wikin the soope of the
present disclosure,

1t should fiarther be appreciated that the methods above
ane provided by way of example. Absent an explacit iodsea-
tion to the contrary, the disclosed sweps may be modified,
supplemented, cmitted, andior re.ondered without departing
froum the scope of this diselosune.

The method steps of the inventionds) described herein are
intended 1o include any suitshle method of cansing such
metbond steps o be perfermed. consistent with the patent-
ahility of the follewing claims, unless a di ffierent meaning is
exprossly provided or oilberwise clear from the context. So
fior examgple performing te step of X inclsdes any suitable
misthod fior cousing another party such as 3 rensote user or o
remole processing resource (e.g. o server or clowd com-
puter) to perform the step of X. Similasly, performing sweps
Y and # may inclode any method of direc OF Con-
wrollicg any combination of such other individuals o
nemeurces 1o perform steps X, Y and 2 1o obtaan the benefin
of such steps.

While particular embadiments of the present invenlion
huve been shown and deseribed, it will be apparent o fhose
skilled in the art that voarious changes and modifications in
for and details may be made therein witboul departing
Tronn s spini® il scope of ths dase losire and are il
form o part of the invention as defined by the following
claims, which are to be interpreted in the broadest sense

allowable by law,

Wleal a5 claimed is:

1. A three-climsensiom] prinler comprising:

a fubrication ol incloding an exinuder configured 10
extrude huikl material to tahncate an ohject during o
buikd proce

o ar moere sensers mechanical ly coupled 1o the extruder,
whereln the o of moee sensors are collectively o
ahle 10 semse o conlact force between the extruder and
a separate strocture distinet from the fhrication toal;
and

’381 Patent Claim 1

What is claimed is:
1. A three-dimensional printer comprising:

build process;

and

structure.

a fabrication tool including an extruder configured to
extrude build material to fabricate an object during a

one or more sensors mechanically coupled to the extruder.
wherein the one or more sensors are collectively oper-
able to sense a contact force between the extruder and
a separate structure distinct from the fabrication tool:

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

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Independent Claims Comparison

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 one or more sensors mechanically coupled to the

comprising a fabrication tool and one or more sensors extruder, wherein the one or more sensors are collectively

mechanically coupled to the fabrication tool, the one or  ECICBICHOISENSEIICoNaemoIeeIbctween the extruder

more sensors configured [GIGICCHGICUNCHNCONECH and a separate structure distinct from the fabrication tool;
force between the fabrication tool and a separate and
structure,

eSS RICORSENIEE -2 scd on a sensor

signal from the one or more sensors; and

creating a control signal to control at least one a controller configured to receive a signal from the one or
component of the three-dimensional printer in response  more sensors on the extruder and [Olcalculatethe

to the current contact force while depositing material contactioreeibetween the extruder and the separate
during the build. structure.

F I S H . DEMONSTRATIVE EXHIBIT — NOT EVIDENCE frcom | 7



'’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.

F I S H . DEMONSTRATIVE EXHIBIT — NOT EVIDENCE frcom | 8



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.

F I S H . DEMONSTRATIVE EXHIBIT — NOT EVIDENCE frcom | 9



Warren Grounds 27
'698 Grounds 1A & 1B .
381 Ground 1A
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Independent Claims Comparison

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 one or more sensors mechanically coupled to the extruder,

fabrication tool and one or more sensors mechanically coupled to  [HiCICIICNCNICICECIcocceoIcoIENoPEEnES
the fabrication tool, [iCIONCIONNCICECISoIconoucoeicel SeNSEICoREBMBEsl o tween the extruder and a separate

BRI eREEHeIesl b ctween the fabrication tool and a structure distinct from the fabrication tool; and
separate structure;

from the one or more sensors; and
creating a control signal to control at least one component of the  a controller configured to receive a signal from the one or more

three-dimensional printer in response to the current contact force  sensors on the extruder and to Galculatethe contactioree
while depositing material during the build. between the extruder and the separate structure.

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

F I S H . DEMONSTRATIVE EXHIBIT — NOT EVIDENCE fr.com | 11
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US 2003010082441
as United States

12 Patent Application Publication () Pub. No.: US 2003/0100824 A1l
Warren et al. (43) Pub. Date: May 29, 2003

(54) ARCHITECTURE TOOL AND METHODS OF
USE

Related 1.5, Application Data

(76) Ioventors: William L, Warren, Sullwater, OK
15 khill, Stillwater,

TOIE CLT . ABTR 505
52 US. O oo, GOO40T

(371 ABSTRACT

Corresponden cldress:

NEEDLE & ROSENBERG PC

127 PEACHTREE STREET N E

ATLANTA, GA 30303-1811 (US}
(213 Appl. No: 104227146

(22) Filed: Aug. 23, 2002

[0285]

As dispensing systems are widely used 1o deposit
materials onto substrates, for proper deposition some knowl-
edge is required of the intensity of the contact force between
the dispenser tip and the surface where deposition is desired.
Improper prediction of the intensity of this force may result
in either destruction of the dispenser or the subsirate as the

EX 1004 ] [0285]

698 EX 1003 71/ 381 EX 1003 § 71
'698 Pet. pp. 15, 33, 35, 38-39/ 381 Pet. pp. 13-14

[0287] Therefore, a need exists for a system and method
for controlling the position of one or more elements of a
depositing system that accurately determines the intensity of
the contact force between a dispensing tip and a substrate
surface to maintain a desired contact force between the
dispenser and the substrate.

[0288]

The present invention is directed to a system and
method for controlling the position of one or more elements
of a dispensing system to maintain a desired contact force
between the elements.

FISH.

EX 1004, face

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 098 Pet. pp. 8, 22/°381 Pet. pp. 7, 23

EX 1004 1111 [0287]-[0288]
'698 EX 1003 1|11 45-46 /°381 EX 1003 || 45-46, 94
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Warren Teaches Controlling the Position of the
Dispenser Based on Sensor Signals

46. As depicted in FIG. 18 (annotated above). Warren discloses “an

exemplary system for controlling the position of a dispenser 3700 relative to a

3700\ substrate 3710 [which] may have irregular surfaces.” Id.. [0293]. “A wibration
3760
sensor 3730 and a transducer 3740 are attached to the dispenser 3700.” Id.. [0300].
Z-CONTROLLER PROCESSOR - _ . )
[0315] (“vibration sensor ... attached to the dispenser”™). Warren teaches imposing
3730 3740
/ S 698 EX 1003 § 46 /381 EX 1003 1 46
SENSOR |- TRANSOUCER | EX 1004 99 [0293], [0300], [0315], FIG. 18
. 698 Pet. p. 9/°381 Pet. p. 8

“The feedback signal [from vibration sensor 3730 and transducer 3740] 1s used to

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

FIG.18

between the dispenser 3700 and the substrate 3710.” Id. In one example, “the

EX1004 feedback signal may be used by a z-controller processor 3750 to control the z
'698 EX 1003 Tm 45-46/°381 EX 1003 ﬂ 45-46 positioning of the dispenser 3700 via a z-controller step motor 3760.” Id.: see also
'698 Pet. pp. 8-9/°381 Pet. pp. 7-9 —
'698 POR p. 13/°381 POR p. 13 ‘698 EX 1003 T[ 91 (Cltlng EX 1004 ﬂ[302]) /381 EX 1003 ﬂﬂ 93, 133

F I SH '698 Pet. Epp. 22, 29/°381 Pet. p. 22, 34
. DEMONSTRATIVE EXHIBIT — NOT EVIDENCE fr.com | 13



Warren Uses Change in Amplitude, AA, Instead of
Frequency

87. Warren explains that “the vibration imposed ... does not necessanly

have to occur at f=f; of the piezoelement or the dispensing system because ~“when

a vibrating element contacts an object, 1t does not necessanly shaft f£.” EX1004,

[0304-0305]. “In contrast. A 1s mevitably altered.™ Jd. Warren thus emphasizes

that the detection of changed amplitude. known as AA “brings additional flexibality

and sensitivity to the system.” Id.. [0304].

381 EX 1003 ] 87
EX 1004 9 [0304]-[0306]

amplitude to a contact force. EX2027. 1194. As Warren and Petitioner’s expert

recognizes, the user is responsible for selecting the appropriate frequency /

ok FIG.22A
frequencies that correspond to the desired change in amplitude. EX1004, 9[0306]

381 EX 1003 1 89 (“This enables the selection of a working f in a desirable region not limited by the
‘381 Pet. p. 20-21

self-resonance of piezoelements.”): EX2020 at 79:13-80:20 (acknowledging that a

381 POR p. 34

F I S H L] DEMONSTRATIVE EXHIBIT — NOT EVIDENCE fr.com | 14
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Warren Teaches a Sensor Coupled to an Extruder

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 one or more sensors mechanically coupled to the extruder,
fabrication tool and one or more sensors mechanically coupled to wherein the one or more sensors are collectively operable to
the fabrication tool, the one or more sensors configured to detect sense a contact force between the extruder and a separate
a current contact force between the fabrication tool and a structure distinct from the fabrication tool; and

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  a controller configured to receive a signal from the one or more
three-dimensional printer in response to the current contact force  sensors on the extruder and to calculate the contact force between
while depositing material during the build. the extruder and the separate structure.

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

F I S H . DEMONSTRATIVE EXHIBIT — NOT EVIDENCE fr.com | 16



Warren Teaches a Fabrication Tool with an Extruder

10
N\ »
START (UNPRIMED)
P2
l | k'. 100
|
— 149 7/ s
140 t
W ,'\“\ -
12 i o
| ! 142 134“0
i . 102 \ 1“:2
‘ ,/:
100'/100/ g FIG.11B FIG.11C  FIG.11D
100 7%
100 FIG.11A
EX1004 EX1004
exioos F1G. 23A

80. As I have explained above under Sections VILA and VIIL A, Warren '698 EX 1003 1 80 (citing EX 1003 9] 47-49

discussing EX 1004 FIGS. 19, 23A, 11A-D)
‘381 EX 1003 {136, 77

apparatus 10 shown in FIGS. 23A-23C: '698 Pet. pp. 6-13, 18 /381 Pet. pp. 5-11, 15-18

teaches a material dispensing system that includes a fabrication tool. e g . the

F I S H L] DEMONSTRATIVE EXHIBIT — NOT EVIDENCE fr.com | 17



Warren’s Fabrication Tool Can Include a Capillary or
Through-Nozzle Dispenser or Both

81. Warren s apparatus 10 can include either or both the capillary vibro-

sensor dispensing unit or the through-nozzle dispenser — both designated as 100 1n

FIG. 23A. Warren also provides ene or more sensors (e.g.. vibration sensor 3730

and transducer 3740) mechanically coupled ro the fabrication tool (e.g., apparatus

10). See e.g.. EX1004, [0300] ("A wvibration sensor 3730 and a transducer 3740 are

attached to the dispenser 37007), [0313] (“wibration sensor.. attached to the

dispenser ). FIG. 18 (annotated below).

EX 1004  [0300], [0315], FIGS. 18 & 23A
exioos FIG. 25A '698 EX 1003 7 81/°381 EX 1003 79 77-78
'698 Pet. pp. 18-19/°381 Pet. pp. 9-10, 15-16

‘698 EX 1003 q[180/°381 EX 1003 Y| 77-78
'698 Pet. pp. 9-10 /381 Pet. pp. 9-10, 15-16

F I S H L] DEMONSTRATIVE EXHIBIT — NOT EVIDENCE fr.com | 18



Warren’s Fabrication Tool Is Coupled to a Sensor

\\ B1. Warren s apparatus 10 can include either or both the capillary vibro-

sensor dispensing unit or the through-nozzle dispenser — both designated as 100 1n

FIG. 23A. Warren also provides ene or more sensors (e.g.. vibration sensor 3730

and transducer 3740) mechanically coupled to the fabrication tool (e g . apparatus

] i 10). See e.g.. EX1004, [0300] ("A wvibration sensor 3730 and a transducer 3740 are

/ - i) attached to the dispenser 37007), [0315] (“vibration sensor.. attached to the
100" o

100 dispenser ). FIG. 18 (annotated below).

100

EX 1004 1 [0300], [0315], FIG. 18 & 23A
exiooe FIG.23A '698 EX 1003 §] 81/°381 EX 1003 Y 77-78
'698 Pet. pp. 17-21/'381 Pet. pp. 9-10, 15-16

698 EX 1003 9980 /°381 EX 1003 9] 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)

94. Each and every element of claim 1 1s obvious as explained above. In
the context of claim 1. Warren'’s fabrication fool (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 95.  The capillary vibro-sensor dispensing unit is an extruder because it

have explained above under Sections VILLA &VIILA. the capillary vibro-sensor ) . _ _ ) _ ,
“forces, e.g.. fluid or paste, in a reservoir 3850 through the tip 3840 of a syringe

dispensing unit is expressly disclosed as used with Warren's vibrating force sensing . ] ]
using air pressure applied from a source 3810.” EX1004, [0295]. [0299]. FIGS 18-

and a POSITA would also have been motivated to configure the through-nozzle
20A. 20B.

dispenser with Warren’s vibrating force sensing. Use of either. or both. provides the . L ; .
96. The through-nozzle dispenser is likewise anm extfruder because it

claimed exrruder.

features a “positive-displacement/suck-back pump system.” where “the pump 148

698 EX 1003 [ 94-96

'698 Pet. pp. 23-25 powers a simple process of applying positive pressure to a material in a reservoir

‘698 Reply pp. 1-2

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-

F I S H L] DEMONSTRATIVE EXHIBIT — NOT EVIDENCE fr.com | 20



Petitioner Consistently Points to the Capillary Vibro-
sensor Dispenser as the Extruder (’381 Patent)

78.  The fabrication tool includes am exfruder (e.g.. either the capillary
vibro-sensor dispensing unit or the through-nozzle dispenser, both designated as 100
in FIG. 23A)) configured to extrude build material to fabricate an object (e.g.. a

modeled structure via the DWDT/HAT technology) during a build process (e.g.. a

3D direct construction process). . . . , o . .
80. The capillary vibro-sensor dispensing unit is an exfruder in that it

79.  AsIdescribe above under Sections VIL.A & VIIL A, the capillary vibro-
“forces, e.g.. fluid or paste. m a reservoir 3850 through the tip 3840 of a syringe
sensor dispensing unit is expressly disclosed as used with Warren’s vibrating force

using air pressure applied from a source 3810.” EX1004. [0295]. [0299]. FIGS 18-

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. 20A.20B.
CLilEi il 81. The through-nozzle dispenser is likewise an extruder in that it features
381 EX 1003 1|1 78-81 a ““positive-displacement/suck-back pump system.” where “the pump 148 powers a
‘381 Pet. pp. 16-17
‘381 Reply pp. 1-2 simple process of applying positive pressure to a material in a reservoir 149, and the
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The Board Recognized Petitioner’s Mapping of
Warren’s Capillary Vibro-Dispenser to Claim 1

FISH.

® Because claim 1 does not limit the “tool” to any particular type beyond one
that can be a “fabrication tool” in a “three-dimensional printer,” we consider
the “tool” of limitation 1b to encompass Warren’s capillary vibro-sensor
dispenser without any modification. For this reason, we invite Petitioner to
clarify the extent to which it relies on its showing of motive to modify
Warren’s through-nozzle tool with the sensor from the capillary dispenser
for 1ts challenge to claim 1.

'698 Institution Decision p. 8

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Warren’s Capillary Extruder Is Coupled to a Sensor

48. The capillary-based dispensers. referred to as a capillary vibro-sensor
dispensing unit is “shown in FIGS. 19 [annotated below]. 20A and 20B”. which can
be “implemented in the system shown in in FIG. 18 [where a vibrating force sensor

is used].” EX1004. [0299]. According to Warren. ““[t]his type of dispenser forces.

698 EX 1003 § 48 /'381 EX 1003 ] 47-48
698 Pet. pp. 10-11/°381 Pet. pp. 9-10

have explained above under Sections VILA &VIILA, the capillary vibro-sensor
dispensing unit 1s expressly disclosed as used with Warren’s vibrating force sensing

EX1004 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

'698 EX 1003 148/°381 EX 1003 1] 47-48
'698 Pet. pp. 10-11/°381 Pet. pp. 9-10 claimed extruder.

‘698 EX 1003 994 /’381 EX 1003 {79
‘698 Pet. pp. 23-24 /’381 Pet. pp. 16-17
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Patent Owner Does Not Dispute that Warren’s
Capillary Design Includes a Sensor

Patent Owner’s Response IPR2025-00531 Patent Owner's Sur-Reply IPR2025-00531

3810 10

’
&y

SYRINGE

FIG. 19 o0
See id. at §9[0295]-[0297], Fig. 19. As shown, the capillary dispensing unit is held FIG . ZSA
by syringe holder 3800 and the system includes a piezomembrane 3830 that may This embodiment includes a vibration solution with the capillary designs and also
be implemented with an electroceramic sensor and include a vibration actuator and includes a through-nozzle design. Thus, Warren’s claims do not expressly refute the
vibration transducer. See id. Response. but rather they support it. POR. 10-25.
'698 POR pp. 14, 24 '698 Sur-reply pp. 2-3

FISH s 381 PORpp. 14, 17 DEMONSTRATIVE EXHIBIT — NOT EVIDENCES ! Sur-reply pp. 2-3 fr.com | 24
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Warren Renders it Obvious to Use Vibration Sensor
with Through-Nozzle Dispenser

have explained above under Sections VII.A &VIILA, the capillary vibro-sensor

dispensing unit 1s 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.

‘698 EX 1003 9194 /’381 EX 1003 1 79
‘698 Pet. pp. 23-24 /381 Pet. pp. 16-17
‘698 Reply pp. 1-2/°381 Reply pp. 1-2

EX1004

‘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’s Claims Prove Obviousnhess of a Sensor
with the Through-Nozzle Extruder

54. A system for cuntrdlling the position of at least one

element of a dispensing system including at least one 59. The system of claim 54, wherein the at least one
dispenser and at least one substrale, the system comprising; diErPE nser includes at least one of a llll'U'ngh-l'.lU zzle, a needle
a vibration imparting device for imparting vibration of a valve, a capillary pen, or a quill pen.

particular amplitude to the at least one dispenser, the at
least one substrate, or both the at least one dispenser
and the at least one substrate:

a detector for detecting a change in the amplitude of _?0+ TI]E: method of claim 65, wherem the at least one
vibration of the at least one dispenser, the at least one dispenser includes at least one of a through-nozzle, a needle
substrate, or both the at least one dispenser and the at valve. a Cﬂ]}ﬂlﬂl}’ pen, Or a C_|1111] pen

2 A *

least one substrate upon contact with each other; and
EX 1004 Claims 59 and 70

a position controller for varying the position of the at least 698 Reply p. 2/°381 Reply p. 2
one dispenser, the at least one substrate, or both the at
least one dispenser and the at least one subsirate based
on the detected change in amplitude of vibration to
obtain a desired force of contact between the at least
one dispenser and the at least one substrate.

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

EX1004

'698 EX 1003 9] 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

[0285] As dispensing systems are widely used to deposit
materials onto substrates, for proper deposition some knowl-
edge is required of the intensity of the contact force between
the dispenser tip and the surface where deposition is desired.
Improper prediction of the intensity of this force may result
in either destruction of the dispenser or the subsirate as the

EX 1004 9 [0285]
698 EX 1003 71/ EX 1003 § 71
698 Pet. pp. 15, 33, 35, 38-39 / 381 Pet. pp. 13-14

[0287] Therefore, a need exists for a system and method
for controlling the position of one or more elements of a
depositing system that accurately determines the intensity of
the contact force between a dispensing tip and a substrate
surface to maintain a desired contact force between the
dispenser and the substrate.

EX 1004 1 [0287]
698 EX 1003 [ 45-46 /381 EX 1003 ] 45-46
'698 Pet. pp. 8-9/°381 Pet. pp. 7-8
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Warren’s General Dispenser Includes a Sensor

[0300] Referring again to FIG. 19, a vibration oscillator
3720 is attached 1o the dispenser 3700 for imparting vibra-
tion to the dispenser 3700. A vibration sensor 3730 and a
transducer 3740 are attached to the dispenser 3700 for

EX 1004 § [0300]
698 EX 1003 § 46 /381 EX 1003 1 46
'698 Pet. pp. 8-9, 18/°381 Pet. p. 7-8, 19

Id. at Fig. 18. §[0293]. Although the substrate is shown as flat. Warren explains

that this 1s just for the ease of illustration as the dispenser follows uregular or
curved surfaces. Id. Oscillator 3720 imparts vibration to dispenser 3700, and

vibration sensor 3730 and transducer 3740 sense the amplitude and frequency of

EX1004
698 EX 1003 1 45-46 vibration. See id. at [0300].
'698 Pet. pp. 8-9/°381 Pet. p 7-8 698 POR p. 13/ 7381 POR p. 13

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

3700

FIG.11B FIG.11C  FIG.11D

FIG.11A

EX1004

\ - SYRINGE 3910
N )
s I'z_ﬁ—’i—:‘ij_l sazo—/ =
s }——_:1
f k/_,_ 3830 3920 1
FIG.18 FIG.19 FIG. 20A FIG.20B
‘698 POR p. 17

EX 1004 FIGS. 18-20

tion to the dispenser 3700. 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. The
oscillator 3720 and the transducer 3740 may be imple-
mented with any suitable conventional devices. These ele-

EX 1004 9§ [0300]

‘698 EX 1003 | 46, 81-82, 143/°381 EX 1003 q
‘698 Pet. pp. 8-9/°381 Pet. pp.

FISH.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX 1004 FIGS. 18-20

698 EX 1003 49 /381 EX 1003 |
698 Pet. pp. 11-12/°381 Pet. pp.

[0299] The material dispensers illustrated in FIGS. 19,
20A and 20B are shown by way of example only. The
dispenser 3700 need not be limited to these implementa-
tions. In addition, the dispensers shown in FIGS. 19, 20A

and 20B are not limited to being implemented in the system
shown in FIG. 18.

EX 1004 4 [0299]
‘698 EX 1003 {168 /°381 EX 1003 |
'698 Pet. pp. 13-14/°381 Pet. pp.

'698 POR PPp. 16-17/°381 POR PPp. fr.com | 30




Warren Invites the Use of a Sensor with the Through-
Nozzle Extruder

68.  As a first reason. Warren mvites the use of the vibrating force sensor

concepts with other configurations of dispenser when 1t explains that the capillary

dispensing unit 15 shown with the vibrating force sensor “by wayv of example only.”

“[tlhe dispenser 3700 need not be limited to [the capillanty dispensing umit]

implementations.” EX1004. [0299], see also, [0294] (“dispenser 3700 may be

implemented differently”). Doing so merely involves combining known elements

using known techniques to achieve predictable and advantageous results.

EX1004 EX 1004 9] [0299], [0294]
) ] 698 EX 1003 {1 68/°381 EX 1003 || 68
698 EX 1003 11 45-46/’381 EX 1003 1] 45-46 '698 Pet. pp. 13-14 /381 Pet. pp. 12-13

'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

Second. a POSITA would have been motivated by the precise flow control
capability of Warren's through-nozzle design. in which “linear actuator 144 controls

the material dispensing rate and improves start and stop characteristics by

controlling the position of the valve piston 140 and speed of displacement.” EX1004,
[0243]. “During the initial valve opening. the motion of the piston 140 transfers a
momentum to the material and causes the material to flow at a specific flow rate...so
that the material flowing through the valve 130 will have the same flow velocity,

thereby leading to a smooth dispensing start.” /d. A POSITA would have found it

advantageous to employ features from Warren’s through-nozzle design in dispenser

3700 so that “the initiation of material flow...can be smooth. seamless. and very

reproducible.” Id.: EX1003. 969 (citing “inconsistent volumes|and inaccurate start

times™ in the absence of actuator control (id.)).

‘698 EX 1003 169 /°381 EX 1003 1 69

S '698 Pet. p. 14/°381 Pet. pp. 12-13
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Rebuttal — Warren Claims Multiple Dispensers in
Other Claims

embodiments. Rather. claims 54. 59. 65. and 70 refer to the table-top dispenser in

Warren that can include mmltiple tool designs. including capillary designs and

through-nozzle designs. See EX1004. at Fig. 23A (below). Figs. 23B-C_ 9[0278].

[0318] Cmultivnit system): POR. 15-16. I

'698 Sur-reply p. 2/°381 Sur-reply p .

60. The system of claim 54, wherein for a dispensing
system including multiple dispensers, the position controller
independently varies the position ol each respective dis-
penser or the position of the least one substrate.

71 The method of claim 65, wherein for a dispensing
system including multiple dispensers, the step of varying
includes independently varying the position of each respec-
tive dispenser or the position of the at least one substrate.

F I SH EX 1004 Claims 60, 71
\J DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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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 one or more sensors mechanically coupled to the extruder,
fabrication tool and one or more sensors mechanically coupled to wherein the one or more sensors are collectively operable to
the fabrication tool, the one or more sensors configured to detect sense a contact force between the extruder and a separate
a current contact force between the fabrication tool and a structure distinct from the fabrication tool; and

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  a controller configured to receive a signal from the one or more
three-dimensional printer in response to the current contact force sensors on the extruder and to calculate the contact force
while depositing material during the build. between the extruder and the separate structure.
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The ’698 / ’381 Patents Define Sensor Function

Broadly

In some implementations, sensors 302 may include one or
more of capacitive sensors, optical sensors, potentiometric
sensors, piezoelectric sensors, or other electromechanical,
electromagnetic (e.g., those relying on inductance, the Hall
effect, electromagnetic eddy currents, linear variable differ-
ential transformers, etc.). acoustical, or other sensors, as well
as other sensors or combinations of the foregoing. Strain
gauges are one common sensor used for such measurements,
and may be suitably adapted for use with the systems and
methods disclosed herein, such as by affixing one or more
strain gauges to an extruder or other location along a
mechanical chain that supports an extruder in an intended
position during fabrication. By using a pair of strain gauges,
deflection forces may be 1solated from normal force.

directions, etc. More generally, sensors that are collectively
operable to sense any force or displacement of the fabrication
tool and separate structure, or any related properties such as
compression or strain, may be used as sensors 302, so long as
the contact force(s) described above may be calculated from
the sensed physical characteristics.

EX 1001, 8:62-9:8
698 EX 1003 1] 55-61/°381 EX 1003 § 36
'698 Pet. pp. 45-46 /381 Pet. pp. 57

EX 1001, 8:56-61
'698 EX 1003 1|11 36, 86 /°381 EX 1003 1|1 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

What 15 claimed 1s:

1. A method comprising:

identifving build instructions for fabricating an object:

imtiating a build using a three-dimensional printer com-
prising a fabrication tool and one or more sensors
mechanically coupled o 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 13. The method of claim 1 wherein the one or more sensors
of the three-dimensional printer in response to the cur- include a strain gauge.
rent contact force while depositing material during the 14. The method of claim 1 wherein the one or more sensors
build. include a piezoelectric sensor.
EX 1001, Claim 1 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.

EX 1001, Claims 13-15
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Strain Gauges Detect Contact Force by Sensing Strain

directions, etc. More generally, sensors that are collectively
operable to sense any force or displacement of the fabrication
tool and separate structure, or any related properties such as
compression or strain, may be used as sensors 302, so long as
the contact force(s) described above may be calculated from
the sensed physical characteristics.

EX 1001, 8:56-61

‘698 EX 1003 |1 36, 86 /’381 EX 1003 |1 36, 90
‘698 Pet. pp. 3-4, 20-21/°381 Pet. pp. 4, 21 )
'698 Reply p. 3/ 381 Reply p. 3 Based on my experience and
'698 POR pp. 32-33/°381 POR pp. 33-34

knowledge, a strain gauge 1s an electromechanical sensor because 1t 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.

'698 EX 1003 11233 /°381 EX 1003 {1 120
'698 Pet. p. 36-37/°381 Pet. p. 30
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Warren Teaches a Piezoelectric Sensor that Detects
Contact Force

In some implementations, sensors 302 may include one or
more of capacitive sensors, optical sensors, potentiometric
sensors, piezoelectric sensors, or other electromechanical, 141, Eachand every element of claim 1 is obvious as explained above. In
EIECtmmBgHEtiC (E.g., those I'EI}"iﬂg OI1 iﬂdﬂCtﬂﬂCE‘, the Hall this context, the one or more sensors include a piezoelectric sensor (eg. a
effect, electromagnetic eddy currents, linear variable differ-
ential transformers, etc.), acoustical, or other sensors, as well

piezoelement). For example, Warren describes “piezoelement”™ when explaining its

as other sensors or combinations of the foregoing. Strain sensor operation to PR wiuch “brings
EX 1001, 8:62-9:8 additional flexibility and sensitivity to the system ™ EX1004. [0304]. [0306-07]
‘698 EX 1003 q[1] 55-61/°381 EX 1003 §| 36 . . } .

698 Pet. pp. 45-46 /’381 Pet. pp. 57 (examples of “a dispensing system with a piezoelement attached™). A POSITA

would have recognized that the piezoedelement refers to a piezo electric sensor.

3830. The piezomembrane 3830 may be implemented with

) . ) ) note that the terms are used interchangeably as seen 1 EX1004, [0303]
an electroceramic sensor and include a vibration actuator

and vibration transducer, described in more detail below. (“piezotransducer”), [0300] (“transducer”), [0295-96] (“piezomembrane”).
EX 1004,  [0295] EX 1004, 19 [0295]-[0296], [0300], [0304]-[0307]
698 EX 1003 ] 141 /°381 EX 1003 § 117 698 EX 1003 1| 141/°381 EX 1003 § 117
'698 Pet. pp. 36-37 /381 Pet. p. 29-30 698 Pet. pp. 36-37/°381 Pet. pp. 29-30
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Warren’s Sensor Detects a Change in Amplitude,
AA, Proportional to Contact Force

[0313] FIG. 22A illustrates an exemplary method for
controlling the position of one or more elements of a
dispensing system including at least one dispenser and at
least one substrate. The method begins at step 4102 at which
vibration of a particular amplitude 1s imparted to the dis-
penser and/or the substrate. At step 4104, a change in the
amplitude of vibration of the dispenser and/or the substrate
1s detected. This change in amplitude is proportional to the
force of contact between the dispenser and the substrate. At
4108 step 4106, a determination is made whether the contact force
L_vARY POSTION(S) |~ is that which is desired, based on the detected change in
amplitude. If the contact force is that which 1s desired, the
process may stop, or this step may be repeated to ensure the

FIG.22A EX 1004  [0313]

EX1004 '698 EX 1003 1 65, 85, 91/°381 EX 1003 1 87-90
'698 Pet. pp. 19-21, 28, 38/°381 Pet. pp. 8-9, 20-21
EX 1004 FIG. 22A

698 EX 1003 9 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 AA

86. In view of the proportionality. a POSITA would have understood or
found it obvious that the centact force can be calculated from the detected “change
in the amplitude.” EX1004, [0313]. I have provided additional details of Warren’s
sensing operations above and under Section VIL A, where I have cited. among others.
Warren’s disclosure at [0301-0307] as well as FIGS. 18 and 19. Warren’s vibration
sensor and transducer thus align with the specification of the *698 patent. which

describes its sensors broadly to sense anything, “so long as the contact

force(s)...may be calculated from the sensed physical characteristics.,” EX1001, (“touch detecting measunng force”) and Igasaki (EX1017) at FIG. 4. Calculating

8:49-61 contact force from a sensor intended to produce a signal proportional to contact force

698 EX 1003 §1 86 /°381 EX 1003 [ 90 was rudimentary engineering and commonplace long before 2012 and would have
'698 Pet. pp. 20-21/°381 Pet. pp. 20-21

led to many advantages in a control system designed to “maintain a desired contact

force” by virtue of directly operating in the force domain for sumplicity. EX1004,

[0286-287]. Among other reasons. a POSITA would have known that the

‘381 EX 1003 {1 95
‘381 Pet. pp. 22-24
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Patent Owner Recognizes that Warren’s Sensor
Detects AA

current contact force based on the sensor signal. Warren repeatedly refers to

detecting a change in amplitude of a vibration. not detecting or calculating a

current contact force. Warren states that a “change in the amplitude of vibration

(AA) of the dispenser. the substrate. or both the dispenser and the substrate upon

contact with each other. 1s detected by the system.” EX1004 at [0289]: see also id.

(“The position of one or more of the elements 1s varied. based on the detected AA.

to maintain a desired force of contact between the dispenser and the substrate.”™).

'698 POR at 26

from a change i amplitude. See EX2027, §9170-189. It simply states that in
general the “amplitude of the modulation in the signal is proportional to the force

applied between the dispenser and the substrate.” EX1004 at q[0315].
'698 POR at 27
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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 one or more sensors mechanically coupled to the extruder,
fabrication tool and one or more sensors mechanically coupled to wherein the one or more sensors are collectively operable to
the fabrication tool, the one or more sensors configured to detect sense a contact force between the extruder and a separate
a current contact force between the fabrication tool and a structure distinct from the fabrication tool; and

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  a controller configured to receive a signal from the one or more
three-dimensional printer in response to the current contact force  sensors on the extruder and to calculate the contact force
while depositing material during the build. 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 one or more sensors mechanically coupled to the extruder,
fabrication tool and one or more sensors mechanically coupled to  wherein the one or more sensors are collectively operable to
the fabrication tool, the one or more sensors configured to detect sense a contact force between the extruder and a separate
a current contact force between the fabrication tool and a structure distinct from the fabrication tool; and

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

three-dimensional printer in response to the current contact force  sensors on the extruder and to Galculaterthe contactioree
while depositing material during the build. between the extruder and the separate structure.
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Warren Seeks to Protect the Dispenser and Substrate
Using Knowledge of Contact Force

[0285] As dispensing systems are widely used to deposit
materials onto substrates, for proper deposition some knowl-
edge is required of the intensity of the contact force between
the dispenser tip and the surface where deposition is desired.
Improper prediction of the intensity of this force may result
in either destruction of the dispenser or the subsirate as the

EX 1004 9 [0285]

‘698 EX 1003 9 71
'698 Petition pp. 15, 33, 35, 38-39 capabilities. As Warren explains. “for proper deposition some knowledge is required

of the intensity of the contact force between the dispenser tip and surface where
deposition is desired.” EX 1004, [0286]. “Improper prediction of the intensity of this

force may result in either destruction of the dispenser or the substrate as the tip

crashes into the substrate material. or little to no control of the deposition geometry

‘698 EX 1003 9 71 (quoting EX 1004 ] [0285])
‘698 Pet. pp. 15-16
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Change in Amplitude, AA, Is Proportional to Contact Force

835, Warren further explains that “a change in the amplitude of vibration of

the dispenser and/or the substrate 15 detecred.” where “this change in amplitude 1s

proportional to the force of contact between the dispenser and the substrate ™ Id..

[0313] (discussing FIG. 22A (annotated below showing “detect change in amplitude

AA proportional to contact force™)).

698 EX 1003 § 85
698 Pet. p.

DESRED?

o Control applied in this manner also enables the dispenser to
[ v posmon(s) |~ seek and find contact with a surface, maintain contact of a
desirable intensity, accurate to a precision of micronewtons
of force, if not smaller units of force, and to break contact
FIG.22A on command and find it again. The system has been dem-

EX1004 | onstrated to be sufficiently sensitive to allow for the sensing
of the contact force as a dispenser contacts a substrate

EX 1004 FIG. 22A surface and even as the material protruding from a nozzle on

‘698 EX 1003 | 85 .
'698 Pet. pp. 19-21 a dispenser contacts the substrate surface.
EX 1004 | [0316]
FISH. DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 098 Reply p. 5 fr.com | 47
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Warren Uses the Detected Contact Force to Control the
Dispenser

88, Warren’s combined teachings provide defecting the current contact

(e.g.. “the force of contact between the dispenser and the substrate™) based on a

sensor signal (e.g.. “a change in the amplitude of vibration of the dispenser and/or

the substrate™) from the one or more sensors (e.g.. vibration sensor 3730 and

transducer 3740). See e.g.. EX1004, [0313] (“At step 4104, a_change in the As PO correctly points out. Warren teaches varying the position of one or
amplitude of vibration of the dispenser and/or the substrate is detected.” where more elements of the dispenser “to maintain a desired force of contact between the
“[t]his change in amplitude is proportional to the force of contact between the dispenser and the substrate.” POR_ 26 (citing Warren [0289]): see also Warren

dispenser and the substrate.”). [0302] (transducer 3740 senses and transfers the 9[0283] (introducing controlling position of the dispensing system using force

hanged vibration signal to ¢ lifier); supra Element [1.b].
changed vibration signal to an amplifier): supra Element [1.0] feedback™), [0313]-[0316]. FIG. 22A. claims 54-56. 61 65-67. and 72: Petition 21-
EX 1003 9 88
'698 Pet. pp. 21-22 22. Warren varies the position based on a comparison between a detected contact
698 Reply p. 4-6 force and a desired contact force. E.g.. EX1004 J[0313]. FIG. 22A (“whether the

contact force 1s that which 1s desired™); Petition, 22; EX1003 991.

'698 Reply p. 4-6
'698 Pet. pp. 21-22
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Warren Uses the Detected Contact Force to Control the
Dispenser

Warren consistently teaches comparing the detected contact force intensity to a
desired value when determining whether or not to reposition the dispenser or

substrate. Specifically. Warren teaches that if “the contact force is that which is

desired.” the process may stop: and if “it 1s determined that the contact force is

not as desired. the position(s) of the dispenser and/or the substrate are varied.”
Warren §[0313]. So. not only does Warren teach detecting the contact force (e.g..
to micronewton precision). Warren teaches controlling the position of the dispenser
by comparing the detected contact force to a desired intensity. Petition. 15, 19-27.

33: EX1003 9980-19: Warren §9[0301]-[0316]. [0322]. [0324]. FIG. 22A.

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

[0316] Control applied in this manner allows for dispens-
ing to be accomplished onto conformal surfaces as the force
feedback control continuously corrects the dispensing struc-
ture’s z-height position as the z height of the substrate

surface changes’ either by modlleng the dispenge r's posi_ Petition, 23 25-27_ 33; EX1003 T91. Warren has “demonstrated” that the system 1s
tion, the substrate’s position, or both. This enables the _ - _ _
writing of fine lines, ¢.g., 20 um wide, and writing on curved “sufficiently sensitive to allow for the sensing of the contact force as a dispenser

surfaces, e.g., placing electronic elements on a cylinder.
Control applied in this manner also enables the dispenser to
seck and find contact with a surface, maintain contact of a
desirable intensily, accurate to a precision of micronewtons
of force, if not smaller units of force, and to break contact from its vibrating sensor into a “quantitative contact force.” POR. 27.
on command and find it again. The system has been dem- )

onstrated to be sufficiently sensitive to allow for the sensing ,698 Reply pp. 4-5

of the contact force as a dispenser contacts a substrate 698 Pet. pp.
surface and even as the material protruding from a nozzle on
a dispenser contacts the substrate surface.

contacts a substrate surface.” Warren T[0316]. Contrary to PO’s arguments, these

passages expressly support the conclusion that Warren does mndeed convert AA

EX 1004 §[0316]
'698 Pet. 22-23, 31
698 EX 1003 9 90-91, 120
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Warren Calculates Force to Compare to a Desired
Intensity

[0289] According to exemplary embodiments, vibration of
particular amplitude (A) is imparted to one or more of the
clements of the dispensing system. The vibration may be
imparted to the dispenser, the substrate, or both the dispenser
and the substrate. A change in the amplitude of vibration
(AA) of the dispenser, the substrate, or both the dispenser
and the substrate upon contact with each other, is detected by
the system. This AA may be a change in amplitude of the

primary harmonic vibration of the dispenser or the substrate, The necessity of detecting contract force from the vibrating sensor output 1s
selected secondary harmonics of either, or combinations.

The position of one or more of the elements is varied, based built directly into Warren's operating principles. In order for Warren “to maintain a
on the detected AA, to maintain a desired force of contact

between the dispenser and the substrate. The positions of the desired force of contact between the dispenser and the substrate.” Warren must
dispenser, the substrate, or the dispenser and the substrate

may be controlled in this manner. compare the vibrating force sensor’s reading against the desired force. Warren

EX 1004 4] [0289]

[0289]. To do so. the system must either convert the desired force mto vibration

‘698 Reply pp. 4-5
'698 Pet. pp. 7-9

amplitude units or convert the sensor s amplitude output into units of force. And

'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

82, Warren's one or more sensors are configured to detect a current
contact force (e.g., the force of contact) between the fabrication teel (including,
e.g.. etther capillary vibro-sensor dispensing umit or the through-nozzle dispenser)
and a separate structure (e.g., substrate 3710). For example, Warren's system

mncludes “a vibration oscillator 3720 . . for imparting vibration to the dispenser 37007

and “[a] vibration sensor 3730 and a transducer 3740. . for sensing the A and f of 86. In view of the proportionality. a POSITA would have understood or

vibration of the dlSPEﬂSEI 37007 EXIGG‘L [ﬂjﬂﬂ] ﬁi‘.‘i‘.‘ﬂl’dﬂlg to Warren. K[t]]lf." found it obvious that the Cﬂ.i'.i'!ﬂ(.'.ffﬂ?‘f‘f‘ can be calculated from the detected “c]:lange

vibration imposed on the dispenser 3700 is changed. e g.. modulated, by the contact B B LD, | have provided additional details of Warren's

of the 3700 [sic] dispenser with the substrate 3710” such that “[tJhe transducer 3740 sensing operations above and under Section VILA, where Lhave cited, among others,

senses and transfers the changed vibration signal to an amplifier.”” EX1004, [0302]. Warren's disclosure at [0301-0307] as well as FIGS. 18 and 19. Warren's vibration

[0313] (“the contact force™ determined “based on the detected change 1n amplitude™). sensor and transducer thus align with the specification of the 698 patent. which

describes 1ts sensors broadly to semse anything, “so long as the contact

'698 EX 1003 ﬂ 82, 86 force(s).. .may be calculated from the sensed physical charactenistics,” EX1001,

‘698 Pet. pp. 17-21
8:49-61.
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Petitioner Pointed Out the Difference Between
Detecting and Calculating Contact Force

the "698 patent does not claim calculating a contact force—only “detecting the
current contact force.” EX1001. cl.1: compare 381 patent. cl.1 (“calculate the
contact force™). And as discussed in Section III, supra. Warren’s sensors provide

AA, from which contact force 1s detected.

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

86. In view of the proportionality. a POSITA would have understood or
found it obvious that the contact force can be calculated from the detected “change
in the amplitude.” EX1004. [0313]. T have provided additional details of Warren’s
sensing operations above and under Section VIL.A. where I have cited. among others.

Warren’s disclosure at [0301-0307] as well as FIGS. 18 and 19. Warren’s vibration

V. DETERMINING FORCE IS OBVIOUS

sensor and transducer thus align with the specification of the *698 patent. which

. . : . Beyond demonstrating that Warren detects contact force, the Petition further
describes its sensors broadly to sense anything. “so long as the contact

force(s)...may be calculated from the sensed physical characteristics.” EX1001. demonstrates that it was obvious that Warren determines a contact force from AA.

8:49-61. E.g.. Petition, 17-21: EX1004. [0313]. [0301]-[0307]: EX1003. 86 (explaining

'698 EX 1003 1 86 additional details of Warren's sensing operations). Consistent with the discussion
'698 Pet. pp. 20-21
of Warren m §IV, supra. a POSITA would have understood that to control to a

desired force intensity, one would need to know the difference between the desired
force and a detected force. E.g.. EX1004 f[0313]-[0316]; Petition. 19-21; EX1003

w1

'698 Reply pp. 6-9
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PO’s Evidence Proves Properties for Determining
Contact Force Were Obtainable

Even still, PO’s arguments support. rather than detract from. a conclusion

that determining the contact force is feasible. POR. 32 (citing EX2024, FIG. 4.1). T182. Moreover, PO’s arguments assume first principle calculations are the only
PO’s own evidence demonstrates that the properties that it says are relevant to manner of correlating Warren's stated proportionality to force values, wholly
calculating force, such as Young’s Modulus, were well-known for a wide variety 1gnoring that the correlation could be established by measurement and calibration.
of matenals. EX2024, 6-8 (showing Young's Modulus displayed i three different See, e.g., EX1042, 102:7-103-11 (testifying a force-frequency relationship 1s
styles of graphical representation to show how matenal properties can be obtainable experimentally). 100:13-104:14.

displayed); EX1042, 80:2-81:6 (can look up modulus for commonly printed '698 Re D Iy pp. 6-9

materials). A POSITA would simply look up those properties, which reinforces Dr. EX 1042 100:13-104:14

Wolfe's testimony that “[c]alculating contact force from . a signal proportional to

contact force was rudimentary engineering, commonplace and typical long before
20127 EX1003, 995; Petition. 23. Nothing in PO’s discussion of Young's Modulus

'698 Reply pp. 6-9
'698 Pet. p. 23
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Warren Supports the Necessity of Determining
Force

[0285] As dispensing sysiems are widely used 1o deposit

The necessity of detecting contract force from the vibrating sensor output is

materials onto substrates, for proper deposition some knowl- built directly into Warren's operating principles. In order for Warren “to maintain a
edge is required of the intensity of the contact force between _ _
the dlS]JE nser HP and the surface where dEIJDSi'[ ion is desired. desired force of contact between the dispenser and the substrate,” Warren must

Improper prediction of the intensity of this force may result
in either destruction of the dispenser or the substrate as the

EX 1004 1 [0285]
‘698 EX 1003 9§ 71 amplitude units or convert the sensor’s amplitude output into units of force. And
'698 Petition pp. 15, 33, 35, 38-39

1s detected. This change 1n amplitude is proportional to the _ B N |
force of contact between the dispcnser and the substrate. At desired value when deternuning whether or not to reposition the dispenser or

step 4106, a determination 1s made whether the contact force
1s that which is desired, based on the detected change in

compare the vibrating force sensor’s reading against the desired force. Warren

f[0289]. To do so. the system must etther convert the desired force into vibration

Warren consistently teaches comparing the detected contact force intensity to a

substrate. Specifically. Warren teaches that 1f “the contact force is that which is

al’]_’]plitude. If the contact force 1s that which 1s desired, the desired. ” the process may stop; and if “1t 1s determuned that the contact force is
process may stop, or this step may be repeated to ensure the _ L _ . o
contact force remains as desired. If at step 4106 it is not as desired. the position(s) of the dispenser and/or the substrate are varied.”

determined that the contact force 1s not as desired, the
position(s) of the dispenser and/or the substrate are varied at
step 4108, causing a change in the amplitude of vibration. '698 Reply pp. 5-6

EX 1004 9 [0313] 698 Pet. pp. 21-23, 28-29, 35

Warren f[0313]. So. not only does Warren teach detecting the contact force (e.g..

‘698 Reply pp. 5-6
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Warren Desires Accurately Determining Contact

Force Intensity

[0287] Therefore, a need exists for a system and method
for controlling the position of one or more elements of a
depositing system that accurately determines the intensity of
the contact force between a dispensing tip and a substrate
surface to maintain a desired contact force between the
dispenser and the substrate.

[0288] The present invention is directed to a system and
method for controlling the position of one or more elements
of a dispensing system to maintain a desired contact force
between the elements.

[0316] Control applied in this manner allows for dispens-
ing to be accomplished onto conformal surfaces as the force
feedback control continuously corrects the dispensing struc-
ture’s z-height position as the z height of the substrate
surface changes, either by modifying the dispenser’s posi-
tion, the substrate’s position, or both. This enables the
writing of fine lines, e.g., 20 um wide, and writing on curved
surfaces, e.g., placing electronic elements on a cylinder.
Control applied in this manner also enables the dispenser to
seek and find contact with a surface, maintain contact of a
desirable intensity, accurate to a precision of micronewtons
of force, if not smaller units of force, and to break contact
on command and find it again. The system has been dem-

The position of one or more of the elements is varied, based
on the detected AA, to maintain a desired force of contact
between the dispenser and the substrate. The positions of the
dispenser, the substrate, or the dispenser and the substrate
may be conirolled in this manner.

onstrated to be sufficiently sensitive to allow for the sensing
of the contact force as a dispenser contacts a subsirate
surface and even as the material protruding from a nozzle on
a dispenser contacts the substrate surface.

EX 1004 9 [0316]
EX 1004 9 [0287]-[0289] 381 EX 1003 94
381 EX 1003 1 94

‘381 Pet. pp. 7, 22-24; '381 Reply p. 4
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Warren Desires Accurately Determining Contact
Force Intensity to Maintain a Desired Contact Force

94. Warren also explains the significance “to determine the intensity of
contact force between elements™ in that a system that “accurately determines the
intensity of the contact force between a dispensing tip and a substrate surface™ can
be provided to further Warren’s objective. namely. “to maintain a desired confact
force between the dispenser and the substrate.” EX1004, [0286-287]. [0313-0316].

FIG. 22A.

‘381 EX 1003 4] 94
‘381 Pet. pp. 6-8
‘381 Reply pp. 4-5
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Warren Desires Accurately Determining Contact
Force Intensity

More specifically. Warren explains that its system addresses a need for “a
depositing system that accuratelv determines the intensitv of the contact force
between a dispensing tip and a substrate surface.” Waren f[0287]. Warren explains
that its system controls “the contact force between the dispensing structure and the
substrate surface,” to “maintain contact of a desirable intensity. accurate to a

precision of micronewtons of force. if not smaller units of force.” Warren

q[0316]: Petition. 23. 25-27. 33.1 Warren has “demonstrated” that the system is

‘381 Reply p. 4
‘381 Pet. p. 7
‘381 EX 1003 [V] 45, 94
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Warren Desired (and Demonstrated) Accurate
Determination of Contact Force Intensity

Control applied in this manner also enables the dispenser to
seck and find contact with a surface, maintain contact of a
desirable intensity, accurate to a precision of micronewtons
of force, if not smaller units of force, and to break contact
on command and find it again. The system has been dem-
onstrated to be sufficiently sensitive to allow for the sensing
of the contact force as a dispenser contacts a substrate
surface and even as the material protruding from a nozzle on
a dispenser contacts the substrate surface.

Warren has “demonstrated™ that the system 1s
5;8( 11/2@;1_ E é ng‘f£7 “sufficiently sensitive to allow for the sensing of the contact force as a dispenser
‘381 EX 1003 ] 105-107
‘381 Reply p. 4

contacts a substrate surface.” Warren {[0316]. Contrary to PO’s arguments. these
passages expressly support the conclusion that Warren does indeed convert the

change in amplitude in its vibrating sensor “into a calculated or quantitative

contact force.” POR. 27 (citing EX2027 q185).
‘381 Reply p. 4
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Warren Calculates Contact Force Based on
Proportionality to AA

05. Thus. in my opinion. a POSITA would have known. or found it obvious.
that Warren’s controller calculates the contact force based on the feedback signal
using proportionality and other commonly used sensor conditioning math functions.

The sensors discussed above are routinely used to measure force and the calculation

of force values from the sensor signals was routine at the time. Indeed. specific

381 EX 1003 1] 95
381 Pet. p. 23

[0286-287]. Among other reasons. a POSITA would have known that the
comparison between the sensor signal and a “desired contact force™ requires a

conversion of the values to the same domain. Moreover. it was obvious to a POSITA

381 EX 1003 1] 95
381 Pet. p. 23
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Warren Calculates Contact Force Based on
Proportionality to AA to Control the Dispenser

1s detected. This change in amplitude is proportional to the
force of contact between the dispenser and the substrate. At
step 4106, a determination is made whether the contact force
1s that which is desired, based on the detected change in
amplitude. If the contact force is that which is desired, the
process may stop, or this step may be repeated to ensure the
contact force remains as desired. If at step 4106 it is
determined that the contact force 1s not as desired, the
position(s) of the dispenser and/or the substrate are varied at
step 4108, causing a change in the amplitude of vibration.
This change in amplitude is detected again at step 4104.
Steps 4104, 4106 and 4108 are repeated as necessary to
obtain a desired contact force between the substrate and the
dispenser, €.g., fo maintain contact of a desired force
between the substrate and the dispenser, seek contact
between the substrate and the dispenser, or break contact and
seek contact again.

tion, the substrate’s position, or both. This enables the
writing of fine lines, e.g., 20 um wide, and writing on curved
surfaces, e.g., placing clectronic elements on a cylinder.
Control applied in this manner also enables the dispenser to
seck and find contact with a surface, mamntain contact of a
desirable intensity, accurate to a precision of micronewtons
of force, 1f not smaller units of force, and to break contact
on command and find 1t again. The system has been dem-
onstrated to be sufficiently sensitive to allow for the sensing
of the contact force as a dispenser contacts a substrate
surface and even as the material protruding from a nozzle on
a dispenser contacts the substrate surface.

EX 1004 | [0313]
‘381 Pet. pp. 7-9
‘381 EX 1003 [ 89-90, 94, 133
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EX 1004 ] [0316]
‘381 Pet. pp. 25-27
‘381 EX 1003 ||| 106
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Warren Supports the Necessity of Determining
Force

[0285] As dispensing sysiems are widely used 1o deposit

materials onto substrates, for proper deposition some knowl-

edge is required of the intensity of the contact force between _ _ L
: : . Y . The necessity of calculating contract force from the vibrating sensor output

the dispenser tip and the surface where deposition is desired.

Improper prediction of the intensity of this force may result

in either destruction of the dispenser or the substrate as the

EX 1004 9 [0285]

‘381 EX 1003 9§ 71 Warren must compare the vibrating force sensor’s reading against the desired
‘381 Petition pp. 13-14

1s detected. This change in amplitude is proportional to the
force of contact between the dispenser and the substrate. At
step 4106, a determination 1s made whether the contact force
is that which is desired, based on the detected change in force. And Warren consistently teaches comparing the detected contact force
amplitude. If the contact force 1s that which is desired, the
process may stop, or this step may be repeated to ensure the
contact force remains as desired. If at step 4106 it is
determined that the contact force 1s not as desired, the
position(s) of the dispenser and/or the substrate are varied at
step 4108, causing a change in the amplitude of vibration.

EX 1004 9 [0313]
‘381 Reply pp. 4-5

F | S H . ‘381 Pet. pp. 8-9, 19-23, 33-35 DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
‘381 EX 1003 ||| 93-95, 133

15 built directly into Warren’'s operating principles. In order for Warren “to

maintain a desired force of contact between the dispenser and the substrate,”

force. Warren J[0289]. To do so, the system must either convert the desired force

into vibration amphitude units or convert the sensor’s amplitude output into vmits of

intensity to a desired value when determuning whether or not to reposition the

‘381 Reply pp. 4-5
‘381 Pet. pp. 21-23, 33-35
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Warren Claims Obtaining a Desired Contact Force to
Micronewton Precision - Rebuttal

61. The system of claim 54, wherein the position con-
troller varies the position of the at least one dispenser, the at
least one substrate, or both the at least one dispenser and the
at least one substrate to obtain a desired force of contact

accurate to a precision of micronewtons of force.

EX 1004 Claim 61

72. The method of claim 65, wherein the step of varying
varies the position of the at least one dispenser, the at least
one substrate, or both the at least one dispenser and the at
least one substrate to obtain a desired force of contact

accurate to a precision of micronewtons of force.

EX 1004 Claim 72
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A POSITA Would Have Been Motivated to Calculate
Contact Force to Prevent Destruction of the

Dispenser

capabilities. As Warren explains, “for proper deposition some knowledge is required
of the intensity of the contact force between the dispenser tip and surface where
deposition is desired.” EX1004, [0286]. “Improper prediction of the intensity of this
force may result in either destruction of the dispenser or the substrate as the tip

crashes into the substrate material. or little to no control of the deposition geometry

381 EX 1003 §] 71 (quoting EX 1004 ] [0285])
381 Pet. pp. 13-14, 22-24

04, Warren also explains the significance “to determine the intensity of
contact force between elements” in that a system that “accurately determines the
intensity of the contact force between a dispensing tip and a substrate surface™ can
be provided to further Warren’s objective, namely, “to maintain a desired contact
force between the dispenser and the substrate.” EX1004, [0286-287]. [0313-0316].

FIG. 22A.

‘381 EX 1003 ] 94
‘381 Pet. p. 22-24
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A POSITA Would Have Been Motivated to Calculate
Contact Force to Prevent Destruction of the
Dispenser

the dispenser tip and the surface where deposition 1s desired.
Improper prediction of the intensity of this force may result
in either destruction of the dispenser or the substrate as the
tip crashes into the substrate material, or little to no control
of the deposition geometry due to a large spacing between
the tip and the substrate surface.

EX 1004 9 [0285]

‘381 Pet. pp. 22-24
‘381 EX 1003 1 95 Warren also explains it is significant “to determine the intensity of contact

force between elements™ to further Warren s objective “to maintain a desired contact
force between the dispenser and the substrate™ and prevent their “destruction.”™

EX1004, [0286-287]. [0313-0316], FIG. 22A A POSITA would have known, or

‘381 Pet. pp. 22-24
‘381 EX 1003 1 95
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Warren’s Sensor Detects a Change in Amplitude, AA,
Proportional to Contact Force

4108
| varY PosmoN(S) |~

G FIG.22A

‘381 EX 1003 | 89
‘381 Pet. pp. 20-22

FISH.

80.  Warren further explains that ““a change in the amplitude of vibration of
the dispenser and/or the substrate is detected.” where “this change in amplitude is
proportional to the force of contact between the dispenser and the substrate.” Id..

[0313] (discussing FIG. 22A (annotated below showing “detect change in amplitude

AA proportional to contact force™)).

‘381 EX 1003 | 89
‘381 Pet. pp. 19-22
‘381 Reply p. 3

90. In view of the proportionality. calculating contact force is simple,
predictable. math. In other words, a POSITA would have understood that the
contact force can be calculated from the detected “change in the amplitude.”

EX1004, [0313]. I have provided additional details of Warren's sensing operations

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

‘381 EX 1003 ] 90
‘381 Pet. pp. 20-21
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Obvious to Compare Values in Force Domain

[0286-287]. Among other reasons. a POSITA would have known that the
comparison between the sensor signal and a “desired contact force™ requires a

conversion of the values to the same domain. Moreover. 1t was obvious to a POSITA

1s detected. This change in amplitude 1s proportional to the
force of contact between the dispenser and the substrate. At
are advantages of the controller operating in a force, rather than sensor signal step 4106, a determination is made whether the contact force
1s that which is desired, based on the detected change in
amplitude. If the contact force is that which is desired, the
Warren's controller to a desired contact force setpoint because the setpoint used by process may stop, or this step may be repe ated to ensure the
contact force remains as desired. If at step 4106 it is
determined that the contact force 1s not as desired, the
position(s) of the dispenser and/or the substrate are varied at
step 4108, causing a change in the amplitude of vibration.

EX 1004 | [0313]
settings values could more readily be set. adjusted or displayed 1n meaningful (to a ‘381 EX 1003 ﬂ 95

‘381 Pet. pp. 20-21, 23
‘381 Reply p. 3-5, 11-12

to either compare the values in the force domain or 1n the sensor domain, and there

domain For example. calculating the contact force would facilitate programming

the controller and the desired contact force would be mn the same units (force). Or,

if the controller were configured to allow a user to change the setpoint. calculating

contact force would facilitate a user s interaction with the controller. The controller’s

user) force-based units rather than in values of the proportional signal from Warren's

vibrating force sensor.

‘381 EX 1003 [ 95
‘381 Pet. pp. 22-24

F I S H L] DEMONSTRATIVE EXHIBIT — NOT EVIDENCE fr.com | 70



Intensity Is Magnitude in Newtons

[0316] Control applied in this manner allows for dispens-
ing to be accomplished onto conformal surfaces as the force
feedback control continuously corrects the dispensing struc-
ture’s z-height position as the z height of the substrate
surface changes, either by modifying the dispenser’s posi-
tion, the substrate’s position, or both. This enables the
writing of fine lines, e.g., 20 #m wide, and writing on curved
surfaces, e.g., placing electronic eclements on a cylinder.
Control applied in this manner also enables the dispenser to
seck and find contact with a surface, mamntain contact of a
desirable intensity, accurate to a precision of micronewtons
of force, if not smaller units of force, and to break contact
on command and find 1t again. The system has been dem-
onstrated to be sufficiently sensitive to allow for the sensing
of the contact force as a dispenser contacts a substrate
surface and even as the material protruding from a nozzle on
a dispenser contacts the substrate surface.

Referring to FIG. 18 (above). a modeled structure (i.e.. an ebjecr) is being
built on substrate 3710. EX1003, Y106; E.g., EX1004, [0295] (“multilayered”
structure), [0324] ( “four different layers™), [0088], [0093], [0316]. [0427]. Warren
describes that the vibrating force sensing “enables the dispenser to seek and find
contact with a surface, maintain contact of a desirable intensity, accurate to a

precision of micronewtons of force.™ JId., [0316], [0375]. [0301-316]. A POSITA

FISH.

‘381 EX 1004 [ [0316]
‘381 Pet. pp. 21-24
‘381 Reply p. 6-7

‘381 EX 1003 || 106

EX 1004 | [0316]
‘381 EX 1003 1 95
‘381 Pet. pp. 20-27 /381 Reply p. 6-7

T1.  As a fourth reason, a POSITA would have recognized the benefits of
providing an instance of the through-nozzle dispenser with vibrating force sensor
capabilities. As Warren explains. ~for proper deposition some knowledge 15 required
of the intensity of the contact force between the dispenser tip and surface where

deposition 1s desired.” EX 1004, [0286]. “Improper prediction of the intensity of thus

‘381 EX 10039 71
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Warren’s Expresses a Desire for Accurately
Determining Intensity of Contact Force

Warren provides express motivation for detecting the contact force. Warren

begins by stating plainly that “for proper deposition some knowledge is required
of the intensity of the contact force between the dispenser tip and the surface

where deposition 1s desired.” EX1004 §[0285]: Petition 15; EX1003 971. Warren

‘381 Reply pp. 6-7

EX 1004 9 [0285] : : . .
’381 Pet. pp. 13-14 And as discussed above. Warren compares a detected contact force intensity with a
desired value for determining whether to reposition the dispenser/substrate. the
force intensity being a magnitude component of the force vector quantity measured
in Newtons. E.g.. EX1004 §9[0313]-[0316] (micronewton precision).
‘381 Reply pp. 6-7
EX 1004 |1 [0313]-[0316]
‘381 Pet. pp. 26-27
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Contact Force Was Readily Calculable from AA

of force values from the sensor signals was routine at the time. Indeed. specific
conversion operations to calculate the contact force were well-known. See e.g..
Matsumiya (EX1012) at [0120-121] ("scanning measuring force™) and [0128-129]
(“touch detecting measuring force™) and Igasak: (EX1017) at FIG. 4. Calculating
contact force from a sensor intended to produce a signal proportional to contact force
was mudimentary engineering and commonplace long before 2012 and would have

led to many advantages 1n a control system designed to “maimntamn a desired contact

‘381 EX 1003 || 95
‘381 Pet. pp. 22-24
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Obviousness of Calculating Force Is Corroborated

The sensors discussed above are routinely used to measure force and the calculation
of force values from the sensor signals was routine at the time. Indeed, specific
conversion operations to calculate the contact force were well-known. See e.g..
_ at [0120-121] (“scanning measuring force™) and [0128-129]
(“touch detecting measuring force”) and Igasaki (EX1017) at FIG. 4. Calculating

contact force from a sensor intended to produce a signal proportional to contact force

was rudimentary engineering and commonplace long before 2012 and would have

‘381 EX 1003 1 95
‘381 Pet. pp. 22-24

FISH.

Also contrary to PO’s arguments, the evidence shows that calculating
contact force from AA was common at that time. For example, Igasaki describes a

vibrating force sensor that determines the contact force. E.g.. EX1017 99[0006]-

[0007] (*“135 [uN] 1s obtained as measurement force F”). _

-EX1012 [0034]. [0078]: Petition, 23.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

‘381 Reply p. 9
EX 1012 9] [0034], [0078]
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Contact Force Was Readily Calculable from AA

FISH.

95.  Thus. in my opinion. a POSITA would have known. or found it obvious.

that Warren's controller calculates the contact force based on the feedback signal
using proportionality and other commonly used sensor conditioning math functions.
The sensors discussed above are routinely used to measure force and the calculation
of force values from the sensor signals was routine at the time. Indeed. specific
conversion operafions to calculate the contact force were well-known. See e.g..
Matsumiva (EX1012) at [0120-121] (“scanning measuring force™) and [0128-129]

(“touch detecting measuring force™) and Igasaki (EX1017) at FIG. 4. Calculating

‘381 EX 1003 [ 95
‘381 Pet. pp. 22-24

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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PO Failed to Prove Non-enablement

PO’s extended discussion of Young’s Modulus and frequency selection to
suggest that 1t 1s infeasible to calculate force from Warren’s vibrating force sensor
1s a red herring, particularly given Warren’s express teaching that the contact force
1s “‘proportional” to AA and the necessity to compare the “desired force™ to the
force measured by the vibrating force sensor. “Prior art disclosures are presumed
enabling.” Agilent, 139 F.4th at 1327; Apple, 861 F. App’x at 449-50; Amgen, 314
F.3d at 1355. The patentee’s burden requires evidence that “undue
experimentation,” In re Wands, 858 F.2d at 737, was necessary to practice even ““a
single embodiment,” In re Morsa, 803 F.3d 1377, Raytheon, 993 F.3d at 1380.

Patent Owner fails to surmount this high hurdle.

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

Even still. PO’s infeasibility arguments support. rather than detract from.
feasibility. POR. 32 (citing EX2024. FIG. 4.1). PO’s own evidence demonstrates
that the properties that it says are relevant to calculating force. such as Young’s
Modulus. were well-known for a wide variety of materials. EX2024. 6-8 (showing
Young’'s Modulus displayed in three different styles of graphical representation to
show how material properties can be displayed); EX1042. 80:2-81:6 (can look up

modulus for commonly printed materials). A POSITA would simply look up those

properties, which reinforces Dr. Wolfe's testimony that “[c]alculating contact force
from...a signal proportional to contact force was rudimentary engineering.

commonplace and typical long before 2012.” EX1003, 995: Petition, 23. Warren

‘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

Warren so teaches. EX2027 90185 Moreover, PO’'s arguments assume calculating
force from first principle calculations. wholly 1gnoring that the proportionality
could be established by measurement and calibration. See, e.g.. EX1042_ 102:7-
103-11 (testifying a force-frequency relationship 1s obtamable experimentally);

100:13-104:14.

‘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

FISH.

10
11
12
13
14

15

And that amount of force is then related because the gap
is related to the frequency, so you can have a direct

relationship between frequency and load.

Q. Okay. How do you -- how do you determine that
relationship?
A. Experimentally.

Q. Okay. So would that be like applying a known
force and monitoring the displacement or the re -- the
frequency change?

A. Correct.

Q. Okay. And then based on that, you would know
how that particular system reacts; is that right?

A. Yes, you would know what force is being

applied to on the nozzle.

EX 1042 102:7-103:11

‘381 Reply p. 9
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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PO’s Expert Testified that Modulus Is Not Required to
Determine Force

FISH.

10

11

So you push on the nozzle. You have a force
that you know that changes the gap, and so you can
relate the force to the change in gap. Or the change in
gap changes the frequency. So you apply a force, and
you see what the frequency is. You apply another force;
you see what the frequency is.

And you have now a direct relationship between
frequency and force without having to compute any moduli

or anything for the system.

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

7 Q. So we talked about the modulus for solids.

8 Is that referred to as Young's| modulus?

9 A. For some of them, yes. So Young's modulus or
10 elastic modulus is for elastic materials; and, yeah, you
11 can -- there is a modulus or an elastic modulus.

12 Young's modulus is equivalent to that, yes.
13 Q. Okay. And, again, that's something that would
14 have been taught in that kind of more junior level
15 mechanical engineering class?
16 A. Probably sophomore.
EX 1042 70:13-16

13 Q. So the standard -- maybe more standard
14 polymers kind of have that information more readily
15 accessible; is that right?

16 A. More standard polymers have it more
17 accessible. Yeah. Exactly.

FISH.

EX 1042 77:13-17

14 Q. Okay. So the modulus for some materials are
15 maybe static, but they would vary from material to
16 material; is that right?
17 A. Yes. For elastic materials, correct.
18 Q. And that's something that a practitioner could
19 look up and find what that modulus is for the specific
20 material?
21 A. Yeah, if you have steel or if you have
22 aluminum or those known materials, yeah, they could read
23 it off a handbook or some other system. If you have a
24 new alloy or something you develop, then you need to
25 measure the standard form of measurement.
EX 1042 75:14-25
6 Q. Okay. So the modulus is calculated from
7 empirical tests; is that right?
8 A. Not from tests. From stress/strain tests. I
9 mean, they are all -- they are not really empirical.
10 There is science behind it, so it's not really
11 empirical, so...
12 (@ Okay. But it's from, I guess, physical
13 testing, right?
14 A. Yes.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX 1042 78:6-14

frcom | 81



Obviousness of Calculating Force Is Corroborated
by Warren

61. The system of claim 54, wherein the position con-
troller varies the position of the at least one dispenser, the at
least one substrate, or both the at least one dispenser and the
at least one substrate to obtain a desired force of contact

accurate to a precision of micronewtons of force.
EX 1004 Claim 61

72. The method of claim 65, wherein the step of varying
varies the position of the at least one dispenser, the at least
one substrate, or both the at least one dispenser and the at
least one substrate to obtain a desired force of contact
accurate to a precision of micronewtons of force.

EX 1004 Claim 72
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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.
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Warren’s Capillary Vibro-sensor and Through-Nozzle
Dispenser Are Extruders

3810
/4
sonn_| ok
o [T
- tip
FIG.19
EX1004
‘698 EX 1003 | 48

‘698 Pet. pp. 10-11

 , 95,  The capillary vibro-sensor dispensing unit 1s an exfruder because it

“forces. e.g.. flmd or paste. 1 a reservoir 3850 through the tip 3840 of a syringe
using air pressure applied from a source 3810.7 EX1004, [0295], [0299]. FIGS 18-
20A. 20B.

96. The through-nozzle dispenser 15 likewise an extruder because it

features a “positive-displacement/suck-back pump system.” where “the pump 148

EX1004

FIG.11A

FIG.11B

powers a suuple process of applying positive pressure to a matenal in a reservoir
149, and the flow of matenial 1s controlled by adjusting the open position P1 and
closed position P2 of the valve 1307 EX1004, [0232]; see alse generally [0230-
0252], FIGS. 11A-12B. The “valve 130 includes a linear-actuated piston 140. . the

o '698 EX 1003 1111 95-96
FIG.11C  FIG.11D '698 Pet. pp. 23-25

FISH. 698 EX 1003 49

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

First, Warren already discloses his solution for avoiding damage to the
extruder tip by using vibration sensing. See, e.g. EX1004, [0293-95] (following

curved 1rregular or curved surfaces by varying the position of the dispenser and

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

D.  Ground 1A Does Not Render Claims 2-6, 8-15 Unpatentable

Because claims 2-6 and 8-15 depend from claim 1. for at least the reasons

provided above for claim 1. Ground 1A does not render claims 2-6 and 8-15

obvious. See EX2027, 9192.

‘698 EX 1003 9 124
'698 Pet. pp. 31-32
'698 Reply pp. 11-12
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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. V

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

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.” [d.. [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 _ X _
12A-12B. In the context of Warren’s “force feedback control” that “enables the

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,”

'698 EX 1003 ﬂ 120 and identify “trouble spots™ having “too much material.” a POSITA would have
698 Pet. p. 31 | o |

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 Dby the extruder) so that Warren’s dispenser

“maintains contact of a desirable mtensity.” Id. [0316]. [0234] (“flow characteristic

upon leaving the tip orifice 110): supra claim 3.

‘698 EX 1003 {1 120

F I S H ‘698 Pet. p. 31
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Warren Teaches a Linear Actuator to Control Feed

Rate

FISH.

[0243] In this embodiment, the linear actuator 144 con-
trols the material dispensing rate and improves start and stop
characteristics by controlling the position of the valve piston
140 and speed of displacement. During the initial valve
opening, the motion of the piston 140 transfers a momentum
to the material and causes the material to flow at a specific
flow rate. This transfer of momentum primes the material in
the tip chamber 102, so that the material flowing through the
valve 130 will have the same flow velocity, thereby leading
to a smooth dispensing start. In conditions where the dis-
placement is too fast, the material may be ¢jected without
any control, which may lead to poor start characteristics
(¢.g., splashing, puddle formation, and voids). In conditions
where the displacement is too slow, the material may be
dispensed with some conirol, but may not have a steady-
state flow characterisiic upon leaving the tip onfice 110,
which can lead to inconsistent volumes and Inaccurate
starting times. Through precise rate confrol of the piston
opening, the initiation of material flow followed by wvalve
opening can be smooth, seamless, and very reproducible.

EX 1004 9 [0243]
698 EX 1003 § 120
698 Pet. p. 31

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

fr.com | 91



Claim 9 Does Not Link Feed Rate to Contact Force

FISH.

EX1001, cl.1. Claim 9 merely recites that the control signal “mncludes™ a signal to
change the feed rate, without linking this signal back to the contact force. That 1s.
the control signal of claim 1 can mclude other signals that are not 1n response to
the contact force—in this case the feed rate. Generally., Warren s control signal
controls both the feed rate and the xvz motion of the dispenser based on contact
force. as discussed in the Petition. F.g . Petition. 25-26, 31; EX1004 TY[0243].

[0239]. [0234], [0255]: EX1003 99119-121.

'698 Reply pp. 9-10

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Warren’s Claims Prove Obviousnhess of a Sensor
with the Through-Nozzle Extruder

54. A system for cuntrdlling the position of at least one
element of a dispensing system including at least one

dispenser and at least one substrale, the system comprising; 59, The svystem of claim 54, whercin the at least one
a vibration imparting device for imparting vibration of a diEmPE[]SE[‘ includes at least one of a lhI'U'ngh-l'.lU'.{E.lﬂ, a needle
particular amplitude to the at least one dispenser, the at valve. a capillary pen. or a auill pen.
least one substrate, or both the at least one dispenser i p ¥y pen, q p

and the at least one substrate:

a detector for detecting a change in the amplitude of - - -
vibration of the at least one dispenser, the at least one 70. The method of claim 65, wherein the at least one

substrate, or both the at least one dispenser and the at dispenser includes at least one of a through-nozzle, a needle
least one substrate upon contact with each other; and . .
valve, a capillary pen, or a quill pen.

a position controller for varying the position of the at least EX 1004 Claims 59 and 70
one dispenser, the at least one substrate, or both the at '698 Reply p. 2
least one dispenser and the at least one subsirate based '
on the detected change in amplitude of vibration to
obtain a desired force of contact between the at least
one dispenser and the at least one substrate.

EX 1004 Claim 54
‘698 Reply p. 2
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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

FISH.

124. As Warren explains, control based on continunously 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

at e.g.. [0301-0304] and FIG. 22A.

‘698 EX 1003 | 124
'698 Petition pp. 31-32
'698 Reply pp. 11-12
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Obvious From Warren to Detect Planarity

FISH.

Detecting Planaritv Before Printing
126. A POSITA would have found it obvious to apply Warren's force
sensing to determune 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, obtaming “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].

‘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

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.

EX 1001, claim 10

Note that the claims do not require a determination of a level or measurement of

planarity. The claims only require that planarity be detected. Warren satisfies claim

'698 Reply p. 11

FISH.
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Patent Owner Did Not Advance a Construction of
Claim 10

IV. CrLAIM CONSTRUCTION

For the purposes of this Response. Patent Owner submits that the Board

does not need to construe any claim terms in any particular way to conclude that

the challenged claims are not unpatentable. See Wellman, Inc. v. Eastman Chem.

POR pp. 8-9

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.

EX 1001, claim 10

Supra Section VIL.LE. Warren also does not teach making a number of contact force

measurements that collectively form the basis for detecting planarity. Rather,

POR p. 91
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Rebuttal — Warren Claims Mapping the Surface

Second. Warren does not teach detecting planarity before printing. Petitioner
and its expert resort to hindsight bias to assert it would be obvious to apply
“Warren'’s force sensing to determine surface planarity as part of a calibration
procedure.” See Pet. at 33 (EX1003, 99126-27). Warren does not teach any

calibration procedure involving his vibration sensing solution. See generally

63. The system of claim 54, wherein the system controls
the position of at least one element of the dispensing system
for mapping the surface of the at least one substrate, prior to
dispensing.

'698 POR p. 39

74. The method of claim 65, wherein one or more of the
steps are performed for mapping the surface of the substrate,
prior to dispensing.

detecting planarity. EX2027. §216. That is, what Warren detects is for a given point

and not across a surface for a plane. See POR. 39.

‘698 Sur-reply p. 11

EX 1004 claims 63, 74
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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.
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Overview of Eshed — 698 EX 1008

US 20070179656A |
as United States

a2 Patent Application Publication (o) Pub. No.: US 2007/0179656 A1

Eshed et al. (43) Pub. Date: Aug. 2,2007
(54) RAPID PROTOTYPING APPARATUS Related U.S. Application Data
(76) lnventors: David Eshed. Kfar-Ssha (I1.); Moshe (60)  Provisional applicaton No. 60/466,731, filed on May
v (IL)Y 1, 2003

Publication Classification

(51) Int. C1.
GO6F 190
(52) US.QL e i e

Cormespondence Address: B7

WOLE, BLOCK, SCHORR & SOLIS-COHEN Apparatus for produci
e thi

250 PARK AVENUE

NEW YORK, NY 10177 (US}

21) Appl. No.: 10/555,087

(22) PCT Filest: Muy 2, 2004

(86) PCT No, PCT/ILO4M0368

FIELD OF THE INVENTION

[0002] The present invention relates to apparatus, herein-
after “rapid production apparatus”, for producing a 3-dimen-
sional object by sequentially forming thin layers of matenial

one on top of the other. responsive to data defining the
object.

EX 1008 [ [0002]

[0180] Optionally, in accordance with an embodiment of
the invention, an RPA comprises a collision detection system
for detecting if and when the RPA’s shuttle collides with an
obstacle. Upon occurrence of a collision, controller 26
optionally stops production of an object and generates an
alarm to alert a user that a collision has occurred and that his
or her intervention is require.

FISH.

EX 1008, Face

EX 1008 9§ [0180]
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Obvious to Combine Warren and Eshed

146, In my opinion, a POSITA would hav

operation of the three-dimensional printer by comparing the current contact force

and the expected contact force. as taught in Warren,

e been motivated to safeguard

and stopping production when

FISH.

698 EX 1003 9] 146-147
698 Pet. pp. 38-40

147. Fist. 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.” (EX 1004, [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.
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Patent Owner Does Not Address Collisions

First. Warren already discloses his solution for avoiding damage to the
extruder tip by using vibration sensing. See, e.g. EX1004. [0293-95] (following
curved wrregular or curved surfaces by varying the position of the dispenser and

using vibration sensing). As such. a POSITA would not have desired to prevent

698 POR p. 44

incorporation. POR. 44-45; Petition. 38-40. Notably. the Response asserted that

Warren already avoids damage and thus “a POSITA would not have desired to

prevent further damage™ by looking to Eshed. POR. 44: EX2027: 99230-231.

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

to adapt his vibration sensing teachings to Eshed’s accelerometer or audio

detection systems. EX2027, 9233. Nor would a POSITA have understood such a

collisions. See, e.g., EX1008, q9[0181-182]. There 1s no teaching in Warren of how

698 POR p. 45

VII. GROUND 1B RENDERS 3, 7, AND 9 UNPATENTAELE

The Petition 1s not advancing bodily incorporation of Eshed’'s system nto
Warren's. Instead, Eshed’s teachings about stopping production when a fabrication
error, such as a collision. 1s detected enhance the combination. Petition. 37-42;
EX1008 f[0171]: EX1003 T144-157. Dr. Wolfe explamed that a POSITA would
have considered destruction of the dispenser or substrate to constitute a fabrication
error such that production should be termunated. EX1003 §9144-145. Thus. a
POSITA would have found it obvious to detect a fabrication error and terminate
the build based on collisions determined from the contact force comparison

technique taught by Warren. EX1003 7144-145.
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Warren-Eshed Renders Claim 9 Obvious

FISH.

156. Each and every element of claims 1. and 2 1s 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.

‘698 EX 1003 | 156
'698 Pet. pp. 37-38
'698 Reply p. 12

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

frcom | 107



Patent Owner Does Not Dispute Eshed’s Teachings

For claims 3 and 9. Petitioner asserts creating a control signal to stop
production based on the measured contact force indicating a fabrication error. See
Pet. 40-41, 41-42. However, as discussed above for claim 5. Warren does not teach
measuring a contact force. Supra Section VIF (claims 5 and 6 for Ground 1A
(Warren)): see also EX1004, 99[0289]. [0313]. [0305]. [0316]: EX2027, 19240.

206-211 (explaining that Warren teaches looking for a change in amplitude that

indicates the desired contact force). Thus. stopping production cannot be based on
incorporation. POR. 44-45; Petition. 38-40. Notably, the Response asserted that

the measured contact force as Petitioner asserts for claims 3 and 9.

Warren already avoids damage and thus “a POSITA would not have desired to
698 POR p. 46 _
prevent further damage™ by looking to Eshed. POR. 44: EX2027: 99230-231.

Petitioner merely repeats Dr. Wolfe's conclusory assertions without addressing this

deficiency in the combination.

'698 Sur-reply p. 12
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’381 Patent Claim 11

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

126. Warren makes clear that 1ts feedback signal is used by “a z-controller

processor 3730 to control the z positioning of the dispenser 3700 via a z-controller

“feedback signal”
(0302-03]
TRANSDUCER

step motor 37607 (1.e__ the one or more actuators) so as “'to mamtain a desire force

contact [1.e., a specified contact force] between the dispenser 3700 [where the one

or more sensors are located] and the substrate 3710 [included by rhe separate

structure] ). Id., [0302].

381 EX 1003 [ 123-127
EX1004 381 Pet. pp. 22-23, 30-33

‘381 EX 1003 9] 126
‘381 Pet. p. 31
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Warren Repeatedly Calls for Maintaining a Desired
Contact Force

126. Warren makes clear that 1ts feedback signal is used by “a z-controller

processor 3730 to control the z positioning of the dispenser 3700 via a z-controller

“feedback signal” . o :
(0302-03] . step motor 37607 (1.e_. the one or more actuators) so as ~to mamtain a desire force

TRANSDUCER

contact [1e., a specified contact force] between the dispenser 3700 [where the one

or more sensors are located] and the substrate 3710 [included by rhe separate

structure] ). Id., [0302].

‘381 EX 1003 ||| 123-127
EX1004 ‘381 Pet. pp. 31-33

‘381 EX 1003 9] 126
‘381 Pet. p. 31
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Warren Repeatedly Calls for Determining Contact
Force and Maintaining a Desired Contact Force

Warren also explains it is significant ““to_determine the intensity of contact

__force between elements™ to further Warren’s objective “to maintain a desired contact
force between the dispenser and the substrate™ and prevent their “destruction.”
EX1004, [0286-287], [0313-0316]. FIG. 22A. A POSITA would have known, or
found it obvious, that Warren's controller calculates the contact force based on the

feedback signal using the proportionality. EX1003. 994 (noting the well-known

force). Warren teaches that “a determination 1s made whether the contact force 1s

conversion): E.g.. EX1012, [0120-121] (*scanning measuring force™), [0128-129]

that which 1s desired.” Warren §[0313]. If so. the process may stop: if the contact

(“touch detecting measuring force™). and EX1017. FIG. 4. Calculating contact force

’381 Pet. p. 23 force 1s not as desired. “the position(s) of the dispenser and/or substrate are

‘381 EX 1003 1] 94 e S
varied.” Warren J[0313]; EX1003 99122-128. Thus, in Warren. the control of the

dispenser/substrate achieves a specified (“desired™) contact force. EX1003 9122-

128.

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

Force

1s detected. This change in amplitude is proportional to the
force of contact between the dispenser and the substrate. At
step 4106, a determination is made whether the contact force
1s that which is desired, based on the detected change in
amplitude. If the contact force is that which is desired, the
process may stop, or this step may be repeated to ensure the
contact force remains as desired. If at step 4106 it is
determined that the contact force 1s not as desired, the
position(s) of the dispenser and/or the substrate are varied at
step 4108, causing a change in the amplitude of vibration.

EX 1004 1 [0313]

‘381 Pet. pp.

‘381 Reply p. 11-12

‘381 EX 1003 ||| 131-132

C. Ground 1A Renders Claim 11 Unpatentable

Warren compares the calculated contact force intensity to a desired value
when determining whether or not to reposition the dispenser or substrate. £.g..
Warren TY[0313]-[0316] (discussing companing calculated force with a desired
force). Warren teaches that “a determination is made whether the contact force 1s
that which 1s desired.” Warren 9[0313]. If so. the process may stop: 1f the contact
force 1s not as desired, “the position(s) of the dispenser and/or substrate are
varied.” Warren [0313]; EX1003 ¥9122-128. Thus, in Warren, the control of the

dispenser/substrate achieves a specified ( desired”) contact force. EX1003 qf122-

128.

‘381 Reply pp. 11-12
381 EX 1003 || 131-132

FISH.
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Rebuttal — Warren Controls the Dispenser to Obtain a
Desired Contact Force in MicroNewtons

61. The system of claim 54, wherein the position con-
troller varies the position of the at least one dispenser, the at
least one substrate, or both the at least one dispenser and the
at least one substrate to obtain a desired force of contact
accurate to a precision of micronewtons of force.

72. The method of claim 65, wherein the step of varyving
varies the position of the at least one dispenser, the at least

one substrate, or both the at least one dispenser and the at
least one substrate to obtain a desired force of contact
accurate to a precision of micronewtons of force.

EX 1004 Claims 61, 72
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Calderon + RepRap Grotu
'698 Grounds 2A & 2B .
381 Grounds 2A & 2B

FISH.
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Calderon + RepRap Application to the '698 Claims

caimt _____________________________________Slide

[1pre]
[1a]
[1b]

[1c]

[1d]

FISH.

A method comprising: Undisputed
identifying build instructions for fabricating an object;

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;

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.
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Calderon + RepRap Application to the '381 Claims

caimt _____________________________________Slide

[1pre] 1. Athree-dimensional printer comprising: Undisputed

[1a] a fabrication tool including an extruder configured to extrude build material to  Undisputed
fabricate an object during a build process;

[1D] 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

OO 0 An autoinitialization apparatus and method is now
a2) y::lited ‘Stlates Patent to Patent No.:  US 6,629,011 B1 dE-SCfﬂ:lE-d WhiCh has app]_icatiﬂ.n fDI' ﬁnding the i_nj_tia]_ ver-
“alderon et al. 45) Date of Patent: Sep. 30, 2003

tical position (“z-start” position) of a modeling platform in
a three-dimensional modeling system, such as the type
described above and shown in FIG. 1. It should be
understood, however, that the teaching of this invention is
not limited for use only with an extrusion-based lavered
manufacturing system of the type shown. That is, the inven-
tion has use also in other three-dimensional modeling sys-
tems which build up an object on a substraie removably
mounted to a modeling platform.

27 Claims, 5 Drawing Sheets EX 1009 4..66_5..9
'698 EX 1003 1|1 56-60/°381 EX 1003 ||| 54-61
‘698 Pet. pp. 42-46/°381 Pet. pp. 42-46

(54) AUTOINITIALIZATION IN A THREE-
DIMENSIONAL MODELING MACHINE

(75) Inveniors: Joseph L. Calderon, Carlsbad, CA

(73)  Assignee:

(*) Notice:

(21)  Appl. No.: 09/618,169
(22) Filed: Jul. 17, 2000

(51) Int CL7 . GOGF 19700
(52) US. CL oo TO0/119; 264/401; 425/375

(58)  Field of Search ... 7
700/64, 114, 117-119, 123, 124, 163,
186, 190, 192195, 302, 08; 702/33, 105,
168; 4257135, 375; 264/497, 308, 401
(56) References Cited
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Sensing techniques that do not necessarily involve the use
of a plunging means can also be used in practice of the
method of the present invention. Any manner of sensing a
surface at selected coordinates to detect the corresponding
z-axis coordinate may be used in practice of the invention.

EX 1009 6:62-66
'698 EX 1003 9] 56-60/'381 EX 1003 ||| 54-61
‘698 Pet. pp. 42-46/°381 Pet. pp. 42-46
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RepRap20208 — EX 1010

Genetic Algorithms

hitps:

Welcome! . logln &, Create A New Profile

®IRC || éMagazine
—

Home > General > Topic

Genetic Algorithms

Posted by vbaraphix

Advanced

L. Forum List = Message List

4 ybgraphix

¢ New Topic

Registered: 15 years ago
Posts: 8

Genetic Algorithms
January 11, 2009 04:35AM
I'm wondering what applications Genetic Algorithms could have in improving RepRap.

It shouldn't be too hard to use software-based optimizers that can improve our circuits, designs,
etc.

Thoughts?
4 Reply 54 Quote
& nophead Admin
Re: Genetic Algorithms

Registered: 17 years ago
January 11, 2009 05:38AM

Posts: 7,881

| doubt software could improve the design any better than 1000's of people making Repraps and
tweaking the design as they go. That is really gathering momentum this year. It is like genetic

evolution in so much as the best design aspects survive and the things that don't work get dropped
but the mutations are not randam, they are hapefully intelligent design.

[www .hydraraptor.blogspot.com]

"¢ Reply “dQuote

& Forrest Higgs Admin
Re: Genetic Algorithms

January 11, 2009 08:45AM

I've written genetic algorithms in my day job in years past. The question isn't one of whether they
could improve outcomes. They definitely could. The question is more one of who wants to invest

the man-hours to apply the method to these particular applications. It's not something | have time
for.

Registered: 17 years ago
Posts: 1,915

php?1.2020:

1[12/31/2024 1:28:00 PM]

Shenzhen Tuozhu 1010

& Wade

Registered: 16 years ago

Re: Genetic Algorithms Posts: 536
January 14, 2009 04:10PM

Hm, | don't look forward to trying to code uq a vision system from scratch.. .

but, an accelerometer on the write head might be useful. Keep an eye on the RMS power of the

vibration the head experiences; that might be able to detect the next time | have an all-night long
series of head collisions due to a bad programming job.

A sfrain gauge on the extruder mount would do that as well, and it could do a few other things as

well, like finding the bed height automatically. Could take some time though.
Wade

CdReply CdQuote

FISH.

EX 1010, p. 1

EX 1010, p. 13

698 EX 1003 11 52/°381 EX 1003 | 63
'698 Pet. pp. 46-47/°381 Pet. pp. 46-48
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RepRap Had 1,000 Monthly POSITA Users
Thread Was Found by POSITA

Contributions from 9 different participants, many not involved in initial Genetic Algorithms discussion
DECLARATION OF ADRIAN BOWYER RepRap

aflal
o the trread (O‘I a‘yn
" that can be the most variable
- - A . — ; - ; e
4' Pel sons H]felESTed m JD pI llltlllg a[ld lap]d plotorypmg. bOﬂl 1.)1 DfESSlOIlﬂ]S Hlld TYD\C‘"\‘I‘ b%“;:;\\er secil The other idea that | had was measuring contact force far a stencil cutting blade or drawing pen to
surface (ﬁ\;ad_c o structy get more uses out of the bot.
. N N . . . 4. tension. . Hmes S
hobbyists, would have been aware of RepRap.org. RepRap.org hosts public forums in which — torsion (OF :9fg‘;;gmen\ As a stencil cutter it could cut logos, labels, paper or PCB exposure or silk screen masks; other
e haz‘{ C'“(g; —keteh /dirn capabilitys to show off why we are into this 3D stuff.
; : : . . e 7| | pRotos S ad-cel s
community members can discuss topics relevant to the RepRap Project. and the 3D printing and e serve 35210 Since it s variable resistance it could interfac to one of the analog ports for the Sanguino in place
" A\ we'd k" three of the second extruder which no one has really done yet
Ge\'\e’c\c ‘ k‘t‘r‘i:’;er (\D— Howev;"
a1 T 1 1 - 7] 151 1 T 7 c fporal ext ds 6 — 8P Though if you still wanted to have a second extruder you could do away with the separate Z-
rapid prototyping community. or anyone who visited the site, would have also known of the posied 0y u;u:\g‘ga\ 1 extrudi enable (tie It o X & Y enable for a generic stepper motorimavement enabie) and then devote that
Al T il
B t of the pin to Z contact pressure
L . . .. . s s And what Pa
forums. From the origination of the project onward, the RepRap Project and the site, including s ol You know that
5% Lavy Pleffer,
. . . . . . . en \ 2008 Edited 3 time(s). Last edit at 01/15/2009 11:48PM by freds.
the forums, were often discussed in various print and web media and on social media. I, and the Sanvary V- iy blog 8bout bu\l\dl S
K ~ _carpefus.
der| | (repstrap-ce=
. . . . - . . WO
others involved in the project, actively worked to raise awareness of the project and site in the J p R
 snoutart & Wade Registered: 16 years ago
(c Re: Genetic Algorithms Posts: 536
2 -y 1 ~, 1 - 3 R - - k& - S January 16, 2009 12.04AM
3D printing community and beypnd. because we believed that the project would benefit from | | 2 5 o
ot M
! T:rman’ 1&2009061 The upward pressure is the same thing general idea, but if you've got it truly not touching the
R : . y . - COC TP ) sensor (as that datasheet reccomends), then you've got a certain amount of backlash to take up
active mv 01" ement by 1uany mter eSIed DEISOHS- Dur ll'lg [Ily me as an ad]l]]l'llStlaTOl 2 RepRap.org Here's @ force 59 before the sensor registers, which would prevent me from knowing exactly when the head touches,
“ohe . which is what I'm really interested in. There's fair amount of give in the entire system when you're
. . .. - ywted looking at scales of less than a mm, so | was thinking a constant measurement of the force on the
had around 1.000 regular monthly users with many more users occasionally visiting or re ee\:e“f S| ead (including ifs weight) would be useful That points more towards sirain gatges
Januaty
J Yeah, the 4 comers calibration was what | was thinking as well. It could also pick up on a tangled
interacting with the website and public forums. Professionals, hobbyists and others would have VoSl o ome| | piestic flament fesd, which hes wrecked a few bulds of mine in the past as well. That would
= meﬂ\‘\“ 2 ColeC®™™ probably just trigger the head collision detection, due to the upward force on the extruder.
o0 | g genetic AT
known to. and did. visit the forums to interact with like-minded persons. The forums allowed put e ] | sanuen 15 Mostly | just squint at the webcam feed every few hours and try and deduce if something bad has
> = = > happened. &
Forrest A
. . . . oD envisionind Wade
(and still allow) people to pose questions, provide helpful suggestions. update others on new gasicaly. ! Ry 0
aceuracy o) 4 Reply 54 Quote
repeat he
developments, and generally share knowledge and information regarding development of 5 €0 r\?ﬁg’é‘:‘; & Enrigue
Registered: 16
Re: :’:S (similar an Re: Genetic Algorithms ps‘s’{i e2[?3 years age
. . . . 3 of S
RepRap machines and 3D printing in general. * e
Neu\ apmude A cheap bump sensor is described on instructables at
fvl www instructables com]

EX 1014 914, 698 Pet. p. 2/°381 Pet. p. 2 o L e
EX 1010; 698 Pet. p. 2/°381 Pet. p. 2

698 Reply pp. 26-27:/381 Reply pp. 27-28
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Rap Forum Was Cited By '698/°381 Inventors

(12)

United States Patent

Kemperle et al.

US 9,168,698 B2
Oct. 27, 2015

(10) Patent No.:
(45) Date of Patent:
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Relevant Posts Public in 2009

DECLARATION OF ADRIAN BOWYER

RepRap

5. The forms were intentionally accessible to the public. No login was required to
view these forums. Registered users can start, or “post,” forum discussion threads and other
registered users can post to those discussion threads. The forum software automatically appends
a header to each post. The header includes the poster’s user name, the thread title and the date
and time the post was made. That date and time is persistent, remaining in the header of the post
and unchangeable as long as the post is accessible on the site. All timings are registered in
Eastern Standard Time, five hours behind Coordinated Universal Time (UTC). A user can edit
his or her own post, but the original header remains unchanged. Instead, when a post is edited,
the forum software appends information at the bottom of the post including a label indicating

that the post was edited and the date and time the post was edited. If a post has been edited more

& Wade Registered: 16 years ago
Re: Genetic Algorithms Posts: 536
January 14, 2009 04:10PM

Hm, | don't look forward to trying to code up a vision system from scratch....

but, an accelerometer on the write head might be useful. Keep an eye on the RMS power of the
vibration the head experiences; that might be able to detect the next time | have an all-night long
series of head collisions due to a bad programming job.

A strain gauge on the extruder mount would do that as well, and it could do a few other things as
well, like finding the bed height auﬁomatically. Could take some time though.

Wade
Céd Reply G4 Quote

https://reprap.org/forum/read.php?1,20208.page=1 and confirmed that it matches Exhibit A. The
first eight posts in this thread have been publicly available, in the form they appear in Exhibit A,
since January 11, 2009. The last post in this thread has been publicly available, in the form it
appears in Exhibit A, since January 15, 2009. Interested members of the public would have beer
able to locate the discussion thread by clicking through to the relevant forum or through keyword
searching based on the relevant terms that appear in this thread. In the relevant time, we had
many regular readers who would have seen, and likely read, the discussion thread when it was

posted and as additional posts were added.

'698 Pet. p. 2/°381 Pet. p. 2

EX 10149 5and 7
FISH.

& Wade

Registered: 16 years ago

Re: Genetic Algorithms Posts: 536
January 16, 2009 12:04AM

The upward pressure is the same thing general idea, but if you've got it truly not touching the
sensor (as that datasheet reccomends), then you've got a certain amount of backlash to take up
before the sensor registers, which would prevent me from knowing exactly when the head touches,
which is what I'm really interested in. There's fair amount of give in the entire system when you're
looking at scales of less than a mm, so | was thinking a constant measurement of the force on the
head (including it's weight) would be useful. That points more towards strain gauges.

Yeah, the 4 corners calibration was what | was thinking as well. It could also pick up on a tangled
plastic filament feed, which has wrecked a few builds of mine in the past as well. That would
probably just trigger the head collision detection, due to the upward force on the extruder.

Mostly | just squint at the webcam feed every few hours and try and deduce if something bad has
happened. &

Wade
CdReply G4 Quote

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

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

DECLARATION OF ADRIAN BOWYER

RepRap

The Wayback Machine - https://web.archive.org/web/20081216112729/http://www.reprap.org:80/bin/view/Main/...

a header to each post. The header includes the poster’s user name, the thread title and the date
and time the post was made. That date and time is persistent, remaining in the header of the post
and unchangeable as long as the post is accessible on the site. All timings are registered in

Eastern Standard Time, five hours behind Coordinated Universal Time (UTC). A user can edit

EX 101495
'698 Pet. p. 2/'381 Pet. p. 2

and confirmed that the records match Exhibits B1 to B4. Together, Exhibits B1 to B4
demonstrate an example of how one would navigate from RepRap.org to a post in a forum that

would have contained the thread from Exhibit A. As annotated below, a user can click the “User

ORepRaP oo .-
b

RepRap Home
What can it make?
One p.

Future Plans
Main Blog

Documentation

Make your own RepR

Using your RepRap
Software
Obtaining Parts

rap machines

Builde i
Builder's Blog
Object Library

The People

je description

Edit Attach Printable Main.WebHome r1.161 - 12 Dec 2008 - 16:12

AdrianBowyer topic end

RepRap machine makes beer! See the main and builders’
blogs for ﬁnore news.

[isale of replicated machine

Wade Bortz writes: Thanks to all the awesome work of the entire RepRap
team, I sold my first set of second generation RepRap parts today, for the
grand sum of one case of Upper Canada Dark Ale! Here's the shot - the proud
new owners of the RepRap parts are (left to right) Liav Koren and Michael
Bartosik, of Toronto, Ontario, Canada. I'm on the right, proudly clutching my

well earned case of beer!
30 November 2008

World RepRap map
EX 10 1 4 T[ 8 Related \Im-f.‘ I "Think of RepRap as a China on your desktop.”
7698 Pet' p. 2/738 1 Pet' p. 2 E——— - Chris DiBona, Open Source Programs Manager, Google Inc., 8 Apnil 2008.
Press "The promise of advanced fabrication technology that can copy itself is a
thread. By automatically promoting active threads, interested users and members of the public ;’|:.;\\I|"1 —_— CrikyTemariabie conenpy wich Car-esciing. impicRtons:
T-shirts, mugs etc
GPL Licence

had multiple opportunities to see, read and potentially post to each discussion thread. Although
Exhibit B-3 shows the Mechanics forum, the forum software works the same for the other

forums. Thus, they are similarly organized.

“[RepRap] has been called the invention that will bring down global
capitalism, start a second industrial revolution and save the environment..."
- The front page of The Guardian, November 25, 2006.

EX 10149 10
698 Pet. p. 2/'381 Pet. p. 2

FISH.

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

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

frcom | 125



Entire Text of Forums Were Keyword Searchable

Patent Owner declined to depose RepRap founder and forum moderator Dr. Bowyer.
Dr. Bowyer’s testimony is undisputed.

DECLARATION OF ADRIAN BOWYER RepRap

thread identifies the forum that it was pOSted into. Additionally, the forums were (and still are) The Wayback Machine - https://web.archive.org/web /2008101807151 3/http:/ /ferums.reprap.org/search.php?1 4

RepRap : Mechanics : Reprap Forums
tully keywordl searchable, allowing users to search for and readily identify relevant discussion . Re p R a p

Discuss any sort of mechanical stuff here: positioning systems, gears, extruding methods, etc.

threads. The search functionality allowed users to search for posts based on the author, the )
Goto: Forum List + Message List + New Topic + Log In + Back to RepRap

headings and the content of the posts.

ISﬂl‘l:h Messages I lSQan:h Authors

EX 1014 9] 6; '698 Pet. p. 2/°'381 Pet. p. 2 [ |[searcn] [ ][ searcn |
’698 Rep/y p. 26/’381 Reply p_ 27 ‘5“'(“ All Forums v _ Search All Forums v

[Last 30 Days v || All Words v . Last 30 Days v/

since January 11, 2009, The last post in this thread has been publicly available, in the form it
EX 1014 9 11, '698 Pet. p. 2/°381 Pet. p. 2
appears in Exhibit A, since January 15, 2009. Interested members of the public would have been ﬂ ’ ’ p ’ p
able to locate the discussion thread by clicking through to the relevant forum or through keyword

searching based on the relevant te[*.ns that appear in this thread. In the relevant time. we had

many regular readers who would have seen. and likely read. the discussion thread when it was ) ) —
the search button. the user will see the search interface of Exhibit 4. As shown below. a user can

posted and as additional posts were added.

EX 1014 9] 7; 698 Pet. p. 2/°'381 Pet. p. 2
'698 Reply p. 26/°381 Reply p. 27

click the search button and then search all forums or specific forums based on keywords and

author’s user name. This search function was available to registered Flsers and unregistered users

alike. The forum software automatically indexed. for searching. the entire text of the posts and

user names contemporaneously with the postings. Thus. a post to a forum would be searchable

EX 1014 9 11, '698 Pet. p. 2/°381 Pet. p. 2
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RepRap Thread Titles

FISH.

RepRap

Welcome! AE LogIn & Create A New Profile

éRepRap | oWiki J§ 8IRC |

Home > General > Topic > Page 2

Genetic Algorithms < | seawn

Advanced

Posted by vbaraphix

[ Forum List = Message List G& New Topic

Larry_rrerier . .
4 Lar Preffer Registered: 16 years ago

lRe: Genetic Alﬁorithms gnow instrumented bolts/load cells]l Posts: 251

EX 1010p. 16
‘698 Reply p. 27/°381 Reply p. 28

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Calderon — Monitors Contact of Tip Two Ways

Calderon et al.

the nozzle tip contacts the substrate. Contact 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. In an apparatus that uses servo drive motors,
contact with the substrate 128 can be detected by simply “In an apparatus that uses servo drive motors...

monitoring a change in the servo drive current without need monitoring a change in the servo drive current”
for any special purpose sensing means.

“sensing means’

EX 1009 10:1-8; 698 Pet. p. 49/°381 Pet. p. 48
'698 Reply p. 14/°'381 Reply p. 14
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Calderon — “Sensing Means” Are Broadly Disclosed

Calderon et al.

Sensing techniques that do not necessarily involve the use
of a plunging means can also be used in practice of the .
method of the present invention. Any manner of sensing a | Any manner of sensing...may be used”
surface at selected coordinates to detect the corresponding
z-axis coordinate may be used in practice of the invention.
Suitable sensing means include but are not limited to, visible | “sensing means include but are not limited to”
imaging devices, tactile detection devices and pneumatic
detection devices. Examples of such devices are shown and
discussed in Batchelder, et. al. U.S. Pat. No. 5,303,141 (see
col.8, line 39 through col. 10, line 61), which 1s hereby
incorporated by reference herein.
EX 1009 6:62-7:5; '698 Pet. pp. 44-45/'381 Pet. p. 44 mcluded examples that do not rely on a separate sensor, Calderon also included
'698 Reply p. 14/°381 Reply p. 15

DECLARATION OF ANDREW WOLFE

sensing means.”) /d. A POSITA would have understood that while Calderon

examples that incorporate many kinds of conventional sensors. The POSITA would
have understood that Calderon was suggesting that the mechanism for force
measurement can include any known sensing mechanism using a conventional

sensor such as a strain gauge, which was known as “a common sensor.” EX1001,

9:1-2.
'698 EX 1003 {1 61/°381 EX 1003 4] 60; 698 Pet. p. 45/°381 Pet. p. 45
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'’698 Calderon + RepRap Combination

The combination is not limited to Calderon’s servo drive embodiment.
PETITION FOR INTER PARTES REVIEW

Ca Ide ron et a I In view of the synergistic and complementary disclosures. a POSITA would

have been motivated 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: EX1003, J158-

160. The collision detection in the Calderon-RepRap20208 Combination would

EX 1003 FIG. 1
‘698 Pet. p. 43

tollow RepRap20208’s suggestion to “have the machine shut down” upon collision

to avoid damage to the machine. EX1010. 19: EX1003. T160.

‘698 Pet. p. 49

A POSITA would have been motivated to apply one or more strain gauges

RepRap

& Wade
i ) 3 Registered: 16 years ago
f:;.u%f\??ﬂ‘cgﬁlgg"éﬂrgém pesE from RepRap20208 to Calderon’s three-dimensional printer so that the printer of the
Hm, | don't look forward to trying to code up a vision system from scratch.... Calderon-RepRap20208 Combination is equipped with one or more strain gauges
but, an accelerometer on the write head might be useful. Keep an eye on the RMS power of the
ibration e head experiences. that miaht be shigyniceteriihnex il Ve[ Lo {ony located on the extruder mount. where Calderon’s extrusion head 126 mounts to the

series of head collisions due to a bad programming job.

A strain gauge on the extruder mount would do that as well, and it could do a few other things as arm 124. to between nozzle 132. and substrate 128. EX1003
well, like finding the bed height automatically. Could take some time though ? o ) o o

Wade 9161. The visual aid below demonstrates an exemplary three-dimensional printer
Reply % Quote :

embraced by the Calderon-RepRap20208 Combination where the strain

EX 1010 p. 13

example of RepRap20208 is applied to Calderon’s “sensing means.” Id.

F I S H Pet. p. 569-60 f .
) DEMONSTRATIVE EXHIBIT — NOT EVIDENCE '698 Pet. pp. 49-50 r.com |



381 Calderon + RepRap Combination

The combination is not limited to Calderon’s servo drive embodiment.
Calderon et al. PETITION FOR INTER PARTES REVIEW

o A POSITA would have found it obvious to use one or more strain gauges on

-t

the extrusion head mount, as suggested by RepRap20208, to provide Calderon’s

“sensing means.” to monitor “con.tact berweenl the tip of the nozzle 132 and the

| substrate 128.” EX1010. 13-14; EX1009. 9:63-10:23: EX1003. §156-158. In view

of the synergistic and complementary disclosures. a PbSITA would have been

motivated to (i) apply strain gauges as in RepRap20208, rather than relying on

Calderon’s suggestion of “monitoring a change in the servo drive current.” and (ii)

EX 1003 FIG. 1 calculate the contact force based on measurements from the strain gauge. Id.. J158.

‘381 Pet. p. 42 ‘381 Pet. pp. 48-49

Rep Rap A POSITA would have been motivated to provide one or more strain gauge

> m i Registered: 16 years ago X . .
Re: Genetic Algoriihms Posts: 536 on the extrusion head mount. where Calderon’s extrusion head 126 mounts to the
January 14, 2009 04:10PM

It U e S T NN (D BB ) S ) SHEE . arm 124, to between nozzle 132 and substrate 128, EX1003,
but, an accelerometer on the write head might be useful. Keep an eye on the RMS power of the
vibration the head experiences; that might be able to detect the next time | have an all-night lon: . . . .
T i B e e 9160. The visual aid below demonstrates the Calderon-RepRap20208 Combination

A strain gauge on the extruder mount would do that as well, and it could do a few other things as . ) . . .
well, like finding the bed height automatically. Could take some time though where the strain gauge example of RepRap20208 is applied as Calderon’s “sensing

Wade
QReply 3 Quote means.”? 7d.

EX 1010p. 13 ‘381 Pet. p. 49

F I S H Pet. p. 57-58
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381 Calderon + RepRap Combination

FISH.

Calderon et al.

EX 1003 FIG. 1

‘381 Pet. p. 42

Registered: 16 years ago
Posts: 536

Re: Ganstl .
January 16, 2009 12:04AM

The upward pressure is the same thing general idea, but if you've got it truly not touching the
sensor (as that datasheet reccomends), then you've got a certain amount of backlash to take up
before the sensor registers, which would prevent me from knowing exactly when the head touches,
which is what I'm really interested in. There's fair amount of give in the entire system when you're
looking at scales of less than a mm, so | was thinking a constant measurement of the force on the
head (including it's weight) would be useful. That points more towards strain gauges.

Yeah, the 4 corners calibration was what | was thinking as well. It could also pick up on a tangled
plastic filament feed, which has wrecked a few builds of mine in the past as well. That would
probably just trigger the head collision detection, due to the upward force on the extruder.

Mostly I just squint at the webcam feed every few hours and try and deduce if something bad has
happened. @

PETITION FOR INTER PARTES REVIEW

A POSITA would have been further motivated to calculate the contact force

from the strain gauges in the Calderon-RepRap20208 Combination using Calderon’s

controller 116 or another controller associated with the system. EX1003, 4169. The
following independent reasons, taken separately or collectively, support the

motivation.

381 Pet. pp. 54-55

Furthermore. as discussed above. a POSITA would have configured the
Calderon-RepRap20208 Combination to control the contact force to prevent
damaging the substrate 128 or the nozzle 132. Thus, a POSITA would have
understood. or would have found it obvious, that the controller of the Calderon-
RepRap20208 Combination includes a maximum contact pressure. either coded into
the software or input by a user, that was related to the compression strengths of the

substrate 128 and nozzle 132. EX1003, q170-171. Compression strength can be

‘381 Pet. p. 55

Wade EX 1010 p. 20
3Reply 3 Quote 381 Pet. pP. 55

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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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)

F I S H \J DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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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)
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Real-time Collision Detection After Initialization

Calderon et al.

EXAMPLE 4

In the embodiments of any of the above examples, the
autoinitialization method of the present invention can further
be used to detect whether the built envelope is cleared before
the building of a model begins. This becomes of issue in the
case of a modeling system wherein the model is built in a
location remote from the user, for example, a user interface
at processor 108 by which the user instructs that a part be
built by an extruder located in another room. If a prior user
builds a model but does not remove the model from the
machine, instruction from a next user to build a subsequent
model could cause the machine to crush the previous model
as the machine starts to build the subsequent model. The
present invention can be used to prevent such destruction of
a previous model. In this example, the machine looks up the
x,y,Z coordinates of the last features built on the previous
model (stored in memory 119), and feels for the presence or
absence of those features employing the sensing techniques
of the present invention. If a model is detected at the
coordinates of the last features, the machine stops the build
and alerts the user to clear the build envelope. The machine
continues with the z-axis inifialization routine when the
envelope is cleared.

PETITION FOR INTER PARTES REVIEW

EX1010, 19. A POSITA would have been inspired to use the suggested strain
gauges on extruder mou)nt for real-time collision detection after system initialization
because the feature would have used the same sensor configuration as initialization

without requiring more. EX1003, 9166.

EX 1009 10:26-47
698 POR pp. 48-50/'381 POR pp. 46-48

FISH.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

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

PETITION FOR INTER PARTES REVIEW

January 16,

head (in

& Wade

i Posts: 536
, 2009 12:04AM

The upward pressure is the same thing general idea, but if you've got it truly not touching the
sensor (as that datasheet reccomends), then you've got a certain amount of backlash to take up
before the sensor registers, which would prevent me from knowing exactly when the head touches,
which is what I'm really interested in. There's fair amount of give in the entire system when you're
looking at scales of less than a mm, so | was thinking a constant measurement of the force on the

cluding it's weight) would be useful. That points more towards strain gauges.

Registered: 16 years ago

EX 1010 p. 20
‘698 Pet. p. 51/°381 Pet. p. 71

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 1s reduced by contact of the nozzle to the substrate. A

POSITA would appreciate that this manner of identifying contact would not be

FISH.

EX 1003 § 169

'698 Pet. p. 53/°381 Pet. p. 51

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.
EX1003,9169. A POSITA would appreciate that this manner of identifving contact
would not be influenced by slop/backlash. because it is not measuring in force
relative to a reaction force aftected by slop/backlash. /d. A strain gauge on the
extrusion mount would allow the weight of the extrusion head to be constantly
monitored. Id. 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. Id.

‘698 Pet. p. 53/°381 Pet. p. 51

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Slop/Backlash Was a Known Problem

RepRap

DECLARATION OF ANDREW WOLFE

& Wade

Registered: 16 years ago

Re: Genetic Algorithms Posts: 536
January 16, 2009 12:04AM

The upward pressure is the same thing general idea, but if you've got it truly not touching the
sensor (as that datasheet reccomends), then you've got a certain amount of backlash to take up
before the sensor registers, which wopld prevent me from knowing exactly when the head touches,
which is what I'm really interested in. There's fair amount of give in the entire system when you're
looking at scales of less than a mm, so | was thinking a constant measurement of the force on the
head (including it's weight) would be useful. That points more towards strain gauges.

Yeah, the 4 corners calibration was what | was thinking as well. It could also pick up on a tangled
plastic filament feed, which has wrecked a few builds of mine in the past as well. That would
probably just trigger the head collision detection, due to the upward force on the extruder.

Mostly | just squint at the webcam feed every few hours and try and deduce if something bad has
happened. &

Wade
Cd Reply G4 Quote

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 i1s 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.”

FISH.

EX 1010 p. 20

'698 Pet. p. 53/°381 Pet. p. 50

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

'698 EX 1003 || 167/°381 EX 1003 | 161
'698 Pet. p. 52/°381 Pet. p. 50
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Slop/Backlash

FISH.

DECLARATION OF DR. TIM A. OSSWALD

251. Similarly. Petitioner’s assertion that Calderon’s solution that monitors
the current of the servo drive motors would have “slop/backlash™ is deficient. See
Petition at 52-53 (citing to RepRap20208 (EX1010). 20 and EX1003, 79168-69).
Page 20 of RepRap20208 (EX1010) only mentions “backlash™ and not “slop™ and
does not indicate that the concern about backlash “before the sensor registers™ relates

to Calderon’s solution of constantly monitoring the current of the servo drive motors

for a change. See EX1010 (RepRap20208). 20: see also EX1009 (Calderon). 10:5-
8. The surrounding context in RepRap20208 indicates that it is referring to some
other sensor unrelated to Calderon’s solution, such as the IESP-12 force sensor or
bump sensor. See EX1010 (RepRap20208) at 19 (*“That IESP-12 force sensor is
priced right at $7. but I'm a little skittish about the ‘estimate’ language in the

datasheet.”). 20 (“measuring contact force for a stencil cutting blade or drawing pen

to get more uses out of the bot™). 20 (“if yvou've got it truly not touching the sensor
(as that datasheet recommends [sic]). then you've got a certain amount of backlash

to take up before the sensor registers™). 20 (“A cheap bump sensor is described on

instructables™).

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

‘698 EX 2027 1 251/°381 EX 2027
242

698 POR p. 5173861 POR p. 48



Slop/Backlash Is Solved by the Combination

FISH.

DECLARATION OF ANDREW WOLFE

DECLARATION OF ANDREW WOLFE

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
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 ﬁnounting 1s 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.

'698 EX 1003 || 168-169/°381 EX 1003 || 162-163

'698 Pet. p. 53/°381 Pet. p. 50
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Slop/Backlash Is Solved by the Combination

EX 1009 FIG. 1 (annotated as in
w8 Pet.)
P e | 7 & '698 Pet. p. 50/’381 Pet. p. 50

Ve extrusion head

“strain gauge on the
extruder mount”
EX1010

the tip of nozzle 132
nd the substrate
128 '
a sensing means”

z-axis translator—"
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DECLARATION OF ANDREW WOLFE

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

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.

Servo Drive Current Is Inaccurate, Inconsistent
Solved by Combination

DECLARATION OF ANDREW WOLFE

FISH.

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 is 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.

‘698 EX 1003 [ 170/°381 EX 1003 |

164

'698 Pet. pp. 53-54/'381 Pet. p. 52

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Servo Drive Current

FISH.

DECLARATION OF DR. TIM A. OSSWALD

253. Petitioner next assertion that a strain gauge would provide “more

97 ¢

accurate,” “consistent” force measurement is guided by hindsight. See Petition at 53-
54 (“force of resistance to movement”); EX1003, 9170. Although Dr. Wolfe
provides a citation to Calderon (see EX1003, 4170 citing to EX1009 at 9:63-10:23),
those portions of Calderon do not support Petitioner’s conclusion that there are
problems with constantly monitoring the servo drive current for a change, as
Calderon teaches. In my view, there is no supporting disclosure regarding any

problems with Calderon constantly monitoring the servo drive current for a change

to a strain gauge.

'698 EX 2027 11 253/°381 EX 2027 | 244
'698 POR p. 52/°381 POR p. 49

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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RepRap Taught Calculating Force

RepRap

RepRap

= Wﬂ_d? Registered: 16 years ago

Re: Genetic Algorithms Posts: 536
January 14, 2009 04:10PM

Hm, | don't look forward to trying to code up| a vision system from scratch. ...

but, an accelerometer on the write head might be useful. Keep an eye on the RMS power of the
vibration the head experiences; that might be able to detect the next time | have an all-night long
series of head collisions due to a bad programming job.

A strain gauge on the extruder mount would do that as well, and it could do a few other things as
well, like finding the bed height automatically. Could take some time though.

Wade
o Reply CdQuote

£ Wade

Re: Genetic Algorithms
January 16, 2009 12:04AM

Registered: 16 years ago
Posts: 536

The upward pressure is the same thing general idea, but if you've got it truly not touching the
sensor (as that datasheet reccomends), then you've got a certain amount of backlash to take up
before the sensor registers, which would prevent me from knowing exactly when the head touches,
which is what I'm really interested in. There's fair amount of give in the entire system when you're
looking at scales of less than a mm, so | was thinking a constant measurement of the force on the
head (including it's weight) would be useful. That points more towards strain gauges.

Yeah, the 4 corners calibration was what | was thinking as well. It could also pick up on a tangled
plastic filament feed, which has wrecked a few builds of mine in the past as well. T‘hat would
probably just trigger the head collision detection, due to the upward force on the extruder.

Mostly | just squint at the webcam feed every few hours and try and deduce if something bad has

EX 1010p. 13 | happened. @
DECLARATION OF ANDREW WOLFE 387 Pet.p. 55 | wade
170. A POSITA would have understood RepRap20208 to teach calculating ~oReply -4 Quote
contact force from the strain gauge signal when Wade explains “I was thinking a EX 1010 p. 20
‘381 Pet. p. 55
constant measurement of the force on the head (including it’s [sic] weight) would be
useful,” because Wade is indicating he seeks a force “measurement” and a “weight.”
not simply a sensor signal. EX1010, 17. This disclosure at least invites a POSITA
EX 10039170
to use the strain gauge to calculate contact force. As I have discussed above, a | ‘387 Pet. p. 55

FISH.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Calculating Force From a Strain Gauge Is Rudimentary

FISH.

DECLARATION OF ANDREW WOLFE

171. A POSITA would have been motivated to program the controller to
calculate the contact force at the nozzle 132/substrate 128 interface from the signal
output by the strain gauge so that the contact pressure, in turn. could be calculated
and be directly comparable to the compression strength of the substrate. Id. For
example, the strain gauge outputs a signal related to the geometric distortion of the
gauge which is caused by forces acting on the gauge. In the most common
configuration. these forces represent the deflection of the substrate or surface that
the strain gauge is connected to. Knowing the geometry of the extruder mount at
this location, one can measure and calculate the stress and force at this location.
Thereafter. by knowing the material properties of the nozzle. one could calculate the
force exerted on the nozzle through the contact with the substrate. And. knowing the

geometry of the nozzle where it contacts the substrate. one could calculate the

contact pressure. In fact. RepRap 20208 taught to “measure upwards pressure from

a calibration touch down.” EX1010. 19.

DECLARATION OF ANDREW WOLFE

173. In my opinion, a POSITA would have reasonably expected success in
calculating, with a controller, the contact force from the strain gauge of the
combination. Calculating contact force, and then contact pressure, with a controller
from a sensor intended to produce a signal related to force. and particularly a strain
gauge. was mudimentary engineering and commonplace long before the ‘381 patent
and 2012. For example. a well-known textbook explains that a strain gauge is
commonly used in a Wheatstone configuration. EX1018, 302-304, 284-290. Thus,
these calculations would have been predictable to a POSITA. who would have

expected it to work.

EX 10039171
‘381 Pet. p. 55

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX 1003 173
381 Pet. p. 57

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

FISH.

DECLARATION OF ANDREW WOLFE

166. As a fourth reason, strain gauges were commonly used for force
measurement of the type described in Calderon long before the "381 patent. It 1s
rudimentary engimeering to convert the signal from a strain gauge to a force
measurement. In fact, the 381 patent admits that “[s]train gauges are one common
sensor used for such [contact force|] measurements.” EX1001, 9:16-24. The
predictable inclusion of a strain gauge amounts to nothing more than supplementing
Calderon with a strain gauge on the extrusion head mount, which would not have
disturbed the other aspects of the system, and would have produced substantially

similar functionality to what Calderon described.

EX 1003 9| 166
‘381 Pet. pp. 53-54

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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ME students use force sensors/strain gauges by

“sophomore year, beginning of junior year”

FISH.

DEPOSITION OF TIM A OSSWALD

Q. Did the students in these classes actually use
force sensors in a lab or anything or was it just more
theoretical learning?

A. No. That one was more theoretical and showing
them the -- giving presentations on that.

But mechanical engineering students do take a

measurements course where they do learn about strain

gauges and learn about that, so that's a classic
mechanical engineering measurements course where they
know about those things. So I don't have to teach them.
They already have hands-on experience with that.

Q. When do mechanical engineering students
usually learn or take that class?

A. Yeah. Probably end of the sophomore year,
beginning of the junior year. That's -- even when I
took mechanical engineering classes in undergraduate,

that's -- the measurements class was done then.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX 1042 67:24-68:20
‘381 Reply p. 21
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Calculating Force Facilitates Comparison to

Nozzle/Substrate Strength

FISH.

DECLARATION OF ANDREW WOLFE

not simply a sensor signal. EX1010, 17. This disclosure at least invites a POSITA
to use the strain gauge to calculate contact force. As I have discussed above, a
POSITA would have configured the 3D printer of the Calderon-RepRap20208
Combination to control the contact force between the nozzle 132 and substrate 128
during initialization to prevent damaging the substrate 128, especially with low
compression strength foam substrates, and to prevent damaging the nozzle 132, for
example on rigid substrates. Thus, the controller of the Calderon-RepRap20208
Combination would be programmed with a maximum contact pressure, either coded
mto the software or input by a user, that that was related to the compression strengths
of the substrate 128 and nozzle 132. Compression strength is expressed in units of
force per unit area, e.g., pounds per square inch (psi) or newtons per square meter
(pascals). Yet, the output of a strain gauge in the Calderon-RepRap20208
Combination would be a signal indicative of displacement or strain at the extruder

mount, not directly the contact pressure (e.g., at the nozzle/substrate interface).

EX 10039170
‘381 Pet. pp. 55-56

“control the contact force...to prevent
damaging the substrate...[and]nozzle”

“maximum contact pressure...related to
compression strengths of the substrate [] and
nozzle[]”

“[clompression strength is expressed in units
of force per unit area,” i.e., pressure

“the output of a strain gauge.. .[is]
displacement or strain

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Calculating Force Facilitates Setting Controller

Maximum Force

FISH.

DECLARATION OF ANDREW WOLFE

172. The controller calculating the contact force, and then the contact
pressure, would facilitate programming the controller to a maximum contact
pressure setpoint related to the compression strength of the substrate and nozzle
because the setpoint and the compression strength would be in the same units (force
per unit area). Or, if the controller were configured to allow a user to change the
setpoint, such as to allow the printer to be adapted to different substrate materials,
calculating contact force and contact pressure would facilitate a user’s interaction
with the controller. The controller’s settings values could more readily be set,
adjusted or displayed in meaningful (to a user) force-based units rather than in values
of strain at the extrusion head mounting. Thus, for example, the Calderon-
RepRap20208 Combination would accommodate a variety of substrate materials by
enabling a user to input a contact strength limit based on a specification sheet for the
substrate material. Moreover, as evidenced by RepRap20208, a POSITA would have
perceived the contact sensing in terms of force. EX1010, 17 (“we’d *like* three
forces™), 17 (“here’s a foree sensor™), 20 (a constant measurement of foree™). As
such, the strain/deflection measured by the strain gauge would have required a user
to know the material properties and geometry of the strain gauge at the mounting in

order to make sense of the measured strain.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX 10039172
‘381 Pet. p. 56
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698 Limitation [1a]

identifying build instructions for fabricating an object;
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[1a] Calderon Teaches ldentifying Build Instructions

Calderon

Additive process modeling machines make three-
dimensional models by building up a modeling medium,
usually in planar layers, based upon design data provided
from a computer aided design (CAD) system. A mathemati-
cal description of a physical part to be created is split into
(usually) planar layers, and those layers are individually
shaped and applied to produce the final part. Three-

Calderon

EX 1009 1:12-18
'698 EX 1003 [178-180
'698 Pet. pp. 57-58

FISH.

FIG. 1 shows a generic representation of a extrusion-
based layered modeling system 106, of a type known in the
art, with which the present invention may be used. A
computer aided design (CAD) program resident in a pro-
cessor 108 generates a file describing the geometry of a part
109 to be created. A slicing program (shown as resident in
processor 108 but which may alternatively be resident in a
separate processor) algorithmically subdivides the file into
volume elements 110 corresponding to shapes that can be
extruded from a nozzle. Additional volume elements 112 are
added as necessary to provide mechanical support to a part
during its construction. The volume elements are sequen-
tially ordered so that deposited material is supported appro-
priately.

EX 1009 4:20-33

'698 EX 1003 |[178-180

‘698 Pet. pp. 57-58

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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698 Limitation [1b]-[1d]

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.

F I S H \J DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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’381 Limitation [1b]-[1c]

one or more sensors mechanically coupled to the extruder,
wherein the one or more sensors are collectively oper-
able to sense a contact force between the extruder and
a separate structure distinct from the fabrication tool;
and

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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RepRap Determining/Calculating Force

DECLARATION OF ANDREW WOLFE
170. A POSITA would have understood RepRap20208 to teach calculating

RepRap

contact force from the strain gauge signal when Wade explains “I was thinking a

Wade Registered: 16 years ago

Re: Genetic Algorithms Posts: 536 constant measurement of the force on the head (including it’s [sic] weight) would be
January 16, 2009 12:04AM

_ _ ) _ _ _ useful.” because Wade is indicating he seeks a force “measurement” and a “weight.”
The upward pressure is the same thing general idea, but if you've got it truly not touching the

sensor (as that datasheet reccomends), then you've got a certain amount of backlash to take up
before the sensor registers, which would prevent me from knowing exactly when the head touches,
which is what I'm really interested in. There's fair amount of give in the entire system when you're

not simply a sensor signal. EX1010, 17. This disclosure at least invites a POSITA

looking at scales of less than a mm, so | was thinking a constant measurement of the force on the to use the strain gauge to calculate contact force. As I have discussed above, a
head (including it's weight) would be useful. That points more towards strain gauges.
Yeah, the 4 corners calibration was what | was thinking as well. It could also pick up on a tangled 698 EX 1003 ﬂ 169/°'381 EX 1003 ﬂ 170
plastic filament feed, which has wrecked a few builds of mine in the past as well. T‘hat would '698 Pet. 53/’381 Pet. p. 55
probably just trigger the head collision detection, due to the upward force on the extruder.
Mostly | just squint at the webcam feed every few hours and try and deduce if something bad has DECLARATION OF ANDREW WOLFE
happened. &
EX1010, 20. A POSITA would understand Wade’s suggestion of constantly
Wade
CaReply & Quote 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
EX 1010 p. 20 E g E : :
'698 Pet. 61/°381 Pet. p. 55 extrusion head mounting is reduced by contact of the nozzle to the substrate. A

'691 EX 1003 4] 169/°381 EX 1003 | 163

S ‘691 Pet. p. 53/°381 Pet. p. 55
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’698 [1d] A Control Signal Is Obvious to
Implement Collision Detection

DECLARATION OF ANDREW WOLFE

DECLARATION OF ANDREW WOLFE

190. As I have explained above under Sections VII.C-D. XA, 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).

698 EX 1003 9 190
698 Pet. p. 62

"698 PETITION FOR INTER PARTES REVIEW

As explained supra §§V.C.1-3. 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 gauges on the extruder mount, as taught in RepRap20208) while

depositing material during the build (e.g., to implement real-time collision

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

shut down the three-dimensional printer upon collision detection to conserve energy.

minimize damage, and avoid material waste.

detection, as suggested by RepRap20208). EX1003, 7189-190.

FISH.

698 Pet. p. 62

EX 1003 ] 165
698 Pet. p. 51

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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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

Calderon

Calderon

EXAMPLE 1
Referrning now to the process flow diagram ol FIG. 6,

there is described a z-axis initialization routiné in accor-
dance with the present invention. The routine is performed

FISH.

EX 1009 7:6-10
DECLARATION OF ANDREW WOLFE

217. Each and every element of claims 1 and 2 is obvious i light of the

Calderon-RepRap20208 Combination as explained above. As I have explained
above under Section VIL.D. Calderon teaches z-axis mitialization “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

above pre-selected locations of the substrate” so that “[c]ontact between the tip of

nozzle and the substrate 1s monitored” at these “pre-selected locations.” Id., 9:65-67

(reference numbers omitted).

EXAMPLE 3

In an alternative embodiment, the tip of nozzle 132
(shown in FIG. 1) can be used as a plunging means to find
z-axis positions of the platform. The initialization routine is
performed by positioning the nozzle 132 above pre-selected
locations of the substrate and raising the platform 134 until
the nozzle tip contacts the substrate. Contact 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. In an apparatus that uses servo drive motors,
contact with the substrate 128 can be detected by simply
monitoring a change in the servo drive current without need
for any special purpose sensing means.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX 1009 9:61-7:8
'698 Pet. pp. 68-69
'698 Reply p. 24

698 EX 1003 217
698 Pet. pp. 68-60
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Calderon Initialization — Planarization/Z-start (Find-Z)

Planarization
Calderon

Calderon Z-start (Find-2)

When a z-axis position has been recorded for each pre-
selected x, v location, step (H) 1s performed. In step (H), a
“Find-Z” software program loaded into controller. 116 com-
pares the recorded z-axis positions to determine whether the
top surface of substrate 146 1s approximately parallel to a
horizontal, xv-plane. Step (H) is particularly useful for a
modeling system that uses a slab substrate. If the result of the
comparison shows that the subsirate top surface does not
closely enough approximate a horizontal plane, that result
indicates either that the substrate 146 was not mounted flush
to platform 147, or that the substrate 146 has a deformity. In
such a case, in a step (1), controller 116 provides a notifi-
cation o the operator, alerting the operator to reload the
substrate 146 onto platform 147 and then repeat the z-axis
initialization routine. The notification 1s prelerably by way
of a written message on a system display screen (not shown).

If the comparison of step (H) shows that the substrate top
surface 1s parallel to the xy-plane, a step () is executed, in
which the “Find-Z" software, program uses the recorded
z-ax1s posiions lo calculate a z-start position of platform
147. The Find-Z program uscs known, constant system
parameters to derive the actual z-axis position of platform
147 at the ime of 1mtial contact between substrate 146 and
plunger 148 and to thereby determine an appropriate z-start
position ol platform 147 with respect to the extrusion head
nozzle 144. In the case of a foam slab substrate, step (I) can

EX 1009 7:62-8:9

698 Pet. pp. 68-69

‘698 Reply p. 24

FISH.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX 1009 8:11-19
‘698 Pet. p. 46
‘698 Reply p. 24
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Calderon Flnd'Z Calderon

If the cumparim;n of Hlﬂij (H) shows that the substrate top

Calderon surface is parallel to the xy-plane, a step (J) is executed, in

which the “Find-Z" software, program uses the recorded

The Find-Z program works much the same in the present z-ax1s positions to calculate a z-start position of platform

example as described with respect to Examples, 1 or 2 147. The Find-Z program uses known, constant system

above. Steps (1) and (3) of the algorithm above can be parameters to derive the actual z-axis position of platform

skipped, however, as the recorded z-positions in the present 147 at the time of initial contact btflwi:tt‘n Sl.lbﬁlrélizt‘r 146 and

embodiment are the actual z-axis positions of the platform. plunger 148 and to thereby determine an appropriate z-start

In other words, this approach eliminates the variables X and position of platform 147 with respect to the extrusion head

Y. nozzle 144. In the case of a foam slab substrate, step (J) can
be executed using the following algorithm:

EX 1009 10:9-15 (1) Subtract the constant value X, representing the pre-

'698 POR. pp. 60 determined distance of the sensing location above the

actuated position of plunger 148, from each recorded
z-ax1s position. The result of this subtraction is a set of
actual z-axis positions of platform 147 at the instant
that substrate 146 contacted plunger 148.

(2) Select the lowest of the actual z-axis positions.

(3) Add the constant value Y, representing the predeter-
mined distance of the tip of nozzle 144 above the tip
178 of plunger 148, to the selected actual z-axis posi-
tion. This result of this calculation is the z-axis position
at which substrate 146 will contact the tip of nozzle
144.

(4) Add a constant value Z, representing the desired depth

of the tip of nozzle 144 below the top surface of

FX 1009 8:11-37 substrate 146, to the result of step (3), to arrive at the
698 POR p. 60-61 z-start position.
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’381 Patent Claim 11

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

DECLARATION OF ANDREW WOLFE

DECLARATION OF ANDREW WOLFE

206. As I have explained under Sections VIL.C&D. X.A and claim 1,
controller 116 sends control signals to the z-axis translator (i.e., c|0ntmls the one or
more acfuafors) to achieve a contact force sufficient for measurement but does not
exceed a force limit to be damaging (i.e.. @ specified contact force) between the

“strain gauge on extruder mount” (i.e.. one or more sensors) and the modeling

platform 134 (i.e.. separate structure).

381 EX 1003 § 206
381 Pet. pp. 67-68

F I S H \J DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

not simply a sensor signal. EX1010, 17. This disclosure at least invites a POSITA
to use the strain gauge to calculate contact force. As I have discussed above, a
POSITA would have configured the 3D printer of the Calderon-RepRap20208
Combination to control the contact force between the nozzle 132 and substrate 128
during initialization to prevent damaging the substrate 128, especially with low
compression strength foam substrates, and to prevent damaging the nozzle 132, for
example on rigid substrates. Thus, the controller of the Calderon-RepRap20208
Combination would be programmed with a maximum contact pressure, either coded
into the software or input by a user, that that was related to the compression strengths
of the substrate 128 and nozzle 132. Compression strength is expressed in units of
force per unit area, e.g., pounds per square inch (psi) or newtons per square meter
(pascals). Yet, the output of a strain gauge in the Calderon-RepRap20208
Combination would be a signal indicative of displacement or strain at the extruder

mount, not directly the contact pressure (e.g., at the nozzle/substrate interface).

381 EX 1003 170
381 Pet. pp. 67-68
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