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(57) Abstract: An improved system and method of
measuring the temperature of a workpiece in a pro-
cessing chamber is disclosed. Because silicon has very
low emissivity in the infrared band, a coating is disposed
on at least a portion of the workpiece. This coating may
be graphite or any other material that can be readily ap-
plied, and has a relatively constant emissivity over tem-
perature in the infrared spectrum. In one embodiment, a
coating of graphite is applied to a portion of the work-
piece, allowing the temperature of the workpiece to be
measured by observing the temperature of the coating.
This technique can be used to calibrate a processing
chamber, validate operating conditions within the pro-
cessing chamber, or to develop a manufacturing process.
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TECHNIQUE FOR TEMPERATURE MEASUREMENT AND CALIBRATION OF

SEMICONDUCTOR WORKPIECES USING INFRARED
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H

This apglicaticon claims pricrity of U.S. Patent Application

Serial No. 14/228,802 filed March 28, 2014, the disclosure

h

of which iz incorporated herein by reference.
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Field

th

sclosure relates Lo temperature measurement o

measurements

of gilicon workpis

Background

Ton implantation is a standard technique for

introducing conductivity-altering impurities into a

o}

.

workpiece. A desired impurity material 1s lonized in an
ion source, the ions are accelerated to form an ion beam of
prescribed energy, and the ion beam 1is directed at the
surface of the workpiece. The energetic ions in the beam

penetrate intce the bulk o©of the workpiece material and are

crystalline lattice o¢of the workpiece

material to form a region of desired conductivity.
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Recently, higher temperature implants, such as ab

100°¢C, have shown promis For example, FinFET

9]
i
b
Q
oot
a

amorphization implants have shown the potential for
crvstal rvegrowth when performed atbt temperatures exceeding

4 o . [ o S T P v +
100 C. These zrecited temperatures are tho

se of the
workpiece itself. Technigues for workpiece temperature
measuremant arse  limited by the regquirements of the
processing environment. For examgle thermocouples
attached to the wor are impractical. Alternatively,

kp
thermocouples mounted teo the platen are of limited use, as

[y
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the temperature of the platen may differ from that of the
workpilece due to problems associated with establishing good
thermal <contact between the platen and the workpiece,

ditionally, the optical properties of silicon make the

application of common infrared technigu difficult or

measuremant of the temperature of a workpiece 1in a

procesgsing chamber would be beneficial.

An dimproved system and wmethod of measuring the
temperature of a woerkpiece 1in a processing chambsr ig
disclosed. Because silicon has very low emissivity in the
infrared band, a coating is disposed on at least a portion
of the workpilece. This coating may be carbon pased or any

other material that <can ke readily applied, and has a
relatively constant emisgssivity over the temperature range

of interest in the infrared In one embodiment, =a

S ey N S} . P4 + . ~ \ . £ ~ :
coating of carbon is applied to a portion of the workpilece,
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allewing the temperature of the workpiece to be
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observing the temperature cof the coating. This technique

~

i be used to calibrate a processing chamber, validate

Q‘

ng conditions within the processing chamber, or to

[

oPc 2rat

o

develop a manufacturing process.
According to one embodiment, a processing system is
disclosed. The processing system comprises a platen; a

cazlibration workpiece disposed on the platen:; an IR camera

using a range of wavelengths in an spectrum Lo

temperature of the ca

calibration workpilece, the coating having a neariy constant
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emigsivity over a range of temperatures at the range of

According to & second  embodiment, a method of
calibrating a workgpiece process 1s disclosed. The method
comprises maintaining a heated platen in a process chawmber

»

elevat temperature greater than 100°C: introducing

[
Q
3

a calibration workpiece to the process chamber, the

0
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ibration workpisce comprises a c¢oating on a portion of
its upper surface, the coating having a nearly constant

cure x
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nge; placing the

)

a
calibration workpiece on the heated platen; monitoring a

Al

temperature of the calibration workpiece over time by
focusing an IR camera at the portion; and recording a time
for the calibration workpiece to reach a predetermined
temperature. In a further embodiment, the method further

comprises processing a workpiece after the recording,

wherein the processing comprises: gplacing WO

the heated platen; waiting a predetermined amount of time;
and processing the workpiece after the waiting, where the
predetermined amount of time is determined based on the
recorded time for the calibration workpiece to reach the

predetermined temperature.

1 > - s 3
alidating a workpiece manufacturing process 1is disclosed,

The method comprises introducing

process chamber; disposing the
platen 1in the process chamber, the heated platen at an

elevated temperaturse greater than 100°C; processing the

first workpiece while on the heated platen; introducing =2
calibration workpiece into the process chambser in a sanme
- - o e Y= £ 4 ~ , N - P N CIEY Y 1T + 1

manner as th fTirst workplece wacs troducec wherein the

calibration workpiece comprises a <ccating on a portion of
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its upper surface, the coating having a nearly constant
B L Ny I s e g P sy . s 2y e v A T P
emigsgsivity over a desired temperature range; measuring a

enperature of the calibraticn workpilece using an IR camers

T
focused at the portion having the coating; and verifying

the temperature iz within an acceptable range. In a further

embodiment, the method further comprises introducing a

second workpiece into the process chamber after verifyving

the temperature is within the acceptable range: disposing

the second workpiece on the heated platen in the process

O

chamber; and proceszing the second workpiece while on th

@3

heated platen. In another further embodiment, tThe method
further comprises performing a corrective action if the
temperature is not within the acceptable range.

According o another embodiment, a method of
processing a workpiece at an elevated temperature is

dizcliozed. The method comprises applying a coating to &

first portion of an upper surface o¢f the workpiecs, the
coating having a nearly constant emissivity about a desired

“kpiece on a heated
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temperature range; placd x
platen; focusing an IR camera at the first portion so as to
monitor a temperature of the workpiece; processing a zecond
portion of the workpiece, the second portion different from
the first portion; and adjusting a temperature of the

heated platen bkased on the monitored temperature of the

|2

workpiece while the workpiece is being processed so as to

maintain the workpiece at the elevated temperature, wherein

C o~

the elevated temperature 1s greater than 100°C.

Brief Description of the Drawings

&g}

For a better understanding of the present disclosure,

vafovan o N + - N =y Ty Yy Ty o 3 v v 1 T ~ PN N oy
rererence 15 made o the accompanyinc arawings, Wﬁl(_‘il’i are

incorporated herein by reference and in which:
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FIG. 1 is a graph showing the spectral

s
th

emissivity o

ey
-
0]
foet
oy
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above a heated platen by 1lift pins;

FIG. 4 shows a representative configuration of an IR
cameraz, a workplece and a platen;

FIG, 5 shows an unheated calibration workgpiece

FIG. 7 shows a representative flowchart used to

monitor the temperature change of a workpiece;

make the use of

W

FIG. & shows a represgentative flowchart used to

FIG. 9 shows a representative Iflowchart using closed

cop temperature control,.

Detailed Desgceription

licon

As described above, the coptical properties of =

Lo measure temperature

ifficult or impossible. FI1G. 1 shows  the spectral

avelengths. The wavelengths represented in this graph are

those associated with the infrared spectrum usaed by

m

i

onal infrared cameras. Emissivity is a

aterial’s ability to emit energy via radiation. As seen in

IG. 1, at low temperatures, ailicon loses its ability to

emit any radiation in the infrared spectrum, having an

emissivity of neay zero. As the temperature of

silicon

increases, the emisgivity of the szsilicon also increases. AL
SO P . : . - i : B s .
go0"C, the emissivity of silicon 1s nearly constant at
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0.7. This optical behavior is

©re

geveral reasons.
First, at a particular wavelength in the
spectrum the emigsivity of silicon changes as a

using an infrare

single wavelength or a narrow

it is impossible relate the

actual Infrared

temperature.

at a yvarticular

narrow range of wavelengths, and based on
emitted radiation and the emigzivity of the

the material’s

emissi at that

ity

for an infrarec

J.va\Jo,S...*JJ. 2

material’s temperature using only

iconal IR cameras are unable to

tradi
the

accurately

temperature of silicon at lower temperatures.

temperatures

T ny !
[ J . 1 . . : S ) :
recorded are actually associated with the material
. -1 2T~ T ) . - - L
beneath siliceon., FIG. 2 shows a thermal ima

g N < " T o~ 7 i S i I — ] i . o~ 5 " =
5007°C. The platen 100 may be heated by the introd

nay be

heated throug

heat

hrough

vassageways ¢

is fed toward the back side the workgpiece.

the conduction of heat

im proves

iece disposed thereon. The three regions

-

to the center of the platen 100 may

rey

‘ O
(
¢
C

shlematic

wavelell

the amount

one wavelength,

the neary zero emigsivity of silico

Lemperature ¢

ing elements disposed in the platen

PCT/US2015/019893

for

infrared
function
i k,(“{y] Shn ’\
range of

emitted

cameras
o1

gth

of

particular wavelength makes it

camera o determine the

determine

ge of
»E nearly

uction of

from the platen 100 to
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uged to 1ift the workpiece from the platen 100 after
processing. Dot shaped regions 20 may represent ground

5

pins, used to remove charge from the workpiece,

the same platen, now covered by a

a top view, the platen is under the workpiece, such that

3o 4 o o~ 1 e T N T o~ . Pra———
is dispesed between the IR camara and

platen. A representation of this configuration is shown in
FIG. 4. FIG. 4 shows the IR camera 200 disposed above the
platen 100. The silicon workpilece 300 isg disposed on the

N

1ift pins, thereby separating the silicon work

o)
i,.‘l
)
0
0]
_)\‘
C
[

from the platen 10

that the silicon

"
N

between 400°C and 500°C. However, the actual ftemperature of
the silicon workpiece 1s actually much closer to 507,
although this cannot be determined bkased on the thermal
image. This is because the thermal image 1is actually
recording and measuring the temperature of the platen 100,

albeit somewhat attenuated py the silicon workpiece 300

FI1G. 5 shows a thermal 1imace of a calibration
workpiece 400 disposed on a heated platen, where a portion
1 learly appears to be at a different temperature than
the rest of the calibration workpiece 400, This portion
410 may have a pattern in the shape of twoe orthogonal
diameters. In other embodiments, this portion 410 may be a
gingle diameter. This portion 410 had been previously
coated with a coating that has a nearly constant emissivity
disclosure, the term

the emisgsivity of

L
over a decgired
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In other embodiments, the substance may

5
q
o

have emigszsivity changes of less than 10% over the desiry
s where the

emparature range. Furthermor

AN

Lerm neard

-

Y

N e E SR e o~ N s oy e ey 3 1 e - T o e o~ -3
constant emissivity may denote that the emissivity of the

s} T

in some embodiments 5%. The IR camera typically uses a

fixed emissivity wvalue, which 1is a good approximation at
Lemperatures close to the target final temperature. In some

embodiments, the fized emissivity used by the IR camera is
equal tTo the emissivity at the target final temperature.
Thus, the IR  camera readings will Dbe accurate at
temperatures near the target final temperature. In this way,
the temperature measurement for those porticons 410 is known

N

to be accurate, while the rest of the calibraticon workplece

~ -

400 may be indeterminate. In ther words, the thermal
image of FIG. 3, which sucggests that the workpiece ig at a
temperature of between about 400°C and 500°C is inaccurate.
Rather, only the ccated portion 410 represents the actual

temgerature of the workgiece 400.

FIG. & shows the same calibration workgpiece 400 after
it haszs been disposed on the hot platen for an extended

ot

period of

ime. Note that the portion 410 now reflects a
temperature that is very close to that of the heated platen.
This reflects the actual temperature of the workpisce 400.

Note that the remainder of the calibration workpiece 400

sgtill appears to be at a siightly higher temperature than

In FIGs. 5 and 6, the calibration workpiece 400 has

been coated with a subsgstance with neaxrly constant

)]
i_.
®
3
9]
pt
oy
H
]

emissivity over temperature at the desired wavel
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some embodiments, the degired wavelength 1z between 1.0 um
and 3.0 um. In other embodiments, the desired wavelength
may be between 3.0 um and 5.0 um. In other embodiments, the
desired wavelength may be between 7.5 um and 14 um. In yet
other embodiments, the desired wavelength can be between
1.0 um and 14 uym. In these figures, the coating has been
applied to twoe orthogonal diameters 4310, however the
coating can be appliaed in any desired patter

I
=
L

or example, a colloidal suspension of graphite and

water c¢an  be  Dbrushed onto

L.

workpiece. In this embodiment, the colloidal suspension may
be brushed onto the upper surface of the workpiece in an

Iy o - P R T Ty T ey T~ L s . - =y EPETN 3 1=
deslired pattern. The workplecs, now referred ©to a8

o

calibration workpiece, can be used in any of the procedures

However, there are numerocus other materials that may

be uszed to coat the workpiece, one such ccating is a high
temperature black coating. Other materials are also

possible and the disclosure is not limite
material. Rather, the inclusion of
black ccating was to demonstrate
varicus materials that would be app

boron alsce has a nearly constant

as a plasma spray. As stated above, any

nearly constant emissivity over a wide
at the wavelength used by the IR camera may be emploved.
In some embodiments, this temperature range may be 0°C to
007C. In other emboediments, the temperature range may be
4 o - Ty Qe T cren b 1 o ‘ N ¥ ~ +-L ~

300°C to «007C. In vyet other embodiments, the temperature

- P T Y el . Yy SN Sam ey e LR \ T S - T
ange may be 400°C to 600°C., Those materials that can be

. Gy C e
sprayed, brushed or ctherwise easily applied to the surface
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be beneficial. The coating alliows the

silicon workpiece to be accurately

measured using traditicnal IR cameras.

In gsome embodiments, the coating is only apgelied to a

portion of the upper surface of the workpiece 400. Forx
exampl FiGs. 5 and & aghow the portion 410 where the

material has been applied ig in the shape of two orthogonal

diameters. However, in c¢ther embodiments, tThe Sire upper

Ia)
{

[ o~ = Ty oo P T o 4 - 4 Y e - -
surface of the calibration workpiece 400 may be coated to

on the workpiece. The coating may be applied in any pattern.
For example, by coating the entire upper surface, the
temperature uniformity of the entire workplece can be

precisely determined using thermal images. Points that are

at a different temperaturs, such asg those directly above
the 1ift ping, <¢an be readily identified. In another

embodiment, the use o¢f one or more diameters, ag shown in

by
H
G
U
[}
j$)}
-]
[o
(oM
)

zllows uniformity to be estimated as a
function of distance from the center of the workpiece. In
other words, it may be assumed that the temperature of the
workpiece 1s in some way related to the distance Ifrom the

center of the workpiece, where the center of the workpiece

ig likely to be at the highest temperature. Thus, the use
of one diameter may allow the temperature of any point on
the workpiece to be estimate based on its distance from the
center of the workpiece. The use of more than one diameter
may allow more complex extrapolation of the temperature

profile of the workpiece.

10
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In other embodiments, the temperature uniformity of
the workpiece may not be desired or useful. For example, it

may ke sufficient to simply sample the temperature of the

workpiece at a single point. In this embodiment, the
coating may be applied to the entirety of the upper surface
or to just a portion of the upper surface. The IR
may then focus specifically on an area o¢f the workpiece
where the coating has been previously applied. This allows
a simple, guick determinaticon of workpiece temperature. Any

5

of these techniqgu way  be used with the procedures

)y

(D
6]
—
jain
ah
<

The use o0f a ceating has several advantages over other

technigues. For example, once the upper surface has been

]
O
s
o3
it
N
)]
)
o,
P

the alibration workpiece 400 can bhe introduced
into the manufacturing process in the same manner as any
other workpiece. In other words, there are no special steps
regquired to emgloy the gpecially ceoated calibration

Ve T o - TNt - N S R, - N, 5
workpliece 400, This allows a wvariety of calibration

procedures to be developed.

-

or example, 1in a first embodiment, a proces

I

S

n
et

that implants & workpiece when that workpiece has

reached a predetermined temperature. A calibration

workpiece, as described zbove, may be used to develop the
~ 3 B2 ooy T, = T ey - T~ - e

deglired process, as shown in FIG. 7. T¢o achieve this, the

he processing chamber, may

temperature, such as above

it -

shown in operation 700. The calibration workpiece

=]
Q
h
o}
®
}_1
o)
ct
3 s

roduced into the processing chamber in the szame
mannear as other workgieces. For example, in some

embodiments, the calibration

lock, as shown in operation 710. The calibration workplece

is then removed from the lcoad lock by a rokbotic mechanisnm,
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located within the processing chamber, as shown  in

speration 720, The robotic mechanism can then place the

=3
0]
e

(
o
}.__!
'._: .
o
]
83
ot
,_
@)
]

workpiece, as shown in operation 730,
workpiliece has a coating that has a nearly constant

emissivity over a desired temperature range. In  this

\ : , - © .
embodiment, the desired temperature range may be a 100°C
range centeraed arcund the elevated temperature of the
- e T e 1 5 P - e oy e -« <

platen, For example, at an elevated tempervature of 3007C,

the desired temperature range would be 250°C to 350°C.
Using traditional IR cameras, the temperature of the
cazlibration woerkpiece 400 may be accurately measurad and
monitored, as shown in operation 740. Theraefcore, the wait
time for the workpiece to reach the desired temperature can
he accurately measured and recorded, as shown in operation

. i I
create a process that

implants workpieces svated temperature. To

improve the statistical ne measured btime, a
plurality of calibration workpieces may  be used to

cazlibrate the process. The pwplurality o¢of <calikbration
workpieces may all Dbe introduced into the processing
chamber in the manner described above and shown in F

Once this wait time has been determined, workpiece can
then ke introduced intoe the process chamber through the
lecad lock and placed on the heated platen. After waiting

the wait time, the workpiece can then be processed. Th

0]

-

walt time may be determined in operation 750 of FIG. 7.

In a further embodiment, the temperature uniformity of
the calibration workpiece can be obtained as well., F
ezxample, in one embodiment, the coating is applied to the

entirety of the upper surface of the calibration workpiece.

The IR camera 200 is then fcocused at a plurality cof points

g)
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focused a

Rased on the

thig,

workpiece can

workpiece. The

—i
o
Q

implants a workpiece when

this embodiment, the platen
workpiece is placed thereon

t a
temperature

Lce ¢

use

temperature., Unlil

workpiece has at least a por

coated with 2 substance havi
at the freguency used by th
workpliece may be introducec

the same manner

the calibration

lock. fie alibration
load lock by ¢ ropbotic

ng

PCT/US2015/019893
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of points on the

estimate may

of the

of more than one diameter

ns to he performed.
a procesg 18 desired that

irst embodiment,

zated only after th

i
12
9

efore, the calibration

tion of its surface

upper

2 near-constant emiss

ivity

-

camera. The calibration

into the processing chamber in
workpieces, and as gshown in

workpiece 1s

workplece 1is

ech

robotic

" ™

/. For example,

aced

then removed from the

anism, located within the
mechanism c¢an then place

the calibration workpiece on the platen, as it would any
other workpiece. The platen ig then heated and, usi

PR, B S P T ey N e ey (N
traditional IR cameras, the

tem

workpliece mway e accurately
Therafore, the ima for the

the desired temperature can

at the desired

then bhe used to cor

WOorkpl

perature of the calibration

measured and monitored.
piece and platen to reach
accurately measured. This

Cemperature.
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further embodiment, as described above, the temperature
uniformity of the workpiece can be measured or esztimated
using the technigue described akove.

In a third embodiment, thermocougples or other
temperature sensors are disposed on the platen 100. The IF
camera 200 1s used to monitor the temperature of the
cazlibration workpiece 400. The calibration workpiece 400
may enter the processing chambsr as shown in coperations
T10-730 of FIG. 7. Thereafter, a correlation between platen
temperature and workpiece temperature can be created.
ihile the calibration workpiece may be useful in the
developing manufacturing processes as described  above,
there are other applications for the calibration workpiece.

For example, in one embodiment, the calibration workpiece

=iy b N + an 319~ 3 1 Eel YR EN N ~ o g ~ ot i1 e Avma |l
may be introduced into the processzing chamber during noymal

The introduction of the calibration workpiece during
normal operation allows the creation of a thermal profile
using an IR camera. In this way, the operation of the
manufacturing process can be wverified. For example, cover

time, the thermal coupling between the

workpiece may c¢hange. This change may be raused by
variations in clamping force between the platen
workplece; changes in ficw rate of the back side
ig directed toward the kack side cof the workpiace,

g. This change in thermal coupling may affect

ultimate temperature of the workpiece during

thereby affecting the resulting product. By introducing &

f-a

.

calibration workgiece during normal operation, the thermal
coupling c¢an be vwverified with minimal dwpact +to the

speration., This calibration wafer may be introduced in the
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actually be processged in the processing
its purpose 1s to allow periodic validation of

by »»»»»» =1 +

allowin

g actuz workplece temperatures o

without impacting the coperation of the

chamber.

PCT/US2015/019893

Rather,
the process,
be

measured

chamber.

5 In other words, 1t 1s not necessary Lo perform any special
procedures to introduce the calibration workpiece and to
determine actual workpiece temperatures

A  flowchart representing the use of a calibration

workpiece during normal operation is shown in FIG., 3. First,
18 as shown in operation 800, a workpiece is placed in the
load lock. This workpiece 1g then removed by a robotic

mechanism within aing chamber and

platen, as shown in cperation 810. The platen

to

pl

may

aced on

be heated

rat

an elev temperature to facilitate high temperature
15 processing of the workpiece, such as ion implantation. The
workpliece 1s then processed, as shown 1in operaticn 820,

After procesgsing is complete, the workgiece is removed from
the platen by the robotic mechanism., The sequence of
operations 80(0-820 v be repeated a plurality of times. AL
200 szome point, a calibration workpiece 400 is placed in the

load 1lock as shown 1in operation 830. This calibration
workpiece 400 is removed from the load lock by the robotic
mechanism and placed on the platen, in the szame manner as &
as shown in operation 84¢. The
25 woerkpiece has a coating that has a nearly
over a desired temperature range. In
desired temperature range may be a
zround the elevated temperature of the
platen After the calibration workpiece 400 has been
33 placed on the platen, its temperature can be monitored and
measured, as show in operation 850. As explained above
this may aliow validation that the thermal coupling petween
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the platen and the workpleces 1s still within acceptab
=

limits. If the temperatur
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action may be initiated, as shown 1in operation 860. This

may 1inciude changing the temperature of 106,
~leaning the platen, or some  other action. It the

according to the seguence in opervations 800-820.

the calibration workpisece can be obtained as well. For
example, in one embodiment, the coazting is applied to the
entirety of the upper surface of the calibration workpiece,

T 20

The IR camera 200 is then focused at a plurality of points
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=
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B
—
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O
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on the upper surface to create a thermal
embodiment, the coating is appliied to at least cone diameter
of the upper surface of the calibration workgiece. The IR

camera 200 is then focused at a plurality of points on the

cazlibration workpiece can be estimated. This estimate may
relate temperature to distance from the center of the

calibration workpiece. The use of more than one diameter

portion of the workpiece that is coated are processaed in

the processing chamber, as shown in FIG. 2. In

these calilbrate
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=
<
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~
8]
el
{
=)
i
9}
o
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workplieces and normalily processed workplieces., These
calibrated workpieces may be processed under temperature
feedback from the IR camera. In this embodiment, a small

R <o ¥ 3 . - 3 - 3 o . - -~ I
portion of the workp that 1z not used for product

e

<

have the ccating applied thereto, as ghis
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O
£
=
]
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o
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example, the

calibrated workpiece can ke monitored wh

temperature
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ile 1t is being

processed, and immediate corrections ran be  made by

adjusting the tewmperature platen in

ot
I}
=
o
@]
[
®

woul be applicable where

temperature contrel during workpiaece

desirable. Thus, after coating is

~»f the surface, the

platen, as shown in

can tThen ke processed,

same fashicn as other workgieces ars

calibrated workpiece 1is

may Dbe continuously wmonitoring the

calibrated workpiece, by focusing con

in operaticn %320. The monitored

th

used to control

typically

being processsad, the

the coated portion,

temperature

real time. Thig
may be

red to a portion

920, in the
done. While
IR camera

as
~

QL

e temperature of

the platen 300, as chown in operation 940. This allows
tighter temperature control than may otherwise be possibie.

~he calibrated

After

“hea workp has been ygrocessed, 1t 1s
removed from the platen, as shown in operation 950. Another
calibrated workpiece can then be processed using  the
seguence shown in FIG. 9.

The technigues described in  this appelicaticon have

described its Lo

materials that have

amigsivity in the working temperature range
quartz also has a large emigsivity

vary for a

0.3 at

[
~3

gilicon workpieces.

for sili

-
H
}

2. As an example
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technigue would be gimilarly TO guartz

workpieces. Any other material emisgsivity

over the desired temperature range may also benefit from

The present disclosure is not to be limited in scope

by the gpecific embodiments described herein. Indeed

AW

cther wvarious embodiments of and modifications tTo the

O

present disclosure, in addition to those described herein,
will be apparent to those of ordinary skill in the art from

and accempanying drawings. Thus,

such other embodiments and modi iong  are intende o
fail within the scope of the present disclosurae.
Furthermore, although the present disclosure has been
described herein in Lhe context of a particular
implementation

purpose, those

that 1ts useful

present disclosure may be beneficially implemented in any
number  of environments for any nuwmber of purposes.
Accordingly, the claims set forth kbelow should be construed

n wview of the full Dpbreadth and spirit of the present

-

Terein.

e

disclosure as described

¥
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What is claimed is:
1. A processing system, comprising:

a platen;

al ce

Lh

calibration

_'.plr

an IR camera using a range of
infrared spectrum to determine a

PCT/US2015/019893

aed on said platen;
wavelengths in an
temperature of said

calibration workpepiece; and
a coating disposed on a portion of an upper
10 surface of sald calibration workpiece, sald coating
having a nearly constant emissivity over a range of
temperatures at said range of wavelengths,
2., The procesging system of c¢laim 1, wherein said rangs
of temperatures is between (°C and 600°C.
15 3. The processing system of claim 1, wherein said coating
is applied alceng a diameter of saild upper surface.

4. The grocessing system of claim 1,
ig applied on an entirety of said up
5. A method for calibrating a
20 comprising:
maintaining a heated platen in

temperature greate

5
}

libration

())

ca

-
(=}

wherein

said coating
surtace.

rkpiece process,

- ) 2
a process chamber

e
.
Lo

than 100°C;

workpiece

Crocess chamber, said calibration workpiece
25 comprises a coating on a portion of its upper
surface, said coating having a nearly constant
emissivity over a desired temperature range:;
placing said calibration workpiece on said heated
platen;
30 monitoring & temperature of said calibration
workpiece cover time by focusing an IR camera at said
portion; and

19
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recording a time for said calibration workpiece

temperature.

o

recording, wherein

processing comprises:

Lh

rlacing said workpiece on said heated plat
walting a predetermined amcunt of time; and
processing gaid workpiece after gaid
where zaid predetermined amount of o

16 determined based on said recorded time £

-1

rther comprising process

. The method of claim 5, wherein said coating igs applied

to an  entirvety of said  upper surface of

determining a Temperature uniformity of

3 calibration workpiece, and further comprisin

calibration workpiece by focusing said IR camera

urality of points on said upper surface.

) Ty NS RO T T 4y i ; oy S SR N
8. The method of claim 5, wherein saild portion comprises

0 z diameter of saild upper surface, and further

comprising estimating a temperature uniformity

calibration workplece by focusin

ufacturinc
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ot
oy
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IR camera
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introducing a first work

1Nto a process

¢

5

chamber;

in said process chamber,

Lh

elevated tempserature greater than 1?O°C;

processing said first workplece while on gaid
heated platen;

introducing a calibration workpiece into said
process chamber in a gsame manner as said first
10 workpiece was introduced, wherein said calibration
workpiece comprises a ccating on a portion of its
upper surface, sald ccating having a nearly constant

emigsivity over a desired temperature range;

said calibr

15 workpiece using an IR camera focusged at said portion
having said ceating; and
verifying gaid temperature is within an
acceptable range.
i.The method of claim 92, further comprising:
20 introducing a second workpiece into sald process
chamber after verifving said tempserature is within
zaid acceptable range;
digposing said second workpiece on said heated

platen in said process chamber; and

25 processing salid second workpiece while on said

1i.The method of claim 9, further comprising pe

’D
~
h
-
N
H
.
=
i
=
o
)
Q

s not within

corrective acticn 1if sazid temperature

-
P

30 12.The method o

o
(23]
[N

.
S

Foclaim 2, wherein ¢

d o dintroducing

placing a workpiece in a load lock; and
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removing gsaid workpiece from sald load lock using
a robotic mechanism dJdigposed within said process

chamber.

13, The method o¢f claim 9, wherein said coating 1is
5 applied to an entirety of sgaid upper surface of saild

calibration workplece, and further comprising determining
§h I

-
H
}

a temperature uniformity of said calibration workpi

®
Q
o
M

focusing said IR camera at a plurality of points on said

10 14, The method of claim 2, wherein sald portion comprises
a diameter of saild upper surface, and further comprising
estimating a temperature uniformity of said calibration
workpiace by focusing said IR camera at a plurality of
points on sgaild diameter.
15 15, A method of processing a workpiece at an elevated
temperature, comprising:
applying a coating to a first portion of an upper
surface of sgsaid workpiece, said coating having a
nearly constant emissivity about a desired
20 temperature range;
placing said workgiece on a heated platen:
focusing an IR camera at sald first portion so as
te monitor a temperature of said workpiece:
processing a second portion of said workplecs,

25 said second portion

portion; and

adiusting a temperature
based on saild meonitored temperature of said
workeliece while said workpiece i1s being processed 30

i as to maintain saild workpiece at saild elevated

temperature, wherein zsaild ele

’D

vated temperature is

a0

greater than 1407°C.

s Te]

Lo ki
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