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METHODS OF MANUFACTURING ELECTROSTATIC CHUCKS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States Provisional Application
No. 62/816,687, entitled “METHODS OF MANUFACTURING ELECTROSTATIC
CHUNKS;,” filed on March 11, 2019, which is incorporated herein by reference in its

entirety.

TECHNICAL FIELD

[0002] Described herein are methods of manufacturing an electrostatic chuck (ESC)
in which at least a portion of the ESC is formed using spin coating or spraying techniques

to deposit layers of the ESC on a handle.

BACKGROUND

[0003] With reference to Figure 1, electrostatic chucks 100 typically include a
handle or base plate 110 upon which multiple layers of a dielectric material are deposited
to form the chuck body 120. Dispersed between adjacent layers of dielectric material
may be patterned metal sheets 130 that serve as electrical components (e.g., electrodes,

heaters, etc.).

[0004] Conventional means for manufacturing an ESC having the configuration
described above generally include using tape casting techniques to form the multiple
layers of dielectric material on the handle. With reference to Figure 2, tape casting
methods generally involve providing a moving belt onto which liquid dielectric material is
dispersed from a reservoir. A doctor blade is used to ensure a constant height of the
material dispersed from the reservoir on to the belt. As the dispersed material moves
forward on the belt, it passes under a dryer in order to harden the material. Multiple tape

casting passes can be used in order to build up the thickness of the chuck body.

[0005] Multiple issues arise out of the use of tape casting to manufacture portions
of an ESC. The overall time required to manufacture an ESC is relatively long due to the
slow nature of building up the chuck body using tape casting techniques. The tape
casting process is also relatively complex. As such, the overall yield using these

techniques is low, and the cost is relatively high.
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[0006] Accordingly, a need exists for improved ESC manufacturing methods that

resolve or mitigate some or all of the above described problems.

SUMMARY

[0007] Described herein are various embodiments of a method for manufacturing
electrostatic chucks. In some embodiments, the method includes depositing at least one
layer of a first dielectric material on a handle using spin coating and/or direct spraying,
depositing a functional electric layer on the at least one layer of first dielectric material,
and depositing at least one layer of a second dielectric material on the functional electric
layer using spin coating and/or direct spraying. Additional optional steps, such as
depositing a mechanical dielectric layer on the at least one layer of second dielectric
material and patterning the mechanical dielectric layer, may also be carried out. In some
embodiments, the material of the handle is Al2Os, AIN or Y20z. In some embodiments,
the first dielectric material and the second dielectric material are the same dielectric
material, and the dielectric material is a material having a high dielectric constant. In
some embodiments, the material of the mechanical dielectric layer is the same material

as the handle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 illustrates a configuration of an electrostatic chuck according to the
prior art.

[0009] Figure 2 illustrates a tape casting technique according to the prior art.
[0010] Figure 3 is a flow diagram illustrating a method of manufacturing an

electrostatic chuck according to various embodiments described herein.

[0011] Figure 4 illustrates an electrostatic chuck manufactured in accordance with
methods described herein.

DETAILED DESCRIPTION

[0012] With reference to Figure 3, a method 300 for manufacturing an electrostatic
chuck includes a step 310 of depositing at least one layer of first dielectric material on a
handle using spin coating and/or direct spraying, a step 320 of depositing a functional

electric layer on the at least one layer of a first dielectric material, and a step 330 of
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depositing at least one layer of a second dielectric material on the functional electric layer

using spin coating and/or direct spraying.

[0013] In step 310, at least one layer of a first dielectric material is deposited on a
handle using spin coating and/or direct spraying. Spin coating techniques generally call
for a small amount of liquid dielectric material to be applied to the center of the handle,
followed by rotating the handle at relatively high speeds in order to spread the liquid
dielectric material by centrifugal force. Any apparatus known to be suitable for carrying
out spin coating (e.g., a spin coater or a spinner) may be used. Similarly, any suitable
rotating speed that causes the dielectric material to spread may be used. The amount of
material applied to the center of the handle is not limited and is generally determined
based on the desired thickness of the layer being formed on the handle. In the event
multiple layers of first dielectric material are deposited on the handle, the first layer is
deposited directly on the handle using spin coating, and subsequent layers are formed

on the preceding layer of dielectric material using spin coating.

[0014] Direct spraying may generally be carried out using a spray gun. The spray
gun is loaded with the liquid dielectric material and is then used to spray the liquid
dielectric material directly onto the handle (or preceding layer of dielectric material when
multiple layers are deposited). The direct spraying is generally carried out such that the

layer of material deposited has a uniform thickness.

[0015] Regardless of whether spin coating or direct spraying is used, the deposited
layer will generally be cured after deposition in order to harden the material. Any suitable
curing technique and parameters may be used. In some embodiments, the deposited

material is cured by heating the material at a temperature of 600°C or higher.

[0016] When multiple layers of first dielectric material are deposited, the deposition
method may be exclusively spin coating, exclusively direct spraying, or some layers may

be deposited using spin coating while other layers are deposited using direct spraying.

[0017] The first dielectric material is generally not limited and may be any material
known to be suitable for use as the chuck body of an ESC. In some embodiments, the
first dielectric material is a dielectric material having a dielectric constant higher than 3.
In some embodiments, the first dielectric material having a dielectric constant higher than
3 is a siloxane-based material. Such dielectric materials may further include a metal

oxide component, such as Alz0s. However, a metal oxide component is not required.
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The high dielectric constant dielectric material can be made up of an oxide, nitride, boride,
carbide or fluoride of any combination of yttrium, iridium, scandium, erbium, hafnium,
silicon carbide, zirconium oxide, or any lanthanoid. However, such compounds are not

required.

[0018] The handle (also sometimes referred to as a plate or base plate) on which
the first layer of first dielectric material is deposited may be made of any material known
to be suitable for use as a handle of an ESC. In some embodiments, the material of the
handle is a ceramic material. Exemplary ceramic materials include, but are not limited

to, AlzOs, AIN and Y20s3. Other suitable materials can be glass or silicon.

[0019] Step 310 is carried out until the desired thickness of the first portion of the
ESC is obtained. The desired thickness can be reached by depositing a single layer of
first dielectric material having the desired thickness or by depositing multiple layers of the
first dielectric material such that the thickness of the individual layers adds up to the

desired overall thickness.

[0020] After a desired thickness has been reached, step 320 is performed, in which
a functional electric layer is deposited on the layer or layers of first dielectric material.
Any material known to be suitable for use as a functional electric layer in an ESC can be
used. In some embodiments, the material is a metal material. The thickness of the metal
layer is generally not limited and can be selected based on the electrical component
being formed. The manner of forming the electrical layer can be, for example, via known
PVD methods or by screen printing. The electric layer can be patterned as desired using

any known patterning techniques.

[0021] After the functional electric layer has been deposited on the layer or layers
of first dielectric material, step 330 is performed, in which at least one layer of a second
dielectric material is deposited on top of the functional electric layer. The at least one
layer of second dielectric material is deposited on the functional electric layer using the
same spin coating and/or direct spraying techniques as described above with respect to
step 310. As with step 310, a single layer or multiple layers of second dielectric material
can be deposited, so long as the desired thickness of the second portion of the chuck
body is achieved. In some embodiments, the second dielectric material is the same as

the first dielectric material.
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[0022] In some embodiments, steps 310, 320 and 330 may be repeated more than
once such that the ESC includes multiple functional electric layers sandwiched between

dielectric layers.

[0023] Optional additional manufacturing steps can be carried out after completion
of steps 310, 320 and 330. For example, in some embodiments, a mechanical dielectric
layer is formed on top of the at least one layer of second dielectric material. This
mechanical dielectric layer serves as a sort of cap to the ESC structure. Any manner of
depositing the mechanical dielectric layer on the at least one layer of second dielectric
material can be used, including deposition via plasma spray, PVD, or a bonding process
using ultra thin material. The material of the mechanical dielectric layer is not limited. In
some embodiments, the mechanical dielectric layer is the same material as the handle.
Thus, for example, when the handle is made from Al2Os, AIN or Y203, the mechanical

dielectric material can be made from the same Al2Oz, AIN or Y203 material.

[0024] In embodiments where a mechanical dielectric layer is employed, the
manufacturing method can further include a patterning step wherein the mechanical
dielectric layer is patterned based on the desired application. Any suitable patterning
techniques can be used, such as subtractive manufacturing. In a specific example, CNC
grinding can be used to form helium channels, mesas, etc. on top of which the wafers

can rest during use of the ESC.

[0025] With reference to Figure 4, an ESC 400 manufactured in accordance with
the methods described above is shown. The ESC 400 includes a handle 410 on top of
which is deposited a layer 420 of first dielectric material. While Figure 4 shows a single
layer, it should be appreciated that layer 420 may actually be made of up several layers.
On top of layer 420 is a patterned functional electric layer 430. On top of functional
electric layer 430 is a layer 440 of the second dielectric material. While Figure 4 shows
a single layer, it should be appreciated that layer 440 may actually be made up of several
layers. On top of layer 440 is patterned mechanical dielectric layer 450. While Figure 4
shows a single layer 420, a single layer 430 and a single layer 440, it should be
appreciated that the ESC could include one or more repeated stacks of layers 420, 430

and 440 on top of the stack shown in Figure 4.

[0026] The ESC manufacturing methods described herein can provide numerous

benefits over previously known ESC manufacturing methods. For example, the disclosed
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method utilizing spin coating and/or spraying reduces manufacturing costs as compared
to methods that employ tape casting. Additionally, the ESC produced by manufacturing
methods described herein may also have improved characteristics as compared to an
ESC manufactured by previously known methods. For example, the ESC produced by
the methods described herein may provide increased clamp force, reduced ESC voltage
(which reduces electrostatic particle attraction), reduced electron mobility to improve
chucking and dechucking performance at high temperatures, reduced or eliminated
residual charging (which is also related to improved chucking and dechucking
performance at high temperatures), increased operating temperatures, increased

thermal response, and/or high heat flow.

[0027] From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the scope of the invention.

Accordingly, the invention is not limited except as by the appended claims.
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CLAIMS

I/'We claim:

1. A method of manufacturing an electrostatic chuck, comprising:

depositing at least a first layer of a first dielectric material on a handle using a
depositing method selected from the group of depositing methods consisting of: spin

coating, direct spray coating, or a combination thereof;

depositing a functional electric layer on the at least the first layer of the first

dielectric material; and

depositing at least a second layer of a second dielectric material on the
combination of the first layer of the first dielectric material and the functional electric layer
using a depositing method selected from the group of depositing methods consisting of:

spin coating, direct spray coating, or a combination thereof.

2. The method of claim 1, wherein the first dielectric material is identical to the

second dielectric material.

3. The method of claim 2, wherein the first dielectric material and the second

dielectric material are a high dielectric constant material.

4. The method of claim 1, wherein the first dielectric material and the second

dielectric material both have a dielectric constant greater than 3.

5. The method of claim 1, wherein depositing at least the first layer of the first

dielectric material comprises spin coating and wherein the spin coating comprises:

applying a small amount of a liquid dielectric material on the handle; and
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rotating the handle at a velocity to spread the liquid dielectric material by
centrifugal force.

6. The method of claim 1, wherein depositing at least the first layer of the first

dielectric material comprises direct spray coating

7. The method of claim 1, further comprising curing the deposited the first
layer of the first dielectric material at least prior to depositing a subsequent layer of

dielectric material.

8. The method of claim 7, wherein curing comprises heating the first layer of
the first dielectric material to at least 600 °C.

9. The method of claim 1, wherein depositing at least the first layer of the first

dielectric material comprises depositing a plurality of layers of the first dielectric material.

10.  The method of claim 9, wherein depositing the plurality of layers of the first
dielectric material all use spin coating.

11.  The method of claim 9, wherein depositing the plurality of layers of the first

dielectric material all use direct spray coating.

12.  The method of claim 9, wherein depositing the plurality of layers of the first
dielectric material has at least one of the plurality of layers deposited using spin coating

at least one of the plurality of layers deposited using direct spray coating.

13.  The method of claim 1, wherein depositing at least the second layer of the
second dielectric material comprises depositing a plurality of layers of the second

dielectric material.

14.  The method of claim 13, wherein depositing the plurality of layers of the

second dielectric material all use spin coating.
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15. The method of claim 13, wherein depositing the plurality of layers of the

second dielectric material all use direct spray coating.

16.  The method of claim 13, wherein depositing the plurality of layers of the
second dielectric material has at least one of the plurality of layers deposited using spin
coating at least one of the plurality of layers deposited using direct spray coating.

17.  The method of claim 1, further comprising:

depositing a mechanical dielectric layer on a final layer of the second dielectric

material; and

patterning the mechanical dielectric layer.

18. The method of claim 1, wherein the first dielectric material and the second
dielectric material include at least one of an oxide, a metal oxide, a nitride, a boride, a
carbide, a fluoride.

19. The method of claim 1 wherein the first dielectric material and the second
dielectric material include at least one of yttrium, iridium, scandium, erbium, hafnium,

silicon carbide, zirconium oxide, or a lanthanoid.

20.  An electrostatic chuck manufactured by the method recited in claim 1.



WO 2020/185835

1/4

PCT/US2020/021996

130

110

FIGURE 1



WO 2020/185835 PCT/US2020/021996

2/4

Reservoir

Doctor blade region Peeling belt

FIGURE 2

SUBSTITUTE SHEET (RULE 26)



WO 2020/185835

3/4

Deposit at least one layer of
first dielectric material on a
handle using spin coating
and/or direct spraying

Deposit a functional electric
layer on the at least one layer
of first dielectric material

Deposit at least one layer of a
second dielectric material on
the functional electric layer

using spin coating and/or
direct spraying

FIGURE 3

PCT/US2020/021996

310

320

330



WO 2020/185835 PCT/US2020/021996

4/4

400

450

430

440 — | /

FIGURE 4



INTERNATIONAL SEARCH REPORT

%

Intemational application No.
PCT/US2020/021996

According to International Patent Classification (IPC) or to both national classification and IPC

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO2ZN 13/00; B23Q 3/15; HO1L 21/64; HO1L 21/683 (2020.01)
CPC -

GO3F 7/70708; BOSD 5/12; HO1L 21/6833; HO1L 2933/0025 (2020.02)

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 361/234; 427/240; 427/258; 427/425 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,763,132 A (SHAMOUILIAN et al) 19 May 1998 (19.05.1998) entire document 1-4,6,7, 18,20
Y 5.8.17, 19
Y US 2002/0045011 A1 (NAGASHIMA) 18 April 2002 (18.04.2002) entire document 5
Y US 2008/0185738 A1 (CHUNG et al) 07 August 2008 (07.08.2008) entire document 8
Y US 2014/0218711 A1 (BRINKHOF et al) 07 August 2014 (07.08.2014) entire document 9-11, 13-15
Y US 2016/0170314 A1 (ASML NETHERLANDS BV) 16 June 2016 (16.06.2016) entire document |9, 12, 13, 16
Y US 2017/0242345 A1 (ASML HOLDING NV) 24 August 2017 (24.08.2017) entire document 17
Y US 2016/0268048 A1 (BLACKBERRY LIMITED) 15 September 2016 (15.09.2016) entire 19

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” ea(her application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T" later document pubhshed after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such comhm"uon
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

23 April 2020

Date of mailing of the international search report

11 MAY 2020

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized otticer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - wo-search-report

