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ROSS FERENCE TO RELATED AP CATION
This application is related to Application Serial
No. 07/971,363, filed November 4, 1992, now U.S. Patent
10 No. 5,346,578, issued September 13, 1994, and to
Application Serial No. 08/602,641 filed
contemporaneously herewith, each of which is
incorporated herein by reference in its entirety.

15 FIELD OF THE INVENTION

This invention relates to a device for removing
heat from a substrate, such as a wafer, during
processing.

20 BACKGROUND OF THE INVENTION
To optimize plasma processes, high power-low
pressure RF and/or microwave plasmas are increasingly
being used. A large part of the RF power is delivered
to the substrate, typically a silicon wafer, which
25 heats the substrate. At low pressures, typically -
around 5 millitorr (mT), the dominant heat transfer
mechanism for cooling the wafer is radiation, which is
very inefficient. Consequently, the wafer becomes very
hot, with wafer temperatures often exceeding 450°C.
30 However, in many processes it is desirable to maintain
the wafer at a lower temperature, e.g. 400°C or below.
Lamont, Jr., U.S. Patent 4,743,570 (herein
incorporated by reference) discloses a method of
thermal treatment of a wafer in an evacuated
35 environment. The wafer is clamped in place and cooled
by introducing a gas at a pressure of approximately 100
to 1000 microns in a region between the wafer and a



Lanont, Jr., U S. Patent 4,743,570 (herein incorporated by reference)

di scl oses a nethod of thermal treatnent of a wafer in an evacuated 35
environnment. The wafer is clanped in place and cool ed by introducing a gas
at a pressure of approximately 100 to 1000 mcrons in a region between the
wafer and a = -2- heat sink. Althoug@h the method is well suited for |ow
power application, typically 150 watts or |ess, at higher input power

| evel s excessive wafer heating results. Also, the difference in pressure
bet ween the 5 gas used for heat transfer, and the vacuum chamber causes

e|§2?pgg?;t|§ﬁ£ ckﬁg%%gréﬁﬁngger%fbyeﬁkﬁi uggg raQﬂ&fﬁ %%2h9¥on as the
t enper at ure cEavwey applicadipve t¥pPprathn PFoOatliser lessES@8F, a wafer is
held in place tmgrﬂ-.lxeqtﬁ t%h@rf Qéeelsaéxéééyﬁé a.taeﬂeﬂ hefdtdngl. Vfer 6 is
separ at ed fron1an %iectr S, t?é gn i_nsul tén %% . A voI%ggSB%p05|t|ve
voltage in Fi &gﬁ ad LELEFeREe 2 W’T"adﬁ’% rce 14
The vol t age arg:ds arbecdd fidre hela¢ctradefer, and the vacuum chamber
causes mechanical deflection in the wafer, which is
undesirable.
Recently, electrostatic chucks (hereinafter ESCs)
have received much attention as the temperature control
10 device in plasma processing. 1In ESCs, a wafer is held
in place by electrostatic force, as illustrated in
Fig. 1. Wafer 6 is separated from an electrode 2 by an
insulting layer 4. A voltage (positive voltage in
Fig. 1) is applied to electrode 2 by a voltage
15 source 14. The voltage applied to the electrode
produces an electrostatic charge {shown as -) on the
contact surface 10 of insulating layer 4, which
produces an equal and opposite electrostatic charge
(shoﬁn as +) on contact surface 12 of wafer 6. The
20 electrostatic éhérges on contact surfaces 10 and 12
produce an electrostatic force betwéen contact
surfaces 10 and 12. This electrostatic force holds
wafer 6 against insulating layer 4. Heat delivered to
.wafer 6 is then transferred by contact heat conduction
25 to insulating layer 4 which is cooled, typically with
cooling water.
The ESC shown in Fig. 1 is a monopolar ESC in
which electrical contact is made with wafer 6. In
bipolar ESCs, as described in U.S. Patent No. 4,184,188
30 to Briglia, two interdigitated oppositely polarized
electrodes are used to create the electrostatic force
which holds wafer 6, and the electrical contact with
water 6 is eliminated.
ESCs are advantageous over conventional wafer
35 holders (which mechanically clamp the wafer) because of
the relatively uniform contact between the surface of
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adjust the wafer temperature during processing to meet
various process criteria established by manufacturers.

SUMMARY OF THE INVENTION

According to the present invention, an wafer
cooling device (WCD) is used to remove heat from a
substrate, typically a wafer, during processing. 1In
this manner, the heat transfer coefficient, and hence
the substrate temperature, can be controlled.

The WCD includes a heat transfer surface to which
a wafer is mounted. The wafer is mounted to the WCD
using electrostatic force by methods well known to
those skilled in the art. Alternatively, the wafer can
be mounted mechanically, for example by clamping using
a clamping ring. '

A gas, such as hydrogen, helium, argon or
nitrogen, is introduced into a cavity formed between
the WCD heat transfer surface and the wafer. )

The WCD further includes a ceramic disk connected
to a metallic support disk which is connected to a
metallic cooling disk.. The wafer is mounted to the
exposed surface of the ceramic disk, which is the WCD
heat transfer surface. The metallic cooling disk is
cooled through contact with water. Thermal
conductivity in the area of contact between the ceramic
disk and the metallic support disk is enhanced using
thermally conductive paste. Similarly, thermal
conductivity in the area of contact between the
metallic support disk and the metallic cooling disk is
enhanced using thermally conductive paste. In an
alternative embodiment, the metallic cooling disk is

35



the ESC and the backside of the wafer. This relatively uniform contact
produces a relatively uniformtenperature profile across the wafer, where
the wafer tenperature is a function of the input power. However, 5 it is
desirable to have the capability to readily adjust the wafer tenperature
during processing to neet various progﬁfs criteria established by

manuf acturers. SUMVARY OF THE | NVENTI According to the present

i nvention, an wafer cooling device (WD) is used to renove heat froma
substrate, typically a wafer, during processing. In this manner, the heat

transfer coeffigl&lor m&&@ae dtlff%c%upswa&ﬁet EOPS L U fak G e

controll ed. 15 e, WCD | ncl udes eat  t fer surface to which a
wafer is noun?%’élaml?/ec‘?/%]f’é?g |dsl%&§§§&big f'ﬁebV\Eff%s}'h A Ka¥dt atic force

by net hods wefériedwin tthé hastaldldid [sapportt AdsRit . Alternatlvely, t he wafer
can be mounted “%@"#}é’%ﬁéd tﬂeorar@&a@%' ‘éoRiéaEi;aﬁB{:?QeHséﬁ‘Q Wb l}éaatd anpi ng

ring. A gas, such as hel | rogen, is 1ntroduced
into a cabitytransger b%‘%‘?@%‘?ﬁ tand \F&B Wézftertvran§P§F1€Dr?§c%h%1ﬁ’lFQ he waf er.
The WCD furt hpeatnetafiefer Siffate il Teceaseact eqlh25remaﬂnm§rm@:bl ic

support di sk WakelotSeGoPRES' A ddughdFela | h180RLhded! Rae The Vafer is
conduction through direct contact between the wafer and
the WCD. Thus the dominant heat transfer mechanism is

10 through the gas between the wafer and the WCD wherein
the gas pressure determines the heat transfer
coefficient, hence wafer temperature. Gas distribution
channels are formed in the WCD heat transfer surface to
decrease gas pressure variations between the wafer and

15 the WCD which result from gas leakage. Since the heat
transfer coefficient, and wafer temperature, are mainly
dependent on the gas pressure, providing a uniform gas
pressure decreases temperature variations across the
wvafer.

20 In one embodiment, the gas distribution channels
are arranged in a triangular pattern. In another
embodiment, the gas distribution channels are arranged .
in a cross hatch pattern. In alternative embodiments,
the gas distribution channels ‘radiate outward in a

25 spoke pattern from a central location .on:the WCD heat
transfer surface. In another embodiment, eighteen gas
distribution channels radiate outward from a hexagonal
pattern of channels at the center of the WCD.

In all of the embodiments, one or more electrodes

30 can be formed within the ceramic disk. A DC voltage is
applied to the electrode(s) to produce electrostatic
force which élamps the wafer to the WCD. In addition,
RF power can be applied to the electrode(s) and also to
the metallic support disk. For example, it may be

35 desirable to apply RF power to accelerate ions towards
a wafer mounted to the WCD, thus producing sputter



exposed surface of the ceram c disk, which is the WCD heat transfer
surface. The netallic cooling disk is cooled through contact with water.
Ther mal 30 conductivity in the area of contact between the ceram c disk
and the netallic support disk is enhanced using thermally conductive paste.
Simlarly, thermal conductivity in thesarea of contact between the netallic
support disk and the netallic cooling disk is 35 enhanced using thermally
conductive paste. In an alternative enbodi nent, the nmetallic cooling disk
S -4- brazed or soldered directly to the ceramic disk and the
ceram c/ cool ietghdngk ofisshebivgfes.bolted into a cavity fornmed in the
metallic support disk. To reduce the area of contact between the WCD heat 5
transfer surface and the mafer cortlon of the WCD heat transfer surface
is recessed. 2f% R preee |s roughened. This reduces
heat conduction th‘ri@ngl dlmaetraeatsaat pbﬁbmeenttémemﬁtamctthe WCD. Thus
t he dom nant transfer nmechanismis 10 through the gas between the
waf er and t he Wwherein the gas _pressure determnes the heat transfer

Fig. 2 is an exploded top isometric view of a

wafer cooling device (WCD) in accordance with the
present invention.

Fig. 3 is a top isometric view of a metallic
10 cooling disk in accordance with the present invention.

Fig. 4 is a cross sectional view of a unit into
which the WCD in accordance with the present invention
is installed.

Fig. 5 is a cross sectional view of a WCD in

15 accordance with the present invention.

Fig. 6 shows a blown up cross sectional view of a
portion of the wafer-WCD interface shown in Fig. 5.

Fig. 7 shows a hypothetical wafer-WCD assembly in
which there is no direct contact between the surfaces

20 of the wafer and the WCD.

Fig. 8 is a graph which shows the temperature
profile along the heat transfer path from the wafer
through the WCD.

Fig. 9 is a graph which illustrates the behavior

25 of the heat transfer coefficient in.relation to gas
pressure and contact surface spacing.

Fig. 10a shows a top view of the contact surface
of the ceramic disk for a WCD in accordance with the
present invention.

30 _ Fig. 10b further illustrates the gas distribution
- channels for the WCD shown in Fig. 1l0a.

Figs. 1lla and 11b are expanded top and cross
sectional views, respectively, of a region of the
ceramic disk shown in Fig. 10a.

35 Fig. 12 is a graph which shows the relation
between the heat transfer coefficient and wafer surface



coefficient, hence wafer tenperature. Gas distribution channels are forned
in the WD heat transfer surface to decrease gas pressure variations

bet ween the wafer and 15 the WCD which result from gas | eakage. Since
the heat transfer coefficient, and wafer tenperature, are nmainly dependent

on the gas pressure, providing a uniforgLgas pressure decreases tenperature
vari ations across the wafer. 20 I n one enbodi nent, the gas

di stribution channels are arranged in a triangular pattern. In another
enbodi ment, the gas distribution channels are arranged in a cross hatch
pattern. In alternative enbodi nents, the gas distribution channels radiate
outward in a 25 spoke pattern froma central |ocation on the WCD heat
transfer surfZFoMghnesg,EPKEcVaEhPYE| WERR  injaprardangss wdtht thuti on channel s
radi at e out waiptefsemtt dnkenggonal pattern of channels at the center of the

WCD. In all of the odli ts, r e c d an, be formed
within the ceram C%EEKQBWXED%, 3%%8%11@ asﬁlp ‘fsegq%o%?ﬁ%gélleg??gde( s) to
produce el ect tFangfier coeffiGhrnl versys 93 REEssune megsuwed. atn additi on,
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support di sk. fﬁUé‘?ﬁ% le, it my be 35 desirable to apply RF power to

accelerate ions't rds a wafer nounted to the WCD, thus producing sputter
Fig. 14 is a graph which illustrates the effects

of pressure non-uniformity on wafer temperature for a
WCD in accordance with the present invention.

10 Figs. 15a, 16a, 17a, 18 and 19a illustrate top
views of WCDs with various configurations of gas
distribution channels in accordance with alternative
embodiments of the present invention.

Figs. 15b, 16b, 17b and 19b further illustrate the

15 gas distribution channels for the embodiments shown in
Figs. 15a, 16a, 17a, and 19a, respectively.

. Fig. 20 is a graph which illustrates wafer
temperature profiles for several WCDs in accordance
with alternative embodiments of the present invention.

20 Fig. 21 is a graph which illustrates temperature
versus backside gas pressure at the center of a WCD in
accordance with the present invention.

Figs. 22a and 22b are exploded top isometric and
cross sectional views of an alternative embodiment of

25 the present invention in which the ceramic disk is
brazed or soldered directly on to the metallic cooling
disk.

Fig. 23 is a block diagram which illustrates means
for controlling backside gas pressure of a WCD in

30 accordance with the present invention.

S 0 EF D O
Shown in Fig. 2 is an exploded top isometric view
of a wafer cooling device (hereinafter WCD) 48 in
35 accordance with the present invention. WCD 48 includes
a ceramic disk 52, a first layer 54 of a thermally



-5- etching of the wafer. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
Illustrates a prior art electrostatic 5 chuck. Fig. 2 is an exploded top.
i sometric view of a wafer cooling device (WD) in accordance with the
present invention. Fig. 3 is atop isonetric viewof a nmetallic 10
cooling disk in accordance with the present invention. Fig. 4 is a cross
sectional view of a unit into whichIfe WCD in accordance with the present
invention is installed. Fig. 5 is a cross sectional view of a WCD in 15
accordance with the present invention. Fig. 6 shows a blown up cross
sectional view of a portion of the wafer-WD interface shown in Fig. 5.
Fig. 7 shows a hypothetical wafer-WD assenbly in which there is no direct
cont act bet wergndurtive pacde,20 mefplifie FUPRPrindishSydEPrmeg of3 js a

graph which sdmwsirdi€, teERIoHaUNayREFOEB! 8£2h08Het &) ¢ atohdwisivs path from
the waf er paste, and a metallic cooling disk 60 formed of brass.

First layer 54 of thermally conductive paste enhances

5 thermal conductivity between ceramic disk 52

and metallic support disk $6. Similarly, second

layer 58 of thermally conductive paste enhances

thermal conductivity between metallic support

disk 56 and metallic cooling disk 60.

10 O-rings 55 and 59 are used to form a seal between
ceramic disk 52 and metallic support disk 56, which
isolate first layer 54 of thermally conductive paste
from the vacuum process environment. An O-ring 57 is
used to form a vacuum seal between metallic support

15 disk 56 and a ceramic insulator 49 (shown in the cross
sectional view of Fig. 4). First and second layers 54
and 58, respectively, of thermally conductive'baste are
manufactured by Omega Engineering, Inc. under the
product name “"OMEGATHERM 201%, although any similar

20 thermally conductive paste can be used. '

' Approximate widths of layers 52, 54, 56, S8,

and 60 are 6.70, 0.13, 6.35, 0.13, and 3.18 millimeters

(mm) respectively. .
Ceramic disk 52 is made of approximately 90%

25 aluminum oxide or aluminum nitride, and is manufactured
by Toto, NGK, Fujitsu and Kyocera using tape casting
methods. Using screen printing, electrode(s) are
formed within ceramic disk 52. Dc voltage is applied
to the electrode(s) using two connector pins 28 to

30 create electrostatic force which clamps a wafer to the
WCD. Ceramic disk 52 also has three indentations 53
which accommodate wafer lift pins. Techniques for
manufacturing ceramic disk 52 and the electrode(s)
formed within ceramic disk 52 are well known to those

35 skilled in the art, as is the use of wafer lift pins.

Techniques of forming a patterned electrode of the



through the WCD. Fig. 9 is a graph which illustrates the behavior 25 of
the heat transfer coefficient in relation to gas pressure and contact

surface spacing. Fig. 10a shows a top view of the contact surface of the
ceram c disk for a WCD in accordance with the present invention. 30

Fig. 10b further illustrates the gas disgribution channels for the WD
shown in Fig. 10a. Figs. 1lla and 11b are expanded top and cross sectional
vi ews, respectively, of a region of the ceram c disk shown in Fig. 10a. 35
Fig. 12 is a graph which shows the relation between the heat transfer

coefficient and wafer I f G- 1 sg. forovalri,on \\gPs I n
accordance wt 1\,%e£ep)src(sa!§'é°rﬁ%c%r?\?é.’ﬁt ?gﬁ..gglggﬂe.lgni@'sa' Sé:aé%q&vmhdh shows t he
overal | heat t4a¥Bfch8& def fBrdigdide,vwhigh jasineerporatetedwmnedh &Y 5 the

center of a WHh#dredO{4ANAS Wnithrielk.present invention. Fig. 14 is a
graph whi ch IllUStr5%é¥E&4¥i§%f¥&p%%wer can also be applied to the

5 electrode(s) within ceramic disk 52, and to metallic
support disk 56. For example, it may be desirable to
apply RF power to accelerate ions towards a wafer
mounted to the WCD, thus producing sputter etching of
the wafer. RF power can be applied to the electrode(s)

10 within ceramic disk 52 using connector pins 28. As
shown, two connector pins 30 are provided for applying
RF power to metallic support disk 56.

Ceramic disk 52 is bolted to metallic support
disk 56 using sixteen bolts 24 which go through

15 metallic support disk 56 and which are threaded into
metallic threaded inserts (not shown) which are brazed
to the bottom surface of ceramic disk 52. With each
bolt 24, a washer 20, and a Belleville spring washer 22
is used. Belleville spring washers 22 act as springs

20 to compensate for any expansion or contraction which
occurs. Metallic cooling disk 60 is bolted into a
cavity formed in metallic support disk 56 using six
bolts 26 which go through metallic cooling disk 60 and
which are threaded inta metallic.éupport disk 56.

25 A top isometric view of metallic cooling disk 60
is shown in Fig. 3. As shown, metallic cooling disk 60
has a cooling water channel 106 with a channel
inlet 102 and a channel outlet 104. During use,
cooling water enters through channel inlet 102, flows

30 through cooling water channel 106 and exits through
channel outlet 104.

Fig. 4 shows a cross sectional view of a unit 100
into which WCD 48 is installed. As shown, cooling
water is fed to channel inlet 102 through a first

35 cooling water tube 102' and is removed from channel
outlet 104 by a second cooling tube 104', by methods



of pressure non-uniformty on wafer tenperature for a WCD i n accordance
with the present invention. 10 Figs. 15a, 16a, 17a, 18 and 19a
illustrate top views of WCDs with various configurations of gas

-di stribution channels in accordance with alternative enbodi nents of the

present invention. Figs. 15b, 16b, 1¢gb and 19b further illustrate the 15
gas distribution channels for the enBodi nents shown in Figs. 15a, 16a, 17a,
and 19a, respectively. Fig. 20 is a graph which illustrates wafer

tenperature profiles for several WCDs in accordance with alternative
enbodi ments Q11 NRnEWRSEH thoWE K OMNe’Gn the ar®.0- aZkol §h6w9r§9h whi ch

illustrates te erat re versus, backsi de ,gas, . pressure at center of a WCD
in accordanc® 9frth* ?#%th%g%n}l TnmﬁﬁHQﬂ#£ %§25"gn8 leéFe expl oded
t op isonetrisuapdrtréiskséﬁthawnuhqaeﬂwneﬁreﬂhaﬂncaemaewﬁewhdbbdinent of 25

the present LRYER 4a8 RHI&G'GﬁbérEﬁd*ﬂé”Bééé“éH&dd&hpra&%dsﬁbui&'Q@red

directly on to the ' nmetallic coolipg djsk 23 |s a bl ock |agran1mh|ch
i |l ustrates Hﬁgﬁ§SFBPdcﬁh?FoF?Fﬁﬁlg cﬁggg§ ajl in 30

accor dance wsuppblkt giskess, |0vnhmgoan,[ﬁEKEIIIE(ﬂbd]iﬁEHniBREBERRED
EMBODI MENTS 20Q"RohHebtdr pihs 38 &20! AHEGLLAP dSHIFISL W.eW

Fig. 5 is a cross sectional view of a portion of

WCD 48. A substrate, wafer 62, is mounted to ceramic

10 disk 52 creating a wafer-wCD interface $0. For
éxample, wafer 62 can be made of silicon, gallium
arsenate or ceramic. The wafer is mounted to the WCD
using electrostatic force by methods well known to
those skilled in the art. Alternatively, the wafer can

15 be mounted mechanically, for example by clamping using
a clamping ring. As shown, a portion of the contact
surface 82 of WCD 48 is recessed. The contact surface
80 of wafer 62 thus only contacts WCD 48 along the
raised surfaces of contact surface 82. Thus a wafer-

20 WCD gap 68. exists at wafer-WCD interface 50. Gap 68
can be filled with a gas, such as helium, hydrogen,
argon or nitrogen.

Fig. 6 shows a blown up cross sectional view (64
in Fig. 5) of one of the raised surfaces at wafer-WCD

25 interface 50. As shown in Fig. 6, at wafer-WcD
' interface 50, only microscopic points of contact
(exaggerated in illustration) between wafer 62 and
ceramic disk 52 exist since the contact surface 80 of
wafer 62 and the contact surface 82 of ceramic disk 52
30 are not perfectly smooth.

WCD 48 is mounted in a vacuum chamber where
processing of wafer 62 occurs. During processing of
wafer 62, power input heats wafer 62. The power input
may be derived from, for example, sputter etching of

35 the wafer, and/or plasma enhanced chemical vapor
deposition (PECVD) on the wafer. This input heat is



of a wafer cooling device (hereinafter WCD) 48 in 35 accordance with the
present invention. WCD 48 includes a ceramc disk 52, a first |ayer 54 of
a thermally -7- conductive paste, a netallic support disk 56 fornmed of
al um num a second |ayer 58 of a thermally conductive paste, and a netallic
- cooling disk 60 formed of brass. Firsjgplayer 54 of thernally conductive
past e enhances 5 thermal conductivity between ceram c di sk 52 and
metallic support disk 56. Simlarly, second |ayer 58 of thermally
conductive paste enhances thermal conductivity between netallic support

di sk 56 and netal lic_cgoljng disk 60._ 10 O rings 35 and 59 are used
to forma seaF;‘Bb'f'\Agﬁn&ce’r’h%‘@'di%k %?p&ﬁdhﬁﬁ'fa?ﬁi@"%pﬁa"f‘gdias €38, whi ch
i sol ate firsttransfeb4patht freomeisd fer cejuacrosspaater+WoM t he vacuum
process envir n réé?b [ 0 a bet ween
metallic suppg?ytEE ?Eacé‘d?ﬁ aér_)\%b aéecxﬁ@% tgllsfg\(sﬁ?ét Séré?ﬁgg(”gﬁg%n. in the
cross secti onkheypadlyf cppduchive maste JayereSdnd thigugh metahticsg,

respective y, sappbker aiikkyse6 pnaiticéssy esdrsice thiezmaaayf ashduetdivy Orega
Engi neeri ng, %@%teUEQ$ErtE§, and finally through metallic cooling
disk 60. Heat (shown as Q,) is removed from metallic
cooling disk 60 by cooling water which contacts and
cools metallic cooling disk 60, as discussed above in

10 reference to Fig. 3.

Referring to Fig. 5, there are two primary
pathways for heat transfer across wafer-wWCD
interface 50. The first is conduction through the gas
in gap 68, hereinafter referred to a gas heat

15 conduction. The second is conduction directly across
the microscopic points of contact between contact
surfaces 80, 82 at wafer-WCD interface 50, hereinafter
referred to as contact heat conduction.

The two heat transfer pathways shall be discussed

20 separately. First, gas heat conduction shall be
discussed assuming that there is no contact heat
conduction, i.e., that there is no direct contact
between contact surfaces 80, 82. Fig. 7 shows a
hypothetical wafer-wCD assembly in which there is no

25 direct contact between contact surfaces 80, 82. Since
there is no direct contact at wafer-wCD interface 50,
there is no contact heat conduction. Thus all heat
transfer across wafer-WCD interface 50 in Fig. 7 occurs
across gap 68 through gas heat conduction.

30 The overall heat transfer coefficient h, for the
wafer-WCD assembly illustrated in Fig. 7 can be
calculated by first calculating the heat transfer
coefficient across each layer in the heat transfer
path. Calculated and measured heat transfer

35 coefficients are given below in Table 1 where metallic
support disk 56 is aluminum, metallic cooling disk 60



product nanme " OVEGATHERM 201", although any simlar 20 thermal |y
conductive paste can be used. Approximate wi dths of |ayers 52, 54, 56, 58,
and 60 are 6.70, 0.13, 6.35, 0.13, and 3.18 mllineters (mM) respectively.
Ceram c disk 52 is made of approxi mately 90% 25 al um num oxi de or
alumnumnitride, and is manufactured, py Toto, NGR Fujitsu and Kyocera
usi ng tape casting nethods. Using sctEEh printing, electrode(s) are forned
within ceramc disk 52. Dc voltage is applied to the el ectrode(s) using two
connector pins 28 to 30 create electrostatic force which clanps a wafer
to the WCD. Ceram c disk .52 also has three indentations, 53 which
accormmodat e ®Af BF2FF1 ¢ 3R n42P 107 1 f eﬂoﬁlﬁgngﬁgéPHrPﬁgéee?3ﬁ¥c di sk 52
and the electrode(s) fornmed within cBABREcCl1di sk 52 are well known to those
35 skill edg : ' ' =ques of
form ng a paj tstfeped| eheatr pdendfed Nediuki Nd degeatbedanbpoye are faught in
U S. Patent fNo. 4,1B4,188 to Briglia, whiclh ceeffidcipntater Seeei § by
reference inflits entirety. Optionally, RF power can{WiMicKbe appli¢d to the

1 Wafer-WCD Interface 50 h, = 275
(with He at 10 Torr)
5 2 Ceramic Disk 52 h, = 2500
{6.7 mm)
3 Thermal Paste 54 h, = 18110
(0.13 mm)
4 Support Disk 56 h, = 36220
(Aluminum at 6.35 mm) ]
5 Thermal Paste 58 hy; = 18110 7
(0.13 mm)
6 Cooling Disk - hy = 39370
(Brass at 3.18 mm)
10 Overall hy, = 238

The heat transfer coefficient for any particular
layer (i) is set forth in the following equation:
15

Q =h *a *AT, (1)

where Q, is the heat conducted, h; is the heat transfer
coefficient, A, is the area through which heat is

20 conducted, and A T, is the temperature difference over
which the heat is conducted.

The overall heat transfer coefficient h, across all
of the layers is the series sum of all of the layer
heat transfer coefficients as set forth in the

25 following equation:

he = ((1/h)+(1/h;)+(1/h3)+(1/h,)+(1/hs)+(1/he))" (2)

The area A; through which heat is conducted is
30 substantially the same for each step (i) along the heat



5 electrode(s) within ceramic disk 52, and to netallic support disk 56.
For exanple, it may be desirable to apply RF power to accelerate ions
towards a wafer nmounted to the WCD, thus producing sputter etching of the
waf er. RF power can be applied to the electrode(s) 10 wthin ceramc disk
52 using connector pins 28. As showmliym connector pins 30 are provided
for applying RF power to netallic support disk 56. Ceramc disk 52 is
bolted to nmetallic support disk 56 using sixteen bolts 24 which go through
15 metal lic support disk 56 and which are threaded into netallic threaded
i nserts (not shown) which are brazed to the bottom surface of ceram c disk
52. Wth each bolt 24, a washer 20, and a Belleville spring washer 22 is
used. Bel | evi| [transfengPasbher 3189, at skeady istqreohereoQeongerkate for
any expansi on Y £ AN aféa!tg%_ov\(auehelalcgqns.isl\/hhal gaﬁﬁcwfléwcndlai_@;ﬁO .
olted into a cavit gﬁgr I p_net I C. SUPPQLL.. diisk, 5 S| |x1§? ts
whi ch go throu ang ig%t?&'ogfﬂﬂs OX PR nd i ok 'éré TrEEL B e
netal | i ¢ supporsamé florS@achSstep (i) Aalongitherdiedt transfer pathl.|ic
cool i ng di sk G%dxﬁseﬂiﬁ.%lg“ Ehgﬁe?’teﬁﬁef e dRIEH |deuiOddridgsdi sk 60 has
a cooling water_channel iﬁ;vmt a_channe I nl et aqﬂ%a gggnnel out | et
104. During usel@¥8FH ﬁ'ﬁd dPvcheakstrapsiigh ¢ ienfis,@angysmadly, g
temperature drops occur across layers having large heat
transfer coefficients.
The temperature profile along the heat transfer
10 path from wafer 62 to metallic cooling disk 60 is shown
in Fig. 8 for an input heat Q, value of 2000 watts. As
shown in Fig. 8, T1 is the temperature at contact
surface 80 of wafer 62, T2 is the temperature at
contact surface 82 of ceramic disk 52, T3 is the
15 temperature at the bottom of ceramic disk 52, T4 is the
temperature at the top of aluminum support disk 56, TS
is the temperature at the bottom of aluminum support
disk 56, T6é is the temperature at the top of brass
cooling disk 60, and T7 is the temperature at the
20 bottom of brass cooling disk 60.
Fig. 8 shows that the temperature drops from
approximately 285°C to 55°C across gap 68, for
a temperature difference of approximately 230°C.
~ The total temperature drop (T7 ~ T1) is
25 approximately 260°C. Thus approximately 88% of the
temperature drop occurs across gap 68.
As shown in Table 1, the lowest heat transfer
coefficient h along the heat transfer path is at wafer-
WCD interface 50 with a value of 275 W/M*-K. This
30 relatively low heat transfer coefficient correlates to
a relatively high temperature drop at wafer-wCD
interface 50 between contact surfaces 80, 82, as shown
by the temperature drop between T1 and T2 in Fig. 8.
However, this temperature drop can be controlled by
35 adjusting the heat transfer coefficient across wafer-
WCD interface 50, and hence wafer temperature can be



30 t hrough cooling water channel 106 and exits through channel outl et
104. Fig. 4 shows a cross sectional view of a unit 100 into which WCD 48 is
installed. As shown, cooling water is fed to channel inlet 102 through a
first 35 cooling water tube 102" and is renmoved from channel outlet 104
by a second cooling tube 104', by nethods -9- well known to those

skilled in the art. Also shown is agas inlet tube 110. Ceranic disk 52 and
nmetal lic support disk 56 have hol es near their centers which allow gas
inlet tube 110 to pass through. It should be 5 under stood that ceramc
disk 52, Oring 55, nmetallic support disk 56, Oring 57, netallic cooling
di sk 60, and connector pins 30 are the sane as in Fig. 2. Fig. 51is a cross
sectional vievontrellmisi dio dfllnsdrade,Aifulbber heat tmansf€l, is nounted to

ceramc 10 Qéé*fféﬁéﬂé*ﬁérﬁhd%éﬁﬁea’ WﬁQn‘%h%riéﬁ$e59tur50&r€?anp|e waf er
62 can be nade i con, é%ﬁ eﬁgsenate or, ceramc S

mounted to t h&d %@ﬁ & ing §oc2 S?CFEFHSdénmEPFeRnomn to those
skilled in theenperat‘-\hrer natonasnge liyhe iafthie heat transfer

5 coefficient is decreased, then the temperature drop
will increase corresponding to an increase in wafer
temperature.

The behavior of the gas heat transfer coefficient

across wafer-wWCD interface 50 falls into three

10 operating regimes. The three operating regimes are:
(1) the continuum regime; (2) the free-molecular
regime; and (3) the transition regime. 1In the
continuum regime, the heat transfer coefficient is a
function of the width of gap 68 and the thermal

15 conductivity of the gas but is independent of the gas
pressure at the backside of wafer 62 in gap 68
(hereinafter referred to as backside gas pressure). In
the free-molecular path regime, the heat transfer
coefficient is a function of the backside gas pressure

20 and the molecular weight of the gas but is independent
of the width of gap 68. The transition regime is
characterized by a smooth interpolation between the
continuum regime and the free-molecular path regime.

If the gas ccmpositioﬁ does not vary, for example

25 if only helium or hydrogen is used, then the thermal
conductivity and molecular weight of the gas are
constant. In this situation, the behavior of the heat
transfer coefficient can be summarized as follows: in
the continuum regime, the width of gap 68 controls the

30 heat transfer coefficient, in the free-molecular path
regime, the backside gas pressure controls the heat
transfer coefficient, and in the transition regime both
the width of gap 68 and the backside gas pressure

~ control the heat transfer coefficient.

Fig. 9 is a graph which illustrates the behavior
of the heat transfer coefficlent versus backside gas

35



15 be nmounted nechanically, for exanple by clanping using a clanping
ring. As shown, a portion of the contact surface 82 of WCD 48 is recessed.
The contact surface 80 of wafer 62 thus only contacts WCD 48 al ong the

rai sed surfaces of contact surface 82. Thus a wafer- 20 WCD gap 68 exists
at wafer-WCD interface 50. Gap 68 cqg4ge filled with a gas, such as
hel i um hydrogen, argon or nitrogen. FI'g. 6 shows a bl own up cross
sectional view (64-in Fig. 5) of one of the raised surfaces at wafer-WD 25
interface 50. As shown in Fig. 6, at wafer-WCD interface 50, only

m croscopi ¢ points of contact (exaggerated in illustration) between wafer
62 and ceram PXRSIEY foni fHydsioged Bhegsbnblcvidths e BO WY, wf.er 62 and

the contact suid ACehdBAdY 66" afhe $rak-pd18Buladl SatWirdPi{eCtihy snoot h.

x&
WCD 48 is nounted .in.a vacyum chanber wher roce SIFE]%§¥ fer 62 occurs.
During processY %&%}‘Eﬂ%é‘r r Fﬁﬁgfgﬁgﬁ?g S\ﬁf%rf‘ﬁ‘ft’ Yowver i nput
may be deri vedbdcksidd yase pargsisaires pnillyer ist shengfof ¢ds présswedsr, and/ or

pl asma_enhgncegh, ciyedi Cilge/ 0o HPAprbRAnaBELYD) 3 0B i NEbaRf & -t his | nput
heat is Torr). The continuum regime, in which the heat
transfer coefficient is a function of the width of
gap 68 only, is seen for backside gas pressures greater
than approximately 100 millibar (78 Torr). In between
10 these two regimes, for gas pressures in the range of
approximately 13 to 100 millibar (10 to 78 Torr), the
transition regime is seen.
To summarize, as shown in Fig. 9, the gas heat
transfer coefficient should be controlled by adjusting
15 the backside gas pressure, independent of gap spacing,
within the range of 0 to 78 Torr. 1In actuality, wafer
temperature measurements have determined that the gas
heat transfer coefficient is controlled by adjusting-
backside gas pressure within the range of approximately
20 0 to 20 Torr. By controlling the heat transfer
coefficient, the temperature'drop from wafer 62 to
ceramic disk 52 can be controlled. The temperature
drop from wafer 62 to ceramic disk 52 in turn controls
the temperature of wafer 62. Thus, for backside gas
25 pressures within the range of approximately 0 to 20
Torr, the temperature of wafer 62 can be readily
controlled by simply adjusting the backside gas
pressure. .
Fig. 23 is a block diagram which illustrates one
30 means for controlling the backside gas pressure. Gas
inlet tube 110, which is the same as gas inlet tube 110
shown in Fig. 4, has an inner diameter which is
sufficient to prevent any appreciable pressure drop
within the gas inlet tube 110 at the gas flow rates
35 ' associated with the WCD. Thus, the gas pressure in gas
inlet tube 110 is substantially equal to the backside



-10- shown as err] in Fig. 5 Input heat Qerr] noves al ong a heat
transfer path fromwafer 62, across wafer-WCD interface 50, through ceramc
di sk 52, across first thermally conductive paste |ayer 54, through netallic
5 support disk 56, across second thermally conductive paste |ayer 58, and
finally through nmetallic cooling disk 605 Heat (shown as QJerr]) is
renoved fromnetallic cooling disk 60 by cooling water which contacts and
cools nmetallic cooling disk 60, as discussed above in 10 reference to
Fig. 3. Referring to Fig. 5 there are two prinmary pathways for heat
transfer across wafer-WCD interface 50. The first is conduction through the
gas in gap 68, hereinafter referred to a gas heat 15 conduction. The
second i s condgd®tpressiredl \thecigass inletnportscopi vapeen1 40 ofs cont act

bet ween cont agbupréd acs g9, 1:&%@%\@ ti&nV\CDvh'ibsf i@ﬁeséﬂt h&f?' ter
referred to ag,contact. he conducti on.. er ways
shal | be di scgﬁg‘%d 9othe A )anmﬁlrest d“§§r§9hyafe€oﬁ’aﬁ§??on shal | be
di scussed assun1ngAtmEmom¢t§malz§lis rechatiicaddy conflactedntoigss, that
there is go dhﬁ?&ﬁ ﬁﬁﬂéafio ﬂ&“ﬂbéﬁ?@%ﬁpkﬁ §§@§§§r§01n8aasFiglez shows a
hypot het i cal @ag assenb.g I n
e 110. Manometer 124 outputs a signal representing
the measured pressure to pressure controller and
readout 128 (hereinafter referred to as controller
128). Controller 128 is electrically connected to
10 pressure control valve 120, and controls pressure
control valve 120 in response to the pressure measured
by manometer 124. Control valve 120 is mechanically
connected to a gas line 122 which is connected to a
source of gas, such as helium.
15 Controller 128 is set with the desired pressure
value (the set point pressure), for example 10 Torr.
During use, if the pressure measured in gas inlet tube
110 by manometer 124 falls below the set point

pressure, for example falls below 10 Torr, then

20 controller 128 instructs pressure control valve 120 to
increase the flow rate of helium. This raises the
pressure in gas inlet tube 110 until the set point
pressure is reached. Conversely, if the pressure
measured in gas inlet tube 110 by manometer 124 climbs

25

above the set point pressure, then controller 128
instructs pressure control valve 120 to decrease the
flow rate of helium. This reduces the pressure in gas
inlet tube 110 until the set point pressure is reached.
A power supply 126, electrically connected between
30 manometer 124 and controller 128, provides the voltage
required to operate manometer 124, controller 128, and
pressure control valve 120.
Pressure control valve 120 is manufactured by Unit
Instruments, model #C11-55719, although any similar
35 control valve can be used. Controller 128 is also
manufactured by Unit Instruments, model #URS-20P,



25 direct contact between contact surfaces 80, 82. Since there is no
direct contact at wafer-WCD interface 50, there is no contact heat
conduction. Thus all heat transfer across wafer-WD interface 50 in Fig. 7
occurs across gap 68 through gas heat conduction. 30 The overal

heat transfer coefficient h[err] for_jpe wafer-WD assenbly illustrated in
Fig. 7 can be calculated by first calculating the heat transfer coefficient
across each layer in the heat transfer path. Cal cul ated and neasured heat
transfer 35 coefficients are given below in Table 1 where netallic

PP 1ok BRhogh P Ubn P STl O B G, pialifSen 200 oo
Heat Transfer 1&belif|Brentadhirest Ky Mirmefenerply mogel ofCigY | nterface 50
h[err] = 275 gubbh, Helthoddh Tery )similar mdnometerCeanAnbe hEedk. 52
h[err] = 2500 (6'7An311§e 134,-@H§ Is B?%E%dié valve, allo@@qgr] = 18110
5 fixed amount of gas to flow to pump 136. This insures
a steady state condition for pressure control valve
120. Valve 134 is set such that the gas flow rate
through pressure control valve 120 is at or near the
gas flow rate which is optimal for pressure control
10 valve 120, thus improving tolerances in gas flow rate
control, hence improving tolerances in backside
pressure control.
To determine what pressure value (the set point)
should be set into controller 128 to achieve a certain
15 wafer temperature, a lookup. table is used. For any
given process, the lookup table is a correlation of
measured wafer temperature in relation to set point
pressure. To generate the lookup table, the set point
pressure is set to a first value and the wafer
20 temperature is measured. The set point pressure is
then set to second value and the wafer temperature is
again measured. This iterative process continues and a
lookup table is completed.
Alternatively, the wafer temperature is measured
25 directly, and the measured temperature is used to
control gas pressure. The wafer temperature can be
measured using infrared techniques, or by using
embedded or contact thermocouples well known to those
skilled in the art. The wafer temperature is detected
30 by a temperature sensor 138 (Fig. 23). Temperature
sensor 138 delivers a signal representing the wafer
temperature to controller 128 which in turn instructs
pressure control valve 120 which adjusts the backside
gas pressure and maintains the desired wafer
35 temperature. To illustrate, if the wafer temperature
is greater than the desired wafer temperature,



(0.13 M) 4 Support Di sk 56 h[err] = 36220 (Al um num at

6.35 mm 5 Thermal Paste 58 h[err] = 18110 (0.13 nm 6
Cool i ng Di sk h[err] = 39370 (Brass at 3.18 mm) 10

Overal | h[err] = 238 The heat transfer coefficient for any
particular layer (i) is set forth int follow ng equation: 15 err] =
h[err]* [err] * [err]T[err] (1) whete JQerr] is the heat conducted,

h[err] is the heat transfer coefficient, Alerr] is the area through . which

heat is 20 conducted, and [err] T[err] is the tenperature difference over
whi ch the heat is conducted. The overall heat transfer coefficient h[err]
across all of the layers is the series sumof all of the |ayer heat

transfer coefFPRYEMLEE 1R inchaases, the Pagksidg gpaf REESFLESi®h: hlerr] =

( (17 h[err]) +iAsthecting (Brdgsurd )contidelevallive( 120[ eor et (moheegag) )[err]

(2) The area fleprind mfaf;acy@ia%%g.s 108k HehiedOcne SybELANt | Al Iy

the same for each step (1) along € heat .

: temperature to the desired valve. Conversely, if the
5 wafer temperature falls below a desired wafer
temperature, controller 128 decreases the backside gas
pressure by instructing pressure control valve 120 to
reduce the amount of gas into the backside feed line.
This increases the wafer temperature to the desired
10 value.
As described above, in the hypothetical
arrangement shown in Fig. 7, it was assumed that there
is no contact heat conduction at wafer-WCD
interface 50. However, under certain conditions
15 contact heat conduction can be substantial. Referring
back to Figs. 5 and 6, the amount of heat transferred
by contact heat conduction is determined by the size of
the area of direct contact between contact
surfaces 80, 82, The greater the area of direct

20 contact, the greater the heat transferred by contact
heat conduction. The size of the area of direct
contact is a function of the roughness, flatness and
hardness of contact surfaces 80, 82, as well as the
applied pressure between contact surfaces 80, 82.

25 sipce the characteristics of contact surface 80 vary
from wafer to wafer, and since the characteristics of
contact surface 82 can chahge over time, accurately
controlling contact heat conductance is difficult.

Two techniques are used to reduce the area of

30 direct contact between contact surfaces 80, ‘82. First,
a large percentage of the surface area available for
contact is removed. Fig. 10a shows a top view of
contact surface 82 of ceramic disk 52 for a preferred
embodiment in accordance with the present invention.

35 Fig. lla shows an expanded top view of region 76 in
Fig. 10a. Fig. 11b shows a cross sectional view of



-12- transfer path. Al so, at steady state where (Jerr] equals err], the
heat conducted (Qerr]) is the sane for each step along the heat transfer
path. Thus h[err] * [err] T[err] will be the sanme for each step (i) along
the heat transfer path. 5 Consequently, |arge tenperature drops occur
across |layers having | ow heat transfer  coefficients and small tenperature
drops occur across |ayers having Iargg"éat transfer coefficients. The
tenperature profile along the heat transfer 10 path fromwafer 62 to
metallic cooling disk 60 is shown in Fig. 8 for an input heat Jerr] value

of 2000 watts ANG¥NaLBndl the Brirel A S e shofmeinl ¥ig. aj140NntQct surface
80 of wafer 6§?é$§_is tﬁe ? npe?afﬂ}e at cont act sarfac6 of ceram c disk

82
52, T3 is theSesn 1pcfpgr alfRe %&"Y§ﬁ§tﬁﬂﬁﬁiﬁeoﬁzcéFﬁn?cgﬁFsRa%E?rﬁﬂ-is t he
tenperature at theTbppand eross nsectsigrEl tvikiwek o6 £iVe detshe2targer at ure

at the bottomQf. . al ym S o | I+, oF t u at the to
of brass cool is%é’"& 3&1 gg,a]'a%g#‘?giﬁ'esﬁﬁees%%r%&?% “at ﬁ?ﬁgé% iﬁbottom of P
brass coold ng Fdi%ak 13b., pRgh BOShBASKEPERSANE t%eF3dS2AuBBT §REBS2FRdM

appr oxi mat el y 7285[o8r coithetSehefat€ ez apitiyapadiS dotohaihgnper at ur e
difference of SiRNe %nﬁﬁeL¥p£E§4f¥rJf%hin a range of approximately
1.5 mm to 2.5 mm. Hence, a wafer (not shown) mounted
to ceramic disk 52 will only contact ceramic disk 52
10 along the surface 72' of the raised dots 72. Thus a
large percentage of the surface area of contact surface
82 available for contact heat conduction is removed.
It is desirable to remove between approximately 80 to
98 percent of the surface area of contact surface 82
15 available for contact heat conduction. 1In the
embodiment shown in Fig. 10a, approximately 80 percent
of the total éurface area of contact surface 82 is
recessed with only approximately 10 percent of the
total surface area remaining for contact heat
20 conduction. Although in the top views shown in Figs.
10a and 1lla dots 72 are circular, it should be
understood that dots 72 can be in any shape, for
example triangular or rectangular.

A second technique to reduce the amount of direct

25 contact between contact surfaces 80, 82 is to roughen .
contact surface 82 of ceramic disk $2. By roughening
contact surface 82, the number of microscopic points of
contact between contact surfaces 80, 82 are reduced.
This reduces the amount of direct contact between

30 contact surfaces 80, 82, and hence contact heat
conduction.

Fig. 12 is a graph which shows the behavior of the
heat transfer coefficient for contact heat transfer
versus wafer surface roughness (roughness of contact

35 surface 80 of wafer 62) for various WCDs. The WCDs in
curves A, B and C, D have contact surfaces (82) with



The total tenperature drop (T7 - T1) is 25 approximately 260[err]C  Thus
approxi mately 88% of the tenperature drop occurs across gap 68. As shown in
Table 1, the |l owest heat transfer coefficient h along the heat transfer
path is at wafer- WCD interface 50 with a value of 275 WMerr]-K This 30
relatively low heat transfer coefficieny_correlates to a relatively high
tenperature drop at wafer-WCD interface 50 between contact surfaces 80, 82,
as shown by the tenperature drop between T1 and T2 in Fig. 8. However, this
tenperature drop can be controlled by 35 adj usting the heat transfer

coefficient r- L nferf nd_henc fer tenperature can
be - 13- C%%ngﬁfggés ofi\/\??%éstar ct{e?,a'%% %the e.zﬁ'te Pfgﬁg?gr?yéo‘é' fCient is
i ncreased, tHBnRahadst Ehpeaverage defpiatiian der migrensofrempandi ng to a

dec][feas_e I N WypdthetdBal ahdaR pLany Gfafdnally paiaiheat tor anefer 5
coe | cl ent

t is decrease then t he tenperatyre drqp wi ||l increase
correspondlnfapgagﬁ FHES@&%e |ﬁ“ﬁ£ﬁ%ﬁm ?ﬁﬂx& (fioRtate SPEAACES of the gas
heat trartsfer(8@jefini ¢henWCDs in curves B and D are similar to the
contact surface 82 shown in Fig. 10a and have 90% of
the total surface area of contact surface 82 recessed.
As shown by the curve labeled A in Fig. 12,
contact heat conductance can become quite efficient
10 with a heat transfer coefficient of approximately 2000
W/ﬁz-K if contact surfaces 80, 82 are polished to less
than 0.05 um Ra. In contrast, as shown in Table 1, the
heat transfer coefficient for helium gas at 10 Torr in
gap 68 has a maximum value of approximately 275 W/M?-K.
15 Since the contact and gas heat conductances act as
parallel conductances, which are added to get the total
conductance, the total conductance is dominated by
contact heat conductance. Thus the wafer temperature
is determined primarily by the éower input, and is
20 substantially independent of the backside gas pressure.
As shown in the curve labeled D in Fig. 12, the
heat transfer coefficient for contact heat conduction
is substantially reduced by removing a large percentage
(90%) of the surface area available for contact, and
25 roughening the surface area left available for contact.
In these circumstances, heat transfer coefficients for
contact heat conduction ranging from approximately 20
to 50 W/M’~-K are obtained depending upon the wafer
surface roughness. With the heat transfer coefficient
for contact heat conduction below approximately S0 W/M’-
K, contact heat conduction becomes unimportant and the
bulk of the heat produced in the wafer is removed
through the gas layer. Under these ideal

‘circumstances, the wafer temperature is controlled by
35 adjusting backside gas pressure.

30

In curve B in Fig. 12, heat transfer coefficients



across wafer-WCD interface 50 falls into three 10 operating reginmes. The
three operating regines are: (1) the continuumreginme; (2) the

free-nol ecular regine; and (3) the transition regine. In the continuum
regime, the heat transfer coefficient is a function of the width of gap 68
and the thermal 15 conductivity of t4m0-gas but is independent of the gas
pressure at the backside of wafer 62 in gap 68 (hereinafter referred to as
backsi de gas pressure). In the free-nolecular path regine, the heat
transfer coefficient is a function of the backside gas pressure 20 and

the nol ecul arp s 0fd Sfor fa%p%suhutew sadw@@obemuaf hbpenathy of gap 68.
The transition regine is characteri a snpot ?kﬁﬁ#m? olatlon betmeen

the conti nuuntP¥RyiYRESh FUnf@ce &oY P@Eﬁka?rﬁa?'ﬂt % with g
conposi ti on dpescent ofirthe fsurfacenprea?évailabbel foheténtaat qudrogen S

used, then thg i Vi t ec t the aas are
s ant hdETon SR, it BUIVEDEECHLAE Ufailied g

In t%ls S tua avior of the heat transfer qeff|C|ent
can be sufimar FORELLR1eRES FANging Fﬁ@mcéﬁPFﬁﬁﬁﬂ?F%an%O t9e2Td M of gap 68

controls the R) depending ansdrewarenf butifase, ronghhesé| eerandigtidragd pat h
o oo, PESER, 5ok PO caenl phipalichal SR PR TN
pressure Cc illustrate that significant contact heat conduction
occurs unless both a large percentage of the surface
10 area available for contact is removed and the remaining
contact surfaces is roughened. As those skilled in the
art should understand, the percentage of surface 82
recessed, and the surface roughness of the remaining
contact surface is a design choice which is based on
15 factors such aé expected wafer smoothness, wafer size
and expected heat input.

Generally it is desirable to have the WCD contact
surface roughened to a roughness greater than the wafer
surface roughness and less than or equal to 3.0 um Ra.

20 Furthermore, R,,, should be less than or equal to 200%
of Ra, where R, is the maximum deviation from a
hypothetical mean plane generally parallel to the WCD
contact surface. For example, if the roughness is 3.0
pm Ra, R,,, should not exceed 6.0 um. Also, the WCD

25 contact surface should be roughened such that the
microscopic points of contact (see Fig. 6) are randomly
distributed, for example by bead blasting the contact
surface, and do not have a pattern.

Besides removing a large percentage of the surface

30 area available for contact, the dot pattern shown in
Fig. 10a allows the spaéing between the wafer and
electrode(s) encapsulated in ceramic disk 52 to be
accurately controlled. By accurately controlling the
electrode(s) /wafer spacing, a uniform electrostatic

35 clamping force is produced. In addition, the dot
pattern provides support for a wafer mounted to the



control the heat transfer coefficient. 35 Fig. 9 is a graph which
Il lustrates the behavior of the heat transfer coefficient versus backside
gas -14- pressure for hydrogen at gap 68 widths of 5 10, 20, 50, and
100 [err]m The free-nol ecul ar path reginme, in which the heat transfer
coefficient is a function of backside_gg§ pressure only, is seen for gas
pressures 5 in the range of O to appfoximately 13 mllibar (0 to 10
Torr). The continuumreginme, in which the heat transfer coefficient is a
function of the width of gap 68 only, is seen for backside gas pressures
greater than approximately 100 millibar (78 Torr). In between 10 t hese
two regines, for gas pressures in the range of approximately 13 to 100
mllibar (10 W€Dz8andr el imihates anechanicakgieflactiseemt Thesunmari ze, as
shown in Fig. pfdunitha gagebecat transfer coefficient should be controlled by

adjusting 15 the_packside ressure, ndependent of gap spaci ng,
within the range OF%G h t7pa BFF 21SQCPYRANGSS 3 QI SaPat ur e
measur ement s retwvedn safiercd2t And tarambs dbsk 527 aivsfcewhieef iga @ah

control | eds by i jhtdodhced. As shown in Fig. 11b, the width of this
gap is fixed by the height H, of dots 72. Within the
pressure range of interest (0-20 Torr) it is desirable
to keep the dot height H, below 40 um, and preferably
within the range of 20 to 35 um, to prevent heat
10 transfer performance from degrading. Tolerances in dot
height H, should be within + 10% of the value selected.
The degradation of heat transfer performance is
illustrated in Fig. 9 where, at 10 Torr (13 mbar), heat
transfer coefficients of approximately 1700, 1300 and
15 900 W/M-K are expected for WCDs having dot heights H,
of 20, 50, and 100 um, respectively.
Fig. 13 is a graph which shows the overall heat
- transfer coefficient (gas and contact heat conduction)
versus gas pressure, measured at the center of an
enbodiment of the present invention having a dot height
Hp equal to 20 um. 1In curves E, F, hydrogen and helium
are used as the gas, respectively. Fig. 13 illustrates
that the heat transfer coefficient and hence wafer

- temperature can be readily adjusted by controlling'fhe
25 Dbackside gas pressure.

S

20

Note that the overall heat transfer coefficient
shown in Fig. 13 is substantially less than the heat
transfer coefficient predicted in Fig. 9. This is most
likely due to a factor known as the accommodation

30 coefficient, which is the extent to which an average
molecule fails to reach thermal equilibrium with the
surface it contacts, i.e. the contact surfaces of wafer
62 and ceramic disk 52. The accommodation coefficient
also possibly accounts for the non-~linear response

shown in Fig. 13 as compared to a more linear response
predicted in Fig. 9.

35



backsi de gas pressure within the range of approximately 20 0 to 20 Torr.
By controlling the heat transfer coefficient, the tenperature drop from
wafer 62 to ceram c disk 52 can be controlled. The tenperature drop from
wafer 62 to ceramic disk 52 in turn controls the tenperature of wafer 62.
Thus, for backside gas 25 pressures Ag2-hin the range of approximately O
to 20 Torr, the tenperature of wafer 62 can be readily controlled by sinply
adj usting the backside gas pressure. Fig. 23 is a bl ock diagram which

il lustrates one 30 means for controlling the backsi de gas pressure. Gas
inlet tube 110, whithissdesirataie tas mpdatiadhen upbfotn Otempewatyrd-ig. 4,

has an inner %easéeen&hés&#faéesa&ffd:ﬁ aleer0 sRheuCGhr S i GRPT HiF 1 G ©
pressure drop mnthlg the as |nI uhe 110 a t he gas flom/rates 35
associ at ed w WRIERcCORPE iﬁi? ﬁF§§§ BrPRE§Sing n| et ube 110 is
substantlalIywaﬁaaltEmpehethaekSschnntrolméd bys theecbackeide gdée gas inlet

port. A va VS\E%QQF%&QH%?@ 68, 93fid) Ao WS eli0a YAL¥ErAAPaplUS OFf gas

flowto the exa during wafer ange.
emperature, a uniform ack51de gas pressure must be

maintained. Otherwise, relatively high wafer

temperatures will exist in regions with low backside

gas pressure and relatively low wafer temperatures will
10 exist in regions with high backside gas pressure.

Fig. 14 is a graph which illustrates the effects
of backside pressure variations on wafer temperature.
Shown in Fig. 14 are estimated temperature profiles for
five different backside pressure drops between the

15 center and edge of a wafer. Fig. 14 assumes a heat
load of 2000 watts delivered to a 200 mm diameter
wafer. The backside gas, helium, was supplied at 10
Torr through a centrally located gas feed. Ceramic
disk 52 was held at 60°C. For a backside gas pressure

20 drop of only 1 percent between the center and edge of
the wafer (10.0 Torr at center, 9.9 Torr at edge), a
substantially uniform wafer temperature profile is
expected, as shown in curve G. However for a 90%
backside gas pressure drop (10.0 Torr at center, 1.0

25 Torr at edge), wafer edge temperatures in excess of
700°C are expected as shown in curve H. Acceptable
wafer temperature profiles (maximum temperature across
the wafer surface below 400°C ) are obtained with
backside gas pressure drops of less than 10 percent

30 (10.0 Torr at center, 9.0 Torr at edge) as shown in
curve I. Thus it is desirable to avoid variations in
the backside gas pressure of more than ten percent.

Another advantage of having a substantially
uniform backside gas pressure is that lower overall

35 wafer temperatures are obtained. This is because as
the variation in backside gas pressure decreases, the



A manoneter 124 is nechanically connected to gas 5 inlet tube 110, and
nmeasures the pressure in gas inlet tube 110. Manoneter 124 outputs a signal
representing the nmeasured pressure to pressure controller and readout 128
(hereinafter referred to as controller 128). Controller 128 is electrically
connected to 10 pressure control ugBve 120, and controls pressure control
val ve 120 in response to the pressure neasured by nanoneter 124. Control

val ve 120 is nechanically connected to a gas line 122 which is connected to
a source of gas, such as helium 15 Controller 128 is set with the

desired pressiyetayd peecki®eSBbnPRENELE PEEK Bisdd AXHGYse th@ Torr.
During use, if theep eg&gke negsured tgigas |nlq# tube 110 %%. noneter 124
falls bel ow thera& B‘& pPBESEF eCOF et e TS SVEEE*Torr, then
20 cont r ol Iwafer?2&empepragire grops.revennt cthe afafer] 2enteri.ncMease t he
flow rate of fplidiBaclll tHeAkRBeEREUPLCIE URe | Yo S5 ddy liype 110 until
the set point pressure.is reac 5. nversely, 1f_the pressure neasured in

gas inl etdt usBIVE Gyl MiaYardation) 4 ig| substantiaklby geqler dhandihe
pressure, thetemperdtnidecratl 2hel waferceénpersinreuredtn ofoosl ve 120 to

d th | TR t [ I nl et
A eI
wafer center equals the inlet pressure of 10 Torr in

both examples.

10 As shown in curve G, even when backside gas
pressure varies by only one percent, the wafer edge is
at a slightly higher temperature than the wafer center.
This is because the wafer overhangs the edge of the WCD
slightly, by approximately 1.0 mm, to accommodate

15 tolerances in the placement of the wafer on the WCD,
and the portion that overhangs sees little or no
cooling other than by heat conduction through the wafer
itself.

To contain the gas, a continuous annular ring 78 °

20 formed at the periphery of ceramic disk 52 (see Figs.
10a, 1lla and 11b) provides a seal between wafer 62 and
ceramic disk 52. Referring to Fig. 11b, the raised
surface area 78' of annular ring 78, and the raised
surface areas 72' of dots 72 are substantially

25 coplanar, with an average deviation of less than 0.1 mm
from a hypothetical mean plane generally parallel to
surfaces 72', 78'. Ideally, with a perfect seal and no
gas movement, there would be no pressure variation
behind the wafer. However, realistically there will be

30 some gas leakage past annular ring 78.

As discussed above, the WCD and hence annular ring
78 has a slightly smaller diameter than the wafer to
accommodate for wafer placement tolerances. If the
wafer is misplaced such that a portion of annular ring

35 78 does not contact a portion of the wafer, then the
seal formed by annular ring 78 and the wafer is



A power supply 126, electrically connected between 30 manonet er 124 and
controller 128, provides the voltage required to operate manoneter 124,
controller 128, and pressure control valve 120. Pressure control valve 120
is manufactured by Unit Instruments, nodel #Cl1-55719, although any simlar
35 control valve can be used. Contspialer 128 is al so manufactured by
Unit Instrunments, nodel #URS-20P, -16- although any simlar controller
can be used. Manoneter 124 is manufactured by Tylan General, nodel #CM.A-
21506, al though any simlar manoneter can be used. A valve 134, such as a
needl e val ve, ppbh6MEda Swhed itiRf sdlUllls Bregahe) thewléak pruMpe 136. This

I nsures a ste§g¥r§%§£§ ££¥$%§i¢ylfor pressure control valve 120. Valve 134
a W

is set such t e gas ate through pressure control valve 120 is at
or near the gas fl|EBvenavkentthe) sealogis et byeaghedsdue tonvafer 10 val ve

120, thus i nppQEpRactRbRE ANEKE deb0am 1l @HiNAl QeRNt r pbr BegL@en NProvi ng
tol eranceg | n10agk3hdE §" SRS SONN "Alimeld PR IASANEL RREORHLS VAl Ue
annular ring 78, the pressure distribution will be
governed by the seal conductance C; as set forth in the
following equation:

10 q

Cs* AP  (3)

where A P is the pressure drop across the seal.
The seal conductance (C;) depends upon several

factors. One factor is the roughness of the contact

15 surfaces that create the seal, i.e. the roughness of
the surface of annular ring 78 and the roughness of the
surface of the wafer 62 which contacts annular ring 78.
Another factor is the presence of hard particles on the
contact surfaces that create the seal. The magnitude

20 of the clamping force between the contact surfaces that
create the seai also effects the seal conductance.
Since these factors are difficult to predict, the seal
conductance is also difficult to predict. However,
some control over the seal conductance can be obtained

25 by increasing the width (shown as Wy in Figs. 1la and
11b) of annular ring 78, with larger widths producing
smaller seal conductances and hence smaller leak rates.

For any given seal conductance, the maximum seal

leak rate occurs when the pressure drop across the seal

30 equals the maximum possible pressure drop according to
equation 3. The maximum possible pressure drop is the
difference between the backside gas inlet pressure (the
pressure cannot exceed the backside gas inlet pressure)
and the pressure in the vacuum chamber which for a 5§

35 mTorr operating pressure is essentially zero for the
purposes of these calculations. To limit variations in



shoul d be set into controller 128 to achieve a certain 15 wafer
tenperature, a |lookup table is used. For any given process, the | ookup
table is a correlation of neasured wafer tenperature in relation to set
poi nt pressure. To generate the | ookup table, the set point pressure is set
to a first value and the wafer 20 tenperature is neasured. The set point
pressure is then set to second val ue=&d t he waf er tenperature is again
nmeasured. This iterative process continues and a | ookup table is conpleted.
Alternatively, the wafer tenperature is nmeasured 25 directly, and the

measur ed t emsy, atblércisiiaeu'ggg égfggn{éoltggssﬁﬁééjrq%zg%%ﬁ ar oenperat ure
can be measuréed using I nfrared technrfjues, or by usin edded or contact
thernncouple§qnﬂmlck%@ﬁ# B8 mHEScPSKkPLt clilow Xafeesrin epcesgarrsr theénperature

is det Ie_ct ed FHaxitm [%e'faﬂ”n%&&t uaeesehnmis 18Scdrs Gvheld)the Taveer at ulrle sensor
Lo el e KRR Rk ) S B BB o 128
backsi de Has gandasuaf meramicnddsks5ehtodannuliar wieirg 7% in tthep@a®t ure.  To
illustrate, ifori@a W ¥hd WEERrAbHECckEafii 8286 L HRN {handasi red waf er
tenperature, greater than the seal conductance.
The inner surface conductance depends upon the dot
height H,, since this sets the spacing through which
10 gas flows. In WCDs having a greater dot height H;, the
inner surface conductance is improved. However, as
discussed previously, it is desirable to keep the dot
height H; below 40 um to prevent heat transfer
performance from degrading.
15 To improve inner surface conductance, gas
distribution channels (shown as 74, 74' in Figs. 10a,
10b, 11a and 11b) are used. As shown in Fig. 10b, 18
gas distribution channels 74 radiate outward from a
hexagonal pattern of channels at the center of the WCD.
20 To insure that there are sufficient dots 72 at the
center of ceramic disk 52, only six gas distribution
channels are used inside of the hexagonal pattern to
distribute gas from the central gas inlet port. The
gas distribution channels supply gés to annular ring 78
25 to replace gas which leaks across the seal formed by
annular ring 78 and the wafer, and to the vacuum
chamber. Referring to Fig. 11b, gas distribution
channels 74, 74' are rectangular in cross section and
have a depth D, and a width W.. In one embodiment, the
30 width W, of gas distribution channels 74, 74' is
approximately 1500 um, and the depth D. is approximately
700 um. It is-desirable that the width W, of gas
distribution channels 74, 74' is within the range of
approximately 0.5 to 2.5 mm, and that the depth D is
35 within the range of approximately 0.2 to 2.0 mm, with
tolerances within 10% of the values selected.



-17- controller 128 increases the backside gas pressure by instructing
pressure control valve 120 to let nore gas into the backside feed I|ine.
This decreases the wafer tenperature to the desired valve. Conversely, if
the 5 wafer tenperature falls below a desired wafer tenperature,
controller 128 decreases the backsi de-zms pressure by instructing pressure
control valve 120 to reduce the anount of gas into the backside feed |ine.
This increases the wafer tenperature to the desired 10 val ue. As

descri bed above, in the hypothetical arrangenment shown in Fig. 7, it was
assuned that thereThe aepthmacif kast dishdibtutbon athavaieks WAD i7at'er f ace 50.

oy e bikgROOb L0 K 1 TURE R oROBENS RS, e
transferred bfixskeade hhardepH Ry ii6n insraacedni ¥ by the size of the
area of direcleleetiroak (Bpywarer Cspdeitig Sy fvreespodndaliglyhéngressed t he
heat conditti Siich, 4R2PbEEEs HHE SoaRite HiRd B cheBTeBEEGELRKIEPC 70
t he roughness cliampings §ound, hirenectanpinginngianpingatdmesds 82, as wel |l as
t he increased. Also, as the electrode(s) /wafer spacing is
increased, RF coupling efficiency to the wafer is
decreased. Furthermore, owing to differences in the
10 respective dielectric constants of the gas within the
gas distribution channels and the material of which
ceramic disk 52 is made, the channels tend to introduce
irregularities into the electric field which is coupled
from the electrode(s) to the wafer. Also, as the depth
15 Do is increased, the probability of voltage breakdown
between the electrode(s) and the wafer is also
increased and the strength of ceramic disk 52 is
decreased. Thus as those skilled in the art will
understand, the maximum depth of the gas distribution
20 channels is a design choice which is based on the
foregoing factors.

Shown in Figs. 15a, 16a, 17a, 18 and 19a are
alternative embodiments of the present invention with
various configurations of gas distribution channels.

25 -"Fig. 15a shows an WCD having six gas distribution
channels which radiate outward in a spoke pattern from
the center ‘of the WCD. Fig. 16a shows a WCD having a
single circular gas distribution channel located
adjacent annular ring 78. Fig. 17a shows a WCD having

30 12 gas distribution channels radiating outward from a
central circular gas distribution channel. Fig. 18
shows a WCD having gas distribution channels arranged
in a cross hatch pattern. Figs. 15b, 16b and 17b

further illustrate the gas distribution channels of the
35 embodiments shown in Figs. 15a, 16a and 17a,
respectively.



applied pressure between contact surfaces 80, 82. 25 Since the

characteristics of contact surface 80 vary fromwafer to wafer, and since
the characteristics of contact surface 82 can change over tinme, accurately
controlling contact heat conductance is difficult. Two techniques are used

to reduce the area of 30 di rect cont? bet ween contact surfaces 80, 82.
First, a large percentage of the surfade area available for contact is

renoved. Fig. 10a shows a top view of contact surface 82 of ceram c disk 52
for a preferred enbodi ment in accordance with the present invention. 35

Fig. 1la shows an gpgaanded Ta?iBf ‘ibswlﬁ?iuééﬂéeé‘ Jx@ éﬂ:é:x‘r&txj&'ﬂ‘ F' 9 11b

shows a cross sect,jonal view o the |i - A

shown in Fi g.e™Pedinent haying gix 55.‘6&1 E%%E%{:‘?e IR a’c’g"% H‘Pfé"sa &ot
pattern. Top ar)tbmadslar et ﬂliaknetleensleésftnsndmm mz) are lhvagen in Fig.

11la and 11b, Vi 5 'ﬁgﬁﬂ t 72 represents
a raised surface are é%zln%g% n?gbkﬂéu? ggﬁz ? eac

dot having a
di amet er PD tShanngls which fre xxgagsd aﬁpFOQFh%§@W¥a§.E??ﬁﬁﬁn) 2.5 mm

Hence, a waf agad ristdidudicidwHatthels are formed within metallic
support disk 56 to feed gas to the six small backside
gas inlet ports 82. Using multiple gas inlet ports 82
reduces any variation in the backside gas pressure.

10 However, gas inlet ports 82 tend to form a low
impedance path to ground for RF which increases the
potential for arcing and hence failure of the WCD.

In all of the embodiments, the central gas inlet
port shown has a typical diameter of 4.7 mm and is fed

15 with gas from a gas inlet tube (110 in Fig. 4). 1In
Figs. 10a, 15a, i6a, 17a, 18 and 19a, the outlines of
encapsulated interdigitated finger electrodes 95, 95!
which form the bipolar electrostatic chuck mechanism
within ceramic disk 52, are illustrated using dashed

20 lines. The thickness of electrodes 95 and 95' must be
sufficient to couple RF power and offer a low impedance
path for RF current. Electrodes with thicknesses
between the range of approximately 15 to 45 um and
typically 30 um, are sufficient. In all of the

25 embodiments, an annular gas distribution channel 74' is

' shown. This annular gas distribution channel
distributes gas around the seal formed by annular ring
78 and the wafer, thus reducing ény pressure variations
caused by any localized seal leaks. Wafers with

30 various diameters, for example 150, 200 and 300 mm
diameter wafers, can be used with all of the
embodiments. 1In particular, the embodiments shown in
Figs. 15a and 10a have been found to be well suited for

use with 150 mm and 200 mm diameter wafers,
35 respectively.
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rougheni ng contact surface 82,
Epét ween contact surfaces 80, 82
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guces thg—aroun grTectconract. betpeen 30 cont act
Ezf?manﬁmé’ﬁéé‘cqn?‘aﬁc &hancoh¥ SFFO;‘.{SQ . 1pIpser graph
Leh \ﬁi@gr(a_ t e AL 22;1@,8 Fa€oef t?ient fégigontect heat
me- | ing to: sure Flow
nt
{mm) (pm) (Torr) | (SCCM) (SCCM)
1 | Fig. 19a 2 700 9.7 14.6 50.00
2 | Fig. 15a 4 200 1.8 2.7 0.33
3 | rPig. 15a 2 300 3.1 4.6 0.66
4 | Fig. 15a 2 700 8.5 12.8 8.60
5 | Fig. 15a 2 2000 9.7 14.6 50.00
6 | Fig. 17a 2 200 1.8 2.7 0.33
7 | Fig. 17a 4 200 3.1 2.3 0.33
8 | Fig. 10a 4 200 4.0 3.0 0.50
é 9 |Fig. 10a| 4 300 7.3 5.5 2.00
10 | Fig. 10a 2 700 9.5 14.2 26.00
ﬂ 11 | Fig. 10a 4 700 9.7 7.3 26.00
i 12 | Fig. 18 2 300 4.3 6.5 1.10.
13 | Fig. 18 4 300 6.0 4.5 1.10
14 | Fig. 18 2 700 A?.l 13.5 14.50 |

In all of the embodiments shown in Table 2, the
channel width was 1500 um.

The wafer edge pressure is the
backside gas pressure at the inner edge

The seal leak rate is the expected leak
formed by the wafer and annular ring 78
corresponding wafer edge pressure shown
inner surface flow is the expected flow

of annular ring 78.
rate at the seal
for the
in Table 2.
across the ceramic

The

disk surface 82 when the backside gas pressure is 10.0 Torr
at the wafer center and 9.0 Torr at the wafer edge (10%
variation in backside gas pressure).



versus wafer surface roughness (roughness of contact 35 surface 80 of
wafer 62) for various WcDs. The WCDs in curves A, B and C, D have contact
surfaces (82) with -19- roughnesses of 0.05 and 0.35 [err]mRa,
respectively, where [err mRa is the average deviation in mcrons froma

hypot heti cal nean pl ane generally par % to the contact surface.
Furthernore, the contact surfaces in the WCDs in curves B and D

are simlar to the contact surface 82 shomm in Fig. 10a and have 90% of the
total surface area of contact surface 82 recessed. As shomn by t he curve

107" Wth a neat A EHEER 36 xABIL £P"GHCRRRES R, &°UAH o] KT
contact surfdds mssezreawerpeﬁ 8médTerr| é§§°$$1a1¢h® Jeme{rererqrrﬁm I'n
contrast, as sfswvtHe ﬁaldte pl-estsbeeheet 1br-]geﬁ£ e&toaeéfwacf&gt%i‘r&reﬂrel lrungaS
T5 since 1ot Attt At dB6 FTRF siline: ARG, b0 BRRmARt 1 Che
conduct anges bmﬂdamamamgeamhmpot & 3bndueimbhlaxlyhen ot al
conduct ance | gnsisimeH@s! Dy 109NhaChniedk EABIHEERE e daW Sprdisiad er
tenperature variation is 3%, 5%, 3% and 9%, respectively. 1In
Embodiment 1, the inner surface flow rate across the
ceramic disk surface 82 is 50.00 SCCM (for a 1 Torr
10 pressure drop between the wafer center and edge), which far
exceeds the expected seal leak rate of 14.6 SCCM. This
provides a measure of tolerance to accommodate higher seal
leak rates which may result, for example, from wafer
misalignment or particulate. Similarly, in Embodiments 5,
15 10 and 11, the inner surface flow rate of 50.00, 26.00 and
26.00 SCCM across the ceramic disk surface 52 substantially
exceeds the expected maximum seal leak rate of 14.6, 14.2
and 7.3 SCCM,'respectively, thus also providing a measure
of tolerance to accommodate higher seal leak rates.
20 Expected heat transfer coefficients for
Embodiments 1, 2, 5, 9 and 10 in Table 2 are given below in
Table 3. Heat transfer coefficients given are for gas heat
conduction only. 1In all of the embodiments, the heat
transfer coefficient for contact heat conduction is within
25 the range of approximately 5 to 30 W/M>-K depending upon the
wafer surface roughness, with rougher wafer surfaces
resulting in lower heat transfer coefficients.



Is determned primarily by the power input, and is 20 substantial ly

I ndependent of the backside gas pressure. As shown in the curve |abeled D
in Fig. 12, the heat transfer coefficient for contact heat conduction is
substantially reduced by renoving a | arge percentage (90% of the surface
area avail able for contact, and 25 +3@mghening the surface area |left
avai l abl e for contact. In these circunstances, heat transfer coefficients
for contact heat conduction ranging fromapproximtely 20 to 50 WMerr]-K
are obtai ned dependi ng upon the wafer surface roughness. Wth the heat
transfer coefficient 30 for contact hesBLE@&1duction bel ow approxi mately
50 WMerr]- K, contact heat conduction becones uninportant and the bul k of

t he heat prodficed 1.n _th fer_1s. removedl 1 hroygh The gds, I [ er
hese el o Femetanets | Fovigtariat et B ineleniioiedl T fer
adj usting backsi de gas presjsure. In curve 8 .} dr
coefficients -20- rangin fron1approximﬁﬁ$&k§% f 00 ) ependifng
upon waf er suffaceroughmess—areobtarmgd—evermr—wtir—90percent—of—the
surface area failable for fontact3%heat 297 255
5 2 82% 223 89
5 3% 297 255
9 27% 279 204
10 5% 295 243
10 Table 3 illustrates that embodiments with less

variation in backside gas pressure have less variation in
the heat transfer coefficients between the wafer center and
edge. For example, in Embodiment 1, which has a backside
gas pressure variation of 3%, the heat transfer

15 coefficients at the wafer center and edge are 297 and 255
W/M*-K, respectively, for a variation of 42 W/M!-K.

However, in Embodiment 2, which has a much greater backside
gas pressure variation of 82%, the heat transfer
coefficients at the wafer center and edge are 223 and 89

20 W/M-K, respectively, for a variation of 134 W/M!*-K. Less
variation in the heat transfer coefficient improves the
wafer temperatﬁre profile as illustrated in Fig. 20.

In Fig 20, wafer temperature profiles for
Embodiments 1 and 9 are shown in curves J and K,

25 respectively, assuming a rough wafer surface (heat transfer
coefficient for contact heat conduction equal to
approximately 5 W/M’~K). Wafer temperature profiles for
Embodiment 2 with a smooth wafer surface and with a rough
wafer surface area are shown in curves L and M,

30 respectively. 'The heat transfer coefficients for contact
heat conduction are 500, 30 W/M*~K for curves L and M,
respectively. Fig. 20 assumes a heat load of 2000 watts
delivered to a 200 mm diameter wafer. The backside gas,
helium, was subplied at 10 Torr through a centrally located



conduction renoved. In curve C, heat transfer 5 coefficients ranging from
approximately 50 to 275 WMerr]- K, dependi ng upon wafer surface

roughness, are obtained even with a roughened contact surface 82. Curves B
and Cillustrate that significant contact heat conduction occurs unl ess

both a large percentage of the surf f area avail able for contact is
rempved and the remaining contact suftaces is roughened. As those skilled

in the art should understand, the percentage of surface 82 recessed, and
the surface roughness of the remaining contact surface is a design choice

whi ch iz basgfsOfeda. éé%%ﬁ&é;6E§H1saswﬁépﬁﬁhadaﬁﬁﬁéﬁc$n00thneSS mafer

si ze and expected_h t 1y gt is d to h
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roughness andfl 286°Chane oobtajired tin Enbddiment Rawifh a Waféhchawvimg &K[ err]
shoul d be Ie;guéﬁagupfﬁggual ﬁiév‘?e\?ép%é},f SRRy’ rguﬁilg,grg,] bﬁ Bhé‘hﬁax' frum

deviation fr etfcal mean plane genera para tot
cont act §urf&3§erF§Pr§§§ﬁpF§ P?*lﬁhﬁgrﬁnﬁﬁaﬁiﬁ? éYO“PéFPfH1ﬁ5feF{err]
shoul d not exeppédratlrpepréfildl 5o, oitweinddD Rfe toCcdobhdtansurbatacthoul d be

ondoreya sHhab.BephlEs L Co6pRLeeP e S0 0 SR BonfleRC
do not have ¥afgr: &epperature hrough backside gas pressure is
compromised since contact heat conduction is the dominant
10 heat transfer mechanism.

As shown by curve J, a substantially uniform wafer
temperature profile, wherein the maximum wafer temperature
is below 350°C, is obtained with Embodiment 1. Most
important, since gas heat conduction dominates in

15 Embodiment 1, wafer temperature is readily controlled by
adjusting the backside gas pressure.

In curve K, the wafer temperature profile for
Embodiment 9 is shown. Curve K illustrates the effects of
moderate pressure variation on wafer temperature. As

20 shown, even with pressure variation of only 27%, wafer edge
temperatures in excess of 350°C are obtained.

Fig. 21 is a graph which illustrates temperature
versus backside gas pressure at the center of a WCD in
accordance with the present invention. Fig. 21 assumes a

25 heat load of 2000 watts delivered to a 200 mm diameter
wafer. At an 8 torr backside gas pressure, the wafer
temperature is held to approximately 225°C. However, by
reducing the backside gas pressure to 5 Torr, the wafer
temperature can be adjusted to approximately 275°C. As

30 shown, the wafer temperature can be further increased by
further reducing the backside gas pressure. Thus Fig. 21
illustrates that wafer temperature can be readily
controlled by adjusting backside gas pressure.

Shown in Figs. 22a and 22b, collectively referred to

35 as Fig. 22, are exploded top isometric and cross sectional
views of an alternative embodiment of the present



Besi des renoving a | arge percentage of the surface 30 area avail able for
contact, the dot pattern shown in Fig. 10a all ows the spaci ng between the
waf er and el ectrode(s) encapsulated in ceramc disk 52 to be accurately
controlled. By accurately controlling the el ectrode(s)/wafer spacing, a
uniformel ectrostatic 35 clanping fed@e is produced. In addition, the
dot pattern provides support for a wafer nounted to the -21- WCD, and

el i m nat es mechani cal deflection of the nmounted wafer. The dot pattern al so
produces a uniformgap between wafer 62 and ceram c disk 52 into which gas
can 5 be ininventich, respdutively.Fi gn thhs ehboddmiéit pf céruntigaiisks

fixed by the ol u Inter est
(0-20 Torr) ?f %eswa%?d&% lgdeerw%%hgotRﬁtgiﬁél—fé)g%im%ﬁe:ir ‘m and
preferably wi txﬁmgthved;mg%okﬁequro exanpden] rril‘ £obpREG PX §riden o

transfer perfgagepealfnest degvadurEicitateraesrebilitgotoheindw 442 shoul d be

e o g | SLERFEASFLFLEMFALE o MgloN SR Sy Btk LEPNIE) o
metallic cooling d1s 112. Ceramic disk 11 and metalllc
cooling disk 112 are substantially identical to ceramic
disk 52 and metallic cooling disk 60 shown in Fig. 2,
respectively. Metallic cooling disk 112 is then bolted

10 into a cavity formed in metallic support disk 114.

The embodiment illustrated in Fig. 22 eliminates the
first and second layers (54, 58 in Fig. 2, respectively) of
thermally conductive paste. This is advantageous since the
possibility of' leakage of thermally conductive paste past

1is O-ring 55 (Fig. 2), with the associated contamination of
the vacuum process environment is eliminated. Another
advantage is that wafer input heat moves from the wafer,
through ceramic disk 110, across the brazing or soldering
layer, then directly to the metallic cooling disk 112.

20 This improves the heat transfer capability of the WCD since
heat is not conducted across metallic support disk 114. It
should be understood that the design considerations for the
contact surface 82 of the ceramic disk 52 (or 110) are
identical for the embodiments shown in Figs. 2 and 22,

25 The foregoing has described the principles and
preferred embodiments of the present invention. However,
the inventionléhould not be construed as being limited to
the particular embodiments described. For example, ceramic
disks with various thermal conductivities can be used. The

30 WCD can be fashioned in a variety of shapes, such as
triangular or rectangular. Also, other metals or materials
other than aluminum for the support disk and brass for the
cooling disk can be used. Further, the backside gas
pressure at the wafer center can be increased above 10 Torr

35 if higher input power levels are used. Further, the
substrate can be a silicon, gallium arsenide or ceramic



transfer coefficients of approximately 1700, 1300 and 15 900 WMerr]-K
are expected for WCDs having dot heights HD of 20, 50, and 100 [err]m
respectively. Fig. 13 is a graph which shows the overall heat transfer
coefficient (gas and contact heat conduction) versus gas pressure, neasured
at the center of an 20 enbodi nent af3z3-he present invention having a dot
height Herr] equal to 20 [err]m In curves E, F, hydrogen and helium are
used as the gas, respectively. Fig..13 illustrates that the heat transfer
coefficient and hence wafer tenperature can be readily adjusted by

control li ng twafeds orbaclsnbgsrghie psredsimethemanufacture ofvdbdin fhidat
transfer coeffddfdsLr FIQWN paRefi i §ay§ suBstemds aldie Imf c.tahii'bet g eeat

S

transfer coef.f|C| icted in Fs S IS nost due to a
factor known 4% affg"ﬁ%c B‘&tpﬁﬁcgﬁgescoﬁ?&c‘r‘%n‘t’he’%ﬁ@n ‘faéy‘irhe extent to
whi ch an aver@gmsﬁjiienul(QVM| | plasmacanhahbed neherical i vaparmdegds ittien

surface ig CWQ% ‘el 8RN Bk BUE! BEER, ChndAliRfs fa kG am ¢ di Sk
52. The acco dat ) on coe icient a so p055| cco or e non-1linear
response 35 RYD)1 prasesshsar ef Pﬁvaa%ﬁ’%"??m 9%sponse
predicted in Emlgadﬂnents should be regarded as illustrative rather than

restrictive. ‘Variations can be made to those embodiments

by workers skilled in the art without departing from the

10 scope of the present invention as defined by the following
claims.



-22- 1t is desirable to maintain a uniformtenperature across the surface

of the wafer since variations in the wafer terrperatu”am

processi ng. The wafer tenperature is controlled by t ' mi 5"“ ,ﬂr
pressure in gap 62. Thus, to achieve a uniformwafer terfpetattires a

uni for m backsi de gas pressure nust be-3# ntained. O herwi se, relatively
hiigh wafer tenperatures will exist in regions with | ow backsi de gas
pressure and relatively |ow wafer tenperatures will 10 _exist in regions
wi th hi gh backside gas pressure. Fig. 14 is a graph mhmch Hﬁhu§xdatescthe
ef fects of baclNIMS pressure variations on wafer tenperaturra 3Shovvn In Fig.
14 are estimated tenperature profiles for five different. bacLSLdenpressure
drops between the 15 center and edge of a wafer. Fig. 14 assunes a heat
| oad of 2000 watts WeelGMMEd to a 200 nm di aneter wafer. The backsi de gas,
hel i um was suppl i el at Al@ubstratker coghingcéaetice | fort ammcdrgaheheedron

Ceram c d| r . For a backside gas pressure 20 dr op
£ dESAaldl Alodiatih

of only 1 perce e center and edge of the wafer (10.0 Torr at
center, 9.9 Torr at edgd® subs$yasearenspry B#’f‘?%r Skl sFulsimatieaensact

profile is expectedplate dtptigingyrve G However for a 90%
a peripheral raised region;
a central region, said central region
10 comprising an array of protuberances and a
recessed region, said recessed region forming a
cavity, each of said protuberances terminating in
a contact surface, a surface of said peripheral
raised region and said contact surfaces being
15 substantially coplanar; and
at least one gas inlet channel for
intfbducing a gas into said cavity; and
a cooling plate thermally coupled to said
substrate contact plate, said cooling plate comprising
20 a channel for passing a liquid coolant.

2. The substrate cooling device of Claim 1 further
comprising a support plate attached to at least one of said
substrate contact plate and said cooling plate.

25
3. The substrate cooling device of Claim 2 wherein
said support plate is interposed between said substrate
contact plate and said cooling plate.
30 4. The substrate cooling device of Claim 3 further

comprising:
a first layer of thermally conductive paste
between a backside of said substrate contact plate and
a first surface of said support plate; and
35 a second layer of thermally conductive paste
between a second surface of said support plate and
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backsi de gas pressure drop (10.0 Torr at center, Torr at edge),
waf er edge tenperatures in excess of 700[err]C are e I iﬂﬂﬂ"m
ross

curve H Acceptable wafer tenperature profiles (maxi
the wafer surface below 400[err]C ) are obtained with back5|de gads pressure
drops of less than 10 percent 30 +BB-~0 Torr at center, 9.0 Torr at edge)
as shown in curve |I. Thus it is desirable to avoid variations in the
backsi de gas pressure of nore than ten percent. Another advantage of having
a substantially uniform backside gas pressure is that |ower overall 35

waf er tenperature r e This is because as the variation in
backsi de gas pres%ﬁ?‘éle g@béé glaP -23- average pressure behind the
waf er rises, as does the average heat transfer coefficient. Thus, the

overal | wafer tengrat gne (éwe&raeéeaoahheedwi@é SeNdE{im W0 filrtihet at e,

the tenperatug e waf ente v 1W ti,on) is
substanti al | y g’%%t’eéiqu fﬁﬁg ér gfﬁrgrgﬁg Y‘ug"?G\aé cé#ﬁal-? ]Iargefur‘v’e H
(9096var|at|dknemmaiixrqnnquﬁiyebaes§edérgasapVég%wmeenwlw¢nmqm#em- center
equal s the i ns@trSiREHY &afa BapkerateNcooling device.

6. The substrate cooling device of Claim 5 further
comprising a second seal for protecting said first layer of
10 thermally conductive paste from a vacuum environment within
said at least one gas inlet channel.

7. The substrate cooling device of Claim 3 further

comprising a plurality of bolts for attaching said support
15 plate to said substrate contact plate.

8. The substrate cooling device of Claim 7 wherein a
belleville spring washer is used with each of said bolts to
provide flexibility and thereby accommodate a difference

20 between the respective thermal expansion properties of said
support plate and said substrate contact plate.
9. The substrate cooling device of Claim 4 wherein

said substrate contact plate is formed of a ceramic
25 material.

10. The substrate cooling device of Claim 2 wherein

said cooling plate is interposed between said substrate
contact plate and said support plate.

30
11. The substrate cooling device of Claim 10 wherein
said substrate contact plate is soldered or brazed to said
cooling plate.
35 12. The substrate cooling device of Claim 1 wherein

an area of said recessed region occupies from 80% to 98% of



bot h exanples. 10 As shown in curve G even\iuilback5|de gas
t

pressure varies by only one percent, the wafer edge ﬂﬂ“ﬂmf hi gher -
tenperature than the wafer center. This is because Jn%s t he

edge of the WCD slightly, by approximately 1.0 nm to acconnn dat® 1%

tol erances in the placenment of the wat86-on the WCD, and the portion that
overhangs sees little or no cooling other than by heat conduction through
the wafer itself. To contain the gas, a continuous annular ring 78 20
formed at the periphery of ceramc disk 52 (see Figs. 10a, 1la and 11b)
provi des a seal between wafer 62 and ceram c disk 52. Referring to Fig.

11b, the rai SHY aRF &fe sidaceptrat BRFELPAr ring 78, and the raised surface
areas 72' of dots 72 are substantially 25 coplanar, with an average

deviation of |ess 110 fhel gBekralachupohacadrabe TEATLAANS ShASEAN Y

paraIIeI to surfaces 7 h a perfect seal a no ~gas
moverent, t heSaldyRAviRhenad EP@§§Gr5393PPaFPBHrEﬁ#ﬁrﬂPt§R? se3owever,

realisticallyriﬂ@re will be 30 sonme gas | eakage past annular ring 78. As
di scussed above, the WCD and hence annular ring 78 has a slightly smaller

di aneter than the wafer to accommodate for wafer placenent tolerances. If
t he 14. The substrate cooling device of Claim 13 wherein

said at least one gas inlet channel opens into said cavity
at a gas inlet port located at or near a center of said
10 central region.

15. The substrate cooling device of Claim 13 further
comprising an annular gas distribution ring located
adjacent an inside edge of said annular seal ring.

15 .

16. The substrate cooling device of Claim 15 wherein
said central region further comprises a pattern of gas
distribution channels extending from said at least one gas
inlet port to said annular gas distribution ring.

20 ' |

17. The substrate cooling device of Claim 16 wherein
said gas distribution channels have a depth in the range of
0.2-2.0 mm and a width in the range of 0.5-2.5 mm.

25 18. The substrate cooling device of Claim 17 wherein
said gas distribution channels have a depth of
approximately 0.7 mm and a width of approximately 1.5 mm.

19. The substrate cooling device of Claim 16 wherein
30 said pattern comprises an intermediate channel in the shape
of a closed figure surrounding said at least one gas inlet
port, a first group of channels extending from said gas
inlet port to said intermediate channel, and a second group
of channels extending from said intermediate channel to
35 said annular gas distribution ring, said second group of
channels being greater in number than said first group of



wafer is msplaced such that a portion of annular rin

35 78 t -
contact a portion of the wafer, then the seal forned llm]m LHI Hlﬁs and .
the wafer is -24- breached. When the seal is breac t e

i ncreases abruptly. Even when the seal is not breached due to wafer

m spl acenent, the seal will still |eakg7zFfor a given 5 | eak rate g at the
seal forned by the wafer 62 and the annular ring 78, the pressure
distribution will be governed by the seal conductance Cs as set forth in
the foll ow ng equation: 10 g=0Cs * [err] P (3) where [err] Pis

t he pressurecHanpedgtoss the seal. The seal conductance (Cs) depends upon

several factors. One factor is the roughness of the contact 15 surfaces

that create the seal, i.e. the roughness of the surface of annular ring 78
and the roughness28f tEhessubskrats qonding devireefcFladm A8t whenainar

ring 78. Anolgagu taekes ESqhbe P& o HGtagdn aid fadld irGhret grolipe contact

surfaces _t hat cri%%__e trFle geal . Thel mﬂ{‘AtUdfd 20e thoe cl arrgling fo%ce

bet ween the EEREAEESsAfs §l¥schpnpels sald second group consists o
eighteen channels, each of the channels in said first and
second groups intersecting a corner of said hexagon.

21. The substrate cooling device of Claim 16 wherein
10 said gas distribution channels radiate outward in a spoke
pattern from said gas inlet port.

22. The substrate cooling device of Claim 21 wherein
said substrate cooling device comprises at least six of
15 said gas distribution channels.

23. The substrate cooling device of Claim 22 wherein
said substrate cooling device comprises at least twelve of
said gas distribution channels.

20
24. The substrate cooling device of Claim 16 wherein
said gas distribution channels are arranged in a triangular
pattern.

25 25. The substrate cooling device of Claim 16 wherein
said gas distribution channels are arranged in a cross
hatch pattern.

26. The substrate cooling device of Claim 1 further

30

comprising a means for clamping a substrate to said
substrate contact plate. '

27. The substrate cooling device of Claim 1 wherein
said substrate contact plate further comprises at least one

35 electrode for clamping a substrate to said substrate
contact plate.



create the seal also effects the seal conductance. Si n%ﬂ!ﬂﬁeﬂ%l“ﬂ““wuﬂare
difficult to predict, the seal conductance is also diffi.CUkt L0 predict.
However, sone control over the seal conductance can be obtai ned 25 by
increasing the width (shown as W in Figs. 1la and 11b)..of .annular_ring 78,
with larger w dths producing small er -38a conductance$raﬁﬂSHE®taﬁsmﬁﬁne
| eak rates. For any given seal conductance, the nmaxi mum sealfilagkirate
occurs when the pressure drop across the seal 30 equal-s ~t-he-rraxi-rn—
possi bl e pressure drop accordin% to equation 3. The maxinmum possi bl e
pressure drop is t?8-di fiher HPETEatReeRcl HRT HRVETRIC G4 3if &7 Spddsure
(the pressure aagdtratexecoadaciiephackstfpgisSes A ga iy &S Uimerdigithted
pressure in th VL chanber which for a 5 35 mlrorr operating pressure
S essentialIyé%%ﬁ§¥4#§s‘the pur poses of these calculations. To limt
variations in -25- the backside gas pressure, the surface (82) pattern

f’f Eera{ﬁ Cs gih:sk 52 ygist \mﬁr ra'tutﬁsft&awer abeitihe B¢ E£SS ‘fi dmﬁ(n{rﬁw %@r&fﬁﬂl
ea rate. IS pccur n e |l.nner urt ac con clance e S ow
conduct ance fr%?w’rcfl‘f}et gleasger?t“é’r e&ché'Péﬁi t‘:sd?E‘R‘“S tH aq'rﬁw“lgar““} %ﬁ'g“%‘s in
t he gap

=3t

30. The substrate cooling device of Claim 27 further
comprising a source of voltage connected to said at least
10 one electrode for providing an electrostatic force for
clamping said substrate to said substrate contact plate.

31. The substrate cooling device of Claim 27 further

comprising a source of RF power connected to said at least
15 one electrode.

32. The substrate cooling device of Claim 27 further
comprising a source of RF power and a metallic support
plate attached to at least one of said substrate contact

20 plate and said cooling plate, said source of RF power being

connected to said at least one electrode and said metallic
support plate.

33. The substrate .cooling device of Claim 1 wherein a
25 depth of said cavity is less than or equal to 40
micrometers (um) and is manufactured within a tolerance of
+* 10% of a selected value.

34. The substrate cooling device of Claim 1 wherein
30 the deviation from a mean plane of said surface of said

peripheral raised region and said contact surfaces is less
than 0.1 millimeter.

35. The substrate cooling device of Claim 1 wherein
35 said surface of said peripheral raised region and said
contact surfaces are polished or ground to a predetermined
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formed by the wafer and ceram c disk 52) is nmuch greater than th
conductance. The inner surface conductance depends upQ \“ \%“im

H err], since this sets the spacing through which 10 M‘\%\ s ' WCDs
having a greater dot height HD the inner surface condu nce s i nproved.
However, as discussed previously, it39s desirable to keep the dot height HD
below 40 [err]mto prevent heat transfer performance from degradi ng. 15

To i nprove inner surface conductance, gas distribution channels (shown as
74, 74 in Figs. 10a, 10b, 11a and 11b) are used. As shown in Fig. 10b, 18
gas di stributevelceannebghrdsg adi ate outward from a hexagonal pattern of
channel s at the center of the WCD. 20 To insure that there are sufficient
dots 72 at the center of ceramc disk 52, only six gas distribution
channel s are used3fnsi The osubsirates gpsiding devdce ©f Giladm Bhtehereinrom
the central gasai gkeaeaefﬁinaaelm G trduyincds Glaaneelineauan! ¥ngas to
annular ring_78 2 tQ &ﬁglac %ﬁs W@'Ch | eaks 3G/.0S$ tge sia# formed by
annul ar Pingaygrﬁﬁa FRBINAPET i T The s mciandsr €Ikt e ?ing to Fig.
11b, gas di sapprokiwateh¥ndePsp®d, 74' are rectangular in cross section and
have a depth Dc and a wwdth W.. In one enbodinment, the 30 wdth Werr] of

as distribution channels 74, 74' is
g 37. The substrate cooling device of Claim 36 wherein

R, is less than or equal to 200% of Ra.

10
38. The sSubstrate cooling device of Claim 35 wherein
a texture of said surface of said peripheral raised region
and said contact surfaces is random.
t
15 39. A combination comprising the substrate cooling

device of Claim 1 and a substrate supported on said

substrate contact plate, a surface of said substrate being

in contact with said raised region and said contact

surfaces, a gas being introduced into said cavity through
20 said at least one gas inlet channel.

40. The combination of Claim 39 wherein said gas is

selected from the group which consists of hydrogen, helium,
nitrogen and argon.

25
41. The:combination of Claim 39 wherein a pressure of
said gas in said cavity is at or below approximately 20
Torr.

30 42. The combination of Claim 39 wherein said
substrate receives power from a source external to said
substrate cooling device, a temperature of said substrate:
being controlled by said gas pressure.

35 43. The combination of Claim 42 wherein less than

approximately 20% of said heat removed from said substrate



approximately 1500 [err]m and the depth Dc is approxinm
Is desirable that the wwdth Werr] of gas distributi“mwﬁ

within the range of approximately 0.5 to 2.5 mm an

-

35 wthin the range of approximately 0.2 to 2.0 mm wth tol erances
wi thin 10% of the val ues sel ect ed. -486- The depth Dlerr] of gas
distribution channels 74, 74" is a design choice which is based upon

several factors. First, as the depth Dierr] is increased,

el ectrode(s)/wafer spacing is correspondingly increased 5

the response ils Femovetin€heb@gh ' 68id! hrotd s nt@sf.or ce,

i.e.

t he

whi ch i ncreases

cl anpi ng/unclanping tinme is increased. Also, as the el ectrode(s)/wafer
spacing is increased, RF coupling efficiency to the wafer i

Furthermore, ow n¢4to Thef epehipationiof Qlpim 38 whexrieid @ spughppss
constants of dfh&adas surtlce bbesgda pPesiphdril T a’igionnadntheatat eri al

' rogulard 11 GOTOALS CRETBFRELRFE FEARIShATLR 12 AaiALd Po

s decreased.

%%k&% ness

el ectrode(s) afo & isunfacer ofAsadd sybshratiepim amntadgie widkh serddased, the

probability fupstirad@e ddolahgodBvice.

45. The combination of Claim 39 further comprising:
i0 - a pressure control valve for controlling a
pressure of a gas in said at least one gas inlet

channel;

a pressure sensor for sensing a pressure of said
gas in said at least one gas inlet channel;
15 a- controller linked to said pressure control

.valve and said pressure sensor;

wherein said controller receives a signal from
'said pressure sensor and responsive thereto delivers a
signal to said pressure control valve to maintain a
20 the pressure in said at least one gas inlet channel at

a predetermined level.

46. The combination of Claim 39 further comprising:
a pressure control valve for controlling a
25 pressure of a gas in said at least one gas inlet

channel;

a temperature sensor for sensing a temperature of

said substrate;

a controller linked to said pressure control

30 valve and said temperature sensor;

wherein said controller receives a signal from
said temperature sensor and responsive thereto
delivers a signal to said pressure control valve to
maintain a temperature of said substrate at a

35 predetermined level.



between the el ectrode(s) and the wafer is also increase h
of ceramc disk 52 is decreased. Thus as those skilled }mmgwgmgﬂlmmﬂ
understand, the naxinum depth of the gas distribution 20* annel S'sl Sy
desi gn choice which is based on the foregoing factors. Shown in Figs. 15a,
16a, 17a, 18 and 19a are alternative4énbodi mrents of the present invention
with various configurations of gas distribution channels. 25 Fig. 15a shows
an WCD having six gas distribution channels which radiate outward in a
spoke pattern fromthe center of the WCD. Fig. 16a shows a WCD having a

single circul ar gag di of rddugican %ﬁBQeEekeﬁ%ﬁdsﬁgtéﬁe@&mﬁ’é‘iMﬁ ding 78.
Fig. 17a shows ¥¥I) avi ng di stri bution, channel s radlatlng
outward from%e®€ ‘hlcrtﬁ“}rt‘-’t}l z%ndg&s"’&ifﬂ-’r FRALLBA SR¥LGR| 2CEPXAING tous a

WCD havi ng gaclaimty; sdidwafeaneelod iaygr degédei hedngrpessitibdedd ptad t er n.
Fi gs. 15b, 16%u 7 Mo e g'stribution channel s of
the 35 gnbo ﬁént% gs)h‘{')#héyel éall&g%%%%%fég gﬁgﬁE g,’ respectively. -27-
48. The chemical vapor reaction system of Claim 47
wherein said chemical vapor reaction system comprises a
chemical vapor deposition system.

10 49. The chemical vapor reaction system of Claim 47
wherein said chemical vapor reaction system comprises a
plasma-enhanced chemical vapor deposition system.

50. The chemical vapor reaction system of Claim 47
15 wherein said chemical vapor reaction system comprises a
plasma etch system.

51. The chemical vapor reaction system of Claim 47

wherein said chemical vapor reaction system comprises a
20 sputter etch systemn.

52. The chemical vapor reaction system of Claim 47

wherein said chemical vapor reaction system comprises a

physical vapor' deposition system.

25
53. A wafer cooling device comprising:

a ceramic disk, said ceramic disk having a top
surface which comprises a raised annular ring
extending along the periphery thereof and a central
region inside said raised annular ring, said central
region comprising a recessed area and an array of
dots, each of said dots terminating in a contact
surface, a surface of said raised annular ring and
said contact surfaces being substantially coplanar,

said central region further comprising a gas inlet
port;

30

35



Figs. 19a and 19b illustrate an alternative enbodi nﬁullmmm nﬂumﬁ“ﬂral I
backside gas inlet ports 82 (typically wth dianete nm, a
| arge central gas inlet port 84, and gas distributioh 5 ‘th&nnél s*which
are arranged in a triangular pattern. Gas distribution channels are forned
within netallic support disk 56 to fea@-gas to the six small backside gas
inlet ports 82. Using nmultiple gas inlet ports 82 reduces any variation in
t he backsi de gas pressure. 10 However, gas inlet ports 82 tend to forma
| ow i npedance path to ground for RF which increases the potential for
arcing and hence fail ure p&it hef iR erdiditateld electrbddsrentapse hecent r al

gas inlet port sho | cal 5.l I s a ' wth
gas froma gas inl 2? ?%E%a?%%%h%ﬁ ?ng@ 2; pr%frgléilég@lilogg?}i 5&&?%%& 17a, 18
and 19a, the outli f85C8f t@nebR | wtvaf 9ttt dadik seEA™LPnE&FK el ect r odes 95,
95" which formthe bipohahe€a®Ti¢ Sipport Aligkk attakheds tonat Backsbda vt

di sk 52, qre iIIus%égaege?ghgg Qf?@ed 20 | i nes. The thickness of
nus € sutTl

el ectrodes 95 and ) itient to couple RF gower and offer a | ow
i npedance path for RF carfealing ¢tsk Afdzachad thiacleasksadepefweaudt he

range of approxi mamekuiilct suppoterdisk Anshig/ ondling Adskehalyihgatérmed
sufficient In all gL LB8 &oonafiBPtdE hdes Al A1 9330 TnRES ' BHA' ON
a gas inlet channel extending through said
10 cooling disk and said metallic support disk to said
gas inlet port.

54. The wafer cooling device of Claim 53 wherein a
first layer of thermally conductive paste connects said
15 ceramic disk to said metallic support disk and a second
layer of thermally conductive paste connects said metallic
support disk to said cooling disk.

55. The wafer cooling device of Claim 54 further
20 comprising a first O-ring for protecting said first layer
of thermally conductive paste from a vacuum environment
surrounding said wafer cooling device and a second O-ring
for protectiné said first layer of thermally conductive
paste from a vacuum environment in said gas inlet channel.
25
56. The wafer cooling device of Claim 53 further
comprising a plurality of bolts for attaching said metallic
support disk to said ceramic disk. )

30 57. The wafer cooling device of Claim 56 wherein a
belleville spring washer is used with each of said bolts to
provide flexibility and thereby accommodate a difference
between the respective thermal expansion properties of said
metallic support disk and said ceramic disk.

35

58. The 'wafer cooling device of Claim 53 further



shown. This annul ar gas distribution channel distri b,mm”mimﬂmwméhe
seal forned by annular ring 78 and the wafer, thus r ol L] Hpure
vari ations caused by any |localized seal |eaks. Wafers wi‘th'30" war4 ous
di aneters, for exanple 150, 200 and 300 mm di aneter wafers, can be used

with all of the enbodiments. In partiecgBar, the enbodi nents shown in Figs.
15a and 10a have been found to be well suited for use with 150 mm and 200

nm di anmeter wafers, 35 respectively. -28- Predicted WD _
characteristics are given belowin Table 2 for the embodi nents shown in
Figs. 10a, 15a, 17a, 18 and 19a. TABLE 2 5 Em Enbodi - Seal Chan-
Vafer ~ Seal comprisinmean mnhulawegas distwidnitiomering Edgeted Leak

Sur- i- ag@9ifent an insidleRidye Ri€¥aid RAli®ed annhds§ F8hg. (N9 toO:
sure Fl ow nt 10 db (mm ?[err?n) (Torr)

(scem (scay 1 Fig. 19a 2 700 9.7 14. 6 50. 00
_ 59. The wafer cooling device of Claim 58 wherein said

5 central region further comprises a plurality of gas
distribution channels extending from said gas inlet port to
said annular gas distribution ring.

60. The wafer cooling device of Claim 53 wherein a
10 surface of said raised annular ring is designed to form a

partial seal with a surface of a wafer supported on said
ceramic disk.

61. A wafer cooling device comprising:

a ceramic disk, said ceramic disk having a top
surface which comprises a raised annular ring
extending along the periphery thereof and a central
region inside said raised annular ring, said central
region comprising a recessed area and an array of
dots, each of said dots terminating in a contact
surface, a surface of said raised annular ring and
said contact surfaces being substantially coplanar,

said central region further comprising a gas inlet
port;

15

20

25 a pair of interdigitated electrodes encapsulated

in said ceramic disk for providing an electrostatic
force to clamp a wafer to said ceramic disk;

a cooling disk attached to a backside of said
ceramic disk, said cooling disk having formed therein
a channel for passing a liquid coolant;

a metallic support disk attached to a backside of
said cooling disk; and

30

a gas inlet channel extending through said

metallic support disk and said cooling disk to said
35 gas inlet port.



2 Fig. 15a 4 200 1.8 T 0.33 3 Flg 15a 2

300 3.1 4.6 0.66 4 Fig. 15 .
8.60 15 5 Fig. 15a 2 2000 ﬁlﬂlﬂ”ﬂﬂj ”m”ﬁmOO 6 i
17a 2 200 1.8 2.7 0. 33 7
3.1 2.3 0.33 8 Fig. 10a -#44- 200 4. 0 0 50
9 Fig. 10a 4 300 7.3 5.5 2.00 20 10 Flg. 10a
2 700 9.5 14.2  26. oo 11 Fig 10a 4 700 9.7

. . 1
Eig. 1826 02 2 62300"’%‘e §aﬁer °°°£1%9 dev‘ﬁ?]ﬁf:ﬁﬂalﬁhﬁj W?§r91ngsa§d 700
9.1 13.9»olin d3ek24 s| sodfipref ohebrated i temasic maksideTalfl ea2d t he

channel wi dt kepamitb@kerr]m The wafer edge pressure is the backsi de gas
pressure at the inner edge of annular ring 78. 30 The seal leak rate is

the expected leak rate at the seal fornmed by the wafer and annular ring 78
for the cdrresponding \Wfecwadeyecpprdingréevhoanof nc T 352 wh'Eltenmlaer

surface flow jseddig ©XR0 @ quweecaessrws g@{&r@&o K S sga when
t he backsi de gas é’ ssure i,s 0T 35 yaf er- cent er an
Torr at the s o1 f@%dvgﬁrawsndﬁﬁkbaekm@wfpla@ Spple to

accommodate a difference in the respective thermal

expansion properties of said cooling disk and said ceramic
10 disk.

64. The wafer cooling device of Claim 62 wherein said
cooling disk is attached to said backside of said ceramic
disk with indium solder.

15
65. The wafer cooling device of Claim 61 wherein said
cooling disk is fixed in a cavity formed in said metallic
support disk.
20 66. ' The wafer cooling device of Claim 65 wherein said

cooling disk is fixed in said cavity with bolts.

67. The wafer cooling device of Claim 66 further
comprising a first O-ring for sealing said cavity against a
25 vacuum environment surrounding said wafer cooling device
and a second O-ring for sealing said cavity against a
vacuum environment in said gas inlet channel.

68. A method of controlling the temperature of a
30 substrate which is receiving thermal energy from an
external source, said method comprising the steps of:
providing a substrate cooling device which
comprises a substrate contact plate having an annular
raised ring formed at the periphery thereof and a
35 cavity inside said annular raised ring;
clamping said substrate to a surface of said



-29- As shown in Table 2, in Enbodinent 1 (Fig. 19a), the pressure varies
0.3 Torr across the inner surface fromthe inlet pressure o ‘\at t he .
waf er center to 9.7 Torr at the wafer edge. Thus, |n mﬁ\\‘
backsi de gas pressure variationis 3% Si m'IarIy, i s 5* 10, 11
and 14 the backside gas pressure varigglLon is 3% 5% 3% and 9%
respectively. In Enbodinent 1, the inner surface flow rate across the

ceram ¢ disk surface 82 is 50.00 SCCM (for a 1 Torr 10 pressure drop

between the wafer geniel,r 3nd LAd9ekngwhi ch far exceeds the expected seal

| eak rate of 14.6 SCCM rTh| S provi Eg a neasure of tolerance to accommodate
hi gher seal |eak rates ﬁMHR:IW'%SyarSS"ﬁI to Pél’-deﬁéfﬂaﬁér from waf er

m sal i gnment or parti custtahliShiingarthye presExpedofethe Jaslvithi® sl 11,

the inner surface éé@i”tzf CE & t%og%e%@rﬂq?}gnq ggmggr a&i??érénce

ceram c d| sk surface 5 stanti ed maXT num se
| eak ratedof 14.6,0°4! %e‘brﬁﬁrﬁ :?‘Mﬁattee%écﬁﬁ‘}él §ub§ﬁa§ta| gentreyi di ng a

measure of tol eranskate @t ahexddye domdhiel thel teapkrathee. of0said
Expect ed heat ”a”%.an LeLaelficients for Enbodinents 1, 2, 5, 9 and 10 in
Tabl e 2 are given oW I'n Table 3. Heat transfer coeffl cients given are
for gas heat

69. The method of Claim 68 further comprising the
10 step of cooling said substrate contact plate.

70. The method of Claim 68 wherein a leakage of said
gas flows between said substrate and said surface of said
annular raised ring.

15



conduction only.. In all of the enbodi nents, the heat transfer

coeffici ent

for contact heat conduction is wthin 25 the range of approxinmately 5 to
wi t h rougher

30 WM err]-K dependi ng upon the wafer surface roughness,

waf er surfaces resulting in |ower heat transfer coefficients. -30- TABLE
3 Enbodi nent % Vari ation Heat Transfer Heat Transfer Coefficient,
Coefficient, Wafer Center Waf er Edge'f@TN[err]-K) (WMerr]-K) 1
3% 297 255 5 2 82%

223 89 5 3% 297 255 9

27% 279 204 10 5% 295

243 10 Table 3 illustrates that enbodinments with less variation in

backsi de gas pressure have | ess Wﬁ%EﬁtEBBLiﬁ t ey t transfer

bet ween the wafer center and edge.
a backsi de gas pressure variation of 3% the heat transfer

coefficients gﬁs&ﬁ§c¥afer center and edge are 297 and 255

15

coefficients

or exanpl e, In Enbodi nent 1, which has

A wafer cooling device (WCD) for cooling a substrate, such
as a wafer, during processing is presented. The substrate
10 is mounted to an WCD heat transfer surface, thereby forming
a cavity in between the substrate and the heat transfer
surface into which gas is incorporated. An array of
protuberances within the cavity provide support for the
wafer. Contact heat conduction between the substrate and
15 WCD is reduced by reducing the amount of direct contact
between the substrate and WCD. Thus the heat transfer

coefficient from the substrate, and hence substrate

temperature, is controlled by adjusting the gas pressure in
the cavity. In alternative embodiments, gas distribution

20 channels are formed in the WCD heat transfer surface to
increase gas pressure uniformity between the wafer and the
WCD thus improving temperature uniformity across the

substrate.

Figure 2



WMerr]-K respectively, for a variation of 42 WM-K. However, in

Enbodi nent 2, which has a nmuch greater backsi de gas pressure variation of
82% the heat transfer coefficients at the wafer center and edge are 223
and 89 20 WMerr]-K, respectively, for a variation of 134 WMerr]-K
Less variation in the heat transfer coefficient inproves the wafer
tenperature profile as illustrated i d/@0y. 20. In Fig 20, wafer tenperature
profiles for Enbodinments 1 and 9 are shown in curves J and K, 25
respectively, assum ng a rough wafer surface (heat transfer coefficient for
contact heat conduction equal to approximately 5 WMerr]-K). Wafer
tenperature profiles for Enbodinent 2 with a snooth wafer surface and with
a rough wafer surface area are shown in curves L and M 30 respectively.
The heat transfer coefficients for contact heat conduction are 500, 30
WMerr]-K for curves L and M respectively. Fig. 20 assunes a heat | oad of
2000 watts delivered to a 200 mm di aneter wafer. The backsi de gas, helium
was supplied at 10 Torr through a centrally | ocated -31- gas feed.
Ceram c disk 52 was held at 60C. As shown in curve M wafer edge
tenperatures in excess

12— + + + ¥ n
10> = = = = = =

—-—_~14

FIG. 1
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of 700[err]C are obtained in Enbodinment 2 with a wafer having a rough
surface. However, as shown in curve L, when the 5 wafer surface is
polished a substantially uniformwafer tenperature profile is obtained due
to dom nant contact heat conduction. However, the ability to readily
control wafer tenperature through bacéz&ﬁe gas pressure is conprom sed
since contact heat conduction is the m nant 10 heat transfer nechani sm
As shown by curve J, a substantially uniformwafer tenperature profile,
wherei n the maxi mnum waf er tenpsgatw%ais bel ow 350[err]C, is obtained with
Enbodi ment 1. Mbst inportant, 'ng;,yr——«sa\\gonduction dom nates in 15

A readily co ol l ed %% adj usting the

Enbodi nent 1, wafer tenperature A
(/// profile for
il

backsi de gas pressure. In curve/K, the wafer t

Enbodi ment 9 is shown. Curve | ustrates the ef\fects of noderate pressure
vari ation on wafer tenperatur=\ As 20 shown, : i.t h pressure variation
of only 27% wafer edge tenper¥
Fig. 21 is a graph which illust
pressure at the center of a
Fig. 21 assunes a 25 heat
di aneter wafer. At an 8 torr backsi
is held to approxinately5§25[err/

ures in excess off 350Terr] C are obt ai ned.
g/ver sus backsi de gas
M th the present invention.
s delivered to a 200 mm
: ure the wafer tenperature

59

48




reduci ng the backside gas pressure to 5 Torr, the wafer tenperature can be
adjusted to approximately 275[err]C. As 30 shown, the wafer tenperature
can be further increased by further reducing the backsi de gas pressure.
Thus Fig. 21 illustrates that wafer tenperature can be readily controlled
by adj usting backsi de gas pressure. Shown in Figs. 22a and 22b,
collectively referred to 35 as Fig. 3220 are exploded top isonetric and
cross sectional views of an alternative enbodi nent of the present - 32-

i nvention, respectively. In this enbodi nent, ceramic disk 110 is brazed or
sol dered onto netallic cooling disk 112, using indiumsolder for exanple.
The braze or solder material nust have sufficient flexibility to allow for
5 differential thermal expansion between ceram c disk 110 and netallic
cooling disk 112. Ceram c disk 110, and netallic cooling disk 112 are
substantially identical to ceramc disk 52 and netallic cooling disk 60
shown in Fig. 2, respectively. Metallic cooling disk 112 is then bolted 10
into a cavity formed in nmetallic support disk 114. The enbodi nment
illustrated in Fig. 22 elimnates the first and second | ayers (54, 58 in
Fig. 2, respectively) of

102

106 '

FIG. 3 B



thermal |y conductive paste. This is advantageous since the possibility of

| eakage of thernmally conductive paste past 15 Oring 55 (Fig. 2), with

t he associ ated contam nation of the vacuum process environnent is

el i m nat ed. Anot her advantage is that wafer input heat noves fromthe

waf er, through ceram c disk 110, across,the brazing or soldering |ayer,
then directly to the netallic cooling até&0112. 20 This inproves the heat
transfer capability of the WCD since heat is not conducted across netallic
support disk 114. It shoul d be understood that the dgsisgn considerations
for the contact surface 82 of the ceramc disk 52 (of 0) are identica

for the enbodi ments sh ATAEATTNNN ISR SSSNSFhe fioregoi ng has
descri bed the principles n e pregent
i nvention. However, thefr { a$ being limted
to the particul ar erfifody ¥c disks with
various thermal conduciy ) an uge ; n be fashi oned
in a variety of shapes - E0ul| i G Al so, ot her
netals or materials ot AR aam; i KRTT EDLS k and brass for
t he cooling disk can be used. Fre e ek Ao g3 pressure at the
waf er center can be increased/ depye” 10 Tair |35 [AIf Fq ler input power
| evel s are used. Further, e st rjat ¢ |¢grf be §§si cBh, gallium arsenide
or ceramc ,yc, ;2
7
ZAH HV///
7]

100

102
104"

FIG. 4




-33- wafer, or a substrate used in the manufacture of thin film heads or
flat panel displays. Further, the WCD can be used in various plasna
processes, such as chem cal vapor deposition (CVD), plasm enhanced

chem cal vapor deposition 5 (PECVD), plasma etch, sputter etch, and
physi cal vapor deposition (PVD) procds&s. Thus, above-descri bed

enbodi nents should be regarded as illustrative rather than restrictive.
Vari ations can be nmade to those enbodi nents by workers skilled in the art
wi t hout departing fromthe 10 scope of tQg present invention as defined
by the follow ng cl ains. -34- CLAIMS W claim 1. A substrate cooling
device for renoving heat from aj|subsiratg, cofprisjng: {a substrate contact
pl ate, said substrate contact pl a&e onprli sing: a |peripheral raised region;
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a central region, said central region conprising an array of protuberances
and a recessed region, said recessed region formng a cavity, each of said
prot uberances termnating in a contact surface, a surface of said

peri pheral raised region and said contact surfaces being substantially

copl anar; and at |east one gas inlet chq? for introducing a gas into
said cavity; and a cooling plate thermally coupled to said substrate
contact plate, said cooling plate conprising a channel for passing a |iquid
cool ant; wherein said contact surfaces are polished or ground to a

predeterm ned | evel of roughness. 2. The substrate cool i ng device of
Claiml further conprising a support plate attached to at | east one of said
substrate contact plate and said cooling plate. 3. The substrate cooling
device of Claim2 wherein said support plate is interposed between said
substrate contact plate and said cooling plate. 4. The su t ratre cool i ng
device of Claim3 further conprising: a first |ayer of thermallly conductive

paste between a backside of said substrate contact plate and a|first
surface of said support plate; and
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a second |l ayer of thermally conductive paste between a second surface of
said cooling plate.

sai d support plate and
cooling device of Claim4 further conprising a first seal
said first layer of 5
envi ronment surroundi ng said substrate cooling device.
cooling device of Claimb5 further co
said first layer of 10

- 35-

5.

The substrate

thermal |y conductive paste froma vacuum
The substrate
protecting
thermal |y conductive paste froma vacuum
T

environnent within said at

cool i ng devic
attachi ng sai

used with €egc
a difference
sai d suppor
cool i ng dey&c
a ceramic &

Transition regime

Free—molecular path regime

| east one gas

6.

11 ng a second sea

nl et channel. 7.
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25 material. 10. The substrate cooling device of Claim2 wherein said
cooling plate is interposed between said substrate contact plate and said
support plate. 30 11. The substrate cooling device of Caim1l0 wherein said
substrate contact plate is soldered or brazed to said cooling plate. 35
12. The substrate cooling device of Caim1l wherein an area of said
recessed regi on occupi es from 80%to 98843 -36- an area of said central
region. 13. The substrate cooling device of Claim1l wherein said peripheral
rai sed region conprises an annul ar seal 5 ring. 14. The substrate cooling
device of Claim 13 wherein said at | east pne gas inlet channel opens into
said cavity at a gas inlet port |ocated a near a center of8 d 10
SRt §gi Claim13further
conprising an annul ar gas di st G CSESE N t an inside edge
of said annul ar seal : \ 350 /o0 '

76

Q00¢0000
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15 16. The substrate cooling device of Claim 15 wherein said central region
further conprises a pattern of gas distribution channels extending from
said at |east one gas inlet port to said annular gas distribution ring. 20
17. The substrate cooling device of Caim16 wherein said gas distribution
channel s have a depth in the range of 0.2-2.0 nmand a width in the range
of 0.5-2.5 nm 25 18. The subs®v3Pe cooling device of Claim17
wherein said gas distribution channels have a depth of approximtely 0.7 mm
and a width of approximately 1.5 mm 19. The substrate cooling device of
Claim 16 wherein 30 sai d patjern conprises an intermnmedi ate channel in the
shape of a closed figure surr ding said at | east one gas inlet port, a
first group of channels extending,fromsaid gas inlet port to said

i nt er nedi at e channel , anggﬁ gecond group of channels extending fromsaid

i nternedi ate channel to sai d |annul ar gad2distribution ring, said

second group of channeIT-HQLFg greater in nuper than said first group of

-37- channel s.
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20. The substrate cooling device of Claim19 wherein said closed figure is
a hexagon and said first group 5 consi sts of six channels and said second
group consi sts of eighteen channels, each of the channels in said first and
second groups intersecting a corner of said hexagon 21. The substrate
cooling device of Claim116 wherein 10 _said gas distribution channels

radi ate outward in a spoke pattern fr om-94r8 gas inlet port. 22. The
substrate cooling device of Caim?2l1 wherein said substrate cooling device
conprises at |least six of 15 said gas distribution channels. 23. The

substrate mwiyg devrceof—Crarm22—wheretrn—sard—substrate—cooting—dgvi ce
conprises at | dast twelve of said gas distribution channels. 20 24. The
substrateagoolihg device of Claim 16 wherein said gas distribution chgnnels
are arranged ira triangular pattern. 25 25. The substrate coqling
devi ce of ainr 16 wherein said gas distribution channels are arranged in a
cross hateh patgkern. 26. The substrate cooling device of Caim1l1 further 30
conpr|5|nq5a nmgans for clanping trate to said substrate contact
pl at e. 27”_ﬂﬁ% substrate cog@ling device O im 1 wherein
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| east one 35 el ectrode
-38- 28. The

said substrate contact plate further conprises at
for clanping a substrate to said substrate contact plate.
substrate cooling device of Caim27 said substrate contact plate conprises
a pair of interdigitated el ectrodes. 29. The substrate cooling device of
Claim 27 wherein said at | east one electrode is from15 [err]mto 45 [err]m
thick. 30. The substrate cooling dev 2%t daim27 further conprising a
source of voltage connected to said at | east one electrode for providing an
el ectrostatic force for clanping said substrate to said substrate contact
31. The substrate cooling device of Claim27 further conprisiwg a
| east one el ectrode. 32.oThe'™
ce=of RE

pl at e. :
source of RF power connected to said at
substrate cooling device of Caim?27 fug 1 conpr:i:siglm sour]
power and a metallic support plate attaghgd]to at Secadtgdne of| sai d 2
substrate contact plate and said coolin gl Elte, s%{d}; ce off RF poRgy
bei ng connected to said at | east one el ¢cer pde an.d:sag tal li c support
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33. The substrate cooling device of Caim1l wherein a depth of said cavity
Is less than or equal to 40 mcroneters ([err]m and is manufactured within
a tolerance of 10% of a selected value. 34. The substrate cooling device
of Caim1l wherein the deviation froma nmean plane of said surface of said
peri pheral raised region and said conaéééosurfaces Is less than 0.1

mllimeter. 35. The substrate cooling ce of Caim1l wherein said
surface of said peripheral raised region is polished or ground to a
pr edet er m ned | evel of roughness. 36. The substrate cooling device of

roughness is defined as an 5
to approximately 3.0
[err]m 37. The substrate cool i ngzek IO “\P wherein R err] is |less
than or equal to 200% of Ra. XI=J8 o dlheoquhernmeog| i ng gevice of Caim
35 wherein a texture of YA B% 0 b 0 8oL0 60 S NB—H sed regi on and
said contact surfaces i 7

Claim 35 wherein said predeterm ned | evel; of
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15 39. A conbination conprising the substrate cooling device of
Claim1l and a substrate supported on said substrate contact plate, a
surface of said substrate being in contact with said raised region and said
contact surfaces, a gas being introduced into said cavity through 20 said
at | east one gas inlet channel. 40. The conbination of C aim 39 wherein
said gas is selected fromthe group wABéROconsi sts of hydr ogen, hel ium
nitrogen and argon. 25 41. The conbi nation of C aim 39 wherein a pressure
of said gas in said cavity is at or bel ow approximately 20 Torr. 30
42. The conbination of Caim 39 wherein sald substrate receives power from
a source external to said substrat 6 a ty¢hperature of said
substrate being controlled by Sg 43. The

ly 2Q% of said heat
™ s d prot uber ances.

removed from said subst 88
44. The conbi nation of C
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of said surface of said peripheral raised region and said 5 cont act
surfaces are greater than or equal to a roughness of a surface of said
substrate in contact with said substrate cooling device. 45. The
conbi nation of Claim39 further conprising: 10 a pressure
control valve for controlling a pressur f a gas in said at | east one gas
I nl et channel; a pressure sensor for seﬁ%fﬁa a pressure of said gas in said
at | east one gas inlet channel; 15 a controller linked to said
pressure control valve and said pressure sensor; wherein gsaid controller
receives a signal fromsaid pressure sengor and respoquve thereto delivers
2

a signal to said pressure control val Lntain 0 t he
pressure in said at |east one §% 2dIS: i 8} predeternined |evel
46. The conbi nati on of i m gietoryep o ' pggésure_contro
. 7, [ X € "0, .

valve for controlling a oo (X oao Sai d at | east one

. 00 o o 00C .
gas inlet channel; a tenp/ &0 BPIdSd o 050 ) erature of said
substrate; a controller olots 3 oo oot °l§’ val ve and
sai d tenperature sensor / To A A 0T \
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wherein said controller receives a signal fromsaid tenperature sensor and
responsive thereto delivers a signal to said pressure control valve to
maintain a tenperature of said substrate at a 35 pr edet er mi ned

| evel . -41- 47. A chemi cal vapor reaction systemconprising a reaction
chanber and a wafer cooling device according to Claim1l, said wafer cooling
devi ce being positioned to support a ¥&f#@ in said reaction chanber. 5 48.
The chem cal vapor reaction systemof C aim 47 wherein said chem cal vapor
reacti on system conprises a chem cal vapor deposition system 10 49.
The chem cal vapor reaction systemof Caim47 wherein said chem cal vapor
reacti on system conpri ses a pl asma-enhanced chem cal vapor deposition
system 50. The chem cal vapor reaction systemof Caim47 15 wherein
said chem cal vapor reaction systemconprises a plasm etch system 51. The
chem cal vapor reaction systemof Caim47 wherein said chem cal vapor
reacti on system conprises a




20 sputter etch system 52. The chem cal vapor reaction systemof Caim
47 wherein said chem cal vapor reaction system conprises a physical vapor
deposition system 25 53. A wafer cooling device conprising: a ceranc
di sk, said ceram c disk having a top surface which conprises a raised
annul ar ring extending along the peripfgr% t hereof and a central 30
region inside said raised annul ar ring, £204d central regi on conprising a
recessed area and an array of dots, each of said dots termnating in a
contact surface, a surface of said raised annular ring and said contact
surfaces being substantially coplanar, 35 said tral region
further conprising a gas inlet ' i'nterdigitated
el ectrodes encapsul ated in gaid ceEefm SR T povi di ng an el ectrostatic
force to clanmp a wafer to 94 ' : cBZsupport di sk
attached to a backside qf \\\\\ 95
o)

FIG. 19b



a cooling disk attached to a backside of said netallic support disk, said
cooling disk having forned therein a channel for passing a |liquid cool ant;
and a gas inlet channel extending through said 10 cool ing di sk and
said netallic support disk to said gas inlet port. 54. The wafer cooling
device of Caim53 wherein a first layer of thermally conductive paste
connects said 15 ceram c disk to sai87f®Rallic support disk and a second
| ayer of thermally conductive paste connects said netallic support disk to

said cooling disk. 55. The wafer cooling device of Claimb54 further 20
| ayer of therma

conprising a first Oring for protecting said first
conductive paste froma vacuum envi ronnent surrounding sai d mafer C i ng
device and a second Oring for protecting said fk$s ft&rmlly
conductive paste froma vacuum envi ronnent in sal 8 et Ehahne 25
56. The wafer cooling device of Caimb3_ thhercco k§lﬁg al plurafgely of
bolts for attaching said netallic supppr®@ Hi sk t sal %Eana c disk. 30
57. The wafer cooling device of Clain1§§ Nherel I ille ring
washer is used with each of said bolts|{to JFOVI é% ifi tylaed t hereby
accommodat e a difference between the resﬁe,tlve<Rherg?<3egpan5|on
properties of said = <<>> g 8 5
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metal lic support disk and said cerami c disk. 35 58. The wafer cooling
device of C aim53 further -43- conprising an annul ar gas distribution
ring |l ocated adjacent an inside edge of said raised annular ring. 59. The
waf er cooling device of Claimb58 wherein said 5 central region further
conprises a plurality of gas distributiop%ﬁﬂinnels extending fromsaid gas
inlet port to said annular gas distribut ing. 60. The wafer cooling
device of Claim53 wherein a 10 surface of said raised annular ring is
designed to forma partial seal with a surface of a wafer supported on said
ceram c disk. 61. A wafer cooling device conprising: 15 a
ceram c di sk, said ceram c di'sk having a top surface which conprises.a

rai sed annul ar ring extending along the periphery thereof and a cent@\
region inside said raised annular ring, said central region conprising a

recessed area phRé—ghR—arfay—of—=20- dot-s—epch-of-said dof sot er i{pati ng
in a contact surfade, ajsurface &f saild rajsed pnnuljar rijng apd Py
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said contact surfaces being substantially coplanar, said central region
further conprising a gas inlet port; 25 a pair of
interdigitated el ectrodes encapsulated in said ceram c disk for providing
an electrostatic force to clanp a wafer to said ceram c disk; a cooling

di sk attached to a backside of said gg §1c di sk, said cooling disk having
formed therein 30 a channel f g ssing a liquid coolant; a netallic
support disk attached to a backsi de d oollng di sk; and a gas inlet
channel extending through sai ; "sk and said cooling disk
to said 35 gas i8dle r cooling device of
Claim 61 wherein said cooli fd to said backside
of. said ceramc disk. 5 j
wherein a materi al
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expansi on properties of said cooling disk and said ceramc 10 di sk. 64.
The wafer cooling device of Caim&62 wherein said cooling disk is attached
to said backside of said ceramic disk with indiumsolder. 15 65. The wafer
cool ing device of Claim@6l wherein said cooling disk is fixed in a cavity
formed in said netallic support disk. 20 66. The wafer cooling
device of Claim®65 wherein said coolingek is fixed in said cavity with
bolts. 67. The wafer cooling device of Claim66 further conprising a first
Oring for sealing said cavity against a 25 vacuum environnment
surroundi ng said wafer cooling device and a second Oring for sealing said
cavity against a vacuum environnent in said gas inlet channel. 68. A nethod
of controlling the tenperature of a 30 substrate which is receiving
thermal energy froman external source, said nmethod conprising the steps
of : providing a substrate cooling device which conprises a substrate
contact plate having an annular raised ring forned at the periphery thereof
and a 35 cavity inside said annul ar raised ring; clanping said
substrate to a surface of sa
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- -45- annul ar raised ring; supplying a gas to said cavity; §t0a§3,-lg m;lg t he
pressur tLhin said cavity so as to predeterniﬁg a tgm%%lture
di fferemg H",iﬂﬂiﬁl'ﬁﬁ!ﬂeen said substrate and said substrat e cbntact pl ate

and t herebyc con s tenperature of said su 2R The-met hod of

Claim 68 further conprising the 1Q step of :Egﬂmgﬁﬂ S;-M&Jt:’i rate contact

plate. 70. The nethod of O aim68-Wherein a Iaakage of said %as flows

bet ween said substrate and said surface of sajd; afirful Hf} ngdgsegd jring. 15
CLAIMS g_
e A

We claim: o <
1. A substrate cooling device for removing heat from
a substrate, comprising:
a substrate contact plate, said substrate contact
plate comprising:

a peripheral raised region;

a central region, said central region
comprising an array of protuberances and a
recessed region, said recessed region forming a
cavity, each of said protuberances terminating in
a contact surface, a surface of said peripheral
raised region and said contact surfaces being
substantially coplanar; and

at least one gas inlet channel for
introducing a gas into said cavity; and
a cooling plate thermally coupled to said

substrate contact plate, said cooling plate comprising

a channel for passing a liguid cooclant;
wherein said contact surfaces are polished

or ground to a predetermined level of roughness.

2. The substrate cooling device of Claim 1 further
comprising a support plate attached to at least one of said
substrate contact plate and said cooling plate.

3. The substrate cooling device of Claim 2 wherein
said support plate is interposed between said substrate
contact plate and said cooling plate.

4. The substrate cooling device of Claim 3 further
comprising:
a first layer of thermally conductive paste
between a backside of said substrate contact plate and
a first surface of said support plate; and
a second layer of thermally conductive paste
between a second surface of said support plate and
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28. The substrate cooling device of Claim 27 said

substrate contact plate comprises a pair of interdigitated
electrodes.

29, The substrate cooling device of Claim 27 wherein
said at least one electrode is from 15 um to 45 um thick.

30. The substrate cooling device of Claim 27 further
comprising a source of voltage connected to said at least
one electrode for providing an electrostatic force for
clamping said substrate to said substrate contact plate.

31. The substrate cooling device of Claim 27 further

comprising a source of RF power connected to said at least
ocne electrode.

32. The substrate cooling device of Claim 27 further
comprising a source of RF power and a metallic support
plate attached to at least one of said substrate contact
plate and said cooling plate, said source of RF power being
connected to said at least one electrode and said metallic
support plate.

33. The substrate cooling device of Claim 1 wherein a
depth of said cavity is less than or equal to 40

micrometers (um) and is manufactured within a tolerance of
t 10% of a selected value.

34. The substrate cooling device of Claim 1 wherein
the deviation from a mean plane of said surface of said

peripheral raised region and said contact surfaces is less
than 0.1 millimeter.

35. The substrate cooling device of Claim 1 wherein
said surface of said peripheral raised region

is polished or ground to a predetermined



