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FIG. 1A

(57) Abstract: A chemical mechanical polishing apparatus includes a platen to hold a polishing pad, a carrier to hold a substrate against
apolishing surface of the polishing pad during a polishing process, a polishing liquid dispenser having a polishing liquid port positioned
over the platen to deliver polishing liquid onto the polishing pad, a temperature control system including coolant liquid fluid reservoirs
for containing coolant fluids, a thermal controller configured to control the temperature of the coolant fluid within the coolant fluid
reservoirs, and a first dispenser having openings in fluid connection with the coolant fluid reservoirs, the openings positioned configured
to spray an aerosolized coolant liquid directly onto the polishing pad, and a second dispenser having a coolant port in fluid connection
with the coolant fluid reservoirs, the coolant port positioned over the platen and configured to flow a stream of coolant liquid directly

onto the polishing pad.
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COLD LIQUID POLISHING CONTROL

TECHNICAL FIELD

16001} The present disclosure relates to chemical mechanical polishing, and more

-2

particularly to control of the polishing rate during the polishing process.

BACKGROUND
16002} An integrated circuit is typically formed on a subsirate by the sequential deposition
of conductive, semiconductive, or insulative layers on a stlicon wafer. One fabrication step
mvolves depositing a filler laver over a non-planar surface and planarizing the filler laver,
For certain applications, a conductive filler layer is planarized until the top surface of a
patterned layer is exposed. For other applications, such as oxide polishing, the filler layer is
planarized until a predetermined thickness is left over the non-planar surface. In addition,
planarization of the subsirate surface 1s usually requived for photolithography.
16003}  Chenucal mechanical polishing {CMP) is one accepted method of planarization,
This plananization method typically requires that the substrate be mounted on a carrier or
polishing head. The exposed surface of the substrate 19 typically placed agamst a rotating
polishing pad. The camer head provides a controllable load on the subsirate to push 1t against
the polishing pad. A polishing Hiquid, e g, an abrasive shurry, is typicaily supplied to the
surface of the polishing pad.
(0004} During some chenucal mecharucal polishing processes, i 15 desirable to perform
different steps of the overall polishung process at different polishing rates. For example, 1t
may be desirable to perform a bulk polishing step at a higher polishing rate than a clearing
step. A conventional approach is to perform different steps, e.g., the bulk polishing and the

clearing steps, at separate platens, e.g., with different slurries or dfferent applied loads.

SUMMARY
16005}  In general, an aspect disclosed herein is a chemical mechanical polishing apparatus
mcluding a platen to hold a polishing pad. a carrier to hold a subsirate against a polishing
surface of the polishing pad dunng a polishing process; a polishing liqund dispenser having a
polishing liguid port positioned over the platen to deliver polishing hiquid onto the polishing
pad; 8 temperature control system including one or more coolant hquid fuid reservoirs for
containing one or more coolant fluids, a thermal controller configured to control the

temperature of the one or more coolant fluid within the one or more coolant fluid reservoirs;
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and a first dispenser having a plurality of openings in fluid connection with the one or more
coolant Huid reservoirs, the plurality of openings positioned over the platen and configured to
spray an aerosohized coolant hguid directly onto the polishing pad, a second dispenser having
a coolant port in fluid connection with the one or more coolant fhiud reservoirs, the coolant
port positioned over the platen and configured o flow a stream of coolant hquid directly ounto
the polishing pad.

[6006]  In general, an aspect disclosed herein is a chemical mechanical polishing svstem
mncluding two polishing stations, each station includes piaten to hold a polishing pad, a carrier
to hold a subsirate against a polishing surface of the pohishing pad during a polishing process,
a polishing hquid dispenser having a polishung hquid port positioned over the platen to
deliver polishing liguid oo the polishing pad, and a coolant dispenser having a coolant port
positioned over the platen to deliver coolant hiquid onito the polishing pad, and a temperature
control system including a coolant fluid reservoir for containing coolant fluid and configured
to deliver the coolant fluid to the respective coolant ports of the respective polishing stations,
and a thermal controlier configured to control the temperature of the coolant fluid within the
coolant fluid reservoir.

[G007]  In general, an aspect disclosed herein is a method for controlling a chemical
mechanical polishing process, polishing a substrate on a surface of a polishing pad in a
polishing process may mclude at least a balk removal step and a clearing siep; determining a
desired teroperature for the bulk removal step; dunng the bulk removal step, spraying the
polishing pad with a cooling liquid to bring the polishing pad to the desired temperature;
detecting a transition from the bulk removal step to the cleanng step; and in response (o
detecting the transition from the bulk removal step to the clearing step dispensing, fowing
the cooling ligund onto the surface to reduce a temperature of the polishing pad.

[G008}  Examples may include one or more of the following features. The method where the
cooling fluid 1s detonized water. The method may inchude controliing the temperature of the
cooling fluid duning the pohishing process to be less than 5 °C.

(00091 Advantages may optionally include one or more of the following. The polishing rate
can be lowerad suddenly and precipitously without removing the subsirate from the platen.
Muitiple sequential polishing steps, e g., bulk polishing and clearing, can be performed on the
same platen, thus increasing throughput and flexability ol use of other platens. Coolant fluid,
e.g., detonized water (I} water), can be conserved, lowering consumable costs and reducing

need for high-volume draimage around the platen.
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{0010} The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other aspects, features, and advantages will be apparent

from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
16011} FIG. 1A 18 a schematic cross-sectional view of a polishing svstem that includes a
pad conditioner system for dispensing cold coolant fluid onto the pad from a rinse armature.
16012} FIG 1B is a schematic cross-sectional view of the polishing system that mcludes a
pad conditioner system for dispensing cold coolant fluid onto the pad from a shury armature,
[6013} FIG. 2 is a schematic cross-sectional view of the polishing svstem inclading a
temperature control system for controlling the temperature of the coolant fluid.
(6014} FIG 3 1s a schematic cross-sectional view of the polishing system including another
umpiementation of the temperature control sysiem for controlling the temperature of the
coolant Huid.
16015} FIG. 415 aschematic cross-sectional view of the polishing system including two
platens with respective temperature control arms and associated temperature control svstems.
16016} Like reference numbers and designations in the various drawings imdicate hike
elements.

DETAILED DESCRIPTION

I6017}  As noted above, it is desirable to perform different steps of the overall polishing
process at different polishing rates. For example, a bulk removal step m which the majority of
a {ilm thickness is removed can be performed at a relatively high polishing rale, and can be
followed by a clearing step in which the remaining thickness is cleared at a relatively lower
polishing rate to reveal underlying structures beneath the film. A problem with performing
the different sieps at different platens is reduced throughput, 1 e, the time required 1o move
the substrate to the new platen. On the other hand, a problem with performing the different
steps sequentially at the same platen is that the high polishing rate at the end of the bulk
removal step can iransfer info the beginning of clearing steps. For example, simply reducing
the pressure or changing the shurry applied to the substrate may not resudt in an immediate
reduction of the polishing rate down to the lower rate expected for the lower pressure or new
sharry. This effect can be termed “polishing rate momentum’, and without being himited to
any particalar theorv may be related o the persistence of temperature and abrasive particles

etween the polishung steps. The polishing rate momentum from the bulk removal step can
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make clearing the wafer difficult {o control with in-situ metrology. During a clearing step, a
high polishing rate can cause a waler o clear unevenly and introduce undesirable dishing and
erosion (hot spots) on pattern wafers most hikely on the wafer edge.

16018} Owverall, to quickly change from a high polishing rate to a low polishing rate, e.g.. to
overcome the “polishing rate momentum’, can require altering the polishing rate through
temperature changes of the process. One approach is the addition of a “quenching” siep
between the bulk removal and clearing steps. In a fypical quenching step, a large volume of
room temperature DI water is dispensed at high pressure onto the polishing surface. This can
both wash away the prior polishing hiquid and reduce the polishing pad temperature.
However, this tvpe of quenching induces high process costs, as typically 16 L or more of DI
water are dispensed in a single high-pressure rinse (HPR} quenching step.

(6019} A technigque that can address these 1ssues 15 to dispense cold hquid DY water to
reduce the polishing rate. The cold hiquid DI water can use low fluid volumes {e.g., 160 ccor
0.1 L} as compared to a high-pressure rinse step.

160207 Current cooling methods may implement a fhind mist {e.g., deiomized (D) waler} to
cool the platen down gradually dunng the polishing process. However, mist does not reduce
the rate momenturn quickly enough to facilitate accurate control or high rates of change of
the polishing rates during or between the bulk removal and clearing steps. Cold higud Bl
water dispensed en masse directly onto to the platen rapidly reduces the temperature of the
surface of the polishing pad. Consequently, the pohishing rate falls quickly.

60211 A polishing processes using high polishing rate shwrries can be stopped or paused at
a smaller laver thickness prior to transitioning to the clearing step while still preventing film
breakthrough due to “polishing rate momentum.” Stated another way, a quenching step with
cold hquid DI reduces the polishing rate rapidly, which faciluates the use of lagh polishing
rate shurries. without significant increase i dishing or erosion. As more of the thickness can
be removed during the bulk polishing step at a high rate, {otal process time can be reduced,
and throughput can be mcreased.

160221 Dispensing cold liguid DM can reduce the use of consumables and simplifies logistics
iy chemical mechanical polishing processas by obviating the need for changing to another
sharry, for moving the sabstrate to another platen, or for using HPR rate quenching mid-
process which can use large volumes of fluid, e.g., 10 L or more,

16023} Dispensing cold coolant fluid can decrease the polishing rate for metal topography
improvement by reducing metal loss on patterned wafers (PTWs} after polishing on the first

platen of a polishung system. For exaraple, dispersing the cold coolant fluid decreases the
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polishing rate for copper (Cu} fopography and reduces Cu loss on PTW. Lowering the
polishing rate allows alonger clearing polish step for more controlled topography and
facilitating low final thicknesses while reducing dishung and eroston, e.g., to the order of
angstroms.

10024} Dispensing cold coolant iquid provides a lugh rate of change in the polishing rate at
high coolant liquid to shurry ratios. As an example, dispensing cold coolant hquid at a high
ratio to shurry {e.g., 5:1 coolant slurry, or 10:1 coolant:shurry) reduces the polishing rate in a
short time. Alternatively, replacing the flow of slurry to the polishing pad with cold coolant
hiquid halts polishing as slurry is cleared from the pad. In one example, 100-200 cc of cold
coolant hguid can displace the slurty from the pad and substantially reduce the polishing raie
of the substrate. At other coolant hiquid:sturry ratios, e.g., 1:1 coolant liquud:shyrry, the
polishing rate is reduced sufficiently to facilitate fine control of the final thickness, e.g.,
angstrom-level. The polishing rate reduction can vary depending oun desived rate and
consumable set.

160257 As used hereain, the term ‘cold” will refer to temperatures in a range from 0 °Cto 3
°C. Fluids in this range that remain Hquid without freezing and have higher capacity for
cooling than fuids at temperatures above this range. In implementations using water as the
coolant fluid, water has a high heat capacity compared to other cooling fluids such that
applving cold water {0 the surface of the polishing pad causes larger temperature changes.
(0026} FIG. 1A shows a polishing systern 20 operable to polish a substrate 10. The
polishing system 20 includes a rotatable platen 24, on which a polishing pad 30 15 situated.
The platen 24 is operable to rotate about an axis 25. For example, a motor 22 can furn a drive
shaft 28 1o rotate the platen 24. The polishing pad 30 can be a two-layer polishing pad with
an outer polishing laver 34 having a polishing surface 36 and a softer backing layer 32,
16027} The polishing system 20 includes a supply port 64, e.g., at the end of a slurry
dispensing arm 62, 1o dispense a polishing ligund 60, such as an abrasive slurry, onto the
pohishing pad 30. The polishing systern 20 can also joclude a polishing pad condiioner to
abrade the polishing pad 30 to maintain the pohishing pad 30 in a consistent abrasive state.
16028} The polishing system 20 inchudes a carrier head 70 operable to hold the substrate 10
against the polishing pad 30 such as during a polishing process. The carrier head 70 can
mclude a flexible membrane 80 having a substrate mounting surface to contact the back side
of the substrate 10, and a plurality of pressurizable chambers 82 to apply different pressures
io different zones, e.g., different radial zones, on the substrate 10, There could be one or two

chambers, or four or more chambers, e.g., five chambers.
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13029} The carrier head 70 is suspended from a support structure 72, for example, a
carousel or track, and 1s connected by a carrier drive shaft 74 to a camier head rotation motor
76 50 that the carrter head can rotate about an axas 71, In addition, the camer head 70 can
oscillate laterally across the polishing pad 30, e g, by moving in a radial slot in the support
structure 72 as driven by an actuator, by rotation of the carousel as driven by a motor, or
movement back and forth along the track as driven by an actuator. In typical operation, the
platen 24 15 rotated about its central axis 23, and the carnier head 70 1s rotated about s
central axis 71 and transiated laterally across the top swrface of the polishing pad 30, A
controlier 190, such as a programmable compuier, 15 connecied to the molors 22, 76 1o
control the rotation rate of the platen 24 and carner head 70,

16030} The polishing syvstem 20 includes a temperature control svstem 100 1o control the
iemperature of the polishing pad 30 by dispensing cold hiquid DY water onio the pad 30. The
temperature control system 100 racludes at least one temperature control arm 102 that
extends over the platen 24 and polishing pad 30 from an edge of the polishing pad 30 to or at
feast near {e.g., less than 5% of the total radius of the polishing pad) the center of polishing
pad 30.

{0031} The ternperature coutrol arma 102 can be supported by a base 104, and the base 104
can be supported on the same frame 40 as the platen 24, The base 104 can include one or
more an actuators, e.g., a lingar actuator to raise or lower the temperature control arm 102,
and/or a rotational actuator to swing the temperature control arm 102 laterally over the platen
24,

1060327 The temperature control arm 102 is positioned to avoid colliding with other
hardware components such as the slurry dispensing arm 62, polishing head 70, and
conditioner systern. Along the direction of rotation of the platen 24, the temperature control
arm 102 of the temperature control system 100 can be between the carnier head 70 and the
sturry dispensing arm 62.

(0033} The temperature control system 100 has two dispensers that both dehiver cold hgquid:
a “quenching”™ dispenser 140 that delivers cold iquid en masse, e g.. as a flowing flid, onto
the polishing pad 30 in order to quickly reduce the temperatiwre and polishing rate, and a
“process management” dispenser 130 that delivers cold liquud, e.g., as a spray, al a relatively
tower flow rate in order to control the temperature of the polishung pad 30 iv av ongoiong
polishing step at a lower rate of temperature change, e g, 1o compensate for gradual build-up

of heat duning the polishing process.
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16034}  The polishing system 20 can also include a rinsing Hguid dispenser 150 that delivers
arelatively larger volume of rinsing liguid 152 from anozzle 154, e.g., in a high-pressure
rnse, in order fo flush the polishing hiquid 60 from the polishing pad 30. The rinse hquid 152
can be at room temperature. In some examples, the rinsing hiqued dispenser 150 delivers the
vohume of ninsing liqand 152 at a delivery rate in a range from 1 hiter (LY minute (min) to 10
Limun {e.g., 2 to 8 L/oun, or S o 7 L/min).

[6035]  The quenching dispenser 140 provides coohing during a polishing process to reduce
the temperature of the surface 36 in a short time and at fow cooling ligud volume. The
guenching dispenser 140 controls the temperature of the surface 36 of the polishing pad 30 by
gquickly dispensing a temperature-controlied cooling hiquid 66 trom a source 142 onto the
swrface 36. The cooling hiqud 66 is DI water cooled to at or below 5 °C {e.g., in a range from
0°C 1o S °C) by a coolant management system 110 which controls the temperature of the
source 147,

160361 The quenching dispenser 140 can mclude one or more poris 68 on the arm 102 to
dispense the coolant hiquid 66 onto a zone 128 on the surface 36 of the pad 30. The ports 68
are conmected to the coolant management system 110 via a channel, e g, pipes, flexible
tubing, or a passage through the arro 102, to the temperature~condrolled source 142, Although
Fi(z. 1A tllustrates two poris 68, there could be just one port, or three or more poris 63,
16037} When the controller 190 determines that a high polishing rate step has ended and a
low polishung rate step begins, the controlier 190 conunands the temperature control system
100 to dispense the chilled coolant hiquid 66 from the quenching dispenser 140 onto the pad
30 to reduce the polishing rate in a short time interval. In one example, the controller 190
causes the temperature control sysiem 100 to begin dispensing of the chilled coolant liand 66
within 3 second of the low polishing rate step beginning {e.g., within 3 seconds, within 1
second). In some implementations, the controller 190 causes the chilled coolant hiquid 66 for
a duration of up to 1-10 seconds, e.g., 3-8 seconds. In some implementations, the temperature
control system 100 dispenses a preset amount of cold hquid 66 from the quenching dispenser
140,

106038} The controller 190 determines a new temperature of the swrface 36 after the preset
amount of Hquid 66 has been dispensed and, if firther corrections are needed to achieve a
target teroperature, dispenses additional iqud 66, In some examples, the target temaperature
is achieved by the temperature control system 100 within 10 seconds (e.g.. within & seconds,
within 5 seconds). In some examples, the target polishing rate is achieved by the temperature

control system 100 withun 10 seconds {e.g., within 8 seconds, within 3 seconds). Achieving
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the target polishing rate and/or target temperature within a short {e.g., less than 10 second)
window beneficially increases the accuracy of the final layver thickuness.

(00391 Iu another example, the controller 190 sends a target polishing rate to the
temperature control system 100 which deternines a quantity of the chilled coolant hiqud 66
io dispense. The quantity of lquid 66 dispensed by the system 100 is sufficient to reduce the
measured polishing rate at or below the target pohishing rate. For example, the quantity of
coolant ligquid 66 dispensed can bein arange from 0.01 Lto 0.1 L {e g, 10 mbL t0 100 mL, 10
ce io 100 co)

[6040]  Withowt wishing to be bound by theory, the chilled coolant hquid 66 reduces the
polishing rate both by displacing pohishing igud 60 from the surface 36 beneath the substrate
10 and by reducing the temperature of the polishing pad 30, and thus reducing the
iemperature at the interface between the sabstrate 10 and the polishing surface 36, This
reduces the chemical kinetics of polishing cherustry present n the hiquad 60

(0041} The coolant management system 110 controls the temperature of the coolant liguid
66 in the source 142 such that the coolant liquid 66 18 cold when dispensed from the ports 68.
The coolant management system 110 includes at least one source 142 for containing a
volume of the hiquid 66 and a teraperature controller and cooling elements for deterrining
and controliing the temperature of the liguid 66 in the source 142 of the coolant management
system 110, Some examples of the coolant management system 110 inchudes connections o
sources of the coolant hquid 66 whuch provide the ligud 66 to the coolant managernent
system 110 for temperature control and dispensing to the pad 30. Embodiments of the coolant
management system 110 are shown further herein with reference to FIGS. 2, 3, and 4.

{0042}  The process management dispenser 130 is configured {o direct a spray of a cooling
hiquid 120, which can be the same compostiion as the cooling hiquid 66, from one or more
openmings 106, e.g.. in one or more nozzles 108, The norzzles can be formed in or suspended
from the temperature control arm 102, In operation, the arm 102 1s supported by the base 104
so that the nozzles 108 are separated trom the polishing pad 30 by a gap 126. The gap 126
can be 1 to 10 cmy

{0043} The various openings 106 of the process management dispenser 130 direct jets 122
of the cooling liguid 120 that spray onto different radial zones 124 on the polishing pad 30
Adjacent radial zoues can overlap. Optionally, some of the openings 106 can be orented so
that a central axis of the spray from that opening is at an oblique angle relative to the

pohishing surface 36. The jets can be directed from one or more of the openings 106 to have a
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horizontal component in a direction opposite to the direction of motion € of pohishing pad 30
m the region of impingement as caused by rotation of the platen 24.

(0044} Although FIG. 1A dlustrates the openings 106 and nozzles 108 of the process
management dispenser 130 as spaced at even infervals, this 1s not required. The openings,
e.g., the norzzes 108, could be distributed non-uniformly either radially, or angularly, or both,
For example, openings 106 could be clustered more densely foward the outer edge of the
polishing pad 30 (1o compensate for the greater area being covered at the cuter radius). fn
addition, although FIG. 1A llustrates seven openings 106, there could be a larger or smaller
number of openings 106. The jets 122 of liquid spray can include temperature-controlled
hiquid 120 from the coolant management systern 110 which 1s aerosolized by the nozzles 108
mto a nust, e.2., an aerosolized spray of hiqued. The coolant management system 110 inchudes
areservolr 132 for storing and controlling the temperature of a volume of the hquid 120, In
other exaroples, the coolant management system 110 mcludes a single reservoir, e.g., source
142 or reservoir 132, from which a common coolant iguid 66 1s supplied to both the process
management dispenser 130 and the quenching dispenser 140.

{00451 The ports or openings of the process management dispenser 130, the quenching
dispenser 140, and the ninsing ligud dispenser 130 are supporied by the countrol arm 102, For
example, the control arm 102 supports the nozzles 108, ports 68, and nozzles 154 related to
the associated dispensers 130, 140, and 150, In other examples, the respective dispensers 130,
140, and 150 and associated nozzles 108, ports 68, and vozzles 154 can be supported on
separate arms, or on a combination of arms.

[0046]  Another configuration of the temperature control system 100 1s shown in FIG. 1B in
which the coolant hiquid 66 1s dispensed from an opening 69 on the slurry dispensing arm 62
The coolant hiquid 66 can be dispensed at the same time the polishung iqud 60, e g,
concurrently. or partially overlapping with. The coolant hiquid 66 can be dispensed in a
desived ratio with the polishing liquid 60. In one example, the coolant liqund 66 is dispensed
from the opening 69 on the slurry dispensing arro 62 concurrently with the polishing igud
60 at the desired ratio. In an example, the coolant hiquid 66 1s dispensed to displace the
polishing liquid 60 on the polishing pad 30 in a volume sufficient to cease the polishing
process {e.g., a polishing rate of 20 angstrom/man or less, e.g., 10 angstror/man). Such low
rates are beneficial to control topography at near angstrom resolution,

10047}  Examples of coolant management system 110 include a single source 142 connected
io heating elements, cooling elements, or both, to control the temperature of the coolant

hquid 66 within the source 142, FIG. 2 shows a temperature control systern 200 having a
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coolant management system 210 in connection with a quenching dispenser 140. The coolant
management system 210 includes a thermal controller 212 connected to temperature conirol
clements 214a and 214b. The elemenis 2i4a and 214b are a heating element 214a and a
cooling element 214b.

10048} The controller 212 1s electrically connecied o a temperature sensor 205 arranged on
the nside of a reservoir 204 which contarns coolant hiquid 66. The controller 212 receives
temperature data from the sensor 205 and condrols the elements 214a and/or 214b to heat or
cool the coolant hiquid 66 within the reservoir 204 to achieve a desired temperature value. In
particular, the coolant iqund 66 can be cooled to S°C or below {e.g., inarange from 0°Cto 3
°C) The example temperature control svstemn 200 and reservoir 204 can provide the coolant
management system 110 and reservoirs 132 and 142 of FIG. 1A

[6049] The controller 212 is in commumnication with a three-way diverting valve 202 and a
three-way selecting valve 203, The input of the diverting valve 202 1s conmected to a coolant
hiquid source 264, such as a municipal water line, a filtration device, a distillation supplv, or a
deionizing water supply. One output of the diverting valve 202 is connecied o an input of the
three~way valve 203, and the other output of the diverting valve 202 1s connected 1o the
reservoit 204 such that the valve 202 can supply the coolant hquid 66 from the coolant hquid
source 266 o either the valve 203 and ports 68 without iemperature conirol, o1 to the
reservolr 204 1o be temperature controlled,

(0050} The selecting valve 203 has one input connected to the diverting valve 202 and
another input connectad to the reservoir 204, The output of the selecting valve 203 1s
connected to the ports 68 such that coolant liquud 66 received from the valve 202, which is
direct from the coolant liquid source 266, or temperature-controlled coolant hiquid 66, 120
from the reservour 204, 15 directed to the ports 68, In some examples, though not shown 1o
FIG. 2, one or more purnp produces pressure in the temperature control svstem 200 to
provide pressurized coolant liguid 66 from the ports 68.

(0051} In some exaroples, the coolant management system 10 includes roultiple reservoirs
for containing the polishung hgud 60 or the coolant liquids 66, 120 which are heated or
cooled independently. FIG. 3 shows an example temperature control system 300 including a
coolant management systern 310 housing reservoirs for the polishing hiquid 60 and the
coolant liguid 66 to be dispensed by the guenching dispenser 140 supported by the control
arm 102. The coolant management system 310 includes three separate reservoirs, referning to
reservolr 304, 306, and 308. Reservoir 304 contains the polishing ligund 60, and reservoirs

306 and 308 contain the coolant liguid 66. Reservoir 304 15 in flnd connection with the
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supply port 64 supported by the arm 102 to dispense liquid 60 to the pad 30 during a
polishing process.

(060521  In general, each of the reservoirs can be independently temperature controlled by a
thermal controller 312 which operates a unique temperature control element {e.g., a heater or
a cooler} in contact with associated reservoir. Reservoirs 306 and 308 are in contact with
iemperature control elements 314a and 314b, respectively, and the reservoir 304 15 not
temperature controlled in the example of FIG. 2. Temperature control element 314bisa
cooling element and the coolant hiqud 66 within the reservoir 308 is cooled. Temperature
control element 314a is a heater and the coolant ligind 66 within veservoir 306 is heated.
[G053]  Reservoirs 306 and 308 are m flund commection with a three~-way valve 302 which s
connected to the thermal controller 312, The thermal controlier 312 controls a gating state of
the valve 302 such that the fluid received by the valve 302 from reservoir 306 or reservoir
308 15 directed to the ports 68, An exarople of the valve 302 1s a binary valve, e.g., either
coolant liguid 66 from reservoir 306 or from reservoir 308 is directed to the ports 68. Another
example of the valve 302 facilitates dispensing of the coolant higuid 66 from the reservoir 306
or reservolr 308 at specific ratios. In such an example, the valve 302 permits dispensing from
the reservoir 306 and reservoir 308 concurrently n any ratio between all coolant hquid 66
from reservoir 306 (e.g., 100% heated coolant liquid 66} to ali coolant hiquid 66 from
reservolr 308 (e.g., 100% chilled coolant liquid 66). The ratic between heated and chilled
coolant liguid 66 can be controlled by the thermal controller 312 to achieve a desired
temperature value at the outlet of the valve 302 or the ports 68,

160547 The valve 302 can include a temperature sensor, or a temperature sensor ¢an be
mounted in-line with a downstrear outlet of the valve 302 which generates temperature data
and comununicates the data to the therroal controlier 312, The thermal controller 312 controls
the vaive 302, based on the downstream temperature data, to permut flow from reservair 306,
reservolr 308, or a combination of both such that a target termperature value of the coolant
hiquid 66 1s achieved downstream of the valve 302 prior to dispensing by the ports 68 on the
arm 102

[GG557  Some examples of the temperature control system 100 can conirol multiple
polishing siations, each station including an independent temperature conirol arm 102, head
70, and platen 24 with polishing pad 30. FIG. 4 depicis a polishing systero 421 with two
polishing stations 401 and 407. Each polishing station 401 and 407 respectively includes
platens 424, 424° supporting polishing pads 430, 4307, temperature control arms 420, 4207

supporting quenching dispensers 440, 440° having respective ports 467, 467 which dispense
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the coolant hiquid 460. Each of the polishing stations 401 and 407 are connected to respective
coolant management systers 410 and 4107 which include respective reservoirs 404 and 4047,
(060561 The reservoirs 404 and 404° contain coolant fhud, the temperature of which is
controlied by the connected thermal controller 412. The thermal controller 412 controls the
temperature control elements 414 and 4147 to cool the coolant iqud 460 withun the reservowr
404 or 404", respectively. The thermal controller 412 1s connected to temperature sensors 405
and 405° which generate temperature data on the temperature of the coolant liquid 460 stored
i1y the respective resarvoirs 404 and 4047 in which they are configured to generate
termperature data from. The thermal controller 412 receives the temperature data and controls
the temperature control elernents 414 and 4147 to achieve the desired temperature of the
cooiant liguid 460

16057} Each of the coolant management systems 410 and 4107 have two three-way valves,
coolant management svstem 410 includes three-way valves 402 and 403, and coolant
management systems 410 includes three-way valves 402" and 403", An inlet of the three-
way valves 402 and 402 are in fluid connection with a coolant Hquid source 466, such as the
examples given for coolant hiquid source 266,

[G058]  The outlets of three-way valves 402 and 402 are in fluid connection with reservoirs
404 and 404", and inlets of three-way valves 403 and 403", The valves 402 and 402 ¢an each
provide the coolant hiquid 460 from the source 466 {0 either the reservoirs 404 or 4047 for
cooling, or directly to the valves 403 and 4037 in sttuations in which the source 466 provides
hiquid 460 which 1s not cooled before being directed to the ports 467 and 467"

160591 In some examples, the sysiem 421 has a common coolant management system to
replace coolant management systems 410 and 4147, In such an example, the common coolant
management svstern has one reservoir 404, one temperature sensor 405, and one temperature
control element 414, connected o one thermal controller 412, The common coolani
management system can have any number of three - way valves 403 to distribute the coolant
hquid to the respective polishing stations 401 and 407,

(60607 A number of embodiments have been describad. Nevertheless, it will be understood
that various modifications may be made. Accordingly, other embodiments are within the

scope of the following claims.
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What is claimed is:

L. A chemical mechanical polishing apparatus comprising;

a platen to hold a polishing pad;

a carrier to hold a substrate against a polishing surface of the polishing pad during a
polishing process,

a polishing ligquid dispenser having a polishing hiquid port positioned over the platen
to deliver polishing liquad onto the polishing pad;

a temperature control system including

one ot more coolant liquid fluid reservoirs for containing one or more coolant
fiuids,

a thermal controlier configured to control the temperature of the one or more
coolant fluid within the one or more coolant fluid reservoirs; and

a first dispenser having a plurality of openings in fluid connection with the
one or more coolant fluid reservoirs, the plurality of openings positioned over the platen and
configured to spray an aerosolized coolant Hiquid directly onto the polishing pad,

a second dispenser having a coolant port in fluid connection with the one or
more coolant fluid reservoirs, the coolant port posttioned over the platen and configured to
flow a stream of coolant liquid directly onto the polishing pad.

2. The apparatus of claim 1, further comprising a temperature control arm extending
over the platen, and wherein the one or more openings are formed in nozzles secured to the

temperature control arm.

3. The apparatus of claim 2, wherein the coolant port 1s secured to the temperature

control arm.

4. The apparatus of claim 2, wherein the coolant port is secured to a separate

temperature control arm.

[
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5. The apparatus of claim 4, comprising a polishing liquid arm extending over the

platen, wherein the coolant port and the polishing hiquid port are on the polishing liquid arm.

6. The apparatus of claim 1, wherein the thermal controller comprises a temperature
sensor and a temperature conirol element and is configured to receive temperature value from
the temperature sensor indicative of a temperature of the coolant fluid and, based on the
received temperature value, control the temperature control element to cool the coolant fluid

to below 3 °C.

7. The apparatus of claim 1, wherein one or more coolant fluid reservoirs inchude a first
coolant fluid reservoir connected to the plurality of openings of the first dispenser and a

second coolant fluid reservoir connected to the port of the second dispenser.

g The apparatus of claim 7, wherein the second coolant fluid reservoir is configured to

hold less coolant fluid than the first coolant fluid reservoir.

9. The apparatus of claim 7, wherein the first coolant fluid reservoir and the second

coolant fluid reservoir hold a same composition of coolant hiquid.

10.  The apparatus of claim 9, wherein the coolant liguid is deionized water.
1t The apparatus of claim 7, wherein the temperature control system is configured to

control both the first coolant fluid reservoir and the second coolant fhund reservoir to different
temperature values, the temperature value of the second coolant fluid reservoir being lower

than the teroperature value of the first coolant fluid reservoir.

12, The apparatus of claim 1, wherein one or more coolant fluid reservoirs include a
common coolant fluid reservoir connected to the plurality of openings of the first dispenser

and to the port of the second dispenser.
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13 The apparatus of claim 1, wherein the temperature control system is configured to
dispense less than 1 L of fluid through the second dispenser to reduce a temperature of the

polishing pad by at least 10 °C.

14, The apparatus of claim 1, further comprising a controller configured to cause the first
dispenser to spray the acrosolized coolant liguid onto the polishing pad during a polishing
step in which the substrate is polished on the polishing pad, and to cause the second
dispenser to flow the stream of coolant fluid onto the polishing pad at a transition from a first

polishing step to a second polishing step.

1S, The apparatus of claim 14, wherein the controller 1s configured to receive a
temperanire measurement from a sensor during the polishing step and to control the first
dispenser to spray the aercsolized coolant liquid so as to bring the measured temperature to a

desired temperature.

16, The apparatus of claim 14, wherein the controller 1s configured to receive a signal
indicating that less than a threshold amount of material remains to be polished, and 1o control
the second dispenser to flow the stream of coolant fluid onto the polishing pad in response to

the signal.

17 The apparatus of claim 1, further comprising a pad rinse system tncluding a nozzle to

direct a rinsing medium onto the polishing pad.

18. A chemical mechanical polishing system comprising:
two polishiog stations, each station comprising
a platen to hold a polishing pad,
a carrier to hold a substrate against a polishing surface of the polishing pad
durting a polishing process,
a polishing liquid dispenser having a polishing liquid port positioned over the
platen to deliver polishing Hiquid onto the polishing pad, and

a coolant dispenser having a coolant port positioned over the platen to deliver

15
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coolant liquid onto the polishing pad; and
a temperature control system comprising
a coolant fluid reservoir for containing coolant fluid and configured to deliver
the coolant fluid to the respective coolant ports of the respective polishing stations, and
a thermal coutroller configured to countrol the temperature of the coolant fluid

within the coolant fluid reservoir.

19. A method for controlliing a chemical mechanical polishing process, comprising:

polishing a substrate on a surface of a polishing pad in a polishing process comprising
at least a bulk removal step and a clearing step;

determining a desired temperature for the bulk removal step;

during the buik removal step, spraying the polishing pad with a cooling liquid to
bring the polishing pad to the desired temperature;

detecting a transition from the bulk removal step to the clearing step, and

in response to detecting the transition from the bulk removal step to the clearing step
dispensing, Hlowing the cooling hquid onto the surface to reduce a temperature of the

polishing pad.

2¢G. The method of claim 19, further comprising controlling the temperature of the

cooling hquid during the polishing process to be less than 5 °C.

13
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