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rel ates generally to a nethod and apparatus for nounting a;:zﬁa onduct or
wafer on a 5 polishing block to hold the wafer during poli ‘dé Mor e

particularly, the invention relates to an infrared heater for heating the
polishing block to soften a bonding agent applied to the block so that the
waf er may be tenporarily bonded to the Bl ock. 10 The faces of
sem conductor wafers are polished during manufacture to provide very snooth
finish and surface fl at neBADIZNE EOhESEING BBPCK SHPAEER be pol i shed so they
are extrenely flat and snooth before printing electronic circuits on them
by el ectron beam |ithography 15 or photolithography. Flatness is
critical to nmiBagkgreund of the Taventdoninted ines which can be as narrow
as one micron or | egsis Hovemetioherslfted Rferf=arlsy aie d methddesnday fl ex
during the polishing operation if,they are not,rigidl upported over their
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5 polishing block to hold the wafer during polishing. More

particularly, the invention relates to an infrared heater

for heating the polishing block to soften a bonding agent

applied to the block so that the wafer may be temporarily

bonded to the block.

10 The faces of semiconductor wafers are polished

during manufacture to provide very smooth finish and
surface flatness. Semiconductor wafers must be polished
so they are extremely flat and smooth before printing
electronic circuits on them by electron beam lithography
15 or photolithography. Flatness is critical to maintain
resolution of the printed lines which can be as narrow as
one micron or less. However, because the wafers are
thin, they may flex during the polishing operation if
they are not rigidly supported over their entire areas,
20 or the necessary surface flatness and finish may not be
achieved. Thus, it is important that the wafers are
supported over their entire areas during polishing.
To prepare the wafers for polishing, they are
mounted on flat polishing blocks using a bonding agent or
25 wax which firmly grips and rigidly supports the wafers.
The bonding agent is applied in a thin coat to one face
of the polishing block, and the block and agent are
heated so that the agent dries and softens. The wafer is
pressed against the softened agent, and, as the agent
30 cools, it firmly grips the wafer so that the wafer cannot
eaéily be pulled or sheared off the block during the
- polishing operation. Further, the agent stiffens as it
cools so that it rigidly supports the wafer during the
polishing operation and the needed surface flatnesses and
35 finishes may be obtained.



achieved. Thus, it is inportant that the wafers are supported over their
eatire areas during polishing. To prepare the wafers for polishing, they
are nounted on flat polishing blocks using a bonding agent or 25 wax
which firmy grips and rigidly supports the wafers.  The bondi ng agent is
applied in a thin coat to one face of the polishing block, and the bl ock
and agent are heated so that the agent dries and softens. The wafer is
pressed agai nst the softened agent, and, as the agent 30 cools, it firmy
grips the wafer so Imathe hpaskf ean cappatabasiknowe 3ila eskeam spetreas of f
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bl ocks Coated gééﬂlggngé ghg Egésof the steam pot so that the side of

the block opposite the bonding agent is exposed to the
steam inside the vessel. The steam heats the block by
convection and conduction heat transfer. The block
conducts the heat from its side exposed to the steam to

10 the side to which the bonding agent is applied, thereby
drying and softening the bonding agent. However, because
the block is cooler than the steam, water condenses on
the side exposed to the steam. Although the side of the
block having the bonding agent does not face the interior

15 of the steam pot, water will occasionally come in contact
with the bonding agent. When water contacts the bonding
agent, it becomes pitted which causes small, localized
portions of the wafer to be inadequétely gripped and
supported. As a result, when the polishing block is

20 heated with a steam pot and water condenses or splatters
on the block, it must be dried before further processing
to avoid water contact with the bonding agent.

Most previously used bonding agents contained

trichlorethylene as a solvent. However, because

25 trichlorethylene has been identified as possibly
adversely impacting the environment, other bonding agents
which do not contain trichlorethylene have been
introduced. For instance, water-based bonding agents
have been developed. However, these "green" water-based

30 bonding agents do not perform well when heated in steam
pots because they are highly water dispersible. Thus,
when water droplets come in contact with the agents,
large voids occur and the wafers are not adequately
supported or gripped.

35 In an attempt to reduce water splatter, the amount
of power delivered to the steam pots has been reduced,



As its name inplies, a steampot is a vessel containing boiling water. To
heat the block, it is seated in an 5 opening at the top of the steam pot so
that the side of the block opposite the bonding agent is exposed to the
steaminside the vessel. The steam heats the bl ock by convection and
conduction heat transfer. The bl ock conducts the heat fromits side exposed
to the steamto 10 the side to which ghe bonding agent is applied,
thereby drying and softening fhe bonding agent. However, because the bl ock
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used. However, the softer agents are stickier, thereby
preventing the wafers from being easily released after
10 polishing and substantially offsetting savings in

production achieved using the softer bonding agent.

Summary of the Invention
Among the-several'objects of this invention may be
noted the provision of a method and apparatus capable of
15 heating the polishing blocks to quickly and inexpensively
dry and soften the bonding agents; the provision of such
a method and apparatus in which water-based bonding
agents may be used without adversely affecting
semiconductor flatness or surface finish; and the
20 provision of such a method and apparatus in which the
polishing blocks, semiconductor wafers and bonding agents
do not come in contact with water.
The method of this invention is used to mount a
semiconductor wafer on a polishing block to hold the
25 semiconductor wafer during polishing. Generally, the
method comprises the steps of providing a polishing block
‘having a surface for mounting the semiconductor wafer,
coating the polishing block surface with a bonding agent,
applying radiant heat to the polishing block and bonding
30 agent to soften the bonding agent, and applying the
semiconductor wafer to the softened bonding agent. The
step of applying radiant heat to the polishing block and

bonding agent is performed by a radiant heater in a dry
environment.
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trichlorethylene as a solvent. However, because 25 trichlorethyl ene has
been identified as possibly adversely inpacting the environnent, other
bondi ng agents which do not contain trichlorethyl ene have been introduced.
For instance, water-based bondi ng agents have been devel oped. However,
t hese "green" water-based 30 bondi ng agents do not performwell when
heated in steam pots because they are highly water dispersible. Thus, when
wat er droplets cone in contact with the agents, |arge voids occur and the
waf ers are not adeqlmtahgtheppaspedtorthei ppeentB3m is an appanatusefipr to

e oo, PAELSEindenarBel gl ERaeLUE A0S oE Mpstonynol o
the time it toekdianguheatient Fhenralishing bleak ang, nql\iemi%@emné@ are
undesirabl e besgpsént FRY bHRELAGCa§EREYCT E&Retd By ANthé OgpSardOuspeed up
productlons comprises a polishing block holder constructed to receive
and hold a polishing block and a radiant heater for
directing radiant thermal energy toward the polishing
block received and held by the polishing block holder to
heat the polishing block.
10 In yet another aspect of the invention, a
semiconductor mounting system comprises a bonding agent
applicator, a radiant heater, a mounting apparatus, and a
controller. The bonding agent applicator applies a
releasable bonding agent to a surface of a polishing
15 block. The radiant heater directs radiant thermal energy
toward the polishing block coated with the bonding agent
to heat the polishing block and bonding agent. The
mounting apparatus mounts a face of a semiconductor wafer
to the polishing block surface. The controller controls
20 operation of the bonding agent applicator, the radiant
heater, and the mounting apparatus.
Other objects and features of this invention will be
in part apparent and in part pointed out hereinafter.

Brief Description of the Drawings
25 Fig; 1 is a front and right side perspective of a
radiant polishing block heater of the present invention;
Fig. 2 is a front elevation of the polishing block
heater with panels removed to show internal construction;
Fig. 3 is a right side elevation of the polishing
30 block heater of Fig. 2;
Fig 4. is a fragmentary, schematic cross section of
the cooling water passages taken in the plane of line 4-4
of Fig. 1;
Fig. 5 is a schematic top plan view of an upper
35 cooling water passage;



5 softer bonding agents have been used so that the bl ocks did not need to
be heated to as high a tenperature Thus, |ower power settings and shorter
heating times could be used. However, the softer agents are stickier

t hereby preventing the wafers frombeing easily rel eased after 0 polishing
and substantially offsetting savings in production achi eved using the
softer bonding agent. Summary of the I nwention Anong the several objects of
this invention may be noted the provision of a method and apparatus capabl e
of 5 heating the p@ighiagidl Hckshématid chdy pleh iviswpeansiyelgwetry and
soften the bondj ng. ent.Sq t he grovision of such a nmethod and apparatus in
whi ch wat er - based dWszﬁd%%? a%%y be used wi thout adversely affecting
seni conduct or fl at igks. of Beird agchémal d; r bghk t$iede@ et ddwnobHfasuch a

met hod and appaged i&‘at‘.’@ﬁ%éé@gé’oééiﬁé&%%ﬂ&kﬂgﬁﬁr@f&é‘d&fté’ﬁ waf er s

and bondi ng agents not ¢ I N~ contact w wat €. I n accordance with an
aspect of ¥he brecaredihgafe¥on, there is provided a nethod for nounting a

sem conductor waf erpfd, 88 is a fragmentary bottom plan of the infrared
heater of the present invention;

Fig. 9 is a fragmentary front elevation of the
infrared heater; |

10 Fig. 10 is a fragmentary right side elevation of the
infrared heater;

Fig. 11 is a front elevation of a polishing block
heater of a second preferred embodiment of the present
invention; and

15 Fig. 12 is a block diagram showing a semiconductor
mounting system of the present invention. .

Corresponding parts are designated by corresponding
reference characters throughout the several views of the
drawings.

20 Detailed Description of the Preferred Embodiment
Referring now to the drawings, and first more
particularly to Fig. 1, the apparatus of a first
preferred embodiment for heating polishing blocks is
indicated in its entirety by the reference numeral 20.
25 The apparatus 20 supported by a frame 22 having upright
members 22a and cross members 22b. The frame supports
front panel 24a, rear panel 24b, side panels 24c, top
panel 24d, and a sliding door 26 which may be opened to
insert and remove polishing blocks B from the apparatﬁé.
30 A control panel 28 mounts instrumentation for monitoring
and controlling the operation of the apparatus. The
apparatus 20 comprises a polishing block holder,
generally designated by 30 (Fig. 6), and a infrared
heater, generally designated by 32 (Figs. 2 and 3). The
35 holder 30 and heater 32 are positioned below a table 34



polishing block to hold the sem conductor wafer during polishing, said

net hod conprising the steps of: providing a polishing block having a
surface for 5 nmounting the sem conductor wafer; coating said polishing

bl ock surface with a bondi ng agent; applying radiant heat froma radi ant
heater in a dry environnent to the polishing block and bondi ng agent 10
thereon to soften said bonding agent; agd applying the sem conductor wafer
to the softened bondi ng agent. 3a The nmethod of this invention is used
t o nmount a'sehhwdnguatopemmhg'3m1siqadiﬁdﬂamgeptothetpoﬂdhhﬂngablock
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agent, cooling water pipes which extend into the opening 36
5 below the table 34.

Figs. 2 and 3 show the apparatus with the panels
24a-24d, sliding door 26 and control panel 28 removed
from the frame 22 so the internal components, such as the
heater 32, are vigible. The internal structure of the

10 infrared heater 32 is more apparent by reference to Figs.
8-10. The heater includes a housing 40 which houses
three side-by-side infrared lamp units, generally
designated by 42. Each lamp unit 42 includes a body 44
and four insulators 46 which space the body above the

15 bottom of the housing 40 to electrically insulate the
lamp unit from the housing. Positioned adjacent the ends
of each body 44 are five hollow supports 50 which support
tubular infrared emitters or lamps 52 adjacent reflector
grooves 54 (Fig. 9) formed in the upper surface of the

20 bodies.

The lamps units 42 are positioned so the lamps 52
extend front to back in the housing 40 generally under
the holder 30. Five lamps 52 are mounted on the supports
50 of the middle lamp unit 42, but only three lamps are

25 mounted on the other units. The three lamps 52 are
positioned on the supports 50 closest to the holder 30 as
lamps spaced farther away from the holder would not
effectively heat a block B held in the holder. Each lamp
52 includes wire leads 54 extending from its ends and

30 downward through the hollow supports 50 to a common bus
56 mounted adjacent the bottoms of the supports. The

~ buses 56 are connected to an external power supply (not
shown) which is controlled by a programmable logic
controller 58b (Fig. 12) positioned external to the

35 apparatus. Each of the lamps 52 are supplied with 60
amps of electrical current at 480 volts to produce 6



appl ying radi ant heat to the polishing block and bondi ng agent to soften
the bondi ng agent, and appl ying the sem conductor wafer to the softened
bondi ng agent. The step of applying radiant heat to the polishing block and
bondi ng agent is perfornmed by a radiant heater in a dry environment. 4

I n anot her aspect, the invention is an apparatus for perform ng the
previously described step of applying rddiant heat to the polishing bl ock

and bondi ng agent to soften the bondiggtagent. Gbneralhz, t he_apparatus 5
conpri ses a pdtikaaif sk egtier Horhe mastd arefaarxad enhrdignt a
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i nvention, a sefnMiontkagelisputangscts eand aly il Soradteng agent
5 Q6MT3/CL/HT quartz infrared emitters made by Research
' Inc.; however, it is envisioned that other types of
radiant heater lamp units and lamps may be used without
departing from the scope of this invention.
Each body 44 has £wo threaded ports 60 (Fig. 8) on
10 its lower side. As shown in Figs. 9 and 10, each body 44
has interconnected cooling passages 62 which extend
through the body from one port to the other. Cooling
water is delivered to the rearward port of the right unit
42 as shown in Fig. 8. The cooling water delivered to
15 the rearward port 60a of the right unit 42 travels
through the passages 62 of the right unit and exits
through the forward port of the unit where it travels
through a tube 64 to the forward port of the middle unit.
Similarly, the water travels through the middle unit and
20 exits through the rearward port before traveling through
a second tube 65 connecting the rearward ports of the
middle and left units. The water travels through the
left unit and exits through the forward port 60b. Thus,
water entering the first unit is transferred to the
25 second unit and from the second unit to the third unit.
Short nipples 66 (see also Fig. 9) extend through the
housing 40 from the forward left and rearward right ports
60a, 60b for connecting them to the cooling water
circuit.
30 Air is drawn into the housing 40 through two holes
70 (only one of which is partially shown in Fig. 8) in
the bottom of the housing. The air travels between the
units 42 and the housing bottom to the hollow lamp
supports 50 adjacent the ends of the units. The air
35 travels upward through the supports 50 and toward the
center of each unit 42 where a set of tubes 72 positioned



applicator, a radiant heater, a nounting apparatus, and a controller. The
bondi ng agent applicator applies a rel easabl e bonding agent to a surface of
a polishing 15 bl ock. The radi ant heater directs radi ant thermal energy
toward the polishing block coated with the bonding agent to heat the
pol i shing bl ock and bondi ng agent. The nounting apparatus nounts a face of
a sem conductor wafer to the polishing d ock surface. The controller
controls 20 operation of the bonding agent applicator, the radi ant
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the plane of IInglower for drawing air through the housing 40 and out
the exhaust tube 74 to cool the heater 32. A flow sensor
(not shown) is positioned along the exhaust tube 74 for
10 measuring the air flow drawn through the tube so that the
heater 32 may be de-energized in the event of inadequate
cooling flow as will be explained in greater detail
below.
A cooling system for the table 34 and holder 30 is
15 shown to include a cooling water manifold 80 mounted on
the right side of the frame 22 for distributing cooling
water from a supply line 82 (Fig. 3) connected to the
rearward end of the manifold to five flexible cooling
water lines 84a-84e connected to the top of the manifold.
20 The supply line 82 is connected to an external cooling
water source (not shown) for supplying the manifold 80
with cooling water. A solenoid valve 86 and flow sensor
88 are positioned along the supply line 82 for
controlling and monitoring the flow of water to the
25 heater 32 and other cooling passages. Line 84a extends
to the nipple 66 associated with the rearward right port
60 shown in Fig. 8 for delivering cooling water to the
lamp unit cooling passages 62.
Lines 84b-84d extend to upper and lower cooling
30 plates 100, 102 (Fig. 4) positioned below the table 34.
As shown in Fig. 4, the ﬁable 34 consists of a 1/16 inch
thick sheet of stainless steel. Two 1/4 inch thick
aluminum plates form the cooling plates 100, 102
positioned below the table 34 at 1/4 inch intexvals. As
35 shown in Figs. 5 and 6, two lengths of copper tubing 104,
106 are positioned between the upper and lower cooling



of Fib. 1l; Fig. 5is a schematic top plan view of an upper 35 cool i ng

wat er passage, 5 Fig. 6 is a schematic top plan view of a | ower cooling
wat er passage; Fig. 7 is a schematic right side elevation of a cooling
wat er passage adjacent the right side of an 5 infrared heater; Fig. 8 is

a fragmentary bottom plan of the infrared heater of the present invention;
Fig. 9 is a fragnentary front elevation 8f the infrared heater; 10

Fig. 10 is a fragnentary right side elevation of the infrared heater Fig.
11 is a front BLaE8Ei dR0f 182paMds @ AGDEItEc RihE5RdNLEFSa SE6€dnF B ECer I ed

enbodi nent of hbe BeepeRi iR LlovRtthe lower cooling plate. The
lengths of tubing 104, 106 are formed as serpentine
cooling passages to cool the table 34. Lines 84b and 84c
5 (Figs. 2 & 3) extend from the manifold 80 to deliver
cooling water to the tubing lengths 104, 106,
respectively. As shown in Fig. 6, the stainless steel
tubing length 108 is formed with lobes 110 that protrude
inward into the table opening 36. Together, the lobes
10 110 form the block holder 30 of the first embodiment.
Line 84d (Figs. 2 & 3) extending from the manifold 80 is
connected to the stainless steel tubing length 108 to
deliver water to the holder 30 to cool it.
Fig. 7 illustrates one of four plates 112 and tubes
15 114 which are mounted on the frame 22 around the heater
32, one adjacent each side of the housing 40. These
plates 112 were removed in Figs 2. and 3 for clarity.
Cooling water is delivered to the tube 114 through line
84e. The tube 114 has a serpentine configuration to
20 promote heat transfer from the plate 112 to the cooling
water traveling through the tube 114. After traveling
along one side of the apparatus 20, the water travels to
similar tubes and plates on adjacent sides of the _
apparatus until the water travels around all four sides.
25 Returning again to Figs. 2 and 3, positioned on the
left side of the frame 22 is a cooling water return
manifold 120 similar to manifold 80. The return manifold
120 directs cooling water from five inlet ports 121 (only
one of which is shown in Fig. 2) on the top of the
30 manifold to an outlet port (not shown) on the rearward
end of the manifold. A drain line 122 is connected
between the outlet port of the manifold 120 and an
external facility drain (not shown). Five flexible
cooling water output lines 124a-124e are connected to
35 respective manifold inlet ports 121. Line 124a extends
from the nipple 66 associated with the forward left port
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15 Fig. 12 is a block diagram show ng a sem conductor nounting
system of the present invention. Corresponding parts are designhated by
correspondi ng reference characters throughout the several views of the
drawi ngs. 20 Det ai | ed Description of the Preferred Enbodi nent Referring
now to the drawi ngs, and first nore partlcularly to Fig. 1, the apparatus
of a first preferred enbodi nent for heat? ng pollshlng bl ocks is |nd|cated

inits entirety referen ner al p ar at us
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desi gnat ed by 30 (F| . 6),.and a infrared heat er, ergl deS| nat ed by
32 (Figs. 2 and 3). 'Isr?éx???ii SRR 3R LR %t@s bel ow a
table 34 first solenocid valve 86 opens and closes the door 26

(Fig. 1) in response to a signal from the controller 58b
(Fig. 12). Valve 130 is connected to a linear actuator

10 132 (Fig. 1) to supply the actuator with air to force its
piston downward. The piston is connected to a wire 134
(Fig. 1) which is connected to the sliding door 26 (Fig.
1) so that the door is raised when air is delivered to
the actuator 132.

15 As shown in Figs. 1-3, a proximity switch 140 is
mounted on the table 34 adjacent the polishing block
holder 30 to sense when polishing blocks B are present in
the holder. The switch 140 is conﬁected_to the
programmable logic controller 58b (Fig. 12). An optical

20 pyrometer 142 (Figs. 2 & 3) is mounted near the top of
the apparatus 20 and is aimed toward the holder 30 to
detect the temperature of the top of a polishing block B
held within the holder. The pyrometer 142 is also
connected to the programmable logic controller.

25 In operation, the door 26 is raised and a polishing
block B having a bonding agent coating applied to its
upper surface is placed on the holder 30. The door 26 is
closed and the lamp units 42 are energized to direct
infrared radiant thermal energy upward from the heater 32

30 toward the bottom surface of the block B. When a
predetermined temperature sufficient to soften the
bonding agent is sensed by the pyrometer 142, the lamp
units 42 are de-energized, the door 26 is raised and the
block B is removed from the holder 30. Although other

35 temperatures are also within the scope of this invention}
it has been found that de-energizing the lamp units 42



6 having a opening 36 sized to accept the polishing block B. As will be
explained in greater detail below the holder 30 of the first enbodi nent is
formed by | obes of cooling water pipes which extend into the opening 36 5
bel ow the table 34. Figs. 2 and 3 show the apparatus with the panels
24a-24d, sliding door 26 and control panel 28 renoved fromthe frame 22 so
the internal conponents, such as the heater 32, are visible. The internal
Structure of the 10 infrared heater 32 is nore apparent by reference to
Figs. 8-10. Theh¢mdthe pynoduelesr dl4dusingesi Wengermuses ohrze°C works
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five hollom/s%ggort Eﬁg ggksggﬁggé by the high thermal gradient
through the block. If the lamp units 42 are de-enexgized
when the top of the block reaches 75°C, the top of the
block and bonding agent will reach 3$5-100°C by the time
the wafer is applied (approximately 30-35 seconds after
10 the lamp units 42 are de-energized). A radial hole (not
shown) in the side of the block B permits the insertion
of a handle for transporting the heated block.
The programmable logic controller 58b (Fig. 12) is
programmed so that the lamp units 42 are not energized if
15 insufficient cooling water or air flow is sensed by the
flow sensors along the water and air passages. Further,
if the proximity switch 142 does not sense the presence
of a block B in the holder 30, the lamp units 42 will not
be energized. A sensor (not shown) is also connected to
20 the door 26 to sense whether it is entirely closed. 1If
the door 26 is even partially open, the controller 58b
will not energize the lamp units 42. The controller 58b
. will also turn the cooling water off by closing the
solenoid valve 86 if the lamp units 42 have been inactive
25 for a predetermined period'of time, e.g. 15 minutes.

_ In a second embodiment shown in Fig. 11, the
apparatus 20’ includes a heater suspended above a
polishing block holder 30’. The heater 32’ includes an
opening (not shown) facing downward toward the holder

30 30’. The holder 30’ has three ceramic pegs 152 upon
which the polishing block B sits. The pegs 152 are used
to inhibit heat transfer from the block B to the holder
30’. The holder 30’ is mounted on bearings 154 and is
driven by a motor 156 to rotate the holder relative to a

35 frame 158 mounted beneath the heater 32’ to reduce
circumferential thermal gradients around the block B.



tubular infrared emtters or |anps 52 adjacent reflector grooves 54 (Fig.
9). formed in the upper surface of the 20 bodi es. The lanps units 42 are
positioned so the |anps 52 extend front to back in the housing 40 generally
under the holder 30. Five |lanps 52 are nounted on the supports 50 of the
mddle lanp unit 42, but only three | anps are 25 nount ed on the other
units. The three lanps 52 are positiongg on the supports 50 closest to the
hol der 30 as | anps spaced farther away fromthe hol der woul d not

effectively hegheasbhREks B ek dnbint b8 M'Q&tléﬂihﬂfm Peoi Pribbes wire

| eads 54 extending,fromits ends and 30 downward t hrough ihe ho| | ow
supports 50 t oPerBbimbhe pfkang ﬁBuﬁ?eﬁaéﬂ?%c%ﬁt1?%@F%®t¥%n% 3fFet ke

supports. The pob£shbigabtosknBeLhethéovasigkterofl tROVREéateppe’ (NOthe
posi 11 oned oxt BPRAFE 180t ref sbne BRSAPaTEESISEEER SrbPRL FaRpiocoLEt
supplied wbth 80 that afh epecca1CBYrometent1@2 480 sbght tbhepbotibom 6£
the block B to determine its temperature. In all other
respects, the apparatus 20’ of the second preferred'
embodiment is identical to the apparatus 20 of the first
preferred embodiment.

10 Fig. 12 diagrammatically illustrates a semiconductor
mounting system 170 which includes a radiant heater
apparatus 20 as previously described. The.system 170
also includes a bonding agent applicator 172 for applying
the bonding agent to a surface of a polishing block B

15 prior to being transported to the heater apparatus 20.
After the heater apparatus 20 has sufficiently heated the
bonding agent and block B, a semiconductor wafer mounting
apparatus 174 is used to mount the semiconductor wafer to
the polishing block B. Controllexrs 58a-58c control the

20 operation of the bonding agent applicator 172, the
radiant heater apparatus 20 and the mounting apparatus
174, respectively. 1In an alternate embodiment, a single
controller may be used to control the entire system 170.
For example, it is envisioned that the radiant heater 32,

25 32' of the present application could be incorporated into
an automated wafer mounting and polishing apparatus such
as described in U.S. Patent Application No. 08/242,560
which is hereby incorporated by reference. The radiant

_ heater 32, 32’ would replace the steam pot disclosed in

30 Application No. 08/242,560.

Numerous alternate embodiments of the previously
described apparatus are envisioned without departing from
the scope of the present invention. For instance, it is
envisioned that a transport mechanism could be added to

35 the apparatus 20, 20’ for transporting the blocks B to
and from the holder 30, 30’. Further, a timer control



7 kilowatts of power. In the nost preferred enbodi nent, each of the [ anp
upits 42 is a nodel 5090-10-01 high density infrared heating conponent nade
by Research Inc. of Mnneapolis, Mnnesota, and the |lanps 52 are 5

QMI3/ CL/HT quartz infrared emtters made by Research Inc.; however, it is
envi sioned that other types of radiant heater lanp units and | anps nmay be
used without departing fromthe scope oft3this invention. Each body 44 has -
two threaded ports 60 (Fig. 8) on 10 its lower side. As shown in Figs. 9
and 10, each be@lycuithgouldi becvasdcindptackti af phae spyesmerenhcohtesiend

through the bOQYrEﬁQE1EBedEQEhekglkgetHEhﬁéatéPoéfESr“QtgfeaétQCOO§§&3d to

the rearward port of th Ight unit 42 as shown I n I ng
wat er del i ver eRetdodsof Ehme, gachardthant afbaron Pﬁ%d?Fgﬁmlﬁﬁ@t 42 travels
t hrough t he paﬁéﬁgéiaﬁaréf isheencBH.unit and exits through the forward

Phe niddl cSunit. S A XLPY, OEnEngapBPYEr avll ¥LER BRGROPRERRAFBRun ¢ and
several objects of the invention are achieved and other
advantageous results attained. The previously described
apparatus 20 heat the polishing blocks B without bringing
the blocks in contact with water thereby eliminating the

10 opportunity for the bonding agent to become pitted during
heating. As a result, water-based bonding agents may be
used without potentially damaging the surface of the
bonding agent. Further, the blocks need not be dried

- when heated with the apparatus of the present invention.

15 Thus, the drying step is eliminated from the
manufacturing process.

While the present invention has been described by
reference to a specific embodiment, it should be
understood that modifications and variations of the

20 invention may be constructed without departing from the
scope of the invention defined in the following claims.



20 exits through the rearward port before traveling through a second tube
65 connecting the rearward ports of the mddle and left units. The water
travels through the left unit and exits through the forward port 60b. Thus,
water entering the first unit is transferred to the 25 second unit and
fromthe second unit to the third unit. Short nipples 66 (see also Fig. 9)
extend t hrough the housing 40 fromthe fprward |l eft and rearward ri ght
ports 60a, 60b for connecting themto the cooling water circuit. 30

Air is drawn into WHAThAESICIATMED lbsough two holes 70 (only one of which is
partially shown in Fig. 8) in the bottomof the housing. The air travels
between the units 42 and the housing bottomto the hollow | anp supports 50
adj acent the ends df. t Re matihcosd £ohe mountdBg at sewdcondpwiod Wafeuylen lre

Supports 50 agdiaAl HvAeHS hola W) siibohdutiere B R Ririkies 72

posi tioned ] ] .
polishing, said method comprising the steps of:

providing a polishing block having a surface for
5 mounting the semiconductor wafer;
coating said polishing block surface with a bonding
agent;
applying radiant heat from a radiant heater in a dry
environment to the polishing block and bonding agent
10 thereon to soften said bonding agent; and
applying the semiconductor wafer to the softened
bonding agent. '

2. A method as set forth in claim 1 wherein the
step of applying radiant heat includes the step of
directing the radiant heater toward a surface of the
polishing block opposite the bonding agent.

3. A method as set forth in claim 2 further
comprising the steps of:
sensing a temperature of the bonding agent; and
terminating the application of radiant heat when the
5 temperature reaches a predetermined limit. '

4. A method as set forth in claim 3 wherein the
step of applying radiant heat is terminated when the
bonding agent temperature reaches about 70°C.

5. A method as set forth in claim 3 wherein the
step of applying radiant heat is terminated when the
bonding agent temperature reaches at least about 100°C.

-_
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m dway al ong each of the units permts the air to travel downward through
the tubes 72 into a plenum (not shown) attached to the bottom of the
housi ng 40. Returning to Figs. 2 and 3, an exhaust tube 74 vents hot air
fromthe 5 plenumto a facility exhaust (not shown) positioned outside

t he apparatus 20. The facility exhaust includes a blower for drawng air

t hrough the housing 40 and out the exhaust tube 74 to cool the heater 32. A
fl ow sensor (not shown) is positioned al ong the exhaust tube 74 for 10
measuring the air fd.owAmethddramiget Hottubdscl=iat it Hmrddeer 32 may be

de-energi zed | t ' 1:ng. flow ' . | ai ned
i n greater det%“félﬁeﬁe%%] tlpécoéo%?%?s%gﬁﬁggrﬂﬁlg]%aﬁ%?lggégﬁgﬁh?‘%er 30 is
15  shown t o dadklande heatoafitry atrerindidihllessD thameapraximrtelyHo si de
of the frame Zgaddadli stributing cooling water froma supply line 82 (Fig

3) connected to the rearward end of the manifold to five flexible cooling
wat er |ines 84a-84e connected to the top of the manifold. 20 The supply
line 82 is connecter, t @ aethd®@raml serwdorith vial eylaiouric evieadis ) for
supplying t*“*éFEBfo (Lﬁ%iying the radiant heat includes the step of
directing the radiant heat from the radiant heater toward

the polishing block surface having the bonding ageﬂt.

8. A method as set forth in claim 1 further
comprising the steps of:
sensing for the presence of the polishing block; and
delaying the step of applying radiant heat until the
5 polishing block is sensed.

9. Apparatus for releasably bonding a semiconductor
wafer to a polishing block to securely hold the wafer
during polishing by heating the block to soften a bonding
agent applied to the block, said apparatus comprising:

5 a polishing block holder constructed to receive and
hold the polishing block; and |

a radiant heater mounted on the apparatus for
directing radiant thermal energy toward the polishing
block when received and held by the polishing block

10 holder thereby to heat said polishing block.

10. Apparatus as set forth in claim 9 wherein said
radiant heater comprises an infrared heater having
infrared heater elements oriented to direct radiant
thermal energy toward the polishing block holder.

| THIS SHEET HAS BEEN
o REPLACED-

i




with cooling water. A solenoid valve 86 and fl ow sensor 88 are positioned
along the supply line 82 for controlling and nonitoring the flow of water
to the 25 heater 32 and ot her cooling passages. Line 84a extends to the
ni ppl e 66 associated with the rearward right port 60 shown in Fig. 8 for
delivering cooling water to the lanp unit-cooling passages 62. Lines
84b-84d extend to upper and | ower coolipg 30 pl ates 100, 102 (Fig. 4)
positioned below the table 34. As showmm in Fig. 4, the table 34 consists of
a 1/ 16 inch thick sheet of stainless steel. Two 1/4 inch thick al um num
plates formthe cooling plates 100, 102 positioned below the table 34 at
1/4 inch intervals. As 35 shown in Figs. 5 and 6, two | engths of copper
tubi ng 104, 106 are positioned between the upper and | ower cooling 9

pl ates 100, 102 and a length of stainless steel tubing 108 i's positioned
bel ow the | ower cooling plate. The

RADIANT POLISHING BLOCK HEATER

Abstract
A method for mounting a semiconductor wafer on a
polishing block to hold the semiconductor wafer during
polishing. The method comprises the steps of providing a
5 polishing block having a surface for mounting the
semiconductor wafer, coating the polishing block surface
with a bonding agent, applyihg radiant heat to the
polishing block and bonding agent to soften the bonding
agent, and applying the semiconductor wafer to the
10 softened bonding agent. The step of applying radiant
heat to the polishing block and bonding agent is
performed by a radiant heater in a dry environment.

FIG. 1



| engt hs of tubing 104, 106 are fornmed as serpentine cooling passages to

cool the table 34. Lines 84b and 84c 5 (Figs. 2 & 3) extend fromthe

mani fold 80 to deliver cooling water to the tubing | engths 104, 106,

respectively. As shown.in Fig. 6, the stainless steel tubing length 108 is

formed wth | obes 110 that protrude inward into the table opening 36.

Toget her, the | obes 10 110 formthe ock hol der 30 of the first

enbodi nment . Lingzg?gsé gs. 2 & 3) ex%endlng fromthe manifold 80 is

connected to th l/ess steel tubing | ength 1086$a%?gllver water to the
a

hol der 30 to cool it. Fig. 7 illustrates one of tes 1 zagp t ubes
15 114 which are nounted on the , one

adj acent E%ij% i de of the housi 40. Thesg plattes 112 el fenmoved in Figs
2. and 3 for arity. Cooling~water i ivered to t ubp fngh

| i ne 84e. tube 114 h a serpe configuragBn to 20]T pronote heat
transfer froﬁﬁgge plate~112 to the coollng wat traveling {hrough the tube
114. After traveli ngyral-org—ohe—sit o aratus 20, thg|water travels

to S|n1Iar‘2y?22 andlpffat és on adj acent sigeg|of the

“ ///”Zuﬂf.
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apparatus until the water travels around all four sides. 25

Returning again to Figs. 2 and 3, positioned on the left side of the frane
22 is a cooling water return manifold 120 simlar to manifold 80. The
return mani fold 120 directs cooling water fromfive inlet ports 121 (only
one of which is showmn in Fig. 2) on tQFE;op of the 30 mani fold to an
outlet port (not shown) on the rearmard'end of the manifold. A drain |ine
122 is connected between the outlet port of the manifold 120 and an
external facility drain (ngt shown). Five flexible cooling water output

| i nes 124a-124e ar Z’ ecied to 35 respective manifold inlet ports 121.
Line 124a extends’fr W& ni pple 66 associated with the forward | eft port
10 60 of the heater 32 sh xiziﬁLiL@fEﬁEﬁiZﬂiﬁiﬁiﬁ sed cooling water to the
facility drain. Lines 124p-| -ae downstream ends of the

| engt hs of tubing 104, 105,] 108 and 114 res tivelly, to drain spent
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5 cooling water fromthose passages. . A second sol enoid val ve 130 positioned
above the first solenoid val ve 86 opens and cl oses the door 26 (Fig. 1) in
response to a signal fromthe controller 58b (Fig. 12). Valve 130 is
connected to a linear actuator 10 132 (Fig. 1) to supply the actuator
with air to force its piston downward. The piston is connected to a wire
134 (Fig. 1) which is connected to the s%iding door 26 (Fig. 1) so that the
door is raised when air is delivered t8/Phe actuator 132. 15 As -
shown in Figs. 1-3, a ngéjaégy witch 140 is nounted on the table 34

adj acent the polishing/bl er 30 to sense when polishing blocks B are
present in the holder. The switch 140 is connected to the progranmabl e

| ogic controller 58b (Fi . | } oneter 142 (Figs. 2 & 3)
is nounted near the top gfj ' i med toward the hol der
30 to detect the tenper atjurfe of the top of ng block B held within
the hol der. The pyroneterj 42 is al so conne
controller. 25 In oaeration, t he doo

{ he programmabl e | ogic
I ai sed and a pol i shing

V)
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bl ock B having a bondi ng agent coating applied to its upper surface is

pl aced on the hol der 30. The door 26 is closed and the |anp units 42 are
énergi zed to direct infrared radiant thermal energy upward fromthe heater
32 30 toward the bottom surface of the block B. Wen a predeterm ned
tenperature sufficient to soften the bonding agent is sensed by the

pyronet er 142,égqg<EZE§Zunits 42 are 7 nergi zed, the dog@rr/26 is raised
and the bl ock [ ved fromthe hol'der 30. Although YffAer 35
tenperatures are also within the scope of this |nvent|o', it has been found
t hat de- energi zi n§theAapp 1w p o PYA OTELSr 142 senses a

tenperature of 75[err] C works meTl because the tenperaijzg/? top of

t he bl ock and the Yondi ng agent continue to rise after th units are
de-energi zed due tp continued transfer of heat to the 5 of the block

coused zxeﬁzfzzagdgf%g/WW% e Pop ot "t
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bl ock and bondi ng agent will reach 95-100[err]C by the time the wafer is
applied (approxi mately 30-35 seconds after 10 the |lanp units 42 are
de-energized). A radial hole (not shown) in the side of the block B
permts the insertion of a handle for transporting the heated bl ock. The
programuabl e | ogi c cont er 58b (Fig. 12) is programmed so that the | anp
units 42 are not enepérégg; insuffsggent cooling water or air flow
is sensed by the f1 ow sensors along the water and air passages. Further, if
the proximty switch -dqes not sense. gbeflce of_ lock B in the
hol der 30, the lamp gynits 42 wll v A sensor} (not shown) is
al so connected to 20| the door 26 to sens gr it is entirely closed.
If the door 26 is even partially open, {} s 5l er 58b willl not energize
the lanp units 42. The controller 58b wW also turn the cooling water off
by closing the solenqid valve 86 if the , 42 have en inactive 25
for a predeterm ned deriod of time, e.g In a selcond enbodi nent
shown in Fig. 11, thg apparatus 20" incljudgs ‘a heater suspended above a
pol i shing bl ock holdgr 30'. The heat er=2 i




openi ng (not shown) facing downward toward the hol der 30 30'. The hol der
3Q' has three ceram c pegs 152 upon which the polishing block B sits. The
pegs 152 are used to inhibit heat transfer fromthe block B to the hol der
30'. The holder 30" is nounted on bearings 154 and is driven by a notor 156
to rotate the holder relative to a 35 frame 158 mounted beneath the
heater 32' to reduce circunferenti al thernal gradi ents around the bl ock B.
12 The frame 158 i s nounted on vertical ®/&i s 160 which permt the frane to
be raised or lowered to place the polishing block Bin the vicinity of the
heater 32'. The holder 30" of the second preferred enbodinent is hollow5
so that an optical pyroneter 162 can sight the bottomof the block Bto
determne its tenperature In all other respects, the apparatus 20" of the

second preferred is identical to the apparatus 20 of the first
preferred embodi ZE?
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10 - Fig. 12 diagrammatically illustrates a sem conductor nounting
system 170 which includes a radi ant heater apparatus 20 as previously
descri bed. The system 170 al so i ncludes a bondi ng agent applicator 172 for
appl yi ng the bonding agent to a surface of a polishing block_B,15 pri or

to being transp #&;%ﬁ;aéghe heat er apparatus 20. After th hﬁﬁ?er appar at us

20 has sufficien d the di ng age¢at and bl ock a sem conduct or
waf er nmounting apparatus 174 i gﬁ% to nougt é?th ntconductor wafer to
the polishing blockéB Egﬁ? 8a4 §§ ontr the 20 operation of
t he bondi ng agent ﬁ?l?é 172 t he di gnt heat cﬁpparatus 20 and the
nounti ng appar a A single
control?erpﬁay bgru“eﬂffefce“e.‘l thelen f em 170. For exg@npl e, |? i's
envi si oned that| t e |r{ddijaqt Lief 1 BY-] b5 ~} pf the present @pplication
coul d be incorpp ' H > ntin n I $
appar at us such ; T&&No whi ch
i s hereby gngOP aL&d H fefere cel Thelfadua heater 3
replace th tehptr % ty on No. O
Y
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Nqufous al ternate enbodi nents of the previously described apparatus are
epvi sioned wi thout departing fromthe scope of the present invention. For
instance, it is envisioned that a transport nechani smcould be added to 35
t he apparatus 20, 20" for transporting the blocks B to and fromthe hol der
30, 30'. Further, a tinmer control 13 circuit could be used in place of
the pyroneter control circuit to de-energize the heater after a
predet erm ned period of tinme rather th after a predeterm ned tenperature
is reached. 5 In view of the above, it will be seen that the several
objects of the invention are achieved and ot her advantageous results

attai ned. The previously descri bed apparatus 20 heat the polishing bl ocks B
wi t hout bringing the blocks in contact with water thereby elimnating the
10 opportunity for the bonding agent to becone pitted during heating. As
a result, water-based bonding agents may  be.
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used wi thout potentially danmaging the surface of the bonding agent.

Furt her, the bl ocks need not -be dried when heated with the apparatus of the
pfesent invention. 15 Thus, the drying step is elimnated fromthe

manuf acturing process. Wiile the present invention has been described by
reference to a specific emppdiment, it should be understood '
nmodi fications and variati as-Qf the 20 oiygvention may be cons:}ucted

wi t hout departing m t héfscope of the invention defined in the follow ng

cl ai ns. 14 WHAT 1S CLAI MED S 1. A nethod for nmounting a seni conduct or
waf er on a polish|ng 0 he sem conduct or wafer during
pol i shing, said ngthog conpr|5|ng tHe steps of: providi hg a polishing pl ock
having a surface {or b nounting the sem conductor wafer; coating saif
pol i shing bl ock syirfatce wtt8% bondilng tzbg
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agent; applying radiant heat from a radiant h@ﬂ@ﬂ 25 \a'“t@y eREPmEﬂEIQI’ SHEET
t he polishing block and bondi ng agent 10 thetjaq:gg sof t er] getrc=yoTTUTTy
agent; and applying the sem conductor wafer to e ft ened {bqg nj&aﬁ%
2. A nethod as set forth in claim1l wherein the step of appliyiin |

heat includes the step of directing tt¥e radi ant heater towarld .
the polishing block opposite the bonding agent., 3. A nethodlas set forth in
claim2 fur s e rredurped @%t%@fpr@%&mm hichcing '
bondi ng agentimengt ttddk Y | O£ @1 APl GO d BRSS!  heahgawen the 5
tenperature reaches a predetermiped limt. 4. A nethod as set ?orth in

cl ai m 3 wheh&atinE S} (ﬁr%dm%waﬁcﬁ PRCINSR TREY ADFHERZRY when t he
_bond: ng age%rdda;mﬁircﬁt W iane %ﬁ%f&@ut'f@gﬁééd:huﬁ-pfoWMﬂs Ze\tmfortﬂ
in claim: erein.the.step of a i ng_radiant . heat_.s_tern.nat en the
bondi ngrgagérﬁo te e r%%%%%%%"? &TH Bt S.L%O‘flé?t?]%?e Biocks

did not need to be heated to as high a temperature Thus,

lower power settings and shorter heating times could be-

used. However, the softer agents are stickier, thereby

préventing the wafers from being easily released after
0 polishing and substantially offsetting savings in

production achieved using the softer bonding agent.

Summary of the Invention
Among the several objects of this invention may be

noted the provision of a method and apparatus capable of
.5 heating the polishing blocks to quickly and inexpensively
dry and soften the bonding agents; the provision of such
a method and apparatus in which water-based bonding
agents may be used without adversely affecting
semiconductor flatness or surface finish; and the
20 provision of such a method and apparatus in which the
polishing blocks, semiconductor wafers and bonding agents
do .not come in contact with water.
. In accordance with an aspect of the present invention,'

there is provided _
a method for mounting a semiconductor wafer on a

polishing block to hold the semiconductor wafer during

polishing, said method comprising the steps of:
providing a polishing block having a surface for

5 mounting the semiconductor wafer; .

coating said polishing block surface with a bonding

agent; _ .
applying radiant heat from a radiant heater in a dry

environment to the polishing block and bonding agent

10 thereon to soften said bonding agent; and

applying the semiconductor wafer to the softened

bonding agent.




.;5*6. A nethod as set forth in claiml further conprising the step of

term nating the application of radiant heat after a period EMEWPSHHH |
approximately 60 seconds. 7. A nethod as set forth in cla
step of applying the radiant heat includes the step of dirgcling the

radi ant heat fromthe radi ant heater toward the polishing Bl ci0 8 APR: 299
having the bonding agent. 8. A nethogd as set forth in clai further

conprising the steps of: sensing for the presence of the pdlisnhing bl ock;
and del aying the step of applying radiant heat until the 5 |polishing—bl-eek

i S sensed.
The method of this invention is used to mount a

semiconductor wafer on a polishing block to hold the
sehiconductor wafer during polishing. Generally, the
method comprises the steps of providing a polishing block
having a surface for mounting the semiconductor wafer,
coating the polishing block surface with a bonding agent,
applying radiant heat to the polishing block and bonding
agent to soften the bonding agent, and applying the
semiconductor wafer to the softened bonding agent. The
step of applying radiant heat to the polishing block and
bonding agent is performed by a radiant heater in a dry
environment. |
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6. A method as set forth in claim 1 further
comprising the step of terminating the application of
radiant heat after a period of less than approximately 60
seconds.

7. A method as set forth in claim 1 wherein the
step of applying the radiant heat includes the step of
directing the radiant heat from the radiant heater toward
the polishing block surface having the bonding agent.

8. A method as set forth in claim 1 further
comprising the steps of:
sensing for the presence of the polishing block; and

delaying the step of applying radiant heat until the
polishing block is sensed.



