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SEMICONDUCTOR WAFER SURFACE FLATTENING APPARATUS 

This patent application claims priority based on the 

Japanese patent application, Hl0-15005, filed on January 9, 

S 1998, the contents of which are incorporated herein ~y 

reference. 

BACKGROUND OF THE INVENTION ilii1iUr 
10 1 . Fi.eld of The· Invention 

"'!'he present invention relates to a semiconductor wafer 

surface f 1attening apparatus for flattening the surfaces of 

semiconductor wafers by chemical-mechanically pol.ishin.g the 

· 15 surf aces of tbe semiconductor wafers using polishing pads and 

a polishing liquid. 

2. Description of Related Art 

20 For example, a conventional semiconductor wafer surface 

flattening apparatus of this type has been disclosed in a 

European patent application on May 21, 1997. (Disclosure 

Number: EP0774323A2, Title of the Invention: APPARATUS AND 

METHOD FOR POLISHING SUBSTRATES). This apparatus is generally 

25 called a CMP (Chemical Mechanical Polish) apparatus. Fig. 1 

shows an oblique view of the structure of this apparatus. 

Three rotating surface plates (platens) 2, 3, and 4, and 

a load-and-unload station 5 are installed on a base 1. A 

polish pad is glued on the surface of each of the platens 2, 3. 

30 and 4. Dressers 6, 7, and 8 for polishing the surfaces of 

these polishing pads are installed near the platens 2, 3, and 

4, respectively. A freely rotatable carousel 9 is installed 

on the base 1. The carousel 9 supports four carriers 10, 11, 

12, and 13. Each of the four carriers 10, 11, 12, and 13 
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holds a semiconductor wafer. When the carousel 9 rotates by a 

prescribed angle, the carousel 9 indicates the rotation 

positions of the semiconductor wafers the carriers 10 throl;lgh 

13 are ho1ding. 

5 In an operation mode, called the in-li~e mode, the three 

10 

platens 2, 3, and 4 separately and sequentially polish the 

surfaces of multiple semiconductor wafers for the first time. 

For example, this polish operation is carried out in the 

following manner. 

First, a robot not shown in Fig. 1 loads a first 

semiconductor wafer W from a wafer cassette onto the load-and­

unload station 5. As shown in Fig. 2A, the carrier 10 holds 

this first semiconductor wafer w. Next, as shown in Fig. 2B, 

the carousel 9 rotates counterclockwise by 90 degrees, and 

15 transports the first semiconductor wafer W onto the platen 2. 

Then. as the carrier 10 presses with a prescribed pressure the 

first semiconductor wafer W onto the polish pad that is 

installed on the platen 2, a polish liquid (slurry) is 

supplied to the polish pad. Then as the platen 2 and the 

20 carrier 10 rotate, the first semiconductor wafer W is 

chemical-mechanically polished for a minute. While the first 

semiconductor wafer W is being polished, a second 

semiconductor wafer W is loaded onto the load-and-unload 

station 5. The carrier 11 then picks up and holds the loaded 

25 second semiconductor wafer w. 
When the platen 2 finishes polishing the first 

semiconductor wafer W for the first time. the carousel 9 

rotates counterclockwise by further 90 degrees. Subsequently, 

as shown in Fig. 2C, the carrier 10 moves onto the platen 3 

30 and the carrier 11 moves onto the platen 2. Then the platen 3 

chemical-mechanically polishes the first semiconductor wafer W 

for the second time for a minute. At the same time, the 

platen 2 chemical-mechanically polishes the second 

semiconductor wafer W for the first time for a minute. During 

2 



97MOOl 

this one minute, a third semiconductor wafer W is loaded onto 

the load-and-unload station 5. Then the carrier 12 picks up 

and holds the loaded third semiconductor wafer W. 

Next, the carousel 9 rotates counterclockwise by further 

5 90 degrees. Consequently, as shown in Fig. 20. the carrier 10 

is moved onto the platen 4, the carrier 11 is moved onto the 

platen 3, and the carrier 12 is moved onto the platen 2. Then 

the platen 4 chemical-mechanically polishes the first 

semiconductor wafer W for the third and last time for a minute. 

10 At the same time, the platen 3 chemical-mechanically polishes 

the $econd semiconductor wafer W for the second time for a 

minute, and the platen 2 chemical-mechanically polishes the 

third semiconductor wafer W for the first time for a minute. 

During this one minute, a fourth semiconductor wafer W is 

15 loaded onto the load-and-unload station 5. Then the carrier 

13 picks up and holds the loaded fourth semiconductor wafer W. 

Next, the carousel 9 rotates clockwise by 270 degrees. 

Consequently, as shown in Fig. 2E, the carrier 10 is returned 

to the load-and-unload station 5. Then the carrier 10 unloads 

20 the first semiconductor wafer W onto the load-and-unload 

station 5. The robot then stores this unloaded first 

semiconductor wafer W in a wafer cassette. At the same time, 

the platen 4 chemical-mechanically polishes the second 

semiconductor wafer W for the last time for a minute, the 

25 platen 3 chemical-mechanically polishes the third 

semiconductor wafer W for the second time for a minute, and 

the platen 2 chemical-mechanically polishes the fourth 

semiconductor wafer W for the first time for a minute. During 

this one minute, as shown in Fig. 2F, a fifth semiconductor 

30 wafer W is loaded onto the load-and-unload station 5. Then 

the carrier 10 picks up and holds the loaded fifth 

semiconductor wafer W. 

After this, the above-described process is repeated. In 

this way, semiconductor wafers are sequentially polished. 
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·In an operation mode of the CMP apparatus. called the 

batch mode. the platens 2. 3. and 4 polish the surfaces of 

semiconductor wafers W for the first time in parallel. An 

example of a manner in which the CMP apparatus operates in the 

5 batch mode is provided in the following. In this batch mode, 

each 0£ the three semiconductor wafers is polished in exactly 

one platen, and is not polished separately in multiple platens 

as in the in-line mode. 

First, as shown in Fig. 3A, the robot supplies a first 

10 semiconductor wafer W onto the load-and-unload station 5. 

Then the carrier 10 picks up and holds the loaded first 

semiconductor wafer W. Subsequently, the carousel 9 rotates 

counterclockwise by 90 degrees. Next, as shown in Fig. 3B, 

the robot supplies a second semiconductor wafer W onto the 

15 load-and-unload station 5. Then the carrier 11 picks up and 

holds the loaded second semiconductor wafer w. Subsequently, 

the carousel 9 rotates counterclockwise by further 90 degrees. 

Next, as shown in Fig. 3C, the robot supplies a third 

semiconductor wafer W onto the load-and-unload station 5. 

20 Then the carrier 12 picks up and holds the loaded third 

semiconductor wafer W. Subsequently, the carousel 9 rotates 

counterclockwise by further 90 degrees. 

Consequently, as shown in Fig. 3D, the first 

semiconductor wafer W held by the carrier 10 is moved onto the 

25 platen 4, the second semiconductor wafer W held by the carrier 

11 is moved onto the platen 3, and the third semiconductor 

wafer W held by the carrier 12 is moved onto the platen 2. 

Subsequently, the carriers 10, 11, and 12 descend onto the 

platens 4, 3, and 2, respectively. The first through third 

30 semiconductor wafers W are then chemical-mechanically polished 

for three minutes on the platens 4, 3, and 2, respectively. 

While the first through third semiconductor wafers w are being 

polished, the robot ·supplies a fourth semiconductor wafer W 
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onto the 1oad-and-unload station 5. Then the carrier 13 picks 

up and ho1ds the loaded fourth semiconductor wafer W. 

Next, the carousel 9 rotates clockwise by 90 degrees. 

Consequently, as shown in Fig. 3E, the third semiconductor 

5 wafer W held by the carrier 12 is moved onto the load-and­

unload station 5. Then the robot unloads the third 

semiconductor wafer W into the wafer cassette. · Next, the 

carousel 9 rotates clockwise by further 90 degrees. 

Consequently, as shown in Fig. 3F. the second semiconductor 

10 wafer W held by the carrier 11 is moved onto the load-and­

unload station 5. Then the robot unloads the second 

sem1conductor wafer W into the wafer cassette. After this. 

the carousel 9 rotates clockwise by further 90 degrees. 

Consequently, as sho~n in Fig. 4G, the first semiconductor 

lS wafer W he1d by the carrier 10 is moved onto the load-and­

unload station 5. Then the robot unloads the first 

semiconductor wafer W into the wafer cassette. 

Next, as shown in Fig. 4H, the robot supp1ies a fifth 

semiconductor wafer W onto the load-and-unload station 5. 

20 Then the carrier 10 picks up and holds the loaded fifth 

semiconductor wafer W. Subsequently, as shown in Fig. 4I. the 

carousel 9 rotates counterclockwise by 90 degrees. Then the 

robot supplies a sixth semiconductor wafer W onto the load­

and-unload station 5, and the carrier 11 picks up and holds 

25 the loaded sixth semiconductor wafer w. After this, the 

carousel 9 rotates counterclockwise by further 90 degrees. 

Subsequently, the fourth semiconductor wafer W held by the 

carrier 13, the fifth semiconductor wafer W held by the 

carrier 10, and the sixth semiconductor wafer W held by the 

30 carrier 11 are chemical-mechanically polished in parallel for 

three minutes on the platens 4, 3, and 2, respectively. 

After this, the above-described process is repeated. 

The performance of a CMP apparatus is evaluated based on 

such characteristics as the footprint and the throughput as 
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well as the polish characteristic. Needless to say, the 

polish characteristic of a CMP apparatus needs to be excellent. 

However, characteristics such as the footprint and throughput 

of a CMP apparatus play important roles in evaluating the 

5 performance of a CMP apparatus. Both of these characteristics 

heavily influence the manufacturing cost of semiconductor 

wafers, and consequently the product cost of LSI. The 

footprint of a CMP apparatus represents the total area of the 

apparatus. In a clean room, it is desirable that a CMP 

10 apparatus occupy a small area. The throughpqt of a CMP 

apparatus represents the total number of semiconductor wafers 

the CMP apparatus can process per unit time. It is desirable 

that the throughput of a CMP apparatus be high. 

In the above-explained in-line mode, while the three 

15 semiconductor wafers are being polished on three platens 2,3 

and 4, neKt semiconductor wafer is prepared by the remaining 

carrier. Thus, during the simultaneous dressing, in which the 

polish pad is dressed ( condi tion_ed) while semiconductor wafer 

is being polished, the three carriers continue to polish the 

20 semiconductor wafers, except during the time interval in which 

the carousel 9 determines the rotation positions of the 

semiconductor wafers. Therefore, the carriers have a short 

non-polish time interval, or equivalently, a high operation 

rate, resulting in an excellent operation efficiency of the 

25 CMP apparatus. In the case in which the polish time interval 

is set to three minutes, and each of the platens 2 through 4 

polishes a given semiconductor wafer for one minute (= 60 

[seconds]) by work-sharing, according to a data shown on the 

1996 VMIC (VLSI Multilevel Interconnection) Conference 

30 (Reference Number: L~brary of Congress No. 89-644090), the 

throughput of ·the above-described conventional CMP apparatus 

turns out to be 45 semiconductor wafers per hour in accordance 

with the following equation (1). In other words, the total 

number of semiconductor wafers the CMP apparatus can polish 
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per hour is 45. Here, 20 [seconds] represents the length of 

time the carousel 9 spends in order to determine the rotation 

positions of the semiconductor wafers. 

3600/(60 + 20) = 45 (1) 

The above-described conventional CMP apparatus. which 

operates in the in-line mode, has a high throughput value. 

However, such polish characteristics as the polish stability 

and re-producibility of the above-described conventional CMP 

apparatus are unstable. 

In a CMP process, it is very important that the 

throughput and polish performance or so-called process 

performance of a CMP apparatus be excellent and stable. For 

example, when 100 semiconductor wafers contained in a lot are 

chemical-mechanically polished. the polish characteristics of 

15 the CMP apparatus at the time the CMP apparatus polishes the 

tenth semiconductor wafer is required to be the same as that 

at the time the CMP apparatus polishes the lOOth semiconductor 

wafer. The polish characteristics of the CMP apparatus 

heavily depend particularly on the performance of the polish 

20 pads. However, the material characteristics values of the 

polish pads, such as their thickness, elasticity recovery 

rates. and the like. differ minutely from one polish pad to 

another even if the polish pads have been manufactured under 

the same conditions. In addition, even if the polish pads of 

25 multiple platens are dressed under the same conditions, 

discrepancies among the polish characteristics of the polish 

pads gradually arise as the pad dressing is repeated. 

Therefore, in order to polish many semiconductor wafers 

in a large number of lots, it is necessary to measure the 

30 thickness of the post-polish semiconductor wafers, for example, 

one semiconductor wafer for .. every 20 semiconductor wafers so 

as to reset process parameters. In this way, the polish 

characteristics discrepancies among the polish pads are 

eliminated. In resetting the process parameters, the above-
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described conventional CMP apparatus. which operates in the 

in-line mode. polishes a semiconductor wafer using multiple 

polish pads~ Hence, it is difficult to determine precisely 

which polish pads on the platens are problematic and how those 

5. problematic polish pads are affecting the process parameters. 

10 

Therefore, in reality, it is difficult to operate the above­

described conventional CMP apparatus in the in-line mode and 

have the conventional CMP apparatus perform the first split­

operation pol1sh. 

On the other hand, in the above-explained batch mode, 

three platens simultaneously chemical.-mechanical.ly polish 

three semiconductor wafers. Each of the semiconductor wafers 

is processed on one platen to the end. Therefore. in the 

above-explained conventional CMP apparatus tl:lat operates in 

15 the batch mode, the above-described problem caused by the 

split-ope~ation polish does not arise. and the polish 

characteristics of the CMP apparatus remain stable. However, 

after the first three semiconductor wafers have been polished 

simultaneously, fifth and sixth semiconductor wafers need to 

20 be newly supplied from the wafer cassette to the carriers. 

The fourth semiconductor wafer is picked up and held by the 

corresponding carrier while the three semiconductor wafers are 

being polished simultaneously. 

It follows that the platens 2, 3, and 4 cannot polish the 

25 semiconductor wafers while the fifth and sixth semiconductor 

wafers are being introduced from the wafer cassette to the 

carriers. According to a data shown on page 203 of the 1996 

VMIC (VLSI Multilevel Interconnection) Conference (Reference 

Number: Library of Congress No. 89-644090), the required 

30 length of time during which the platens 2, 3, and 4 cannot 

polish the semiconductor wafers is in the range between 1.25 

minutes (= 75 seconds) and 1.75 minutes (= 105 seconds). 

Hence, since the polish time interval is 3 mi.nutes (= 180 

seconds), in accordance with the following equations (2) and 
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(3). when the above-described conventional CMP apparatus 

operates in the batch mode. the throughput-of the conventional 

CMP apparatus lies in the range between 37.9 semiconductor 

wafers per hour and 42.4 semiconductor wafers per hour. 

{3600/(180 + 75)} x 3 = 42.4 

{3600/(180 + 105}} x 3 = 37.9 

(2) 

(3) 

Therefore, when the above-described conventio.nal CMP 

apparatus operates in the batch mode, the CMP apparatus cannot 

achieve a high throughput value, such as 45 semiconductor 

10 wafers per hour that it achieves when it operates in the in­

line mode. 

15 

SUMMARY OF THE INVENTIO" 

Given these circumstances. it is an object of the present 

invention to provide a semiconductor wafer surface flattening 

apparatus having stable polish characteristics. a small 

footprint, and a high throughput value. 

In order to achieve this objective. a semiconductor wafer 

20 surf ace flattening apparatus according to the present 

invention has multiple surface plates. multiple carriers, and 

a control apparatus. A polish pad is installed on each of the 

surface plates. The number of the carriers is the same as 

that of the surface plates. Each of the carriers holds and 

25 transports a semiconductor wafer. and presses the surface to 

be polished of the held semiconductor wafer onto the polish 

pad with a prescribed pressure. The control apparatus 

controls the operation of these carriers. The semiconductor 

wafer surface flattening apparatus according to the present 

30 invention mechanically polishes the surf ace of each of 

multiple semiconductor wafers using the corresponding polish 

pad. At the same time. the semiconductor wafer surface 

flattening apparatus supplies a polish liquid to the polish 

pads. and chemically polishes the surface of each of the 
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multiple semiconductor wafers. In addition, the semiconductor 

wafer surface flattening apparatus according to the present 

invention ·'nas an index table which rotates and indicates the 

rotation pC>sltion of each of the semiconductor wafers. The 

s mul.tiple surface plates are instal.led around the index table. 

The carriers are installed above the surf ace plates so that 

one carrier·'is positioned above one surface plate. These 

carriers cyclically transport the semiconductor wafers between .. · 

the index· ·table and the surf ace plates. The control apparatus 

10 al.so controls· the determination of the rotation position of 

the index table. 

Acco:rtnng to this configuration, after a first pre-polish 

semiconductor wafer is introduced to the index table, the 

control apparatus determines the rotation position of the 

15 index table. Then the first p~e-polish semiconductor wafer . is 

. transported to a position near one of the surface plates. The 

carrier positioned above the surface plate near the first 

semiconductor wafer then holds this first semiconductor wafer. 

The carrier transports the first semiconductor wafer onto the 

20 surface plate, on which the first semiconductor wafer is 

polished. While the first semiconductor wafer is being 

polished, a second pre-polish semiconductor wafer is supplied 

to the index table. After th~ control apparatus determines 

the next rotation position of the index table, this second 

25 pre-polish semiconductor wafer is transported to a position 

near another surface plate. Then the carrier positioned above 

the surf ace plate near the second pre-polish semiconductor 

wafer picks up and holds the second pre-polish semiconductor 

wafer, transports the second pre-poli·sh semiconductor wafer to 

30 the surface plate, on which the second pre-polish 

semiconductor wafer is polished. 

In the conventional CMP appar~tus, all the carriers are 

supported by the carousel 9, and the rotation positions of the 

carriers are determined when the carousel 9 rotates. 
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Therefore, once the carriers press the semiconductor wafers 

onto the polish pads that are fixed on the platens, and the 

semiconductor wafers start to be polished, the carousel 9 

cannot be rotated until the polishing operation is completed-.. 

5 Thus. a new pre-polish semiconductor wafer cannot be moved to 

another surface plate by rotating the carousel 9. 

In contrast, according to the present invention. the 

index table moves each of the semiconductor wafers to the work 

area of the respective carrier. Moreover. the carriers 

10 operate independently of each other. Thus. while some of the 

carriers are polishing semiconductor wafers pressing the 

semiconductor wafers onto the polish pads on the surface 

plates, the index table or the other carriers can move new 

pre-polish semiconductor wafers to the other surface plates_ 

15 ln this way, the semiconductor wafers are polished 

sequentially without being interrupted. 

As a result, the present invention provides a 

semiconductor wafer surf ace flattening apparatus having stable 

polish characteristics, a small footprint, and a high 

20 throughput value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an oblique view drawing showing the structure 

25 of the conventional CMP apparatus. 

30 

Figs. 2A through 2F are top view drawings showing the 

process flow in an operation mode in which the conventional 

CMP apparatus polishes semiconductor wafers for the first time 

by cyclic split-operations. 

Figs. 3.A through 3F are top view drawings showing the 

first process flow in an operation mode in which the 

conventional CMP apparatus polishes semiconductor wafers 

simultaneously for the first time. 
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Figs. 4G through 41 are top view drawings showing the 

second p~ocess flow in an operation mode in which .the 

conventional CMP apparatus polishes semiconductor wafers 

simultaneously for the first time. 

Fig. 5 is an oblique view drawing showing the structure 

of a semiconductor wafer surface flattening apparatus (CMP 

apparatus) according to an embodiment of the present invention. 

Fig. 6 is an oblique view drawing showing a state in 

which a carrier supporting mechanism is installed in the base 

10 of the CMP apparatus shown in Fig. 5. 

15 

Fig. 7 is an oblique view drawing showing the structure 

of the carrier supporting mechanism which constitutes the 

semiconductor wafer surface flattening apparatus {CMP 

apparatus) according to the present embodiment. 

Fig. 8 is a top view drawing showing a state in which 

three carrier supporting mechanisms shown in Fig. 7 are 

combined. 

Figs. 9A through 91 are top view drawings showing the 

first process flow in an operation mode in which the CMP 

20 apparatus according to the present embodiment polishes 

semiconductor wafers simultaneously for the first time. 

Figs. lOJ through lOV are top view drawings showing the 

second process flow ~n an operation mode in which the CMP 

apparatus according to the present embodiment polishes 

25 semiconductor wafers simultaneously for the first time. 

Fig. llA is a time chart of an operation mode in which 

the CMP apparatus according to the present embodiment po1ishes 

semiconductor wafers simultaneously for the first time. 

Fig. llB is a time chart of an operation mode in which 

30 the conventional CMP apparatus polishes semiconductor wafers 

simultaneously for the first time. 

Figs. 12A through 12G are top view drawings showing the 

first process flow in an operation mode in which the CMP 

apparatus according to the present embodiment polishes some 
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Figs. 13H through 13S are top view drawings showing the 

second process flow in an operation.mode in which the CMP 

5 apparatus according to the present embodiment _polishes some 

semiconductor wafers for the first time and some other 

semiconductor wafers for the second time in parallel. 

Figs. 14T through 14Z are top view drawi·ngs showin,g the 

third process flow in an operation mode in which the CMP 

10 apparatus according to the present embodiment polishes some 

semiconductor wafers for the first time and some other 

semiconductor wafers for the second time in parallel. 

Fig. 15A is a time chart of the operation mode in which 

the CMP apparatus according to the present embodiment polishes 

15 some semiconductor wafers for the first time and some other 

semiconductor wafers for the second time in parallel. 

Fig. 15B is a time chart of an operation mode in which 

the conventional CMP apparatus polishes some semiconductor 

wafers for the first time and some other semiconductor wafers 

20 for the second time in parallel. 

DETAILED DESCRIPTION OF THE INVENTION 

The preferred embodiment of the present· invention will be 

25 explained in reference to the attached drawings. 

Next. an embodiment of the present invention will be 

explained, in which a semiconductor wafer surface flattening 

apparatus according to the present invention is used as a CMP 

apparatus. 

30 Fig. 5 shows an oblique view of the structure of a 

semiconductor wafer surface flattening apparatus (CMP 

.apparatus} according to the present embodiment. 

The CMP apparatus according to the present -embodiment has 

a base 21. a disk-shaped index table 22 that is installed on 
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the base 21, three platens 23, 24. and 25, which are installed 

around this index table 22, and two cups 26 and 27 that are 

installed on the index table 22, a wafer cassette 28 for 

storing semiconductor wafers. and a robot 29. A semiconductor 

5 wafer is loaded onto each of the cups 26 and 27. The robot 29 

picks up a semiconductor wafer from the wafer cassette 28, and 

transports the semiconductor wafer onto the cup 26 or 27. A 

·motor not shown in Fig. 5 but stored inside the base 21 

rotates the index table 22 so as to move the semiconductor 

10 wafer loaded on the cup 26 or 27. 

In addition, the CMP apparatus according to· the present 

embodiment has three disk-shaped platens 23, 24, and 25 on 

each of which a polish pad is glued. and three dressers 30, 31, 

and 32 for polishing the polish pads glued on the platens 23, 

15 24, and 25, respectively. According to the present embodiment, 

a hard polish pad IClOOO (product name) made by Rodele Nitta 

Company is used to polish the semiconductor wafer for the 

first time, and a soft polish pad SU~REME (product name) made 

by Rodele Nitta Company is used to polish the semiconductor 

20 wafer for the second time. Three additional motors are stored 

inside the base 21 but not shown in Fig. 5 so as to rotate the 

platens 23, 24, and 25, respectively. 

The CMP apparatus according to the present embodiment 

also has three carrier supporting mechanisms 41, 42, and 43, 

25 which are installed on the base 21, three bottom frames 44, 

three top frames 45, three carriers 46, 47, and 48. The 

carrier supporting mechanisms 41, 42, and 43 are identically 

structured. Each of the carrier supporting mechanisms 41, 42, 

and 43 is held by a bottom frame 44 and a top frame 45. Below 

30 the bottom frames 44 of the carrier supporting mechanisms 41, 

42, and 43, the carriers 46, 47, and 48 are installed, 

respectively. These three carriers 46, ·47, and 48 operate 

independently of each other. Fig. 6 shows a state in which 

the carrier supporting mechanisms 41, 42, and 43 are installed 
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on the base 21. In Fig, 6,. the same reference codes are ~iven 

to the components that are already shown in Fig. 5. These 

same components will not be explained again here. 

Fig. 7 shows a state in which the top frame 45 of the 

5 carrier supporting mechanism 43 is removed and the interior of 

the carrier supporting mechanism 43 is exposed. The carrier 

48 is attached to the end of a hollow cylindrical axis 51 that 

extends below from a notched slit-shaped hole 65. When a 

motor 52 rotates this axis 51, the carrier 48 rotates together 

10 with this axis 51. In addition, when an air cylinder 54 fixed· 

on a frame 53 moves the axis 51 up and down, the carrier 48 . 

moves up and down together with the axis 51 .. Moreover, an air 

duct is formed inside the hollow cylindrical a.xis 51. When a 

pump not shown in Fig. 7 vacuums the air.· inside this air duct. 

15 the carrier 48 adsorbs onto its hold surface a semiconductor 

wafer. The semiconductor wafer adsorbed and held onto the 

hold surface of the carrier 48 is pressed onto the polish pad 

with a prescribed pressure when the sem~conductor wafer is 

polished. A load cell 55 measures this prescribed pressure. 

20 The bottom portion of the frame 53 spirally matches a 

ball screw 61. When a motor 63 is turned on, the rotary 

driving force of the motor 63 is transferred to the ball screw 

61 via a belt 62. When the motor 63 rotates the ball screw 61, 

the frame 53 slides along a straight rail. 64 in the direction 

25 of the a.xis of the ball screw 61, and the carrier 48 

reciprocates between the platen 25 and the index table 22. 

Fig. 8 is a top view drawing showing a state in which the 

three carrier supporting mechanisms 41, 42, and 43 are 

combined. In Fig. 8, the same reference codes are given to 

30 the components that are already shown in Fig. 7. These same 

components will not be explained ~gain here. Since the 

identically structured carrier supporting mechanisms 41, 42, 

and 43 are combined in this manner, the three semiconductor 

wafers held by the carriers 46, 47, and 48, respectively, can 
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A control apparatus not shown in the drawings is stored 

inside the base 21. This control apparatus controls the 

s operations of the carriers 46, 47. and 48. the operations of 

the dressers 30. 31. and 32, the rotation angle of the index 

table 22. and the rotation operations of the platens 23. 24, 

and 25. This control apparatus is constituted of electronic 

circuits using a microcomputer. 

10 Next, operations of the CMP apparatus thus structured 

according to the present embodiment will be explained. First. 

an operation mode, in which the CMP apparatus performs the 

first polish simultaneously on the platens 23. 24, and 25, 

will be explained. In this case, a hard polish pad (IClOOO) 

15 is glued to the surface of each of the platens 23, 24, and 25. 

First, the robot 29 takes out a first pre-polish 

semiconductor wafer 71 from the wafer cassette 28. Then as 

shown in Fig. 9A. the first semiconductor wafer 71 is placed 

on the cup 26 that is fixed on the index table 22. In each of 

20 the figures to be explained in the following, pre-polish 

semiconductor wafers are shaded with oblique lines having a 

positive slope. Next, the control apparatus rotates the index 

table 22 counterclockwise by 90 degrees. As shown in.Fig. 9B, 

this causes the first semiconductor wafer 71 to be moved to a 

25 position near the platen 23. Then, the carrier 46 descends 

onto the first semiconductor wafer 71. and adsorbs and holds 

the back surface (substrate side) of the first semiconductor 

wafer 71. 

In this case, the dresser 30 moves onto the platen 23. 

30 As the platen 23 rotates, the dresser 30 conditions the polish 

pad that is glued to the platen 23. Next, as shown in Fig. 

9C, the dresser 30 returns to its original ~osition. 

Subsequently. the carrier 46 carries the first semiconductor 

wafer 71 from the index table 22 onto the platen 23. As a 
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.result, the front surface (device formation surface) of the 

first semiconductor wafer 71 faces the front surface of the 

platen 23. 

After this. the carrier 46 rotates and descends onto the 

5 polish pad of the platen 23. Then the polish pad of the 

rotating platen 23 presses the device formation surf ace of the 

first semiconductor wafer 71 witp a prescribed pressure. In 

this way, the first semiconductor wafer 71 is mechanically 

polished. While the first semiconductor wafer 71 is 

10 mechanically being polished, a slurry supply nozzle not shown 

in the drawings supplies a slurry onto the device formation 

surface of the first semiconductor wafer 71. In this way, the 

device formation surface of the first semiconductor wafer 71 

is chemically polished also. The slurry is usually an 

15 alkaline (or acidic) liquid in.which polish particles are 

diffused. The number of rotations of the platen 23, the 

number of rotations of the carrier 46, the pressure the 

carrier 46 applies to the device formation surface of the 

first semiconductor wafer 71, the amount of flowing of the 

20 slurry to be supplied to the device formation surf ace of the 

first semiconductor wafer 71, and the like, are preset in the 

control apparatus before the polishing process starts. 

· While the platen 23 is chemical-mechanically polishing 

the first semiconductor wafer 71, the index table 22 is 

25 rotated counterclockwise by 90 degrees. Then, as shown in Fig. 

9D, the robot 29 picks up a second semiconductor wafer 72 from 

the wafer cassette 28, and places the second semiconductor 

wafer 72 onto the cup 27. After this. the index table 22 is 

rotated counterclockwise by 180 degrees. Then, as shown in 

30 Fig. 9E, the second semiconductor wafer 72 is moved to a 

position near the platen 24. 

In this case, the dresser 31 moves onto the platen 24. 

When the platen 24 rotates, the dresser 31 conditions the 

polish pad glued to the platen 24. Next, as shown in Fig. 9F, 
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the dresser 31 is returned to its original position. 

Subsequently. the carrier 47 moves the second semiconductor 

wafer 72 from the index table 22 onto the platen 24. As a 

result, the device formation surface of the second 

5 semiconductor wafer 72 faces the surface of the platen 24. 

After this. the carrier 47 rotates and descends onto the 

polish pad of the rotating platen 24. Then the device 

formation surface of the second semiconductor wafer 72 is 

pressed onto the polish pad of the rotating platen 24 with a 

10 prescribed pressure. At the same time, the slurry is supplied 

to the polish pad. In this way, the second semiconductor 

wafer 72 is chemical-mechanically polished. 

While the platens 23 and 24 are chemical-mechanically 

polishing the first and second semiconductor wafers 71 and 72, 

15 respectively, as shown in Fig. 9G, the robot 29 picks up a 

third semiconductor wafer 73 from the wafer cassette 28, and 

places the third semiconductor wafer 73 onto the cup 26. 

After this. the index table 22 is rotated counterclockwise by 

270 degrees. Consequently, as shown in Fig. 9H, the third 

20 semiconductor wafer 73 is moved to a position near the platen 

25. 

In this case, the dresser 32 moves onto the platen 25. 

When the platen 25 rotates, the dresser 32 conditions the 

polish pad glued to the platen 25. Next. as shown in Fig. 9I, 

25 the dresser 31 is returned to its original position. 

Subsequently, the carrier 48 moves the third semiconductor 

wafer 73 from the index table 22 onto the platen 25. As a 

result, the device formation surface of the third 

semiconductor wafer 73 faces the surface of the platen 25. 

30 After this, the carrier 48 rotates and descends onto the 

polish pad of the rotating platen 25. Then the device 

formation surface of the third semiconductor wafer 73 is 

pressed onto the polish pad of the rotating platen 25 with a 

prescribed pressure. At the same time, the slurry is supplied 
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to the polish pad. In this way, the third semiconductor wafer 

73 is chemical-mechanically polished. 

While the platens 23, 24 and 25 are chemical-mechanically 

polishing the first, second, and third semiconductor wafers 71, 

s 72, and 73, respectively, the index table 22 is rotated 

counterclockwise by 90 degrees. Then, as shown in Fig. lOJ, 

the robot 29 picks up a fourth semiconductor wafer 74 from the 

wafer cassette 28, and places the fourth semiconductor wafer 

74 onto the cup 26. After this, the index table 22 is rotated 

10 counterclockwise by 270 degrees. Then, as .shown in Fig. lOK. 

the empty· cup 27 is moved to a position near the platen 23. 

At this stage, the first semiconductor wafer 71 placed on 

the platen 23 has been polished for three minutes for the 

first time. The carrier 46 then moves the first semiconductor 

15 wafer 71 to the empty cup 27. In each of the drawings to be 

explained i~ the following. those semiconductor wafers that 

have already been polished for the first time are.indicated by 

crossing oblique lines forming a grid. After this, the index 

table 22 is rotated counterclockwi.se by 180 degrees. 

20 Consequently, as shown in Fig. lOL, the pre-polish fourth 

semiconductor wafer 74 to be polished is moved to the 

neighborhood of the empty platen 23. At the same time, the 

dresser 30 moves onto the platen 23. When the platen 23 

rotates, the dresser 30 conditions the polish pad glued to the 

25 platen 23. 

Next, as shown in Fig. lOM, the dresser 30 is returned to 

its original position. Subsequently, the carrier 46 moves the 

fourth semiconductor wafer 74 from the index table 22 onto the 

platen 23. As a result, the device formation surface of the 

30 fourth semiconductor wafer 74 faces the surface of the platen 

23. After this, the carrier 46 rotates and descends onto the 

polish pad of the rotating platen 23. Then the device 

formation surface of the fourth semiconductor wafer 74 is 

pressed onto the polish pad of the rotating platen 23 with a 
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prescribed pressure. At the same time, the slurry is supplied 

to the po11sh pad. In this way, the fourth semiconductor 

wafer 74 is chemical-mechanically polished. 

After this, the index table 22 is rotated 

5 counterclockwise by 90 degrees. Subsequently. the robot 29 

removes the first semiconductor wafer 71. which has already 

been polished once. from the cup 27 installed on the index 

table 22 •. 

Next~ as shown in Fig. lON. the robot 29 picks up a fifth 

10 semiconductor wafer 75 from the wafer cassette 28. ~nd places 

the fifth semiconductor wafer 75 onto the cup 27. At this 

stage, the second semiconductor wafer 72 placed on the platen 

24 has already been polished for three minutes for the first 

time. The carrier 47 then moves the second semiconductor 

15 wafer 72 on.to the cup 26. Fig. 100 shows this state. Then, 

the dresser 31 moves onto the platen 24. When the platen 24 

rotates, the dresser 31 conditions the polish pad glued to the 

platen 24. After this. the index taple 22 is rotated 

counterclockwise by 180 degrees. Then, as shown in Fig. lOP, 

20 the pre-polish fifth semiconductor wafer 75 is moved to the 

neighborhood of the empty platen 24. 

Next. as shown in Fig. lOQ, the dresser 31 is returned to 

its original position. Subsequently. the carrier 47 moves the 

fifth semiconductor wafer 75 from the index table 22 onto the 

25 platen 24. As a result. the device formation surface of the 

fifth semiconductor wafer 75 faces the surface of the platen 

24. After this. the carrier 47 rotates and descends onto the 

polish pad of the rotating platen 24. Then the device 

formation surface of the fifth semiconductor wafer 75 is 

30 pressed onto the polish pad of the rotating platen 24 with a 

prescribed pressure. At the same time, the slurry is supplied 

to the polish pad. In this way, the fifth semiconductor wafer 

75 is chemical-mechanically polished. 

20 
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After this. the robot 29 removes the second semiconductor 

wafer 72. which has already been polished once. from the cup 

26 installed on the index table 22. 

Next, as shown in Fig. lOR, the robot 29 picks up a sixth 

5 semiconductor wafer 76 from the wafer cassette 28, and places 

the sixth semiconductor wafer 76 onto the cup 26. Then,. the 

index table 22 is rotated counterclockwise by 90 degrees, and 

the empty cup 27 is moved to the neighborhood of the platen 25. 

At this stage, the third semiconductor wafer 73 placed on the 

10 platen 25 has already been polished for three minutes for the 

first time. The carrier 48 then moves the third semiconductor 

wafer 73 onto the cup 27. Fig. lOS shows this state. Then, 

the dresser 32 moves onto the platen 25. When the platen 25 

rotates, the dresser 32 conditions the polish pad glued to the 

15 platen 25. After this. the index table 22 is rotated 

counterclockwise by 180 degrees. Then. as shown in Fig. lOT, 

the pre-polish sixth semiconductor wafer 76 is moved to the 

neighborhood of the empty pl.a ten 25. 

Next. as shown in Fig. lOU, the dresser 32 is returned to 

20 its original position. Subsequently, the carrier 48 moves the 

sixth semiconductor wafer 76 from the index table 22 onto the 

platen 25. As a result. the device formation surface of the 

sixth semiconductor wafer 76 faces the surface of the platen 

25. After this. the carrier 48 rotates and descends onto the 

25 polish pad of the rotating platen 25. Then the device 

formation surface of the sixth semiconductor wafer 76 is 

pressed onto the polish pad of the rotating platen 25 with a 

prescribed pressure. At the same time. the slurry is supplied 

to the polish pad. In this way. the sixth semiconductor· wafer 

30 76 is chemical-mechanically polished. 

After this, as shown in Fig. lOV, the index table 22 is 

rotated counterclockwise by 270 degrees. Then the robot 29 

removes the third semiconductor wafer 73. which has already 
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been polished once. from the cup 27 installed on the index 

table 22. 

As shown in Fig. llA. in the CMP apparatus according to 

the present embodiment. the three ~latens 2~. 24, and 25 

5 perform the first polish sequentially in parallel. 

Specifically, the platen 23 starts to polish the first 

semiconductor wafer 71 for the first time at time tl. 

Subsequently. the platens 24 and 25 start to polish the second 

and third semiconductor wafers 72 and 73 for the first time at 

10 time t2 and t3, respectively. At time t4 that is three 

minutes after time tl, the platen 23 finishes polishing the 

first semiconductor wafer 71 for the first time. During the 

ten seconds between time t4 and time ts, the first 

semiconductor wafer 71, which has already been polished once 

15 on the platen 23, is exchanged with the pre-polish fourth 

semiconductor wafer 74. After the exchange. the platen 23 

starts to polish the fourth semiconductor wafer 74. 

At time t6 that is three minutes after time t2, the 

platen 24 finishes polishing the second semiconductor wafer 72 

20 for the first time. During the ten seconds between time t6 

and time t7, the second semiconductor wafer 72. which has 

already been polished once on the platen 24, is exchanged with 

the pre-polish· fifth semiconductor wafer 75. After the 

exchange, the platen 24 starts to polish the fifth 

25 semiconductor wafer 75. At time ta that is three minutes 

after time t3, the platen 25 finishes polishing the third 

semiconductor wafer 73 for the first time. During the ten 

seconds between time ta and time t9, the third semiconductor 

wafer 73, which has already been polished once on the platen 

30 25, is exchanged with the pre-polish sixth semiconductor wafer 

76. After the exchange, the ~laten 25 starts to polish the 

sixth semiconductor wafer 76. 

After this, the above-described process is repeated. In 

accordance with the following equation (4). the throughput of 
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this CMP apparatus turns out to be 56.8 semiconductor wafers 

per hour, which is a high throughput value. 

{3600/(180 + 10)} x 3 = 56.8 {~J 

Fig. llB shows the .progress of the .polish.process of the 

5 afore-discussed conventional CMP qp,paratus durin,g the 

operation in the batch mode . (see Figs. 3 and 4J 

In this conventional CMP ap»aratus, 

the carousel 9 supports the four carriers 10 .• 11., 12. .. and 13 

as a whole. The.positions of the semiconductor.wafers held .in 

10 the carriers 10 through 13 are determined when. the carousei 9 

rotates by a prescribed angle. Hence., once the carriers 10~ 

11, and 12 press the first. second, and third semiconductor 

wafers onto th.e polish pads that are glued to the platens .2, 3, 

and 4, respectively, and the semiconductor wafers start to be 

15 polished. the carousel 9 cannot be rotated. Thus. a new pre­

polish semiconductor wafer on the load-and- unload station 5 

cannot be moved to another platen by rotatin.g the carousel 9 

until the polishing operation is completed. 

Thus, in this conventional CMP apparatus. the polishing 

20 operation cannot be started until the first through third 

semiconductor wafers are moved onto the platens 2, 3, and 4, 

respectively. The conventional CMP apparatus starts to 

polish all the three semiconductor wafers simul.taneousl.y at 

time tl, and completes the polish simultaneously three minutes 

25 later at time t2 •. While the three semiconductor wafers are 

being polished, the remaining carrier 13 picks up the fourth 

pre-polish semiconductor wafer from the load-and-unload 

station 5. After the first, second, and third semiconductor 

wafers are polished, during the time interval between time t2 

30 and time t3 (75 - 105 seconds) 1 the carriers 10 and 11 

sequentially pick up and.hold the fifth and sixth 

semiconductor wafers, respectively, from the load-and-unload 

station 5. The fourth through sixth semiconductor wafers are 

then placed onto the platens 2 through 4, respectively. 
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Next, the fourth through sixth semiconductor wafers are 

simultaneously pollshed for three minutes between time t3 and 

time t4. After this, the above-described process is repeated. 

As a result, the throughput of the conventional CMP apparatus 

5 ranges from 37.9 semiconductor wafers per hour to 42.4 

semiconductor wafers per hour, which is low. 

When the conventional CMP. apparatus operates in the in­

line mode (see Fig. 2), the stability and re-producibility of 

the polish characteristics deteriorate. However, the CMP 

10 apparatus according to the present embodiment has a high 

throughput value as has been stated before, and the polish 

characteristics of the CMP apparatus are very stable since 

each of the platens executes the first polish to the end 

without splitting the first polish among several platens. 

15 Next, an operation mode of the CMP apparatus according to· 

the present embodiment will be explained, in which the platens 

23 and 24 perform the first polish and the platen 25 performs 

the second polish. In this case, a hard polish pad (IClOOO) 

is glued to the surface of each Qf the platens 23 and 24, and 

20 a soft polish pad (SUPREME) is glued to the surface of the 

platen 25. 

First, the robot 29 takes out a first pre-polish 

semiconductor wafer 81 from the wafer cassette 28. Then as 

shown in Fig. 12A, the first semiconductor wafer 81 is placed 

25 on the cup 26 that is installed on the index table 22. Next, 

the control apparatus rotates the index table 22 

counterclockwise by 90 degrees. As shown in Fig. 12B, this 

causes the first semiconductor wafer 81 to be moved to a 

position near the platen 23. Then, the carrier 46 descends 

30 onto the first semiconductor wafer 81, and adsorbs and holds 

the back surface (substrate side) of the first semiconductor 

wafer 81. 

In this case, the dresser 30 moves o~to the platen 23. 

As the platen 23 rotates. the dresser 30 conditions the polish 
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pad that is glued on the platen 23. Next, as shown in Fig. 

12C, the dresser 30 returns to its o~iginal position. 

Subsequently, the carrier 46 carries the first semiconductor 

wafer 81 from the index table 22 onto the platen 23. As a 

5 result, the device formation surface of the first 

semiconductor wafer 81 faces the surface of .the platen 23. 

After this, the carrier 46 rotates and descends onto the 

polish pad of the_platen 23. Then the polish pad.of the 

rotating platen 23 presses the device formation surface of the 

10 first semiconductor wafer 81 with a prescribed pressure. At 

the same time, a slurry is supplied onto the device formation 

surface of the first semiconductor wafer 81. In this way, the 

first semiconductor wafer 81 is chemical-mechanically polished. ' 

While tl:le .. Platen 23 is chemical-mechanically_ polishing 

15 the first semiconductor wafer 71, the index table 22 is 

rotated counterclockwise by 90 degrees. Then, as shown in Fig. 

12D. the robot 29 picks up a second semiconductor wafer 82 

from the wafer cassette 28. and places the second 

semiconductor wafer 82 onto the cup 27. After this. the index 

20 table 22 is rotated counterclockwise by 180 degrees. Then, as 

shown in Fig. 12E, the second semiconductor wafer 82 is moved 

to a position near the platen 24. 

In this case. the dresser 31 moves onto the platen 24. 

·_, When the platen 24 rotates, the dresser 31 conditions the 

25 polish pad glued to the platen 24. Next, as shown in Fig. 12F, 

the dresser 31 is returned to its original position. 

Subsequently, the carrier 47 moves the second semiconductor 

wafer 82 from the index table 22 onto the platen 24. As a 

result, the device formation surface of the second 

30 semiconductor wafer 82 faces the surface of the platen 24. 

After this, the carrier 47 rotates and descends onto the 

polish pad of the rotating platen 24. Then the device 

formation surface of the second semiconductor· wafer 82 is 

pressed onto the polish pad of the rotating platen 24 with a 

25 

·- .... ~ 



97M001 

prescribed pressure. At the same time, the slurry is supplied 

to the polish pad. In· this w~y. the second semiconductor 

wafer 82 is chemical-mechanical.ly polished. 

While the platens 23 and 24 are chemical-mechanically 

5 polishing the first and second semiconductor wafers 81 and 82~ 

respectively, as shown in Fig. 12G.. the robot 29 picks up a 

third semiconductor wafer 83 from the wafer cassette 28, and 

places the third semiconductor wafer 83 onto the cup 26. 

·After this. the index table 22 is rotated counterclockwise by 

10 270 degrees. Then. as shown in Fi.,g. 13H~ the empty cup 27 is 

moved to a position near the _platen 23. 

At this stage, the first semiconductor wafer 81 placed on 

the platen 23 has been polished for three minutes for the 

first time. The carrier 46 then moves the first semiconductor 

15 wafer 81 onto the empty cup 27. Fi,g. 131 shows this state. 

After this, the index table 22 is rotated counterclockwise by 

180 degrees. Then, as shown in Fig. 13J, the post-polish 

first semiconductor wafer 81 is moved to ~he neighborhood of 

the empty platen 25. At the same time, the dresser 30 moves 

20 onto the platen 23. When the platen 23 rotates, the dresser 

30 conditions the polish pad glued to the platen 23. 

Next, as shown in Fig. 13K, the dresser 30 is returned to 

its original position. Subsequently, the carrier 46 moves the 

third semiconductor wafer 83 from the index table 22 onto the 

25 platen 23. As a result, the device formation surface of the 

third semiconductor wafer 83 faces the surf ace of the platen 

23 as shown in Fig. 13L. After this, the carrier 46 rotates 

and descends onto the polish pad of the rotating platen 23. 

Then the device formation surface of the third semiconductor 

30 wafer 83 is pressed onto the polish pad of the rotating platen 

23 with a prescribed pressure. 

is supplied to the polish pad. 

At the same time, the slurry 

In this way, the third 

semiconductor wafer 83 is chemical-mechanically polished. 
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Next. as shown in Fig. 13M. the dresser 32 moves onto the 

platen 25. When the platen 25 rotates, the dresser 32 

conditions the polish pad for the second polish glued to the 

platen 25. Next, as shown in Fig. 13N, the dresser 32 is 

5 returned to its original· position. Subsequently. the carrier 

48 moves the first semiconductor wafer 81 that has been 

polished once from the index table 22 onto the platen 25. The 

index table 22 is then rotated counterclockwise by 90 degrees. 

Fig. 130 shows this state. 

10 At this stage, the carrier 48 descends onto the polish 

pad of the rotating platen 25. Then the device formation 

surface of the first semiconductor wafer 81 is pressed onto 

the soft second-polish pad of the rotating platen 25 with a 

prescribed pressure. At the same time, the slurry is s~pplied 

15 to the polish pad. In this way, the first semiconductor wafer 

81 is chemical-mechanically polished for the second time. 

This second polish process is usually not intended to 

improve the degree of flatness of the surfaces of the 

semiconductor wafers. The second polish process is performed 

20 in order to enhance the coarse features of the polish surfaces 

of the semiconductor wafers or remove minute ·scratches formed 

on the polish surf aces of the semiconductor wafers during the 

first polish. Therefore, the time interval for the second 

polish process is usually set shorter than that for the first 

25 polish process. In the present embodiment, the first polish 

is performed for three minutes, and the second polish is 

completed in 40 seconds. 

Next, as shown in Fig. 13P, the robot 29 picks up a 

fourth semiconductor wafer 84 from the wafer cassette 28, and 

30 places the fourth semiconductor wafer 84 onto the cup 27 

installed on the index table 22. At this stage, the second 

semiconductor wafer 82 placed on the platen 24 has already 

been polished for three minutes for the first time. The 

carrier 47 then moves the second semiconductor wafer 82 onto 
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the cup 26. Fig. 130 shows this state. Then, the dresser 3.1 

moves onto the platen 24. When the platen 24 rotates, the 

dresser 31 conditions the polish pad glued to the platen 24. 

After this, the index table 22 is rotated counterclockwise ,Qy 

5 180 degrees. Then, as shown in Fig. 13~, the pre-polish 

fourth semiconductor wafer 84 is moved to the neighborhood of 

the empty platen 24. 

Next, the dresser 31 is returned to its original position. 

Subsequently, as shown in Fig. 13S, the carrier 47 moves the 

10 fourth semiconductor wafer 84 from the index table 22 onto the 

platen 24. Subsequently as shown in Fig. 14T, the device 

formation surface of the fourth semiconductor wafer 84 faces 

the surface of the platen 24. After this, the carrier 47 

rotates and descends onto the polish pad of the rotating 

15 platen 24~ Then the device formation surface of the fourth 

semiconductor wafer 84 is pressed onto the polish pad of the 

rotating platen 24 with a prescribed pressure. 

time, the slurry is supplied to the polish pad. 

At the same 

In this way, 

the fourth semiconductor.wafer 84 is chemical-mechanically 

20 polished. 

Next, the index table 22 is rotate·d counterclockwise by 

90 degrees. As a result, the empty cup 27 is moved to the 

neighborhood of the ·platen 25. At this stage, the first 

semiconductor wafer 81 on the platen 25 has already been 

25 polished for the second time. The carrier 48 then moves the 

first semiconductor wafer 81 onto the cup 27 installed on the 

index table 22. Fig. 140 shows this state. Next, the dresser 

32 moves onto the platen 25. When the platen 25 rotates, the 

dresser 32 conditions the polish pad glued to the platen 25. 

30 Next. the index table 22 is rotated counterclockwise by 

180 degrees. At this stage, the second semiconductor wafer 82 

has already been polished for the first time. Then, as shown 

in Fig. 14V, the second semiconductor wafer 82 is moved to the 

neighborhood of the platen 25. Next, as shown in Fig. 14W, 
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the dresser 32 is returned to its original_position. 

Subsequently. the carrier 48 moves the second semiconductor 

wafer 82 from the index table 22 onto the platen 25. Fig. 14X 

shows this state. 

5 At this stage, the carrier 48 rotates and descends onto 

the polish pad of the rotating platen 25. Then the surface of 

the second semiconductor wafer 82 that has already been 

polished once is pressed with a prescribed pressure onto the 

soft second-polish pad glued to the platen 25. At the same 
-· 

IO time, the slurry is supplied to the surface of the second 

semiconductor wafer 82. In this way, the second semiconductor 

wafer 82 is chemical-mechanically polished for the second time_. 

Next, the index table 22 is rotated counterclockwise by 270 

degrees. At this stage, the first semiconductor wafer 81 has 

15 already been polished twice. Then the robot 29 picks up the 

first semiconductor wafer 81 and stores the first 

semiconductor wafer 81 into the wafer cassette 28. As a 

result, the cups 26 and 27 on the index table 22 become empty 

as shown in Fig. 14Y. 

20 Next. the robot 29 supplies a fifth pre-polish fifth 

semiconductor wafer 85 onto the cup 27. After this. the 

above-explained process is repeated. 

In the CMP apparatus according to the present embodiment, 

sequentially_in parallel as shown in Fig.ISA, the two platens 

25 23 and 24 polish two semiconductor wafers for the first time, 

and the platen 25 polishes one semiconductor wafer for the 

second time. 

Specifically, the platen 23 starts to polish the first 

semiconductor wafer 81 for the first time at time tl. 

30 Subsequently, the platen 24 starts to polish the second 

semiconductor wafers 82 for the first time at time t2. The 

platen 23 polishes the first semiconductor wafer 81 for three 

minutes for the first time. At time t3 that is three minutes 

after time tl, the first polish of the first semiconductor 
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wafer 81 is completed. During the ten seconds between time t3 

and time t4, the first semiconductor wafer 81, which has 

already been polished once on the platen 23, is exchanged with 

the pre-polish third semiconductor wafer 83. After the 

5 exchange, the platen 23 starts to polish the third 

semiconductor wafer 83 for the first time. 

Subsequently at time ts, the first semiconductor wafer 81,, 

which has already been polished once, is moved to the platen 

25, and the platen 25 starts to polish the first semiconductor 

10 wafer 81 for the second time. Subsequently at time t6, that 

is three minutes after time t2, the platen 24 finishes 

polishing the second semiconductor wafer 82 for the first time. 

During the ten seconds between time t6 and time t7, the second 

semiconductor wafer 82 is exchanged with the pre-polish fourth 

15 semiconductor wafer 84. After the exchange, the platen 24 

starts to polish the fourth semiconductor wafer a4 for the 

first time. At time ta that is 40 seconds after time ts, the 

platen 25 finishes polishing the first semiconductor wafer al 

for the second time. During the ten seconds between time ta 

20 and time t9, the first semiconductor wafer 81 on the platen 25 

is exchanged with the second semiconductor wafer 82, which has 

been polished once. After the exchange, the platen 25 

polishes the second semiconductor wafer 82 for the second time 

for 40 seconds, and finishes the ·second polish at time tlO. 

25 After this, the above-described process is repeated. In 

30 

accordance with the following equation (5), the throughput of 

the CMP apparatus turns out to be 37.9 semiconductor wafers 

per hour. 

{3600/(180 + 10)} x 2 = 37.9 (5) 

Fig. 15B shows the progress of the process in which the 

afore-explained conventional CMP apparatus performs the first­

polish and second-polish operations 'in parallel. 

In this conventional CMP apparatus, ·the carousel 9 

supports the four carriers 10, 11, 12. and 13 as a whole. and 
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the positions of the semiconductor wafers held in the carriers 

10 through 13 are·indicated when the carousel 9 rotates by a 

prescribed angle. Therefore, the carousel 9 cannot be used to 

indicate the positions of the semiconductor wafers held in the 

s carriers 10 through 13 while one of the platens 2 through 4 is 

polishing a semiconductor wafer. Hence, the afore-explained· 

conventional CMP apparatus cannot perform the first polish 

simultaneously using two-platens even though the afore­

explai.ned conventional CMP apparatus has three platens, the 

. 10 same number of _platens as the CMP apparatus according to the 

present embodiment •. 

Specifically, suppose as in the present embodiment that a 

hard first- polish pad is glued to each of the platens 2 and 3, 

a soft second-polish pad is glued to the platen 4, and the 

15 platens 2 and 3 polish the first and second s~iconductor 

wafers held by the carriers 10 and 11, respectively,· 

simultaneously in parallel for the first time. In this case, 

when the carousel 9 rotates in the next step. the first 

semiconductor wafer the carrier 10 is holding is moved onto 

20 the platen 4 to which the soft second-polish pad is glued. 

However, the second semiconductor wafer the carrier 11 is 

holding is moved onto the platen 3 to which the hard first­

polish pad is glued. Therefore, the first-polish is performed 

for the second semiconductor wafer again. 

25 Hence, in the case in which the conventional CMP 

apparatus performs the first-polish and second-polish in 

parallel, the two platens 2 and 3 are used as shown in Fig. 

15B, and the platen 4 remains unused. In this configuration, 

the carousel 9 moves first the first semiconductor wafer, 

30 which the carrier 10 holds, onto the platen 2. Then the hard 

first-polish pad glued to the platen 2 polishes the first 

semiconductor wafer for three minutes between time tl and time 

t2 for the first time. During this time interval. the carrier 
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11 picks up and holds the second semiconductor wafer from the 

load-and-unload station 5. 

Next, during the 20 seconds between time t2 and t3. the 

carousel 9 rotates so as to indicate the rotation positions 

5 for the first and second semiconductor wafers. respectively. 

As a resu1t, the first semiconductor wafer is moved onto the 

soft second-polish pad glued to the platen 3, and the second 

semiconductor wafer is moved onto the platen 2. After this~ 

the carriers 10 and 11 descend onto the platens 3 and 2. 

10 respectively. At time t3, the platen 3 starts to polish the 

first semiconductor wafer for the second time using the soft 

second-polish pad. At the same time, the platen 2 starts to 

polish the second semiconductor wafer for the first time. The 

plate~ 3 polishes the first semiconductor wafer for the second 

15 time for 40 seconds, and completes the second polish at time· 

t4. The platen 2 polishes the second semiconductor wafer for 

the first time for three minutes and completes the first­

polish at time ts. 

After this, the above-described process is repeated. In 

20 accordance with the following equation ( 6) , the throughput of 

the conventional CMP apparatus turns out to be eighteen 

semiconductor wafers per hour. 

{3600/(180 + 20)} = 18. (6) 

Both in the conventional CMP apparatus and the CMP apparatus 

25 according to the present embodiment that performs the first­

polish and second-polish operations in paralle1 in the above­

described manner, the first and second polish operations are 

not performed by work-splitting. Therefore, unlike the case 

of the afore-described split polish, the polish 

30 characteristics of both the conventional CMP apparatus and the 

CMP apparatus according to the present embodiment remain 

stable. However, as equations (5) and (6) show, the 

throughput of the CMP apparatus according to the present 

embodiment is more than twice as high as that of the 
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conventional CMP apparatus. In other words, the CMP· apparatus 

according to the present ~mbodiment has an extremely high 

productivity in addition to stable polish characteristics. 

Two operation modes o.f the CMP apparatus according to the 

s present embodiment have been explained. In the first 

operat1.on mode., a polish pad of the same type is glued to each 

of the platens 23 through 25 •. and multiple semiconductor 

wafers are polished simultaneous~y for the first time. In the 

second operation mode, a hard first-polish pad is glued to 

10 each of the platens 23 and 24, and a soft second-polish pad is 

glued to the platen 25. The first-polish and second-polish 

operations are then performed in.parallel. However, the 

performance of the CMP apparatus according to the present 

embodiment is not restricted to these two operation modes. 

15 For example, a polish pad of the same type may be glued to 

each of the platens 23 throQgh 25. In this case, a hard­

polish slurry for the first- polish is supplied to the platens 

23 and 24, and a soft-polish slurry £or the second-polish is 

supplied to the platen 25. In this way, the first and second 

20 polish operations can be performed in parallel. In this 

alternative operation mode also, the same effects can be 

achieved as in the above-described present embodiment. 

Although the present invention has been explained in 

reference to the embodiment, it is apparent for those skilled 

25 in the art that many changes and modifications can be made 

without departing from the spirit and scope of the invention, 

as clear from the f~llowing claims. 
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WHAT IS CLAIMED IS: 

1. A semiconductor wafer surface flattening apparatus having 

a surface plate including a surface for holding a polish pad, 

a carrier for holding and carrying a semiconductor wafer. the 

carrier pressing with a prescribed pressure a surface of the 

semiconductor wafer onto the corresponding polish pad, and· a 

contr~l apparatus for controlling an operation of the carrier, 

_for mechanically polish1ng the surface of the semiconductor 

wafer using the polish pad, and simultaneously chem,ically 

polishing the surf ace of the semiconductor wafer by supplying 

a polish liquid to the corresponding polish pad, comprisi.ng: 

an index table for receiving a plurality of said 

semiconductor wafers. and indicating a position for each of 

the plurality of semiconductor wafers when the index table 

rotates~ 

wherein: 

a plurality of said surface plates are installed around 

the index table; 

the carrier is installed for each of the plurality of 

surface plates so as to transport the semiconductor wafer 

between the index table and each of the surface plates: and 

the control apparatus controls a rotation angle of the 

index table and operations of the plurality of carriers. 

2. A semiconductor wafer surface flattening apparatus as 

claimed in claim l, wherein the control apparatus polishes the 

plurality of semiconductor wafers in parallel by a .process 

comprising the step·s · of: 

controlling the rotation of the index table so as to move 

a pre-polish semiconductor.wafer,_which is ~upplied to the 

index -table, to a position near a first one of the plurality 

of surface plates: 
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moving the pre-polish semiconductor wafer from the index 

table onto the first surface plate using a first of the 

.plurality of carriers; 

starting polis~i~g the pre-polish semiconductor wafer; 

compl~ting moving the pre-polish semiconductor wafer from 

the index table onto the first surface plate; 

supplying a new pre-polish semiconductor wafer onto the 

index table; 

controlling the rotation of the index table so as to move 

the new pre-polish.semiconductor wafer to a position near a 

second one of the plurality of surface plates; 

moving the new pre-polish semiconductor wafer from the 

index table onto the second surf ace plate using the second 

carri.er; and 

starti.ng poli.shin_g the new pre-polish semiconductor wafer. 

3. A semiconductor wafer surface flattening apparatus as 

claimed in claim 2. wherein the control apparatus: 

finishes polishing the semiconductor wafer on the first 

surface plate; 

moves the post-polish semiconductor wafer from the first 

surface plate onto the index table using the first carrier; 

controls the rotation of the index table so as to move a 

new pre-polish semiconductor wafer, which is supplied onto the 

index table, to a position near the first surface plate; 

moves the pre-polish semiconductor wafer from the index 

table onto the first surface plate using the first carrier; 

starts polishing the pre-polish semiconductor wafer on 

the first surface plate; 

finishes polishing the semiconductor wafer on the second 

surface plate; 

moves the post-polish semiconductor wafer from the second 

surface plate onto the index table using the second carrier; 

This Sheet Has Been R 
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supplies a new pre-polish semiconductor wafer onto. the 

index table; 

controls the rotation of the index table so as to move 

the pre-polish semiconductor wafer to a position near the 

second surface plate; 

moves the pre-polish semiconductor wafer from the index 

table onto the second surf ace plate using the second carrier; 

and 

starts polishing the pre-polish semiconductor wafer on 

the second surface plate. 

polishing the plurality of semiconductor wafers in parallel. 

4. A semiconductor wafer surface flattening apparatus as 

claimed in claim 3. further comprising a dresser for polishing 

the polish pad, the dresser being installed f~r each of the 

surface plates. and the dresser polishes the polish pad on the 

surface plate bef·ore the carrier moves the semiconductor wafer 

onto the surface plate. 

5. A semiconductor wafer surface flattening apparatus as 

claimed in claim 3,·wherein all the polish pads installed on 

the surface plates are first-polish pads. and a first-polish 

of the semiconductor wafers is performed on the respective 

surface plates in parallel. 

6. A semiconductor wafer surface flattening apparatus as 

claimed in claim s. wherein the number of the surface plates 

and the number of the carriers are both three, and the control 

apparatus: 

controls the rotation of the index table so as to move a 

new pre-polish semiconductor wafer. which is supplied onto the 

index table. to a position near ·the first surface plate. moves 

the pre-polish semiconductor wafer from the index table onto 
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the first surface plate using the first carrier. and starts 

polishing the pre-polish semiconductor wafer; 

controls the rotation of the index table so as to move a 

new pre~polish semiconductor wafer, which is supplied onto the 

index table. to a position near the second surface plate when 

the semiconductor wafer has been moved from the index table 

onto the first surface plate, moves this pre-polish 

semiconductor wafer from the index table onto the second 

surface plate using the second carrier, and starts polishing 

this pre-polish semiconductor wafer; 

controls the rotation of.the index table so as to move a 

new pre-polish semiconductor wafer, which is supplied onto the 

index table, to a position near the third surface plate when 

the semiconductor wafer has been moved from the index table 

onto the second surface plate, moves this pre-polish 

semiconductor wafer from the index table onto the third 

surface plate using the third carrier, and starts polishing 

this pre-polish semiconductor wafer; 

moves the semiconductor wafer from the first surface 

plate onto the index table using the first carrier when the 

semiconductor wafer on the first surf ace plate has been 

polished, controls the rotation of the index table so as to 

move a new pre-polish semiconductor wafer, which is supplied 

onto the index table, to a position near the first surface 

plate, moves this pre-polish semiconductor wafer from the 

index table onto the first surface plate using the first 

carrier, and starts pol.ishing this pre-polish semiconductor 

wafer; 

moves the semiconductor wafer from the second surf ace 

plate onto the index table using the second carrier when the 

semiconductor wafer on the second surface plate has been 

polished, controls the rotation of the index table so as to 

move a new pre-polish semiconductor wafer, which is supplied 

onto the index table, to a position near the second surface 
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plate, moves this pre-polish semiconductor wafer from the 

index table onto the second surface plate using. the second 

carrier, and starts polishing this pre-polish semiconductCK" 

wafer: and 

moves the semiconductor wafer from the third surf ace 

plate onto the index table using the third carrier when the 

semiconductor wafe~ on the third surface.plate has been 

polished, controls the rotation of the index table so as .. to 

move a new pre-pol~sh semiconductor wafer, which is supplied 

onto the index table, to a position near the third surface 

plate, moves this pre-polish semiconductor wafer from the 

index table onto the third surface plate using the third 

carrier, and starts polishing this pre-polish semiconductor 

wafer, 

polishing three semiconductor wafers in parallel. 

7. A semiconductor wafer surface flattening apparatus as 

claimed in claim 6, further comprising a dresser for polishing 

each of the polish pads, wherein the dresser polishes the 

corresponding polish pad insta~led on the corresponding 

surf ace plate before the carrier moves the semiconductor wafer 

onto the surface plate. 

8. A semiconductor wafer surface flattening apparatus as 

claimed in claim 7, further comprising two cups that are 

installed on the index table, wherein a robot picks up a pre­

polish semiconductor wafer from a wafer cassette, loads the 

pre-polish semiconductor wafer onto one of the two cups, and 

unloads the semiconductor wafer from the cup after the 

semiconductor wafer has been polished. 

9. A semiconductor wafer surface flattening apparatus as 

claimed in claim 8, wherein an air cylinder moves the carrier 

up and down, and the carrier is guided by a ball screw that_ is 
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rotated by a driving force o~ the motor, and moves between the 

surface plate and the ~nde~ table. 

10. A semiconductor wafer surface flattening apparatus as 

claimed in claim 9, wherein the carrier adsorbs a back surface 

of a semiconductor wafer and holds the semiconductor wafer 

when a pump vacuums air. 

11. A semiconductor wafer surface flattening apparatus as 

claimed in claim 3, wherein the polish pads installed on the 

surface plates are classified into two types, first-polish 

pads and second-polish pads, and the first polish and the 

second polish of the semiconductor wafers are performed in 

parallel on the surface plates. 

12. A semi·conductor wafer surface flattening apparatus as 

claimed in claim 11, wherein the number of the surface plates 

and the number of the carriers are both three, a first-polish 

pad being installed on each of the first and second surface 

plates, a second-polish pad being installed on the third 

surface plate, and the control apparatus: 

controls the rotation of the index table so as to move a 

new pre-polish semiconductor wafer, which is supplied onto the 

index table. to a position near the first surface plate, moves 

the pre-polish semiconductor wafer from the index table onto 

the first surface plate using the first carrier, and starts 

polishing the pre-polish semiconductor wafer on the first 

surface plate for the first time; 

controls the rotation of the index table so as to move a 

new pre-polish semiconductor wafer. which is supplie~ onto the 

index table, to a position near the second surface plate when 

the semiconductor wafer has been moved from the index table 

onto the first surface plate, and moves the pre-polish 

semiconductor wafer from the index table onto the second 
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surface plate using the second carrier, and starts polishj.ng .. 

the pre-polish semiconductor wafer on the second surf ace plate 

for the first time; 

moves the semiconductor wafer on the first surface plate 

onto the index tab1e using the first carrier when the 

semiconductor wafer on the first surface plate has been 

polished for the first time, controls the rotation of the 

index table so as to move a pre-polish semiconductor wafer, 

which is $Upplied onto the index table, to a position near the 

first surface plate, moves the pre-polish semiconductor wafer 
• 

from the index table onto the first surface plate·using the 

first carrier, and starts polishing the pre-polish 

semi.conductor wafer on the first surface plate for the first 

time; 

controls the rotation of the index table so as to move 

the semiconductor wafer on the index table, which has been 

polished once, to a position near the third surface plate, 

moves this post-first-polish semiconductor wafer from the 

index table onto the third surface plate using the third 

carrier, and starts polishing this post-first-polish 

semiconductor wafer for the second time; 

moves the semiconductor wafer on the second surf ace plate 

onto the index table using the second carrier when the 

semi.conductor wafer on the second surf ace plate has been 

polished once, controls the rotation of the index table so as 

to move a new pre-polish semiconductor wafer, which is 

supplied to the index table, to a position near the second 

surface plate, moves this pre-polish semiconductor wafer from 

the index table onto the second surface plate using the second 

carrier, and starts polishing this pre-polish semiconductor 

wafer for the first time; and 

moves the semiconductor wafer on the third surf ace plate 

onto the index table using the third carrier when the 

semiconductor wafer on the third surf ace plate has been 
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polished for the· second time, controls the rotation of the 

index table so as to move the post-first-polish semiconductor 

wafer on the index·table to a position near the third surface 

plate, moves this post-first-polish semiconductor wafer on the 

index table onto the third surf ace plate using the third 

carrier, and starts polishing this post-first-polish 

semiconductor wafer for the second time, 

polishing two semiconductor wafers for the first time and one 

semiconductor wafer for the second time in parallel. 

13. A semiconductor wafer surface flattening apparatus as 

claimed in claim 12, further comprising a (iresser for 

polishing each 0£ the polish _pads, wherein the dresser 

polishes the corresponding polish pad installed on the 

corresponding surf ace plate before the carrier moves the 

semiconductor wafer onto the surface plate. 

14. A semiconductor wafer surface flattening apparatus as 

claimed in claim 13, further comprising two cups that are 

installed on the index table, wherein a robot picks up a pre­

polish semiconductor wafer from a wafer cassette, loads the 

pre-polish semiconductor wafer onto one of the two cups, and 

unloads the semiconductor wafer from the cup after the 

semiconductor wafer has been polished. 

15. A semiconductor wafer surface flattening apparatus as 

claimed in claim 14, wherein an air cylinder moves the carrier 

up and down. and the carrier is guided by a ball screw that is 

rotated by a driving force of the motor, and moves between the 

surface plate and the index table. 

16. A semiconductor wafer surface flattening apparatus as 

claimed.in claim 15, wherein the ·carrier adsorbs a back 
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surf ace of a semiconductor wafer and holds the 

semiconductor wafer when a pump vacuums air. 
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