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[Problem] To improve polishing ef?ciency While lowering 
shear force added to semiconductor Wafers While increasing 
polishing speed, Without damaging the Wafer’s processing 
surface or the membrane under it. 
[Solution Method] Pressing the revolving head or carrier 34 
that holds ?xed the semiconductor Wafer 10 to the polishing 
pad or polishing cloth 30 attached to rotating polishing table 
32 in this CMP device and While rotating carrier 34 and 
polishing table 32 respectively, and supplying liquid slurry to 
polishing pad 30 from noZZle 36, planariZation by chemical 
processes and mechanical processes is carried out by remov 
ing membranes of the loWer face of semiconductor Wafer 10 
(the processing surface). The chemical mechanical polishing 
process of the present invention in regard to the siZe of the 
relationship between the rotation rate of semiconductor Wafer 
10 fW and the number of rotations of polishing pad 30 f1, has 
3 fD<fW as its loWer limit and 4 fD<fW<8 f; is ideal conditions. 
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Figure 7. 
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METHOD OF CHEMICAL MECHANICAL 
POLISHING 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of polish 
ing the processed surface of a semiconductor Wafer by 
mechanical polishing using the mutually rotary motion of the 
semiconductor Wafer and the polishing pad and a chemical 
reaction. The present invention particularly relates to a supe 
rior method of chemical mechanical polishing (CMP) using a 
damascene process to shape the copper Wiring embedded in 
an interlayer dielectric comprising a loW-k organic mem 
brane. 

FIELD OF THE INVENTION 

[0002] Today’s integrated circuits, particularly large scale 
integrated circuits (LSI), possess multilayer Wiring structures 
comprising multiple stacked circuit layers to increase the 
degree of miniaturization and integration. The process of 
forming the Wiring of the prior art in multilayer Wiring struc 
tures is that of forming a metal Wire pattern by lithography or 
dry etching of aluminum and the like accumulated on the 
dielectric membrane. However, the fact that the electromigra 
tion resistance of the aluminum Wiring is loW or the electrical 
resistance is relatively high causes delay and the like present 
problems. Recently, based on this, copper Wire Damascene 
processes are used in processes for fabrication of multilayer 
Wiring. 
[0003] To increase the computation poWer of LSI and to 
loWer their electrical poWer consumption, it is necessary to 
minimiZe the capacitance betWeen multilayer Wires. This can 
be achieved by requiring the incorporation of a loW dielectric 
(loW-k) membrane as the layer insulating membrane. LoW-k 
membranes of SiOF and the like that are made of inorganic 
materials have been studied for LSI. HoWever, organic mate 
rials like ?uorine resin membranes or amorphous ?uorocar 
bons and the like that obtain relative dielectric ratios of 2.5 or 
less are thought to be desirable. 

[0004] A damascene process for copper Wires using an 
organic loW-k membrane as the layer insulation membrane is 
explained in FIG. 1. 
[0005] First, on top of semiconductor Wafer 10 formed to 
the loWer level Wiring (not shoWn in the diagram) as is shoWn 
in FIG. 1 (a), 12, an etch-stop membrane 16 composed of, for 
example, SiCN, and organic loW-k membrane 14 made from, 
for example, amorphous ?uorocarbon 18 are laminated by 
chemical vapour deposition methods, or CVD, in the order of 
from the bottom, 12Q14—>16Q18. 
[0006] Next, lithography processes and etching processes 
are carried out alternatively in repetition and as is shoWn in 
FIG. 1b, on?in? the top layer loW-k organic membrane 18 a 
Wire structure 20 is formed and on the bottom layer, a loW-k 
organic membrane 12 is formed via through holes 22s. Here, 
pronounced areas and declivities are formed corresponding 
Wiring structure 20 on the surface of semiconductor Wafer 10 
and through holes 22. 
[0007] Next as is shoWn in FIG. 1(c) a membrane formation 
by CVD creates barrier metal 24 composed of, for example, 
TaN on the surface of semiconductor Wafer 10 containing the 
center of through holes 22 and Wiring structure 20. Addition 
ally, a copper sheet layer is formed by sputter method (not 
shoWn in the Figure) on top of barrier metal 24. 
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[0008] Next, as shoWn in FIG. 1(d) copper 26 is accumu 
lated by electroplating on the top of semiconductor Wafer 10 
so that the center of through holes 22 and Wiring structure 20 
are ?lled. After copper electroplating, the Wafer surface 
topography corresponding to Wiring structure 20 and through 
holes 22 are re?ected on the surface of copper 26. 
[0009] Copper 26 on the top of semiconductor Wafer 10 is 
planariZed by CMP. As shoWn in FIG. 1(e), copper 26 
remained only in the center of through holes 22 and Wire 
structure 20. An embedded copper Wiring system is thus 
formed. 
[0010] The Damascene process as stated above is a dual 
damascene method Where copper Wires and copper plugs are 
formed at once (i.e. copper 26 embedded at through holes 22 
and Wiring structure 20 at the same time). In comparison, a 
single damascene method forms copper Wires and copper 
plugs in tWo separate processes. In those tWo separate pro 
cesses, similar CMP process as are used in the dual dama 
scene process are employed to remove overburden copper 
layer other than in the holes and structures. 
[0011] FIG. 2 shoWs a schematic of a CMP. This CMP 
equipment presses the rotating head or carrier (upper ?xed 
plate) 32 solidly holding the semiconductor Wafer 10 against 
the rotating table (loWer ?xed plate) 34 to Which is attached 
the polishing cloth or polishing pad 30, so that While carrier 
34 and rotary table 32 are each independently rotated, liquid 
slurry (polishing agent) is applied to polishing pad 30 from 
noZZle 36, so that by chemical processes and mechanical 
polishing the loWer face of semiconductor Wafer 10 (pro 
ces sed surface) membrane is removed and the Wafer surface is 
planariZed (FIG. 3). In the examples in the Figures, so as to 
polish the semiconductor Wafer 10 by the polishing pad 30 
Which normally needs to maintain a rough surface condition 
during polishing, a diamond pad (conditioner) 38 is pressed 
against the polishing pad 30 at a position separated from 
semiconductor Wafer 10 and this, While scanning in a radial 
direction, removes the surface of polishing pad 30 and rough 
ens it. 

[0012] The polishing rate of CMP like that above is 
reported by the Preston Equation for the proportion betWeen 
the velocity generated by the polishing pad 30 rotation rate 
and the load pressing semiconductor Wafer 10 on the polish 
ing pad 30 With the semiconductor Wafer fabrication rate. Up 
until noW, from the standpoint of good uniformity of the 
polishing speed on semiconductor Wafer 10, together With 
holding the application of pressure at a constant rate, to make 
the aforementioned Wafer fabrication rate uniform, the rota 
tion rate of each of semiconductor Wafer 10 and polishing pad 
30 are made roughly the same. 

SUMMARY OF THE INVENTION 

The Problem to be Solved by the Present Invention 

[0013] When polishing copper using the CMP equipment 
aforementioned (FIG. 2) according to the methods of the prior 
art like those described above for the damascene process for 
copper Wiring using organic loW-k membranes in the inter 
layer insulation membranes (methods Where rotation rates of 
Wafer and polishing pad are similar), for example as shoWn in 
FIGS. 4A and 4B, peeling occurs at the boundary surfaces of 
?uorocarbon membranes (organic loW-k membrane) 14 and 
18 and etch-stop membranes 12 and 16 producing gap 40, and 
as a result of CMP the scratches 42 on surface of copper 26 or 
?uorocarbon membrane 18 are easily produced Which is a 
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problem. If this kind of membrane peeling or scratch occurs 
on a damascene interlayer insulation membrane and or 
embedded Wires, the transmission characteristics of high fre 
quency electrical current that ?oWs along the surface of the 
Wires (signal) or Wire electrical properties are very greatly 
in?uenced and in some cases the LSI in question becomes 
defective. 
[0014] In damascene processing, given that the polishing 
material copper is a relatively soft metal, and because the 
Young ratio of ?uorocarbon membranes (organic loW-k mem 
branes) forming the interlayer insulation membrane is loW, 
addition of a large shear stress due to the friction betWeen the 
semiconductor Wafer surface 10 and the polishing pad 30, 
Will more easily result in damage such as the aforementioned 
peeling of the ?uorocarbon insulation membrane or scratches 
to the copper and the like. 
[0015] The present invention solves the aforementioned 
problems of the prior art and possesses the objective of pro 
viding a chemical mechanical polishing method that 
increases polishing performance Without damaging the mate 
rial of the Wafer being polished or the loWer membranes by 
loWering the shear stress added to the semiconductor While 
increasing the polishing speed. 
[0016] To achieve the aforementioned objective, a chemi 
cal mechanical polishing method from the standpoint 1 of the 
present invention, is a chemical mechanical polishing method 
that, While rotating the semiconductor Wafer and the polish 
ing pad respectively and pressing the said semiconductor 
Wafer against saidpolishing pad, supplies slurry to the contact 
boundary betWeen the said Wafer and the said pad, and chemi 
cally and mechanically polishes the processed face of the 
semiconductor Wafer, characterized by a ratio of rotation rate 
of the aforesaid semiconductor Wafer to the aforesaid polish 
ing pad of greater than 2: l. 
[0017] Moreover, the chemical mechanical polishing 
method from standpoint 2 of the present invention is a chemi 
cal mechanical polishing method for the overburden copper 
layer on the aforementioned semiconductor Wafer in a dama 
scene process for making copper Wiring using an organic 
membrane With a loW dielectric in the interlayer insulation 
membrane of the said semiconductor Wafer, and is character 
iZed by making the ratio of rotation rate of the aforesaid 
semiconductor Wafer to the aforesaid polishing pad greater 
than 2:1, While rotating the semiconductor pad and While 
rotating the said semiconductor Wafer and the said polishing 
pad thusly presses the said semiconductor Wafer to the said 
polishing pad and supplies slurry to the contact surface 
betWeen the said Wafer and the said pad and thus chemically 
and mechanically polishing the processed surface of the said 
semiconductor Wafer. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0018] The inventor(s) of the present invention in order to 
solve the problem of scratches, peeling and other deformation 
formed on loWer layers of semiconductor Wafers by shear 
stress during CMP have With considerable effort and investi 
gation developed the method of the present invention. 
[0019] More particularly, they have devised a chemical 
mechanical polishing method in Which, While a semiconduc 
tor Wafer is pressed on a polishing pad and each are rotated, 
slurry is provided to their contact surface and the processed 
surface of the said semiconductor Wafer is chemically and 
mechanically polished, a method for chemical mechanical 
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polishing Wherein the ratio of the rotation rate of said semi 
conductor Wafer and the rotation rate of the said polishing pad 
are 2:1 or more. 

[0020] The method of the present invention has been devel 
oped in response to the present state of the art, and, in par 
ticular, in response to the problems and needs in the art that 
have not yet been fully solved by currently available CMP 
methods for reducing the level of scratching, peeling and 
other damage to loWer layers and membranes Within the 
semiconductor Wafer caused by shear stress induced by the 
rotation of the semiconductor Wafer surface and the polishing 
pad against each other. Thus it is an overall objective of the 
present invention to provide a method for CMP that achieves 
signi?cant reduction in the scratch, peeling and other damage 
to loWer layers in the semiconductor Wafer during the CMP 
process. 

[0021] The purpose of the method is to alloW the consistent 
production of a signi?cantly higher quality of LSI and other 
polishing products Without signi?cantly increasing the 
expense or dif?culty of operation of the CMP process. 

[0022] Through application of the method of the present 
invention, the consistent production of a signi?cantly higher 
quality of LSI and other polishing products Without signi? 
cantly increasing the expense or dif?culty of operation of the 
CMP process has been achieved. 

[0023] All dimensions in the present invention are based on 
a pad siZe of about 20" to 30" in diameter and a Wafer siZe of 
betWeen [8"] and [12"] in diameter and may be altered as 
needed in proportion to changes in the siZe of the polishing 
pad and Wafer used. The speci?c dimensions given herein are 
in no Way limiting but are by Way of example to demonstrate 
an effective embodiment of the invention. For the avoidance 
of doubt, dimensions include, Without limitation, dimensions 
of parts, ?oW rates, measurement of damage, rates of rotation 
and velocities. 

[0024] In the CMP polishing equipment used by the chemi 
cal mechanical polishing method of the present invention, 
When the rotation rate of the semiconductor Wafer, fW, and/ or 
the rotation rate of the polishing pad, fp, are increased, the 
composite velocity (the average over the Wafer), Vm, of the 
speed, Vp, generated by the rotation of the polishing pad and 
the speed, VW, generated by the rotation of the semiconductor 
Wafer increases and RR, the polishing speed (average value 
over the Wafer) increase in rough linear proportion to Pn-Vm. 
Here Pn is the load pres sure pressing the semiconductor Wafer 
onto the polishing pad. (normally this is a constant value). 
[0025] On the one hand, the coef?cient of friction, COF 
(average value over the semiconductor Wafer), to the extent 
that the ratio of the rotation rate of the semiconductor pad to 
the rotation rate of the polishing pad is Within the scope of 
being smaller than 2:1 Will not change greatly even if pn-Vm 
increases, and continues to take values in excess of a constant 
value. HoWever, if the ratio of semiconductor rotation rate, 
fW, and polishing pad rotation rate, fp, is larger than 2: l, the 
coe?icient of friction (COF) decreases to the degree that the 
ratio increases and it decreases strikingly When the said ratio 
is larger than 4:1. 
[0026] According to the present invention, under the con 
ditions of 2 fp<fW, or more preferably 4 fp<fW, by the increase 
in pn-Vm the Wafer’s polished material or the underlying 
membranes (particularly organic membranes like the ?uoro 
carbon membrane) are not damaged and then it is possible to 
increase polishing ef?ciency. 
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[0027] Additionally, under conditions of fW>2 fp, if the 
difference betWeen fW and fp becomes too large, because the 
polishing speed RR variation becomes excessively large, 
from this standpoint, a range of 2 fp<fW<15 fp is preferred, 
and from the standpoint of achieving surely a broad decrease 
in COF, a range of 3 fp<fW<8 fp is preferred and 4 fp<fW<8 
fp is more preferred. 
[0028] If the rotation rate of the polishing pad, fp, is too 
high, it becomes too easy to scatter the slurry (outside the area 
of its useful application) and the e?iciency of usage of slurry 
declines. Because, if the pad rotation rate declines too greatly, 
the polishing speed RR declines, and rates betWeen 20 rpm 
and 70 rpm are preferred. 
[0029] Moreover, it is preferred that the rotation direction 
With respect to the rotation axis of the semiconductor Wafer 
and the polishing pad respectively be the same. For example, 
When the polishing pad is rotating counter-clockWise, it is 
preferred that the direction of rotation of the semiconductor 
Wafer selected be counter-clockWise as Well. Additionally, it 
is possible to reverse the rotation directions of both the semi 
conductor Wafer and the polishing pad 
[0030] Moreover, in a manner suitable to the present inven 
tion, the entirety of the polished surface of the semiconductor 
Wafer may be pressed to the polishing pad in an area offset to 
the outside in terms of radial direction from the center of 
rotation of the polishing pad. 
[0031] Moreover, in a manner suitable to the present inven 
tion, the pressure pressing the semiconductor Wafer to the 
polishing pad is relatively higher at the central portion of the 
Wafer than at the periphery of the Wafer. That is to say, in the 
semiconductor Wafer, the pressure on the semiconductor may 
be modi?ed by multiple Wafer pressure control. For example, 
though the pressure on the Wafer surface need not be varied, 
the pressure applied to the central portion of the Wafer is in 
comparison With the pressure received by the Wafer periphery 
may also be set or regulated at a ratio of betWeen 1.1 and 3 
times or more preferably betWeen 1.3 and 2.5 times. 
[0032] Moreover, the slurry ?oW rate of the present inven 
tion is not particularly limited and any slurry ?oW rate suit 
able for CMP polishing may be used, hoWever, from the 
standpoint of ef?ciency of slurry use, a slurry ?oW rate of 300 
m/min in a manner suitable to the present invention or less is 
preferred”. 
[0033] The chemical mechanical polishing method of the 
present invention, in a preferred embodiment, is applicable to 
damascene process for forming embedded copper Wiring, 
and, Without limitation, can be applied, for example, in a 
damascene process as in FIG. 1, to a CMP process for planar 
polishing (FIG. 1 (d)%3(e)) of accumulated copper 26 on an 
amorphous ?uorocarbon membrane (loW-k organic mem 
brane) 18 in semiconductor 10. It may also be applied to SiOF 
or SiO2 surfaces. In this case, it is possible to use, ideally, the 
CMP device in FIG. 2 
[0034] This CMP equipment ?xes semiconductor Wafer 10 
facedoWn to rotate in same fashion/ direction as carrier 34, and 
also attaches polishing pad 30 to revolving table 32 (diam 
eter) Whose diameter (diameter) is several times larger than 
that of semiconductor Wafer 10. A holding means to ?x semi 
conductor itself to carrier 34 so that it remains freely remov 
able, for example a backing ?lm (noW shoWn in the Figure) is 
supplied. 
[0035] Additionally, carrier 34 may possesses or carry a 
function or mechanism that maintains the desired distance 
betWeen the central and peripheral parts of the Wafer of load 
applied Where the semiconductor Wafer 10 presses on polish 
ing pad 30 on rotating table 32. For example, as shoWn sche 
matically in FIG. 5 and FIG. 6, pressure addition parts 44 and 
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46 to add distinct pressures Pc and Pe to the center of the disc 
and the periphery of the disc respectively of semiconductor 
Wafer 10 are supplied to the interior of carrier 34. In this 
embodiment, setting or regulation is carried out so that the 
pressure Pc applied to the center of the Wafer is larger than the 
pressure Pe applied to the outer part of the Wafer, at least 1.1 
times, and preferably 1.3 times or more and more preferably 
2 times or more. 

[0036] The CMP process presses the entire polished sur 
face of semiconductor Wafer 10 on the area offset to the outer 
radial direction from the center of revolution of polishing pad 
30, and revolves polishing pad 30 and semiconductor Wafer 
10 respectively. Normally, the direction of revolution of both 
are selected so that they rotate in the same direction around 
their respective axes. For example, looking from above, When 
polishing pad 30 is rotated in a counter-clockWise direction, 
the direction of rotation of semiconductor Wafer 10 is also 
selected to be counter clockWise. 
[0037] As shoWn in FIG. 7, in the mutual rotary movement 
by Polishing Pad 30 and semiconductor Wafer 10, When you 
focus on a certain point, composite speed Vi of polishing pad 
30 and semiconductor Wafer 10 at one point i on the Wafer, is 
determined primarily from the respective rotation rates fW 
and fp and the position (coordinates) of that point. Accord 
ingly, the average composite speed Vm on the surface of the 
Wafer can be provided theoretically by the folloWing formula 
(1) 

Formula (1) 

2n Rw (1) 

f VidrWdG 
0 0 

HoWever, RW is the radius of semiconductor Wafer 10. 
[0038] The operation of the above formula (1) is very com 
plicated and intricate. So it is also possible, as is shoWn in 
FIG. 8, to select a suitable number of representative points on 
the Wafer discretely over an even density, and to use the 
average value of composite speed V1 in these representative 
points as the average composite speed Vm on the surface of 
the Wafer. The average determination method of FIG. 8 
selects 49 points on the Wafer surface at a constant separation 
interval (for a 200 mm diameter Wafer the separation is 2 mm) 
and selects 36 representative points on the Wafer aZimuthal 
directions With a ?xed angular separation (10 degrees sepa 
ration). 
[0039] As stated beloW, to the extent that the average com 
posite speed Vm on the surface of the Wafer 10 is raised, the 
polishing removal rate (RR) becomes higher With regard to it. 
In the prior art, under the condition that as the fW (the Wafer 
rotation rate) is approximately the same as fp (the pad rotation 
rate) the average composite speed Vm is increased and the RR 
increased accordingly. HoWever, When, as stated above, a 
large stress Was added to the polished surface of the Wafer 
surface 10, by this, there is the danger of the ?uorocarbon 
membrane (loW-k organic membrane) or other membrane or 
layer 12 and distortion or scratches and the like in copper 26 
or ?uorocarbon or other membrane or layer 18. 
[0040] In regard to this, the present invention, in relation to 
the ratio of the rotation rate, fp, of the polishing pad 30 as 
compared With that of the rotation rate, fW, of the semicon 
ductor Wafer 10, has a loWer limit of 2 fp<fW and a most 
appropriate condition of 4 fp<fW<8 fp. 
[0041] BeloW, in connection With FIGS. 9-11, are shoWn 
the characteristics of the polishing speed RR (the value for the 
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surface of the Wafer) or the coef?cient of friction (COF) (the 
value on the surface of the Wafer) in these embodiments When 
the average composite speed Vm being changed by selecting 
as parameters the rotation rate, fW, of the semiconductor 
Wafer 10 and/or the rotation rate, fp, of polishing pad 30. 
Additionally, betWeen the coef?cient of friction, COF, and the 
shear force, Fs, if the vertical load is made pN, the there esists 
relationship described by the following the formula (2) 

COFIFs/pN (2) 

[0042] [FIG. 1.] A Figure shoWing the damascene process 
for copper Wiring using organic loW-k dielectric membranes 
in the interlayer insulation membrane. FIGS. 1 a, b, c, d, and 
e represent from the same vieWpoint different stages in the 
Wafer manufacture and CMP process. 
[0043] [FIG. 2.] A diagonal vieW Figure shoWing a the 
structure of a representative CMP device (tool) 
[0044] [FIG. 3.] A cross sectional Figure shoWing the con 
tact betWeen the semiconductor Wafer and the polishing pad 
during CMP polishing. 
[0045] [FIG. 4A] A simpli?ed cross sectional draWing 
shoWing an example of a defect produced by CMP of a 
damascene process using a chemical mechanical polishing 
method of the prior art. 
[0046] [FIG. 4b] A diagonal draWing shoWing an example 
of the above defect. 
[0047] [FIG. 5] A simpli?ed cross sectional draWing shoW 
ing schematically the structure of the pressure application 
mechanism of the carrier in the CMP device using a chemical 
mechanical polishing method embodiment. 
[0048] [FIG. 6] A simpli?ed horiZontal draWing shoWing 
hoW the form of the pressure added differed (pressure distri 
bution) betWeen the center and the periphery of the Wafer 
according to the pressure addition method of FIG. 5. 
[0049] [FIG. 7] A Figure shoWing the composite speed at 
one point of the Wafer and the situation of mutual revolutions 
of the polishing pad and the semiconductor Wafer in the 
embodiment. 
[0050] [FIG. 8] A Figure shoWing a method requiring sim 
ply the average composite speed on the Wafer in the embodi 
ment. 

[0051] [FIG. 9] A Figure shoWing the rotation speed RR 
and the coef?cient of friction COF characteristics in the 
embodiment. 
[0052] [FIG. 10] A Figure shoWing the rotation speed RR 
characteristics in the embodiment. 
[0053] [FIG. 11] A Figure shoWing the COF characteristics 
in Example 1 . 

[0054] [FIG. 12] A Figure shoWing the COF versus Wafer to 
platen speed ratio characteristics in Example 1 
[0055] [FIG. 13] AA Figure shoWing the COF versus Wafer 
to platen speed ratio characteristics in Example 2 

Example 1 

[0056] BeloW, a preferred embodiment of the invention Will 
be explained referring to the draWings. 
[0057] The main conditions of this CMP process are as 
folloWs. 

[0058] (i) semiconductor Wafer 10idiameter 200 mm 
blanket copper membrane attached. 

[0059] (ii) polishing pad Rohm and Haas IC1000® With 
K-groove design, With diameter of 800 mm. The polish 
ing pad Was installed on top of Suba IV® sub-pad. 
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[0060] (iii) Polishing agent Hitachi Kasei Kogyo Corp. 
HS-H-635-12®. Mixing ratio is Polishing agent:H2O: 
H2O2:7:7:6. Slurry ?oW rate of 300 ml/min. 

[0061] (iv) Loadingivertical force pN:1.5 PSI Wafer 
central pressure pC:1.8 PSI, Wafer peripheral pressure 
pE:1.3 PSI 

[0062] FIG. 9 shoWs the characteristics of RR and COF 
obtained by carrying out CMP processes ?xing the rotation 
rate of the pad, fp, under the aforementioned process condi 
tions as 25 rpm, and selecting the rotation rate of the Wafer, fW, 
at the three values of 23 rpm (fW: ffapprx 1:1), 98 rpm 
(fwffapprx 4:1), and 148 rpm (fw:fp:apprx 6:1). Moreover, 
the horiZontal axis, of pN~VM shoWs PN (vertical force)><VM 
(average composite speed). In each CMP process, the rate of 
rotation of the pad, fp, and the rate of rotation of the Wafer, fW, 
from the beginning of the process to the end are each held 
constant. 

[0063] As in the Figures, With the pad rotation rate, fp,:25 
(constant), and raising the rotation rate, fW, of the Wafer from 
25 rpm—>98 rpmQ148 rpm, (A) pN~VMrises from about 0.89 
PSI~m/s—>1 .18 PSI~m/s—>1.70 PSI~m/s, (B) Polishing Speed 
RR rises from 1400 Angstrom/min—>1800 Angstron/ 
min—>2750 Angstrom/min and (C) COF declines from about 
0.38Qabout 0.22Qabout 0.17. 

[0064] Here, the phenomena (A), (B) although these are 
experimental results, are Within the scope of prediction, and 
the aforementioned (C) COF Was outside the scope of pre 
diction. That is to say, the COF values of FIG. 9 are indices of 
the motive friction or the friction of the respective rates of 
rotation of the semiconductor 10 and the polishing pad 30. 
Generally, the frictional force betWeen tWo bodies moving 
mutually is the COF, X the vertical force, and the COF is not 
thought to be very related to the rate of the movement. 
Accordingly, even if pN~VM increases, it is common sense to 
assume that COF Will not change greatly. In fact as shoWn in 
FIG. 11 and FIG. 12, COF determination versus Wafer platen 
speed ratio, as explained later, under the conditions of fW<2 
fp, even if pN~VM increases, results obtained for COF do not 
change much. HoWever, if, under conditions of fW>2 fp, 
surprisingly, the aforementioned (C) phenomenon is 
observed. 

[0065] So under the condition of COF descending beloW 
0.3, it is possible to con?rm strikingly the disappearance of 
peeling of ?uorocarbon membranes 14, and 18 (loW-k organ 
ics) on the surface of the semiconductor Wafer 10 and/or 
scratching of the copper 26 and/or ?uorocarbon membrane 
18. Accordingly, the aforementioned phenomenon (C) is 
thought to generate material semiconductor Wafer CMP pro 
cess technical problems. 

[0066] In this connection, When much of the experimental 
data obtained under conditions Where there are anomalies in 
the rotation rate of the Wafer, fW, and/or the rotational num 
bers of polishing pads and/ or number of rotations of the pad, 
fp, is plotted, it may be observed that there is a basic linear 
relationship for both/ 
[0067] Moreover, When the plot of much COF data (mea 
sured index) obtained Where the Wafer rotation rate, fW, and/ 
or the pad rotation rate, fp, changed Within the scope of 
(fw:fu):approximately (1:1) to (6:1), as shoWn in FIG. 11, a 
strikingly vast distance is observed in COF characteristics 
betWeen the region fW<2 fp and the region fW>2 fp. That is to 
say, in the region of fW<2 fp, even if the ratio of fW and fp 
(fW/fp) increases or pN~VM increases COF remains all but 
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unchanged. However, on the other hand, in the region of fW>2 
fp to the extent the ratio of fW and fp (fW/fp) increases, COF 
decreases. 

[0068] Thus, even in the region of fW>2 fp, if the difference 
betWeen the Wafer rotation rate, fW, and the pad rotation rate, 
fp, becomes too large, because of the scattering of the polish 
ing removal rate on the Wafer’ surface, from this standpoint, 2 
fp<fW<8 fp is preferred and 3 fp<fW<8 fp is more preferred. 
From the standpoint of obtaining COF of less than 0.3, 4 
p<fW<8 fp is yet more preferred. 
[0069] In addition, the slurry volume, although it is accept 
able to select them optimally in conjunction With values other 
than pN~VM, and they are not particularly limited from the 
standpoint of economy, 300 ml/min is preferred. 
[0070] Moreover, although any load ratio betWeen different 
regions on the Wafer applicable to CMP may be used in the 
present invention, and there is no limitation, the ratio of the 
load on the center of the Wafer pC and the load on the periph 
ery of the Wafer pE (pC/pE) is preferred Within the range of 1 
to 3 and more preferably Within the range of betWeen 1.3 and 
2.5. In this embodiment, as Written above, because the Wafer 
center and the Wafer periphery experience the application of 
different pressures, the independent pressure additions 44 and 
46 are equipped on carrier 34. HoWever, it is also possible to 
use a carrier formed to have a constant ratio (for example, 
pC/pE:1.3) of the pressure applied to the center of the Wafer 
and the pressure applied to the periphery of the Wafer surface 
using one common pressure application part 

[0071] If the rotation rate of polishing pad 30 is too high, 
the slurry utiliZation ef?ciency decreases. If it becomes too 
loW, because the polishing removal rate is also loW, the range 
of 20 to 70 rpm is preferred. 

[0072] The Chemical Mechanical Polishing Method of the 
present invention, possesses the signi?cant bene?ts, particu 
larly for the copper damascene CMP process discussed 
above. HoWever, it is possible to use it ideally even other CMP 
processes of semiconductor Wafers having a processed sur 
face and underlying organic membranes such as ?uorocarbon 
membranes, and furthermore, it is possible to apply to any 
CMP processes on the semiconductor Wafer. 

Example 2 

[0073] A trial Was conducted according to the same condi 
tions as Example 1 except that the polishing pad Rohm and 
Haas lCl000® possessed ?oral groove. 
[0074] The results of COF determination versus Wafer 
platen speed ratio are displayed in FIG. 13. In this case the 
results shoW marked decline in COF starting from a ration of 
Wafer to Platen rotation speed of 2 ad it Was possible to 
maintain this until the said ratio Was at least 15. The precise 
parameters determining the ideal rations vary someWhat 
depending upon the condition and type of materials used and 
the cut-off should be determined based on the particular mate 
rials, apparatus and conditions being used. 

EFFECTS OF THE INVENTION 

[0075] According to the chemical mechanical polishing 
method of the present invention, by the above con?gurations 
and action, the shear stress acting on the semiconductor Wafer 
decreases as the rate of the Wafer rotation to the rate of pad 
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rotation increases and the polishing e?iciency is increased 
Without damaging the Wafer polished materials or the mem 
branes beneath them. 

SIMPLE EXPLANATION OF THE DRAWINGS 

[0076] 10 semiconductor Wafer 
[0077] 14, 18 amorphous ?uorocarbon membrane 
[0078] 26 copper 
[0079] 30 Polishing pad 
[0080] 32 rotary table 
[0081] 34 carrier (rotary head) 
[0082] 36 noZZle 
[0083] 38 Diamond head (Conditioner) 
[0084] 44, 46 Pressure application part 

What We claim is: 
1. In a chemical mechanical polishing method for reducing 

damage to the Wafer surface in Which While a semiconductor 
Wafer is pressed on a polishing pad and each are rotated, 
slurry is provided to their contact surface and the processed 
surface of the said semiconductor Wafer is chemically and 
mechanically polished, a method for chemical mechanical 
polishing Wherein the ratio of the rotation rate of said semi 
conductor Wafer and the rotation rate of the said polishing pad 
are 2:1 or more. 

2. The chemical mechanical polishing method for reducing 
damage to the Wafer surface of claim 1 Wherein the processed 
surface layer of the said semiconductor Wafer includes 
organic membranes under that layer. 

3. The chemical mechanical polishing method for reducing 
damage to the Wafer surface of claim 1 Wherein the processed 
surface layer of the said semiconductor Wafer includes inor 
ganic membranes under that layer. 

4. The chemical mechanical polishing method for reducing 
damage to the Wafer surface of claim 1 Wherein the processed 
surface layer of the said semiconductor Wafer includes layers 
of SiO2 and SiOF under that layer. 

5. In a method for chemical mechanical polishing to 
remove in a planar fashion copper that has been accumulated 
on an organic membrane in a damascene process for copper 
Wiring using an organic membrane With a loW dielectric in the 
insulating interlayer membrane in the semiconductor Wafer, a 
chemical mechanical polishing process that reduces damage 
to the Wafer surface Wherein the ratio of the rotation rate of 
said semiconductor Wafer and the rotation rate of the said 
polishing pad is 2: 1 or more and the said semiconductor Wafer 
is pressed on the said polishing pad and each are rotated, 
slurry is provided to their contact surface and the processed 
surface of the said semiconductor Wafer is chemically and 
mechanically polished. 

6. The chemical mechanical polishing method of claim 2 or 
claim 5 Wherein the said organic membrane is a ?uorocarbon 
membrane. 

7. The chemical mechanical polishing method for reducing 
damage to the Wafer surface of claim 1 Wherein the ratio of the 
rotation rate of said semiconductor Wafer and the rotation rate 
of the said polishing pad is 3:1 or more. 

8. The chemical mechanical polishing method for reducing 
damage to the Wafer surface of claim 1 Wherein the ratio of the 
rotation rate of said semiconductor Wafer and the rotation rate 
of the said polishing pad is 4:1 or more. 

9. The chemical mechanical polishing method of claim 5 
Wherein the ratio of the rotation rate of said semiconductor 
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Wafer and the rotation rate of the said polishing pad is 8:1 or 
more 

10. The chemical mechanical polishing method for reduc 
ing damage to the Wafer surface of claim 1 Wherein the said 
pad rotation rate is from 20 rpm to 70 rpm. 

11. The chemical mechanical polishing method for reduc 
ing damage to the Wafer surface of claim 1 Wherein the said 
semiconductor Wafer and the said polishing pad rotate in the 
same direction With respect to their respective rotation axes. 

12. The chemical mechanical polishing method for reduc 
ing damage to the Wafer surface of claim 1 Wherein the entire 
processed surface of the semiconductor Wafer is pressed 
against the said polishing pad in an area offset in the outer 
radial direction from the center of the said polishing pad. 

13. The chemical mechanical polishing method for reduc 
ing damage to the Wafer surface of claim 12 Wherein the 
pressure by Which the said semiconductor Wafer is pressed to 
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the polishing pad is relatively greater in the central part of the 
Wafer than at the periphery of the Wafer 

14. The chemical mechanical polishing method for reduc 
ing damage to the Wafer surface of claim 12 Wherein the 
pressure received in the central part of the said semiconductor 
Wafer is 1.1 to 3 times the pressure received at the periphery 
of the Wafer. 

15. The chemical mechanical polishing method for reduc 
ing damage to the Wafer surface of claim 12 Wherein the 
pressure received in the central part of the said semiconductor 
Wafer is 1 .3 to 2.5 times the pressure received at the periphery 
of the Wafer. 

16. The chemical mechanical polishing method for reduc 
ing damage to the Wafer surface of claim 1 Wherein the said 
slurry supply ?oW rate is 300 ml/min or less. 

* * * * * 


