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Method for the simultaneous material-removing processing of 

both sides of at least three semiconductor wafers 

The present invention relates to a method for the simultaneous 

5 material-removing processing of both sides of at least three 

semiconductor wafers between two rotating ring-shaped working 

disks of a double-side processing apparatus, wherein the 

double-side processing apparatus has a rolling apparatus, which 

causes at least three carriers to rotate, and wherein each of 

10 the carriers has precisely one opening, into which a 

semiconductor wafer is respectively inserted in a freely 

movable fashion, such that the semiconductor wafers are moved 

on a cycloidal trajectory between the working disks. 

15 l?rior art 

Electronics, microelectronics and microelectrornechanics require 

as starting materials semiconductor wafers which have to meet 

extreme demands regarding global and local flatness, single-

20 side-referenced flatness (nanotopology) , roughness and 

cleanness. Semiconductor wafers are wafers composed of 

semiconductor materials such as elemental semiconductors 

(silicon, germanium), compound semiconductors (for example 

composed of an element of the third main group of the periodic 

25 table, such as aluminum, gallium or indium plus an element of 

the fifth main group of the periodic table such as nitrogen, 

phosphorus or arsenic) or the compounds thereof (for example 

Si 1-xGex. 0 < x < 1 I . 

30 In accordance with the prior art, semiconductor wafers are 

produced by means of a mul tiplici t.y of successive process steps 

which can generally be classified into the following groups: 

(a) producing a usually rnonocrystalline semiconductor rod; 

(b) slicing the rod into individual wafers; 

35 (c) mecr~anical processing; 
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(d) chemical processing; 

(e) chernornechanical processing; 

(fl if appropriate additionally producing layer structures. 

5 Advantageous methods in the context of steps (c) and (e) in 

this case include so-called "free floating processes" (FFP), in 

which both sides of a semiconductor wafer are simultaneously 

processed in material-removing fashion in one work step, to be 

precise in such a way that the processing forces acting on the 

10 semiconductor wafer on the fron.t and rear sides during tl1e 

material removal compensate for one another, such that the 

semiconductor wafer is processed in '\f:r:ee floating" fashion 

substantially without constraining forces of a guide apparatus 

beirlg exerted. IrL this case, ''substantially" means that, as a 

15 result of the kinematic characteristics of the process, the 

forces acting on the front and rear sides during processing can 

at least in principle precisely balance one another and that 

low resulting residual forces that may occur, will occur only 

on account of statistical fluctuations or external disturbance 

20 variables. By means of FFP, defects of form as a result of 

prior processes can be removed particularly effectively and 

with little material removal and the FFP. impress hardly any 

processing-characteristic new defects of form attributed to 

them on the semiconductor wafers. 

25 

In the prior art, preference is given to sequences for 

producing semiconductor wafers in which at least one of the 

process steps involved is an FFP. In the prior art, particular 

preference is given to sequences in which at least one FFP 

30 comprises a method in wl"1ich both sides of at least two 

semiconductor wafers are simultaneously processed in a 

material-removing fashion between two ring-shaped working 

disks, wherein the semiconductor wafers are inserted loosely 

into in each case at least one receiving opening overall of at 

35 least one tf'iin guide cage (carrier) toothed on the outside, 
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which are guided by means of a rolling apparatus and the outer 

toothing under pressure on cycloidal paths relative to the 

working disks, such that they rotate completely around the 

midpoint of the double-side processing apparatus (planetary 

5 movement). Such kinematics are used for the lapping, grinding 

or polishing of semiconductor wafers. 

US2009/0298396Al and US2009/0298397Al describe double-side 

grinding methods with planetary kinematics, which are intended 

10 to lead to a very flat surface without edge roll-off even in 

the case of semiconductor wafers having a diameter of 450 mm. 

In this case, a plurality of semiconductor wafers having the 

same diameter are arranged in a carrier on precisely one oitch 

circle around the midpoint of the carrier in such a way that 

15 the ratio of the area of the pitch circle to the area of a 

semiconductor wafer is between 1.33 and 2.0. US2009/0298396Al 

furthermore makes certain requirements of the size and 

arrangement of the abrasive pellets used in the method. By 

contrast, US2009/0298397Al discloses a grinding method with the 

20 same arrangement of the semiconductor wafers in the carriers, 

but an alkaline solution is used in addition to the bonded 

abrasive, and the rotational speed of the semiconductor wafers 

is between 5 and 80 revolutions per minute. It has been found, 

however, that complying with these requirements does not 

25 suffice to obtain semiconductor wafers having the required 

plane-parallelism of the flat surfaces. Particularly in the 

case of an arrangement with only one large semiconductor wafer 

per carrier, sufficient flatness was often not obtained. With 

most of the commercially available double-side processing 

30 apparatuses, an arrangement like that cannot be avoided fer 

example in the case of semiconductor wafers having a diameter 

of 450 mrn, since the corresponding carriers are not large 

enough for receiving a plurality of semiconductor wafers of 

that size. 

35 
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Other arrangements of semiconductor wafers in the carriers and 

of carriers in the double-side processing apparatus are also 

known. By way of example DE10159848Al specifies that, in a 

double-side polishing apparatus mentioned by way of example, 

5 ha1.ring a diameter of 1970 mm for the outer drive ring and 

530 m.rri for the inner drive ring, it is possible to insert up to 

5 carriers having a pitch circle diameter of the outer toot:r~ing 

of 720 mm. Ir1 each carrier there is space for three 

semiconductor wafers f'1aving a diameter o:: 300 mrn. In general, 

10 however, the arrangements disclosed are not considered to be 

related to the plane-parallelism that can be obtained by the 

processing. 

15 

Object and how it is achieved 

The object thus arose of impro1.ring the known double-side 

processing methods with planetary kinematics such that 

particularly plane-parallel semiconductor wafers can be 

produced economically even in the case of very la~ge diameters 

20 such as 4 50 mm, for example. 

The object is achieved by means of a method for the 

simultaneous material-removing processing of both sides of at 

least three serniconduc~or wafers between two rotating ring-

25 shaped working disks of a double-side processir1g apparatus, 

wherein the double-side processing apparatus has a rolling 

apparatus, which causes at least three carriers to ~otater and 

wherein each of the carriers has precisely one opening, into 

which a semiconductor wafer is respectively inserted in a 

30 freely movable fasb~ion_, such that the semiconductor wafers are 

moved on a cycloidal trajectory between the working disks, 

wherein the arrangerr,ent of the carriers in t1'~e double-side 

processing apparatus and of the openings in the carriers is 

such that the inequality 

35 
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R/e·sin(n/N*) - r/e - 1 ~ 1.2 

is satisfied, where N* denotes the ratio of the round angle and 

the angle at which the adjacent carriers are inserted into the 

5 rolling apparatus with the greatest distance with respect to 

one another, r denotes the radius of an opening for receiving a 

semiconductor wafer, e denotes the radius of the pitch circle 

arour1d the midpoint of the carrier on which the opening is 

arranged, and R denotes the radius of the pitch circle on which 

10 the carriers move between the working disks by m.eans of the 

rolling apparatus. 

No relationship between the arrangement of the semiconductor 

wafers in a carrier, the arrangement of the carriers on the 

15 working disk and the obtainable plane-parallelism of the 

processed semiconductor wafers is known in the prior art. The 

present inven~ion is based on the observation that 

independer1tly of the choice of material rernov~a1 mecrj_anism 

(grinding, lapping, polishing), and independently of the choice 

20 of the method (lapping method, pellets g!:'inding, PPG grin_ding 1 

double-side polishing) , from the number of possible 

combinations of the arrangement of the semiconductor wafers in 

the carrier and the arrangement of the carriers on the working 

disk, only a small selection range is suitable for economically 

25 producing semiconductor wafers with a high degree of plane­

parallelisrn which are suitable for particularly demanding 

applications. 

30 

35 

Brief description of the figures 

Fig. 1 shows an example of an arrangement according to the 

inver1tion of a serniconductor wafer in a carrier and number, 

size and arrangement of the carrie~s in the double-side 

processing apparatus. 
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Fig. 2 shows a comparative example of an arrangement not 

according to the invention of a semiconductor wafer in a 

carrier and number, size and arrangernent of the carriers in the 

double-side processing apparatus. 

Fig. 3 shows a further comparative example of an arrangement 

not according to the invention of a semiconductor wafer in a 

carrier and number, size and arrangement of the carriers in the 

double-side processing apparatus. 

Fig. 4 shows a further example of an arrangement according to 

the invention of a semicorrductor wafer ir~ a carrier and number, 

size and arrangement of the carriers in the double-side 

processing apparatus. 

Fig. 5 shows, as a comparative example, the diametrical 

thickness profile of a semiconductor wafer after processing by 

a first method not according to the invention. 

20 Fig. 6 shows, as a further comparative example, the diametrical 

thickness profile of a semiconductor wafer after processing by 

a second method not according to the invention. 

Fig. 7 shows, as an example, the diame~rical thickness profile 

25 of a semiconductor wafer after processirig by the method 

according to the invention. 

30 

35 

Fig. 8 shows an apparatus suitable for carrying out the method 

according to the invention. 

Fig. 9 shows the plotting of the area-normalized flatness TTV* 

obtained against the parameter x/e, essential to the inven-Cio11~, 

of the arrangement of carriers and semiconductor wafers for 

different apparatuses and processi11g methods. 
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List of reference symbols and abbreviations 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Opening for receiving a semiconductor wafer 

Pitch circle of the arrangement of an opening in a carrier 

for receiving a semiconductor wafer 

Midpoint of the double-side processing apparatus 

Midpoint of a carrier 

Midpoin::: of an oper~ing for receiving a semiconductor wafer 

Enveloping circular line of the arrangement of the opening 

for receiving a semiconductor wafer in the carrie~ arouno 

the midpoint of the carrier 

Pitch circle of the outer toothing of a carrier 

Pitch circle of the rotation of the carrier midpoints 

around the midpoint of the double-side processing 

apparatus (planetary path) 

Straight line connecting the midpoints of two adjacent 

carriers 

Outer edge of the ring-shaped working '. l QlSJ( 

Inner edge of the ring-shaped working disk 

Region of the excursion of the semiconductor wafer beyond 

the edge of the working disk 

Carrier 

Pitch circle of the inne~ drive ring 

Convex thickness profile of a semiconductor wafer 

Convexly irregular thickness profile cf a semiconductor 

wafer 

Uniforn1 thickriess profile cf a semicor1ductor 10.rafer 

Set of method con::igurations witl:1 x/e parameter and TT\T* 

in Lhe range preferred according to the invention 

Set of method configurations with x/e parameter and TTV* 

outside the preferred range but still within the range 

according to the invention 

20 Pitch circle of the ouLer drive ring 

21 Set of method configura"::ions with x/e parameter ar~d TT\7'* 

in the range not according to the invention 
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20 

25 
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30 Working gap 

31 Upper working disk 

32 Lower working disk 

33 Inner drive ring 

34 Holes for feeding operaLing agents 

35 Outer drive ring 

36 Semiconductor wafer 

37 Measuring apparatuses for working gap width 

39 Upper working layer 

40 Lower working layer 

e Pitch circle radius of the arrangement of an opening for 

receiving a semiconductor wafer in a carrier (eccentricity 

of the opening) 

na 

ni 

no 

nu 

r* 

r 

N 

N* 

R 

Rotational speed of the outer drive ring 

Rotational speed o:: the inner drive ring 

Rotational speed of the upper working disk 

Rotational speed of the lower workir1g disk 

Radius of a serniconductor wafer 

Radius of the circular opening in a carrier for receiving 

a semiconductor wafer 

Nuw~er of carriers in the double-side processing apparatus 

Ratio of the round angle to the angle at which the 

adjacent carriers are inserted into the rolling apparatus 

with the greatest distance with respect to one another 

Pitch circle radius of the rotation of the carrier 

midpoints around the rnidpoint of the double-side 

processing apparatus (planetary path radius) 

T Thickness of a semiconductor wafer 

TTV Total thickness \Tariation (range of the thickness 

30 variation over tr1e er1tire semiconductor wafe:r, min ... max) 

35 

TTV* Area-normalized TTV, i.e. TTV relative to the area of a 

300 nun semiconductor wafer 

x Half of the distance between the envelopes 6 of two 

adjacent carriers 
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General description of double-side processing with planetary 

kinematics 

Figure 8 shows the essential elements of an. apparatus according 

5 to t'ne p=ior art that is suitable for carrying out the method 

according to the invention. The apparatus is suitable for 

simultaneous double-side lapping, grinding or polishing with 

planetary kinematics. The illustration shows the basic 

schematic diagram of a two-disk machine for processing disk-

10 shaped workpieces such as semiconductor wafers, such as is 

disclosed for example in DE10007390Al, in perspective view. 

Figures l to 4 show a plan view of the arrangement of the 

carriers 13 and of the openings 1 within the carriers 13. The 

reference symbols used in the following description of the 

15 apparatus and the way in which the apparatus works relate to 

these five figures. 

An apparatus of this type consists of an upper working disk 31 

and a lower working disk 32 and a rolling apparatus fornted from 

20 an inner drive ring 33 and an outer drive ring 35, carriers 13 

being inserted into said rolling apparatus. The working disks 

of an apparatus of this type are ring-shaped. The carriers have 

openings 1 which receive the semiconductor wafers 36. (Carriers 

each having three openings are illustrated. By contrast, the 

25 invention relates to carriers having only one opening.) 

During processing, the working disks 31 and 32 and the drive 

rings 33 and 35 rotate a~ rotational speeds n 0 , nu, Di and n 2 

concentrically around the midpoint 3 of the entire apparatus 

30 (four-way drive). As a result, the car=iers on the one hand 

rotate on a pitch circle 8 around the midpoin.t 3 and on the 

other hand simul tan_eously perform an_ inherent rotation about 

their respective midpoints 4. For an arbitrary point of a 

semiconductor wafer, a characteristic trajec~ory (kinematics), 

35 resul~s with respect ~o the lower working disk 32 and the upper 
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working disk 31, said trajectory being referred tc as a 

trochoid. A trochoid is understood as the generality of all 

regular, shortened or lengthened epi- or hypocycloids. 

5 Depending on the t~/pe of processir1g metf'iod (lapping, polishing, 

grinding) , the upper working disk 31 and lower working disk 32 

can bear working layers 39, 40. They are polishing pads in the 

case of polishing, and working layers containing bonded 

abrasive in the case of grinding. The in-cerspace formed between 

10 -che working layers 39 and 40 is referred to as a working gap 

30, in which the semiconductor wafers 36 move during 

processing. 

At least one working disk, for example the upper working disk 

15 31, contair1s holes 34 tb_rough wl:1ich_ operating agenLs can be fed 

to the working gap 30, for exam.ple a cooling lubricant, a 

polishing agenL o= a lapping agent. In addition, measuring 

devices 37 for measuring the width of the working gap 30 car. be 

presen~. 

20 

During lapping, a slurry of loose hard subs~ances having an 

abrasive effec~ (lapping agent, lapping slurry) is fed to the 

workir1g gap 30 and. material removal frorn the serniconductor 

wafer 36 is effected in this way. The working surfaces of the 

25 working disks 31, 32 conLain no abrasive in this case. 

During grinding, by contrast, the working disks 31, 32 

respectively cornprise a working layer 39, 40 facing the working 

gap 30 and containing fixedly bonded abrasive. A cooling 

30 lubricant containing no substances having an abrasive action is 

fed to the working gap 30. The working layer can consist of an 

elastic abrasive pad containing fixedly bonded abrasive. This 

is referred Lo as a PPG rnethod (\\planetary pad grinding"). Tb~e 

abrasive pad is connected to the working disk magnetically, by 

35 vacuurn, by b.ook-and.-loop faster1ing or by adt1esive bonding for 



11 

the duration of use and can be removed by a peeling movement 

after use and thus be changed rapidly. Alternatively, the 

working layer 39 can also consist of a multiplicity of rigid 

abrasive bodies (so-called pellets). The abrasive bodies are 

5 embodied as cylinders, hollow cylinders or right prisms and by 

their end faces are adhesively bonded, screwed or incorporated 

into the surface of the working disk. Changing worn abrasive 

bodies is more complicated than changing the abrasive pads. 

10 During polishing (double-side polishing, DSP), the working 

layers 39, 40 are polishing pads without any abrasive 

substances. A polishing agent (polishing slurry) containing 

abrasive substances, preferably a colloidally disperse alkaline 

silica sol, is fed to the working gap 30 formed between the 

15 polishing pads. The polishing pad is elastic and, similarly to 

the abrasive pad in the PPG method, can be removed from the 

working disk by means of a peeling movement and is therefore 

easy to change. 

20 Detailed description of the invention 

The invention is explained in greater detail below with 

reference to figures a11d exemplary embodiments. 

25 The invention is based on a large number of experiments with 

different double-side processin.g methods (double-side 

polishing, lapping, pellets grinding and PPG grinding) and 

corresponding apparatuses with differer1t numbers and 

arrangemenLs of the semiconductor wafers in the carriers as 

30 well as varying numbers, sizes and arrangements of carriers in 

the respective double-side processing apparatus. The inven~ion 

is based on the insight gained here that all the methods , 

despite their different material removal mechanisms (chemical, 

erosive, chipping) and differences in the apparatuses used, 

35 evidently have in common fundamer1-cal kinematic and Lopological 



conditions which have to be met in order to profitably achieve 

very fla~ semiconductor wafers suitable for particularly 

demanding applications. The cited methods in accordance with 

the prior art do not recognize these correlations or consider 

5 only isolated partial aspects o~ these correlations which do 

not suffice to enable the economic producLion of semiconductor 

wafers having a particularly flat form. 

The invention relates to the ratio of the two parameters x and 

10 e (see figure 1): x is half the distance between the envelopes 

6 of the openings 1 in adjacent carriers 13 for receiving a 

semiconductor wafer. In this case, the envelope 6 of the 

opening 1 arranged in a carrier 13 should be understood to mean 

the circle within the carrier 13 and the midpoint 4 thereof 

15 which borders the area swept over by the opening 1 upon 

rotation of the carrier 13 about its midpoint 4. To put it 

another way, the enveloping circular line 6 is that circular 

line around the midpoint 4 of the carrier 13 which precisely 

still completely encompasses the entire area of the opening l. 

20 e is the eccentricity of the opening 1 on the carrier 13, that 

is to say the radius of the oitch circle 2 on which the opening 

1 is arranged around the center 4 of the respective carrier 13. 

The invention is based on the observation, in particular, that 

25 the ratio x/ e has to be chosen from a very limited range in 

order to obtain particularly flat semiconductor wafers and at 

the same time to be able to carry out the method particularly 

economically. 

30 AD)' person skilled in the art who is farniliar with tl'~e 

described double-side group processing methods with ro-cating 

carriers v,rill attempt to carry out the method as economically 

as possible, that is to say that said person will ensure that 

the total area of the semiconductor wafers processed 

35 simultaneously in a machine ba~ch occupies a greatest possible 
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proportion of the area available on the ~ing-shaped working 

disks for the processing. 

The essential insight of the present invention is, then, that 

5 the semiconductor wafers in this case must not be arrar1ged 

arbitrarily, rather the arrangement of the opening 1 within a 

carrier 13 and the distances between the envelopes 6 of the 

adjacent carriers 13 have to be chosen such that the ratio x/e 

is less than or equal to 1.2. 

10 

15 

Given uniform dis~ances between respectively adjacent carriers 

13 and identical arrangements of the opening l on all the 

carriers 13, the ratio x/e can be calculated as follows: 

x/e R/e·sin(n/N) - r/e - "" 

In this case, R denotes the radius of the pitch circle 8 on 

which the carrier midpoints 4 rotate and the midpoint 3 of the 

double-side processing apparatus between the ring-shaped 

20 workir1g disks 31, 32 by means of the rolling apparatus formed 

from th_e inner d.rive rir1g 33 and outer drive rifl~g 35 (see 

figure 8) (plane"Cary movement) ; N denotes the number of 

carriers 13 inse~ted into the double-side processing apparatus; 

r indicates the radius of an opening 1 in the carrier 13 for 

25 receiving a semiconductor wafer; and e is the radius of the 

pitch circle 2 around the center 4 of the carrier 13 on which 

the midpoint 5 of the opening 1 lies. According to the 

invention, each carrier comprises p:cecisely one ope11ing 1 for 

recei vir~g a serr,icoriductor wafer. 

30 

The carriers 13 can likewise be arranged with different 

distances 2x between the envelopes 6 of adjacent carriers 13 on 

the pitch circle 8. In this case, the maximurn distance 2:r:: 

between the envelopes of adjacent carriers is essential to the 

35 invention, as results accord~ng to calculation from 
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x/e R/e·sin(n/N*) - r/e - l 

Ir: tr~is case, N* denotes the ratio of the round ar~gle ( 2n rad) 

5 and the angle at which the adjacent carriers are inserted into 

the rolling apparatus with the greatest distance with respect 

to one another. In this case, therefore, n/N* denotes half of 

the angle at which the two adjacent carrie~s 13 are inserted 

ir~to the rolling apparatus with th-e greates"c distance with 

JO respect to one another. In general, N* is not an ir1teger since, 

ire the case of sucb nor~-uniforrn distribu<:ion o: the carriers 

with different distances with respect to one another, the angle 

between adjacent carriers with the greatest distance with 

respect to one another is generally not a divisor of the round 

15 angle. In the case of a uniform distribution of the carriers 

with identical distances between all adjacent carriers, N* = N. 

The arrangement cf the carriers 13 in the rolling apparatus 

formed frorn inner and outer pin \\rheels is preferably e£fecteci 

20 i~ such a way that the envelopes 6 of adjacent carriers 13 in 

each case have as far as possible identical distances with 

respect to one another. However, for mathernatical reasons 

(planeL:aJ:y gearing equations), this can be precisel:'i fulfilled 

only when the total number o:: pins on outer and. inner pin 

25 wheels is divisible by the number of inserted carriers without 

a remainder. This is not fulfilled structurally for all double­

side processing apparatus suitable for carrying ou-: tt1e method 

according to the invention o= if it is, then usually only for a 

specific nurnber of inserted carriers. The preferred arrangerner~": 

30 with as fa::: as possible identical distances between tf'1e 

envelopes 6 of adjacent carriers 13 is defined here as the one 

for wt1ich the surn of the absolute values of the deviations o: 

the distances between adjacent envelopes 6 from the average 

dis~ance between adjacent envelopes 6 of all the carriers 13 

35 becomes minirnal. 
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Furthermore, the opening 1 can be arranged differently within 

the different carriers 13 of a configuration. In this case, the 

average value of all the eccentricities ei of the carriers LS 1 , 

5 LS 2 , ••. , LSN, -; = J.., 2, ... , N is essential to tf:i.e irLvention. It is 

preferred, however, for all the carriers 13 to have the same 

arrangement of the opening l, that is to say for all the 

carriers 13 of a configuration to be identical. 

10 The inequality represented in clairn l encompasses all the 

special cases discussed and is therefore used for the 

definition of the invention. 

In practice, an arrangement of the opening i~ the carrier and 

15 of tb~e at least tl:.ree carriers on the ring-shaped. working disk 

and in the rolling apparatus formed frorn inner and outer pin 

wheels and the outer toothing of the carrier ca~ always be 

found easily such that the inequality represented in claim 1 is 

satisfied: 

20 

According to the invention, the intention is that x/e ~ 1.2. 

Therefore; proceeding from a given~ arrangemen".::. ir:. which, after 

measurement, for· example, the parameter x/e initially proves to 

be too large, firstly further carriers of the same type can be 

25 inserted ir1to the rollin.g apparatus, to be precise preferably 

as many as still have space therein with a smallest: possible 

distance from one another, and particularly preferably such 

that they have an as far as possible identical distance with 

respect to one another. As a result of this measure, the 

30 determining distance 2x between the envelopes of the opening 

arrangemen~ of adjacent carriers is minimized and x/e is 

therefore reduced. I~ this still does not su~fice, the carriers 

initially used can be exchanged for those in which the opening 

in each carrier lies nearer to the root circle of the outer 

35 toothing of the carrier. As a result, the crucial eccentricity 
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e of the arrangement of the opening in the carrier is increased 

and x/e is therefore reduced. A combination of both measures is 

preferably also used. 

5 Arrangements in which the pa~ameter x/e essential to the 

invention is less than or equal to 0.55 have proved to be 

particularly suitable for producing semiconductor wafers having 

a particularly uniform thickness. This is because it has been 

found that the flatness of the semiconductor wafer that can be 

10 obtained with a given arrangemer1t - for example described by 

the global flatness over the entire semiconductor wafer (TTV, 

total thickness variation; difference between maximum thickness 

and minimum thickness of a semiconductor wafer) - and the 

thickness fluctuations within a pass tend to become lower 

15 particularly small values for x/e are realized. The 

particularly preferred limit value of x/e ~ 0.55 in this case 

arises as follows: 

In the production of semiconduc~or wafers, lapping, PPG or 

20 pellets grinding is generally followed by chemical mechanical 

polisl'1ing 1 preferably simultaneous double-side polisl1ing ( DSP) 

Only very low· material removal rates can be obtained during 

polishing. Therefore, polishing is time-consuming and 

expensive, and endeavors to manage with a lowest possible 

25 material rem.oval. However, experience shows that a rnir1imum 

rerno1.ral is also necessary in the case of DSP, said minimum 

removal resul~ing from a minimum delay time required by the 

apparatus and process to attain a thermal equilibrium. This is 

the only way to obi:ain controllable and uniform results from 

30 pass to pass. Polisb.ing is usually' the last significant step of 

the shaping process during the production o~ semiconductor 

wafers and therefore has to sa~isfy par~icularly stringent 

requirements concerr~ing· the obtained ::lai:ness and thickness 

consLancy of the semiconductor wafers thus processed. 

35 Experience shows that a DS9 minimum remov~a1 with good and 
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constant results is approximately 10 µm. A prerequisite for 

carrying out a stable DSP process is an already very good 

flatness of the semiconductor wafers before polishing and a 

very narrow dis~ribution of the initial thickness of all the 

5 semiconductor wafers of a machine batch. In practice it has 

been found that the DSP removal has to be a-c least 

approximately ten times as high as the total fluctuation 

bandwidth of the initial thicknesses of the semiconductor 

wafers of a DSP batch, that is to say largest thickness of the 

10 thickest semiconductor wafer minus smallest thickness of the 

thinnest semiconducto~ wafer, in order that the obtained 

flatness and thickness homogeneity after the DSP pass are 

determined only by the properties of the DSP process carried 

out, and not by the precursor product proper~ies. Given ±1 µrn 

15 distribution of the initial thicknesses around the average 

value o:: a batch, therefore, appro:;::irna::.ely 20 µm DSP minimum 

removals are requ.ired. This is an empirical value; the removal 

1Talue act:l1all::l required depends or~ the type of polishing pad, 

the pressure and the kinematics as well as o~ the properties of 

20 the polishing agents applied. 

Finally, 20 - 30 µm is a rnax~mally expedient DSP removal value, 

not just for the economic reasons ir~dicated. In tf'1e case of 

higher material removal with DSP, that is to say a longer 

25 polishing duration and, consequently, a longer time of action 

of the polishing agent, trace me~als contained ir. the polishing 

agen~ unavoidably pass ~o the semiconductor wafers and 

contaminate the la~ter. Overall, therefore, there is a jus~ 

still acceptable limi "::. 1.ralue for the ~latness and tl1ickness 

30 fluctuation in order to be able to carry out the total 

processing of the semiconductor wafers at a high rate in ~erms 

of quality, process yield and economic efficiency. Said limit 

value is approximately TT\.1 = l µn1 for PPG- or pellets-ground 

semiconductor wafers having a diameter of 300 mm. For larger 

35 semiconductor wafers, the still acceptable TTV value is 
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permitted to be greater than the ratio of the area of said 

semiconductor wafers to that of a 300 ITL."Tt semiconductor wafer; 

for smaller semiconductor wafers, said value has to be less in 

equivalence with said area ratio. It has been found that values 

5 of x/e ~ 1.2 and, particularly preferably, x/e 5 0.55 are 

particularly suitable fo~ this purpose. The area-normalized TTV 

value, i.e. TTV >.ralue relative to the area of a 300 mm 

semiconductor wafer, is designated here as TT\T*. 

10 The carriers are provided with an outer toothing, which engages 

into the inner and outer drive rings of the double-side 

processing appararus. Since the teeth or pins of the drive 

rings have to have a sufficient stiffness and thus strength in 

order to be able to transmit the forces for the rnovernenL of the 

15 carrier, the corresponding outer toothing of the carrier also 

has a corresponding minimally permissible tooth profile depth. 

The opening i0 the carrier for receiving the semiconductor 

wafer also cannot be arranged arbitrarily close to the root 

circle of the outer toothing without adversely affecting the 

20 mechanical stability of the carrier. Therefore, x cannot become 

arbitrarily small. In practice, a value of x/e of less than 

0.05 virtually cannot be achieved. Therefore, a parameter x/e 

where 0.05 S x/e S 0.55 is particularly preferred. 

25 Lapping and double-side polishing are methods w1:-1ich bri:r~g about 

a rnate::ial removal from the serniconductor wafer by means of a 

three-body interaction - (1) lapping plate, (2) lapping agent, 

(3) semiconductor wafer in the case of lapping and (1) 

polishing pad, ( 2) polisf1ing agent, ( 3) semiconductor wafer ir;. 

30 the case of double-side polishir1g. In order :::::o obtain a 

material removal, the lapping o= polishing agent always has to 

be transported from the work~ng gap, to which i~ is fed, over 

the edges of the semiconductor wafer and be distributed as 

uniformly as possible over the area of the semiconductor wafer, 

35 tl:'1at is to say the interaction zone betv-Ieen semiconductor wafer 
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and lapping disk in the case of lapping or between 

semiconductor wafer and polis'hing pad in the case of double­

side polishing, in order to obtain a uniforrn material removal.. 

For this purpose, the semiconductor wafers have to be 

5 distribu"Ced as uniformly as possible and in accordance wi tt1 the 

relationship of the parameters describing their arrangement in 

accordance with claim 1 (and preferably in accordance with 

claim 2) over the ring-shaped region of the working disks that 

is available for processing. 

10 

During lapping, PPG and pellets grinding, the working surface 

is subjec~ to wear. If the area swept over by the semiconduc"Cor 

wafers during processing lies within the area of the ring­

shaped working surface, a trough-shaped thickness profile of 

15 the working layer (PPG, pellets grinding) or of the woc:king 

disk (lapping) therefore forms over the course of time in a 

radial direction, and the semiconductor wafers processed 

thereby increasingly acquire an undesirably convex form. In 

order to coun~eract that, the semiconductor wafers are arranged 

20 in the carriers in such a way that, during the inherent 

rotation of the carriers, they extend temporarj_ly v1itf',_ part of 

thei~ area beyond the inner and outer edges of the ring-shaped 

working surface. On account of the rotation of the working 

disks and the rotatioG of the carriers around the midpoint of 

25 the apparatus, ir~ this case this so-called '\wo:::·kpiece 

excursiori'' 12 (figures 1, 3 and 4) sweeps over the entire edge 

o= the working surface given a suitable choice of rotationa~ 

speed, such that said working surface wears more uniformly. 

This necessitates an eccentric arrangement of the opening for 

30 receiving the semiconductor wafer in the carrier or a working 

surf ace having a ring width smaller than the diameter o: the 

semiconductor wafer. 
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Ir1 the case of DSP, a workpiece excursion is not necessary 

because the polishing pad is not subject to wear that would 

critically alter its form. 

5 A constant workpiece excursioc by means of a semiconductor 

wafer arranged concentrically in the carrier over the edge of a 

working surface ha\ring a ring width smaller tt1an the diameter 

of the semiconductor wafer proved by itself to be insufficient, 

however. Ar1 eccentric serniconductor vJafer- arrangement in the 

10 carrier is additionally requireO in order to obtain a t1igh 

degree of flatness and thickness t1ornogenei ty. 

This proved to be plausible for the following reasons: During 

lapping and during DSP, the eccentric "pump movem.ent" of the 

semiconductor wafer evidently supports the transport of lapping 

15 agent and polishing agentr respectively, from the edge to the 

center of the semiconductor wafer and thus er1a.bles a uniform 

rnat:.erial rernoval. (P.~ semicond.uctor wafer arranged eccentrically 

in the carrier perforrrts a gyroscopic mo 1lement sirnila:: to the 

impeller of a centrifugal pump under the inherent rotation of 

20 the carrier driven by the rolling apparatus and thus emits 

kir1etic energy to the surrounding fluid - polishing agent, 

lapping agent er cooling lubricant - such that fluid transpor~ 

is effected.) In the case of PPG or pellets grinding, this pump 

movement correspondingly leads to a more uniforrn distribution 

of the cooling lubricant over a semiconductor and working layer 

surface and thus counteracts heating arid deforma':::.ion of the 

working gap. Furthermore, semiconductor wafers arranged with 

insuf~icient eccentricity in the carrier, during the ro~atio~ 

of the carrier around the center of the apparatus in the 

30 working gap, consurn.e or displace tf1e lapping or polisf'1ing agent: 

or the cooling lubricanL for the semiconductor wafe=s of the 

subsequent car:riers tb~at are ro~ating on 1.rirtually the same 

trajectory. This leads to non-identical processing results of 

the semiconductor wafers of different carriers in the same 

35 processing pass. 
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On account of the characteristics o: the planetary gea~ing 

kinematics (cycloidal trajectories), this depletion in the 

working gap takes place anisotropically since the polishing 

5 lapping agent or the cooling lubrican~ is fed only at points 

via individual feeds 34 in the upper working disk 31 (figure 8) 

and is not distributed sufficiently homogeneously ir: the 

working gap owing to a lack of eccentricity of the 

semiconductor wafer arrangement in the carriers. 

10 

Moreover, the advantageous free movement of the semiconductor 

wafer in the receiving opening of the carrier is suppressed by 

an insufficient eccentricity. This is because, for reasons of 

symmetry, given a concentric arrangement of the semiconductor 

15 wafer, the forces acting on the semiconductor wafer during the 

movement in the working gap balance one anothe~, such that no 

resultant torque tl:"'iat drives ar.L inherent ro-=.atior. in the 

receiving opening acts on the semiconductor wafer. (The 

t ectory of an arbitrary point of a sernicor1ductor wafer 

20 arranged concentrically in the carrier is always a closed 

25 

circle). A lack of inherent rotation of the semiconductor 

wafers in their receiving openings leads to non-rotationally 

symme::.rical thickness profiles, tl-1a: is to say "wedge-shaped" 

semiconductor wafers. 

If an arrangement not according to the inven~ion in ~his way is 

additionally embodied such tt1at wide interspace.s arise between 

the semiconductor wafers or the envelopes of their ar=angement 

in adjacent carriers, the processing operated in ~his way 

30 becomes particularly uneconomic since, expensive polishing 

agent or lapping agent flows away from the working gap via the 

wide interspaces without having been used and the available 

working surface is insufficien~ly covered with semiconductor 

wafers (small batch sizes of a processing pass; low 

35 throughput) . Although polishing or lapping agent can in par~ be 
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reused and be passed in an equilibrium of partly rejected used 

polishing/lapping agent and proportionally metered new 

polisl-1ing/lapping ager1t a number of times to the working gap 

and this process can be adapted to the proportion of unused 

5 lapping/polishing agent within certain limits, this always 

results in considerable losses due to efflorescence (polishing 

agent) or clumping (lapping agent) and requires high efforts as 

to filtering and separation of lapping or polishing slurry 

whilst accepting a poorer surface quality of the semiconductor 

JO wafers processed this way. 

In addition, the lapping plate and primarily the polishing pad 

are heated to a greater extent in regions with deple~ed lapping 

or polishing agent than in regions with an excess of lapping or 

15 polishing a gen::, since in tt1e former the cooling effect of 

freshly supplied lapping/polishing agent is absent. 

Particularly the polishing pad during polishing, vib~ich consists 

of foamed plastic or woven or felted olastic fibers and 

tt1erefore cor1ducts heat very poorly 1 is heated particularly 

20 rapidly. As a result, it expands locally. In tt1e case of an 

arrangement not according to the inven~ion, the expansion takes 

place no~-uniformly over the working surf ace of the working 

disk, and a non-uniform material removal results on accoun~ of 

the pressure condi~ions that are non-uniform over the 

25 crajectory of a semiconductor wafer. During polishing, the 

material conversion additionally has a temperature-dependent 

profile oviing to the chernical cornponent of the polisrJ.ing 

mechanisrn. Locally' fluctuaLing temperat:ures of a polishing Dad 

over which semiconductor wafers sweep nort-11r~iforml.y therefore 

30 lead to particularly non-uniforrn material removal and, in 

addition, LO greatly fluctuating surface defects (incipient 

etching, increased basic roughness (''polishing haze")). 

During grinding by means of pad or pellets, by contrast, the 

35 material rentoval is effected. by means of a two-bodied 
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interaction - (1) abrasive grain bonded in the abrasive coating 

(pad or pellets), ( 2) serniconductor wafer. The problern of 

uniform mass transport as in lapping or double-side polishing 

is obvia~ed here because the abrasive grain is fixedly bonded 

5 into the working layer ar1d, by means o: tl1e advantageous 

planetary kinematics, is uniformly guided to each surface 

location of the semiconductor wafer that is to be processed. 

During grinding using bonded grain, further processes 

predominate, therefore, which determine whether a semiconductor 

10 wafer having uniform or having non-uniform thickness is 

obtained. 

In contrast to polishing or lapping where the material removal 

takes place slowly and v..rith lovl rnaterial removal rates by mear1s 

15 of a rolling movement of the loose polishing or lapping grain 

in the con~act zone between lapping plate or polishing pad and 

semiconductor wafer, the material removal in the case of 

grinding using bonded grain takes place wi~h comparatively 

significantly higher material removal rates than in the case of 

20 polishing or lapping on account of the direct force 

trar:.srnissior1 of the grain mo1rernenL on account of the re la ti ve 

movement of working layer and semiconductor wafer. 

Relative to the decrease in thickness of all the semiconductor 

wafers of a machir1e batcf-1, t:.J_rpical removal rates of 0. 5 -

l µm/min are aohieved in the case of polishing, typically 3 -

5 µm/min in the case of lapping, depending o~ lapping grain 

material and size, and 2C - 4 0 µm/min in the case of gririding. 

In the case of grinding, ~herefore, a particularly large amount 

30 of abrasive slurry arises per unit time, to be precise 

uniformly over the entire area of Lhe semiconductor wafer. It 

has to be led away in order that the abrasive pad is not 

clogged ar1d maintains a uniforw. cutting capacity and local 

overheating as a result of different sliding fric~ion owing to 

35 accumulated abrasive slurry is thus avoided. Here a 
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sufficiently large eccentricity of the semiconductor wafer 

arrangement in the carrier with the associated gyroscopic or 

pump movement ev~idently fosters a rapid removal of the abrasi·ve 

slurry that arises. Moreover, the gyroscopic movement ensures a 

5 uniforrr, supply of cooling lubricarit and. hence supports a 

sufficient and uniform cooling of tt'1e entire surface of the 

semiconductor wafers. 

Particularly in the case of grinding (two-bodied interaction) , 

10 but analogously also in the case of lapping or polishing, the 

semiconductor wafer can "float" at locations with accumulated 

cooling lubricar1t (or lapping or polishing agent/ and thus move 

from the material-removing engagement with the working layer. 

This results in a material removal that is non-uniform over the 

15 trajectory with impaired flatnesses and thickr:.ess fluctuations 

of the semiconductor wafers. By increasing the distance between 

adjacent carriers and thus the semiconductor wafers, for 

example by removing one or more carriers from the processing 

apparatus and distributing the remaining carriers as uniformly 

20 as possible over the space thus gained, the problem of locally 

accumulated operating age11t o:r inadequately removed grinding, 

lapping or polishing slurry is not solved since, via the large 

irtterspaces, operatir~g ntediu.rn v1ould. 011ly simply drain away 

unused, without having come into contact with the semiconduc~or 

25 wafer. This actually reir1forces a non-ur~iform temperature o: 

the working gap. Moreover, a proceaure like that is uneconomic 

(fewer semiconductor wafers per machine batch; waste of 

operating medium·) . 

30 l\n eccentric arrar1gerneri~t of the semiconductor wafer in the 

carrier leads, during the rolling of the carrier (inherent 

ro-.:atior~ and rotation around the apparatus midpoin"::.), to 

changes in the loads according to absolute value and direction 

with which the semiconductor wafer is pressed against the wall 

35 of the receiving opening during the movemen~ along its 
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trajectory, and the distribution of the frictional forces over 

i~s area. As a result, an inherent rotation of the 

semiconductor wafer is driven within ~he receiving opening in 

the carrier, in which, it only lies loosely. This 

5 inherent rotation of the semiconductor wafer yields an 

additional third degree of freedom in relation to the pure 

planetary rotatior1 - I-1a-..rir1g onl:{ two degrees of freedorn - of 

the carriers, around the apparatus center. This additional 

degree of freedom of the workpiece movement leads to 

10 particularly isotropic processing of the semiconductor wafer 

with particularly good flatnesses and good thickness 

homogeneity of all the semiconductor wafers of a pass 

configuration. A lack of eccentricity suppresses the inherent 

rotation of the semiconductor wafers in the carriers and leads 

15 to rotationally asymn1etrical semiconductor wafers, fo:c example 

in the form of a wedge shape o: their thickness profile. 

The position 0£ the upper working disk rela~ive to the lowe~ 

working disk is completely determined by three poin::.s. (Tfi~ree 

20 points completely determine the position of a plane.) In the 

case of three carriers each wi::-h a semicor1ductor ·wafer with 

precisely concentric arrangemen~ in the carrier, the position 

of the upper working disk with respect to the lower working 

disk and thus the working gap between the working disks would 

25 actually be precisely deterrnined. An initial oblique posi -::::ion 

of the upper working disk relative to the lower working disk, 

said oblique position being caused for example by senticondl1ctor 

wafers having different initial thicknesses, would thereby lead 

du!'ing processing, as an undamped_ wobble movemer1t. of the upper 

30 working disk relative ~o the lower working disk, to wedge­

shaped semiconductor wafers having non-identica: thicknesses. 

If the semiconduc~or wafers additionally perform an eccentric 

movement, however, on account of an eccentric arrangement 

35 within the carrier, the bear~ng points on the semiconductor 
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wafers that determine the position of the upper working disk 

are correspondingly displaced constantly during processing, and 

a wobble movement no longer arises o~ would be greatly damped, 

such that the form and the thicknesses of the semiconductor 

5 wafers of a pass batch are rapidly matched and good flatness 

and thickness constancy are obtained over all the serniconductor 

wafers in a pass. Thus, given sufficiently eccentric 

arrangement of the semiconductor wafers, a good flatness and 

thickness homogeneity can even be obtained in the case of just 

10 a total of three semiconductor wafers in a total of three 

carriers - the minimum possible batch in a processing pass. 

It is particularly advantageous to increase the number a= 

semiconductor wafers additionally, tha-c is to say to choose as 

15 many carriers as possible with serniconductor wafers 

correspondingly coming as close to one another as possible in 

adjacen~ carriers {small distances 2x). As a result, the 

posi~ion of the upper working disk relative to the lower 

working disk is geome"'.:rically overdetermined (more than tfi.ree 

20 bearing points), and this results in particularly flat 

semiconductor wafers with uniform thickness. ( Semiconducto.:: 

wafers having form or thickness deviations can no longer move 

through the working gap, which is already deZined by three 

points, without inevitably being processed in material-removing 

25 fashion toward a plane-parallel form.) 

Good processing results are therefore obtained only for 

specific ratios of the distances 2x and eccentricities e within 

the preferred range x/e $ 1.2, and this holds true 

30 independer_tly of the specific mechanisnt of action of the 

material removal fo~ all double-side processing methods with 

planetary kinematics in which each carrier has an opening for 

receiving a semiconductor wafer. This is the case particularly 

with large semiconductor wafers having a diameter of more than 

35 300 mrn. The semiconductor wafers can ha\re, in particular, a 
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diameter of 400 mm or more. Ir1 the case of silicon wafersr a 

diameter of 450 rnrn will ir1creasingly 'become importar~t for 

practical applications. 

5 The rnethods wt1ich simultaneously process both sides of a group 

oi semiconductor wafers at the same ::.ime will probably also be 

advantageous for even larger semiconductor wafers. The 

applicability is only restricted by constructional limits for 

example when the required working disk diameter woulci t'ia\re to 

10 be significantly more tf1an 2. 5 rn in order still ·co be able to 

arrange at least three carriers of sufficient size for 

receiving a respective semiconductor wafer thereon. For very 

large semiconductor wafers, parLicularly arrangements with only 

precisely one semiconductor wafer per carrier will gain in 

15 importance. (Ar~ assumed minimum cor~figuration for a double-side 

processing apparatus having three carriers each having three 

semiconductor wafers of 450 m..rn ·would have a diameter of at 

least 2355 mm, for example. A kinematically preferred design 

for five carriers each having three semiconductor wafers of 

20 450 mm WOl1ld result ir~ a diamet.e:!: of tt1e working disk of at 

least 2955 m..rn, for example. 'I'he appropria::e carriers would. no 

longer be stable enough to apply the frictional forces 

increased by 225% in. a non-destructive ntanner compared with a 

configuration of three semiconductor wafers having a diameter 

25 of 300 mrn.) By coritras"::, apparatuses having carriers bearin.g 

only one semiconductor wafer in each case are definitely 

applicable up to a sen1iconductor W"afer diameter o±: 600 mm. 

Examples and comparative e><ampl.es 

30 

Example l 

The relationship according to the inven~ion will firstly be 

elucidated in greater detail with reference to figure 1. Figure 

35 1 shows an example of an arrangemen:: according to the 
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invention. In the example shown, five (N = 5) carriers 13 are 

arranged with regard to their respective rnidpoints 4 on a pitch 

circle 8 having a radius R arour1d the midpoint 3 of the double­

side processing apparatus on the ring-shaped working disks. In 

5 each carrier 13, precisely one semiconductor wafer having a 

diameter of 450 mm is inserted into a receiving opening 1 

having a radius r. 

In this case, the midpoint 5 of the opening ~ is arranged on a 

10 pitch circle 2 having a radius e around the midpoin.t 4 of the 

carrier. In this case, the radius r of the opening 1 is 

somewhat 12rger than the radius ::* of the semiconductor wafer, 

such that the semiconductor wafer remains freely movable and 

can ffeely rotate within the opening 1 or roll by its 

15 circumference on the wall of the opening 1. The precise 

position of the semiconductor wafer within the opening 1 and 

its movemenL during processing are unknown on account o:E the 

loose insertion. With regard to the present invention, however, 

the precise position of the semiconductor wafer in the opening 

20 during processing is unimportant; therefore, the semiconductor 

wafer is not shown in figure 1 for reasons of clarity. 

As a result o~ the rotation of the carrier 13 about its 

midpoinL 4, the opening 1 sweeps over an area bordered by the 

25 circular envelope 6 arranged concentrically with respecL to the 

rnidpoint 4. In this case, by vir-cue of a cor1struction 

consLrainL., the en\relope G al1:1ays lies cornpletely within the 

pitch circle 7 of the ou~er toothing of each carrier 13, with 

which the carrier rolls in the rolling apparatus formed from 

30 inner and outer pin wheels and thus rotates on a planetary path 

around the center 3 of the double-side processing apparatus. 

According to the invention, each carrier 13 comprises precisely 

one opening 1 in each case. The envelopes 6 of adjacent 

carriers 13 are at a distance 2x from one another. 

35 
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For the example shown in figure 1, a double-side processing 

apparatus of the type "AC-2000/r from Peter Wolters GmbH 

(Rendsburg, Germany) was used and processing according to the 

PPG method was carried out thereon. The apparatus has a pitch 

5 circle diameter 20 of the outer pin wheel of 1970 mrn and a 

pitch circle diameter 14 of the inner pin wheel of 530 mm. 

Consequently, Lhe carriers have a pitch circle diameter 7 of 

their outer toothing of 720 mm, and the radius of tl1e [Jitch 

circle 8 on which the midpoints 4 of the carriers 13 lay was 

10 consequer1tly R = 625 m.'11. The carriers 13 were ti1en designed 

according to the invention such that the midpoint 5 of an 

opening l having a radius r = 225.5 mm for receiving a 

semiconducT.or wafer 13 having a radius r* = 225 Itli"'TL (0 450 mm) 

was arranged eccentrically by an absolute value e = 111.5 mm 

15 relative to the midpoint 4 of the carrier. The semic·onductor 

wafer thus had 0. 5 mrn radial play or that is to say 1 ITh'YL 

diametrical play v1itf1ir1 th.e opening. The size of tf'1e ring­

shaped working layer 40 was tailored such that, with the 

eccentricity chosen, the openings 1 with the semiconductor 

20 v1afers temporarily extended with part o=: their areas up "'Co 

10 mm beyond its inner edge 11 and oute:: edge 10 (excursion 

12) . 

The eccentricity e of the opening in the carrier had been 

25 chosen to be as large as possible, namely such that just enough 

rnaterial (t1ardened steel) still remained in order that the 

carrier could not bend away in this region, which regularly 

enters the ~excursion" and is therefore not guided and 

supported by the working layers vertically. V<Jith r.z = 625 nun, N 

30 = 5, r = 225.5 rnrn ar~d e = lll.5 mm, this result:.s in x = 

30.366 mm and x/e = 0.272. Consequer~tly, x/e lies ir1 the 

particularly preferred range of 0.05 ~ x/e ~ 0.55. 

The PPG abrasive pad in the example showr:. ir.~ figure l cor1tair1ed 

35 diamond as abrasive, ha1Ting a grain size of 2 to 6 µm ( 5% and 
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95% values of the curnulaLive grain size concentration) . As a 

result o: the relative movement of working disks arid 

semiconductor wafers under pressure and with addition of water, 

the abrasive effected a chipping material removal with 

5 geometrically indeterrniriate cutting ed_ges. 

The apparatus used for the example shown in figure l :had an 

apparatus for the targeted deformation of the upper 1 . wori<:ing 

disk in such a way that the working gap between the working 

10 layers, in which the semiconductor wafers are moved during 

processing, could be kept parallel under mechanical (pressure 

build-up) and therrnal alterr1ating load (chipping work, friction 

work, drive losses). The deformation of the upper working disk 

took place in a closed control loop with the aid of two sensors 

15 arranged in the upper working diskf which sensors contactlessly 

measure the distance between the two su~~aces of the working 

disks coutinuously during processing (reference symbol 37 in 

the schematic apparatus illustration in figure 8). 

20 Figure 7 shovJs the diame:::rical thickness pro£ile T (r*) ir_ 

rrcicrometers (µm) of a semiconductor vlafer processeci in 

accordance with example 1. Tl1e thickness profile was d.eterrnined 

by a capacitive measurement method in which two measurement 

probes situated opposite one another trace eighL radii (at 

25 angles of 45° bet.weer, two neighboring radii) O'"Jer the front and 

rear sides of the semiconductor:- wafer. The measuremer1t probe, 

that surface of the semiconductor wafer which faces it, and the 

srnall amount of air situated therebetween, forrn a capaci~or in 

each case. The thickr1ess of the respecti·ve small amount of air 

30 (dielec<:::::ic) is deterntir~ed DY' measuremer~t o:: the capaci"C.anc::e. 

It yields a direct measure of the height profile 0£ the 

respective side of the semicondu:::::tor wafe:c since the 

measurement probes are secured at a fixed distance with respect 

~o one another on a common clip embracing the semiconductor 

35 W'afer. After calibratior1 of the measurement probe distance by 
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means of the measurement of a semiconduc~or wafer of known 

thickness, the difference between these height values then 

yields the absolute thickness of the semiconducto~ wafe~. 

5 The measuring apparatus measures eight radii, each at a 

distance of 45 °, and compiles therefrorn thickr1ess profiles of 

four diameters. Figure 7 shows the average thickness profile 

calculated from these four diameter measurements. Figure 7 

shows that the thickness of a semiconductor wafer processed 

10 with the arrangement illustrated in figure 1 is extremely 

uniform (curve 17). The "edgedu structure of the thickness 

profile thus obtained reflects the measurement accuracy of the 

450 mm prototype measuring instrument used. The flatness of the 

semiconductor wafer processed by the method according to the 

15 ir1vention approximates this resolution limi::.. 

Comparative example 1 

Figure 2 shows, as a comparative example, an arrangement not 

20 according to the invention. Tt1e sante apparatus as in example l 

(figure 1) was used. Abrasive pad and cooling lubrican~ type 

and flow (water) were identical. The pressure o~ the upper 

working disk on the lower working disk was reduced 

proportionally to the number o:: semiconductor wafers in a ba::-.cb 

25 ir: order to obtain ar; identical material remov~a.1 raL.e 

(comparable mechanical and thermal alterna~ing loads during 

processing) . The distance of the wo~king gap was continuously 

kept constant by means of a measuring and adjusting apparatus 

during processing, as described in example 1, in order to 

30 oi::Jtain optimal flat:ness and minimal fluctuation of the average 

individual thicknesses of each semiconducto~ wafer around the 

average \ralue 0£ tl'1e tb.icknesses of all the semiconductor 

wafers of a processing pass. 



The only difference was that only three carriers were inserted 

in comparative example 1 instead of five carriers (o: the 

maximum possible number) as ir. example 1, to be precise v1ith 

identical distances 2x between the envelopes 8 of adjacent 

5 carriers 13, ~hat is to say respectively at an angle of 120° 

relative to one another. 

The characteristic parameters R = 625 m.m, = = 225.5 mm 

(semiconducto::::· wafer v1itl1 r* = 225 mrn, tt .. at is to say a 

10 diameter of 450 mm) and e ~ 111. 5 rmn dete:cmining tl:le 

arrangemen"C. remained. unchanged in cornparati ve example 1 with 

respect to example 1; howeve:::, now N = 3 (in. contrast to l\l = 5 

frorn example 1). With x = 204 .266 mm, as expected this results 

in a very large half distance between the envelopes 6 of the 

15 arrangement of the opening 1 for receiving the semiconductor 

wafer between adjacent car=iers. With x/e = 1.832, the 

parameter that is crucial according to the invention lies in 

the range not according ~o the invention. 

20 An arrangement having such large distances yields extremely 

different semiconductor wafers from processing pass ~a 

processing pass, thus for example one having a thickness 

profile as shown in figure 6. (The thickness profile was 

deterrnined by the rneasurement rnethod explained in cor~nection 

with figure 7 and in the same way.) E'igure 6 shows a thickness 

profile of a semiconductor wafer having a convexly irregula~ 

form. On accour~t of the eccer~tric position of the serniconductor 

wafers in the carrier, a sufficient inherent rota~ion of the 

semiconductor wafer evidently still arose in the receiving 

30 openir1g, such tl1at tf1e thickness profile is not asym..'tletrically 

wedge-shaped, but still has a slight rota"C.ior~al symmer.ry. (The 

region o~ greatest thickness lies iL the center of the 

semiconductor wafer.) However, the averaging of the measurement 

method over the measurement tracks recorded for different 

35 azimuthal angles has ~he effect that the one-dimensional 
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thickness profile obtained always looks largely rotationally 

symmetrical, even though this is not the case for the actual 

two-dimensional tf-1ickness profile ove:: the entirety of the 

serrliconductor wafer. 

Example l (figure 1) and corr.parativ·e example l (::igure 2) prove 

that an eccenLric arrangement of the semiconductor wafer in the 

carrier, which is identical for figure 1 and figure 2, alone is 

not sufficient for obtaining good processing results. 

Comparative example 2 

Figure 3 shows a further cornparati ve example of ar;_ arrangemen': 

not according LO the invention, with opening l arranged 

15 completely concentrically in the carriers. The figure shows the 

arrangement of a total of six (N 6) 450 mm semiconductor 

wafers (r* = 225 mm) in a tot.al o: six carriers i-,rith a pitch 

circle diameter of their outer Loathing of 482.85 mm. The 

example was obtained using a processing apparatus of the type 

20 AC1500P3 frorn Peter Wolters GmbH with a pitch circle 8 for t:r~e 

rotatior: of the carrie:: midpoin"Ss around the apparatus ntidpoir1t 

3 with R = 507. 75 mm. The processir1g was carrieci out as PPG 

with the same working layers and cooling lubricant (wa~er) as 

in example l and comparative exarnple 1 On account of the small 

25 size of the carriers, an arrar1gernen".: o: a 450 mxn semicorLducLor 

viafer is possible only almost complet:ely concentrically. !As ir1 

the other ez:amples and comparative examples shown anci as is 

cus~omary i~ the prior art, the openings ir. the carrier for 

receiving a semiconductor wafer are lined with a plastic 

30 ("insert"). The latter prever~ts direct contact:: of the 

semiconductor wafer with the mat:erial of the carrier and thus 

prever~ts damage to the semiconductor wafer tb.rougb direct 

coni:::act with the hard steel of the carrie= mat:erial and 

contaminatior1 by trace rnetals (Fe, Ni, Cu). Tt1e lining is 

35 introduced by means of an injection-molding method. Owing to 
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the elastic deforma~ion of the steel body on account o~ the 

high pressures during injection molding and as a result of 

shrinkage o= the introduced plastic during cooling, the lining 

generally has a small ~oundness deviation and eccentricity. 

5 Tfi~is was approximately e = 0. S mm in the case shown in figure 

This results in a distance 2x between the enveloopes 6 of the 

arrangement o:: the opening 1 fc:: receiving the semiconductor 

10 wafer where x = 28. 363 mm, and x/e = 427 lies in the range not 

according .... ' ' +- ' 
~o ~ne inven~1on. 

Al though the distar1ce betweer1 the envelopes in comparative 

example 2 is even srnaller than in example 1 according to the 

15 invention, semiconductor wafers with very poor processing 

results fa~ flatness and thickness fluctuation are obtained. A 

densest possible occupancy - obvious for economic reasons - of 

the available working surface with semiconductor wafers is 

t:.herefore, by ' l • lL..Se...__,_, likewise insufficient for obtaining good 

20 processing results. 

The flatnesses specifically obtained in t:.he examples and 

comparative exarnples e:xplained and the methods, apparatuses and 

parameters of the arrangement of the semiconductor wafers used 

25 here are surmnarized in table l. Table 1 shows the parameter 

x/e, the flatness (TTV) obtained, and also the characteristic 

parameters of the apparatus used for semiconductor wafers 

processed according to the invection and not according L..o the 

invent:.ion by PPG, lapping and DSP. Table 1 additionally shows 

30 the flatnesses obtained for a mul-:.iplici::~y of further 

arrangements, apparatuses and methods used here, which will not 

be specifically explained further here. 

Exarnple 2 

35 
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Example 2, finally, compares with comparative example 2 an 

arrangement according to the invention on the same processing 

apparatus (N = 6, R = 507. 75) . The arrangernent is illu.strated 

in figure 4. The rolling apparatus was again occupied maximally 

5 densely with six carriers. In order to achieve an eccentric 

arrangement of the semiconductor wafers in the small carriers 

in example 2 according to the invention (figure 4) in contrast 

to comparati v·e example 2 (figure 3) , srnaller semiconductor 

wafer:s were used (r* = 150 mra, t:nat is to say semiconductor 

10 wafe:cs :having a diameter of 300 mm) and inserted in openings 1 

where r = 150. 5 mrn. In this c:ase, the eccentricity e of the 

openings 1 was chosen in such a vJay ( e = 72. 5 mm) that the 

envelopes 6 of adjacent carriers in both cases had almost 

identical distances 2x (x = 30.875 in example 2 ar~d x = 28.363 

15 

20 

in comparative exa:rriple 2). For example 2, y;_/e 

the preferred range. 

0.426 arises in 

The semiconductor wafers PPG-processed in accordance with 

example 2 in the same way as in comparative example 2 yielded 

the results summarized ir~ table (TT\T = 0.9 µm). 

Example 2 and comparative example 2 thus show tha~ a de:r1se 

occupancy (small distances 2x between the envelopes 6 of the 

arrangement of the opening 1 of adjacen~ carriers 13) is 

h necessary but by irself insufficien~ for obtaining good 

processing results. (In the case of an excessively large 

distance 2x as ir1 comparative example 1, a good processing 

result cannot be obtained with any choice of eccentricity e.) 

30 Furth.er exarnples ar~d comparative exarnples 

Table 1 also contains examples and comparative exarnples 

obtained by lapping processing. For semiconductor wafers 

processed according to the invention by means of lapping, flat 

35 and thickness-homogeneous semiconductor wafers having very fla~ 
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thickness profiles are obtained, which are similar to example ~ 

~ shown in figure 7 - of a semiconductor wafer processed by 

PPG. In the case a= a lapping method carried out not according 

to the invention (x/e > 1. 2), semiconductor wafers f'1aving a 

s thickness profile as shown. in figure 5, fo::::· example, are 

obtained. In a manner similar to that in the case of 

semiconductor wafers processed not according to the invention 

by means of PPG (figure 6), figure 5 shows a semiconductor 

wafer having a convex thickness profile. Once again the 

10 thickest location is situated in the center of the 

15 

semiconductor wafer, but. the con1rex form of a semiconducto:: 

wafer lapped not according to the invention has a more uniform 

and markedly rotationally symmetrical decrease ir~ the thickness 

15 from the center ~o the edge of the semiconductor wafer. 

T'he results summarized. in table l are illustrated grapb.ically 

in figure 9. The filled circles (•) relate to the PPG methodr 

the un:'.:illed circles ( o) relate to the lapping me"'.::.hodr and the 

unfilled squares (0) relate Lo the DSP method. In order to be 

20 able to compare the TT\1 for the various exam.ples and 

comparative exarnples carried out wi"'.:h parameter x/e according 

to the invention and not according to the invention for the 

various semiconductor wafer diameters used thereforr the TTV 

value actually determined in each case over the entire 

25 semiconductor wafer surface was converted to the value produced 

computationally for· a semiconductor wafer havir1g a diarr.eter of 

30 

300 mm and the same flatn.ess. The TT\7 v~alue of a 450 mrn 

serniconductcr wafer was thus di 'lided by 2. 25 iri order L.o obt:ain 

a cornparati ve value TTV* = TTV /~. 25, whicb takes account of the 

rneasuremerit area the 450 nun serniconducto2::' wafer v...rhich, ir, 

con"C.rast to that of a 300 Ilh'Tt semiconductor Vlafer, is 2. 25 t:irnes 

as large as the lat~er. 

Figure 9 shows that: the range according to the invention fer 

35 x/e through TTV* ~ 1 µm is d~stinctly separated from the range 



37 

not according to the invention for x/e where TTV* > 1 µm. 

Parameters x/e where TTV* < l µm are particularly preferred 

here for DSP and PPG. For semi8onductor wafers processed by 

lapping, the par>:icularly preferred TT\T* value is perrnitted t:c 

5 be somewhat greater than l µm {18). Lapping produces a surface 

having, on accoun~ of the brittle-erosive material removal 

mechanism, a significantly deeper damage to near-surface layers 

of the semiconductor wafers (sub-surface damage), the removal 

o~ which necessitates an additional material removal step 

10 inserted betweer, lapping and polishing, for example etching or 

fine grinding using a single-side fine-grinding apparatus that 

sequentially processes both sides in a material-removing 

fasfi~ion, or polishing with ill.Creased rrtaterial removal. Or1 

account of this additional processing that is therefore 

15 required an.yway for lapped serniconductor wafe!:s, somewhat 

poorer relative flatnesses TTV* are therefore still acceptable. 
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Claims 

1. A method for the simultaneous material-removing processing of both sides of at least 

three semiconductor wafers between two rotating ring-shaped working disks of a 
double-side processing apparatus, wherein the double-side processing apparatus has a 

rolling apparatus, which causes at least three carriers to rotate, and wherein each of the 

carriers has only one opening, into which a semiconductor wafer is respectively inserted 

in a freely movable fashion, such that the semiconductor wafers are moved on a 
cycloidal trajectory between the working disks, wherein the arrangement of the carriers 

in the double-side processing apparatus and of the openings in the carriers is such that 

the inequality 

R/e·[sin(rr/N*)] - r/e - 1 :> 1.2 

is satisfied, where N* denotes the ratio of the round angle and the angle at which the 
adjacent carriers are inserted into the rolling apparatus with the greatest distance with 

respect to one another, r denotes the radius of an opening for receiving a 
semiconductor wafer, e denotes the radius of the pitch circle around the midpoint of the 

carrier on which the opening is arranged, and R denotes the radius of the pitch circle on 

which the carriers move between the working disks by means of the rolling apparatus. 

2. The method as claimed in claim 1, wherein the arrangement of the carriers in the 

double-side processing apparatus and of the openings in the carriers is such that the 

inequality 

0.05 :;; R/e·[sin(rr /N*)] - r/e - 1 :> 0.55 

is satisfied. 

3. The method as claimed in claim 1 or 2, wherein the semiconductor wafers have a 

diameter of 400 mm or more. 

4. The method as claimed in claim 1 or 2, wherein the openings of all the carriers have 
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the same size and are arranged in the same way on the carriers. 

5. The method as claimed in claim 1 or 2, wherein, on each carrier, an enveloping 

circular line around the midpoint of the carrier is defined, which precisely completely 

encompasses the opening for receiving a semiconductor wafer, and wherein the 

carriers are arranged in the rolling apparatus in such a way that the sum of the absolute 

values of the deviations of the distances between the enveloping circular lines of 

adjacent carriers from the average distance between adjacent enveloping circular lines 

is minimal. 

6. The method as claimed in claim 5, wherein the distances between the enveloping 

circular lines of all the adjacent carriers are identical. 


