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A New Cheni cal Mechani cal Planarization (CVWP) End Point Detection Appafdtus
Background O The Invention Field O The Invention This invention rel ates
to machi nes and apparatus for polishing sem conductor wafers, and nore
particularly to a nmachine for the chem cal nechanical planarization (CW)
pol i shing of sem conductor wafers and the detection of planarization end
point. Description of Related Art The rmachines to prepare and fabricate
semi conductor wafers are well known Trt fhe art. Semiconductor wafers are
prepared by slicing thin sheets froma sem conductor crystal. The thin
sheets are then abraded and polished to elimnate any surface
irregularities and to achieve a planar surface. Integrated circuits (I1Cs)

are then inprinacNew GhérhicaliMettarital Planarizatioh (CMP)Ehe Poirite | C s
are formed by sel ective deposition and

Detection Apparatus

Background Of The Invention

Field Of The Invention

This invention relates to machines and apparatus for polishing

semiconductor wafers, and more particularly to a machine for the
chemical mechanical planarization (CMP) polishing of semiconductor

wafers and the detection of planarization end point.

Description of Related Art

The machines to prepare and fabricate semiconductor wafers are
well known in the art. Semiconductor wafers are prepared by slicing thin
sheets from a semiconductor cwsﬁl. The thin sheets are then abraded
and polished to eliminate any surface irregularities and to achieve a

planar surface.

Integrated circuits (IC's) are then imprinted upon the surface of the

semiconductor wafer. The IC’s are formed by selective deposition and



-2- renoval of layers of sem conducting materials, conducting netals such
as Al um num or Tungsten, and insulating materials such as Silicon Di oxide.
The pl anari zation of the sem conductor wafer and the renoval of the
aforenentioned | ayers may require abrading and polishing. The polishing
process may be acconplished by an abrasive slurry lapping process. In this
process a sem conductor wafer is nounted on a rotating carrier and placed
in contact with a rotating polishing pad. The abrasive slurry is sprayed
upon the rotating polishing pad. The material is renoved fromthe

sem conduct or wafer by the nechanical abrading action of the slurry. The
slurry is a liquid having insoluble abrasive particles held in suspension.

Addi tional |y t émbvallef faysRyofRrfcsHiRBliNnatdiats cBRdWRIAE PdtaBSuc Bks f orm of
polishing is referred to as chem cal-mnmechani cal planarization ‘(CNP).

Aluminum or Tungsten, and insulating materials such as Silicon Dioxide.

The planarization of the semiconductor wafer and the removal of
the aforementioned layers may require abrading and polishing. The
polishing process may be accomplished by an abrasive slurry lapping
process. In this process a semiconductor wafer is mounted on a rotating
carrier and placed in contact with a rotating polishing pad. The abrasive
slurry is sprayed upon the rotating polishing pad. The material is
removed from the semiconductor wafer by the mechanical abrading action

of the slurry.

The slurry is a liquid having insoluble abrasive particles held in
suspension. Additionally the liquid may have chemical abrasion
properties. This form of polishing is referred to as chemical mechanical’

planarization (CMP).

A particular problem encountered in the use of CMP polishing is in
the control of the process parameters 'to achieve a particular smoothness
or to a particular thickness of the deposited materials. In the past, the
surface characteristics and the planarization end point of the planarization
of the wafer have required fhe removal of the semiconductor wafers from

the polishing apparatus and physically examining the semiconductor



A particul ar problemencountered in the use of CVP polishing is in the
scontrol of the process paraneters to achieve a particul ar snoothness or to
a particular thickness of the deposited materials. In the past, the surface
characteristics and the planarization end point of the planarization of the
waf er have required the renoval of the sem conductor wafers fromthe
pol i shing apparatus and physically examgning the sem conductor - 3-

waf ers to determ ne di nensional and planar characteristics. The

sem conductor wafers nust be repeatedly | oaded into and renoved fromthe
pol i shing apparatus to conplete the planarization process. Additionally
excess materials may be renoved fromthe sem conductor wafer, thus causing

t he sem conduct or, be discarded. U S. Patent 5,196, 353 (Sandhu,. et
al .) describes a vrvr%*?ﬂs?é &a?g%f"‘é‘ifp%fmé@nﬁbanchnlanar charactedstiosoi Tt | on of .

pl anari zation en Qi nt. usin
Cge‘?mconduc?or Wafers must be repeatedly loaded into and removed from

the polishing apparatus to complete the planarization process.
Additionally excess materials may be removed from the semiconductor

wafer, thus causing the semiconductor wafer to be discarded.

U. S. Patent 5,196,353 (Sandhu, et al.) describes a method and
apparatus for an in situ determination of planarization end point using

thermal imaging during CMP polishing.

U. S. Patent 5,308,438 (Cote, et al.) discloses another method and
apparatus for determining a planarization end point in the CMP polishing
of layers on a semiconductor workpiece using CMP polishing. The

apparatus detects changes in the load current of a motor rotating said

semiconductor workpiece.

U. S. Patent 5,337,015 (Lustig, et al.) shows still another method
and apparatus for in situ thickness monitoring and planarization end point
detection. In this case an electrical signal is passed through the

semiconductor wafer and changes in the signal are monitored to detect

changes at the surface being polished.



thermal inmaging during CWP polishing. U S. Patent 5,308,438 (Cote, et al.)
di scl oses anot her net hod and apparatus for determ ning a planarization end
point in the CWP polishing of layers on a sem conductor workpi ece usi ng CW
pol i shing. The apparatus detects changes in the |oad current of a notor
rotating said sem conductor workpiece. U S. Patent 5,337,015 (Lustig, et
al.) shows still another method and apparatus for in situ thickness
nonitoring and planarization end point detection. In this case an

el ectrical signal is passed through the sem conductor wafer and changes in
the signal are nonitored to detect changes at the surface being polished.
-4- U S Patent 5,240,552 (Yu, et al.) discloses yet another apparatus for

the detection of pl angr§2alibars 8¢ sB9/(Vh, ') BRCOVEs Y&l drihhdihpRbrdus
for the detection of planarization end point during CMP polishing of a
semiconductor wafer using acoustical waves. The acoustical waves are
tr;nsmitted through the wafer and the reflected acoustic waves are
analyzed to determine the plaharization end point and the semiconductor

wafer thickness.

U. S. Patent 5,483,568 (Yano,et al.) illustrates a method for
determining CMP polishing rate on the surface of a semiconductor wafer.
An x-ray beam is directed to an exposed surface of a polishing pad during
the CMP polishing of the semiconductor wafer. The intensity of the x-ray
fluorescence, which results from the x-ray beam illuminating the polishing

pad is detected. The intensity of the fluorescence is related directly to the

CMP polishing rate.

Summary Of The Invention

An object of this invention is to provide a chemical mechanical
planarization polishing machine incorporating a means to detect planarization
end point. Another object of this invention is to provide an in situ detection of

the planarization end point.



sem conduct or wafer using acoustical waves. The acoustical waves are
transmtted through the wafer and the refl ected acoustic waves are anal yzed
to determine the planarization end point and the sem conductor wafer
thickness. U S. Patent 5,483,568 (Yano,et al.) illustrates a nmethod for
determ ning CVP polishing rate on the surface of a sem conductor wafer. An
Xx-ray beamis directed to an exposed surface of a polishing pad during the
CWP pol i shing of the semiconductor waf®f. The intensity of the x-ray
fluorescence, which results fromthe x-ray beamillum nating the polishing
pad is detected. The intensity of the fluorescence is related directly to
the CWP polishing rate. Sunmary OF The Invention An object of this
i nvention is to ' : 1Gal ' rd ' Lshi ng
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and rotate a workpiece such as a semiconductor wafer. The workpiece carrier is

relatively moveable to a rotating polishing pad. The workpiece is brought in
contact with the polishing pad while an abrasive slurry dispenser sprays an

abrasive slurry on the polishing pad to polish the workpiece.

A light emitting means emits a beam of light that is focused upon the
workpiece carrier. The beam of light is reﬂécted to beam position sensing
means. The refiected beam of light will vary in position on the beam position
sensing means due to a vibrating of the workpiece during the polishing of the
workpiece. The beam position sensing means detect the changes in position of
the reflected beam of light. A calculating means evaluates the magnitude and
frequency of the changes in position. The magnitude and frequency of the

vibrating motion is related to the planarization end point.

Brief Description of the Drawings

Figure 1 is a cross sectional view of a semiconductor wafer showing the

topography of deposited material prior to CMP polishing.



-5- To acconplish these and ot her objects, a chem cal nechanical polishing
machi ne pl anari zati on polishing machi ne has a workpi ece carrier that wll
hol d and rotate a workpi ece such as a sem conduct or wafer. The workpi ece
carrier is relatively noveable to a rotating polishing pad. The workpi ece
I's brought in contact wwth the polishing pad while an abrasive slurry

di spenser sprays an abrasive slurry_aqn_the polishing pad to polish the

wor kpi ece. A light emtting neans enmits a beamof light that is focused
upon the workpiece carrier. The beamof light is reflected to beam position
sensing neans. The reflected beamof light will vary in position on the
beam position sensing neans due to a vibrating of the workpiece during the
pol i shing of the workpiece. The beam position sensing neans detect the
changes in position of the reflected-beamof Iight. A calculating neans
eval uat es the nadiguradds armicss segtionalyview of a semicongueetor wafesafter GMP The
magni t ude and frequency of the vibrating notion is related to the

pl anari zat i qpolishidgpoi nt . '

Figure 3 is a perspective view of a CMP polishing machine incorporating

a planarization end point detection system of this invention.

* Figures 4a-c are simplified side views of the machine of Fig. 3 showing
vibration due to topological variations and the function of the end point detection

system of this invention.

Figures 5a and 5b are plots of the output of the position sensor of this

invention as function of time.

Figure 6 is a flow diagram of the method for CMP polishing of a

semiconductor wafer of this invention.
Detailed Description Of The Invention

Fig. 1 illustrates a cross section of a semiconductor wafer 3. A conductive
metal film 7 is placed on the surface of the semiconductor wafer 3. This
conductive metal film forms the connecting wiring for integrated circuits imprinted

on the semiconductor wafer 3. An insulating material such as Silicon Dioxide



Brief Description of the Drawings Figure 1 is a cross sectional view of a
sem conduct or wafer showi ng the topography of deposited material prior to
CVP pol i shing. -6- Figure 2 is a cross sectional view of a sem conductor
waf er after CWP polishing. Figure 3 is a perspective view of a CW
pol i shi ng machi ne incorporating a planarization end point detection system
of this invention. Figures 4a-c are sigplified side views of the machine of
Fig. 3 showing vibration due to topological variations and the function. of
the end point detection systemof this invention. Figures 5a and 5b are

Fime: i gur 4567 § ohesvipdph asiriita atdre seRsanRutocNoh SRR of o |

. laying the conductive metal film7. -

During the deposition process the insulatiné material 5 can not cover the
semiconductor to a uniform thickness_.causing an uneven surface 9. To smooth
the surface 9 and to remove some of the insulating material 5 to reduce the
thickness of the insulating material 5 or to expose the underlaying conductive
métal film 7, the insulating material 5 will be lapped or abraded. The resuits of
this process are shown in Fig. 2. The insulating material 5 may be lapped and
polished using CMP polishing to remove the insulating material 5 to expose the
conductive metal film 7 and to smooth or planarize the surface of the insulating

material 5.

To accomplish the smoothing 'and the removal of the insulating material 5,
a CMP polishing machine is shown in Fig. 3. A platen 10 is attached to a platen
drive motor 20 such that the platen 10 may be rotated at a controlled speed. A

polishing pad 12 is placed upon and secured to a the platen 10.

A workpiece such as the semiconductor wafer 3 of Fig. 1 is securedto a
workpiece carrier 14 and suspended over the polishing pad 12. The quill drive
motor 21 is attached to the workpiece carrier 14 to allow said workpiece 16 to

rotate in relation to the polishing pad 12.



sem conductor wafer of this invention. Detailed Description O The
Invention Fig. 1 illustrates a cross section of a sem conductor wafer 3. A
conductive nmetal film?7 is placed on the surface of the sem conductor wafer
3. This conductive netal filmfornms the connecting wiring for integrated
circuits inprinted on the sem conductor wafer 3. An insulating materi al
such as Silicon D oxide -7- (Sigersg]) 5 is deposited on the surface of
t he sem conductor wafer 3 and over l|aying the conductive netal film?7.
During the deposition process the insulating material 5 can not cover the
sem conductor to a uni formthickness causing an uneven surface 9. To snooth
the surface 9 and to renpove sone of the insulating material 5 to reduce the
t hi ckness of the insulating material 5 or to expose the underl ayi ng

conductive netal AE!;:Fng%isﬂehgeH{‘Fw{ua&iéﬂ%sg%%[:bﬁ% PsthblittorGbt 38R ©OF

abraded. The result
abrasive slurry onto the surface of the polishing pad 12. The rotating workpiece

16 is lowered to contact the rotating polishing pad 12 with a constant downward

pressure to perform a CMP polishing in a conventional manner.

A section of piping 18 having a plurality of nozzles 22 is placed above the
polishing pad 12 and attached to a compress_ed air supply 24. The compressed
air exits the nozzles 22, when activated, blows away polishing products from fhe
polishing pad 12 and prevents matting of the polishing pad 12. The compressed
air removal of polished products is desirable for removal of material layers and

be replaced with a nylon brush for removal of insulating materials such as SiO..

All of the above described structure is conventional and is shown for

example in the above discussed patent to Yano, et al.

The CMP polishing machine of Fig. 3 includes a light source 30'tha’.t will emit a
beam of light 32 to a point A on the workpiece carrier 14. The light source 30 in
the pfeferred embodiment is a laser light of sufficient intensity to be detected by
the position sensor 36 but not so intense as to cause damage to the positions

sensors 36.



this process are shown in Fig. 2. The insulating material 5 may be | apped
and polished using CVWP polishing to renove the insulating nmaterial 5 to .
expose the conductive netal film7 and to snooth or planarize the surface
of the insulating material 5. To acconplish the snoothing and the renoval

of the insulating material 5, a CMP polishing machine is shown in Fig. 3. A
platen 10 is attached to a platen dr+ve-notor 20 such that the platen 10
may- be rotated at a controlled speed. A polishing pad 12 is placed upon and
secured to a the platen 10. A workpi ece such as the sem conductor wafer 3
of Fig. 1 is secured to a workpiece carrier 14 and suspended over the

Carrior 14" noeARam Gt sas e Rssis A v Rt ereRsb sk o i =
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36 will comprise an array of photo sensing devices such as photodiodes,
phototransistors, or photo charge coupled devices. The photo sensing devices
will convert light of the reflected beam to an electrical signal. The electrical

signal will be transferred to the calculating circuit 38 for processing to determine

the planarization end point.

To discuss the determination of the planarization end point refer now to
Figs. 4a-c. Figs. 4a-c are simplified side views of the CMP polishing machine of
Fig. 3. As the polishing pad 12 and platen 10 are rotated and the workpiece
carrier 14 containing the semiconductor wafer workpi.éce 16 is rotated, the
semicond.uctor wafer workpiece 16 is brought in contact with the polishing pad

12 containing an abrasive slurry.

The light source 30 directs the beam of light 32 at point A on the
workpiece carrier 14. If there is no vibration of the semiconductor workpiece 16
as it rotates on the polishing pad 12, the reflected light beam 34a will impinge

upon the position sensor 36 at point 36a. |

At the beginning of the CMP polishing process, the surface of the

semiconductor wafer workpiece 16 will have variations in the surface such as



abrasive slurry onto the surface of the pol i shing pad 12. The rotating
wor kpi ece 16 is |owered to contact the rotating polishing pad 12 with a
constant downward pressure to performa CWP polishing in a conventional
manner. A section of piping 18 having a plurality of nozzles 22 is placed
above the polishing pad 12 and attached to a conpressed air supply 24. The
conpressed air exits the nozzles 22,-Wen activated, blows away polishing
products fromthe polishing pad 12 and prevents matting of the polishing
pad 12. The conpressed air renoval of polished products is desirable for
renoval of material |ayers and be replaced wth a nylon brush for renoval

of i nsul atihgs&Bhewn # FigS¥'CiThase {%rﬁtﬁhg 1mu éhdsethe Wibpatil@ve tiskescr i bed
structure is conventional and is shown for exanple in the above di scussed

patent to ¥, tcwﬁﬁﬁtfci’ér-wa-lfg l&@'1'6‘°tﬁétﬁ9ill§%n'§?er@d thitSe w%rl&p‘%de“des a | ight

source 30 t emt a beam of to a point A on wor kpi ece

carrier g ce 30 |n re | aser

| i ght of suﬁrflgﬁ Jgft ?f‘%l"’g’ '?CS? “'Ye %g{ll@)&%%ﬂl%%jq ﬁgﬁg%ﬁ &gh&%é > 36 but

not so int elrs],ss?moev?\ |rt1 ig cau %ng%ga po?xsl%npms ppags1|2trlo tes tsneenwgrrg ons in the
semiconductor workpiece 16 will have a frequency that is less than 500 Hz and a

magnitude at the workpiece carrier 14 of from approximately 0.1um to a few

micrometers.

As the workpiece carrier 14 is displaced as in Fig. 4b, the reflected light beam
34b now impinges upon the position sensor 36 at point 36b. Then, as the

workpiece carrier 14 is rotated it will be displaced as in Fig. 4c. The reflected
light beam 34c¢ will now move to impinge upon the position sensor 36 at point

36¢.

Each photo sensing device will transmit a signal when the light beam 34a,
34b, 34c is detected. This signal will be translated into positional information
and the positional information is transferred to the calculating circuit 38 of Fig. 3.
The calculating circuit 38 of Fig. 3 will perform a Fast Fourier Transform (FFT)
upon the transmitted signal and compare it to a previously determined version of
an FFT for the planarization end péint detection. When the previously
determined version of the FFT and the calculated version are equivalent, the

planarization end point has been acheived and the process is completed.



-9- The beamof light 32 is reflected at point Ato formthe reflected beam
34. The refl ected beam 34 inpinges upon the position sensor 36. The
position sensor 36 will conprise an array of photo sensing devices such as
phot odi odes, phototransistors, or photo charge coupl ed devices. The photo
sensing devices wll convert light of the reflected beamto an el ectrical
signal. The electrical signal will be §{fansferred to the cal cul ating
circuit 38 for processing to determ ne the planarization end point. To

di scuss the determ nation of the planarization end point refer now to Figs.
4a-c. Figs. 4a-c are sinplified side views of the CVMP polishing machi ne of
Fig. 3. As the polishing pad 12 and platen 10 are rotated and the workpi ece
carrier 14 containing the sem conductor wafer workpiece 16 is rotated, the

sem conduct or waf er rkpiece 16 is brought..in_contact w.th the polishing
pad 12 contai ni ngeﬁhg@'ﬁnﬁ% Vg’egﬁ ergis arﬁgnﬁ'ﬁ'%?o@tﬂﬂ‘reaéatgﬂalgpraeﬁ“@nghe beam
of light 32 at pqint Aor}rthe . )
material such as from an oxide to a metal or from a first metal to a second métal,
‘the FFT for this transition will have all so been previously determined and
retained. As described in the process above, when the transmitted signal

demonstrates the FFT characteristics for the previously determined transition

between the material types, the process will have been completed.

Plots of the positional information are shown in Figs. 5a and 5b. When
the positional information is changing dramatically as shown in Fig. 5a, the
surface of the semiconductor wafer workpiece is as shown fn Fig. 1. Asthe
surface of the semiconductor workpiece achieves a desired level of smoothness
as shown in Fig. 2, the changes in the positional information decrease in

magnitude and frequency as shown in Fig. 5b.

‘With reference to F ig. 6, the method for this invention to apply the

aforementioned CMP polishing machine includes the steps of:

1. mounting of a semiconductor workpiece upon a workpiece carrier and
rotating the workpiece, step 100; -
2. rotating a polishing pad that is mounted upon a platen, step 110;

3. dispensing an abrasive siurry upon the polishing pad, step 120;



wor kpi ece carrier 14. If there is no vibration of the sem conductor

wor kpi ece 16 as it rotates on the polishing pad 12, the reflected |ight
beam 34a will inpinge upon the position sensor 36 at point 36a. At the
begi nni ng of the CWP polishing process, the surface of the sem conductor
waf er workpiece 16 will have variations in the surface such as - 10 -
those shown in Fig. 1. These variati-obd w || cause the vibrations in the
sem conduct or wafer workpiece 16 that will be transferred to the workpiece
carrier 14. The workpiece carrier 14 will be displaced fromits nornal
position as is shown in Figs. 4b and 4c. As polishing pad 12 rotates the
vibrations in the sem conductor workpiece 16 will have a frequency that is
| ess than 500 Hz and a magnitude at the workpiece carrier 14 of from

appr oxi mat el y 041 Ipweringiheoverkpiese to thecsurtace of thespalisbingaadptepdd 30ar r i er 14
S dlspl aced as in Fig. 4b, the reflected |ight beam

5. directing a beam of light to the workpiece carrier, step 140;

6. detecting positional information of a reflected beam of lighton a
position sensor, wherein the position of the reflected beam of light wili
vary as the magnitude and frequency of the vibrating motion in the
semiconductor workpiece rotating on the polishing pad, step 150; and

T calculating of a planarization end' point by evaluating the change in the
magnitude and frequency of the positional information and a
predetermined relationship between the planarization end point and

the vibrating motion of the semiconductor workpiece, step 160.

While this invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention.



34b now i npi nges upon the position sensor 36 at point 36b. Then, as the

wor kpi ece carrier 14 is rotated it wll be displaced as in Fig. 4c. The
reflected |ight beam 34c will now nove to inpinge upon the position sensor
36 at point 36c. Each photo sensing device will transmt a signal when the
|'i ght beam 34a, 34b, 34c is detected. This signal wll be translated into
positional information and the posit+asal information is transferred to the
calculating circuit 38 of Fig. 3. The calculating circuit-_38 of Fig. 3 will
performa Fast Fourier Transform (FFT) upon the transmtted signal and —

conpare it to a previously determ ned version of an FFT f?um,mmu

pl anari zation end point detection. Wien the previously detd mllul,l”",
of the FFT a\%‘#fﬁeg@@e&d?at ed version are equival ent, the plahartzati o end
poi nt has been acheived and the process is..conpl eted. For situations
where there is a transition fromone material to a second material ‘such as

froman oxide to a netal or froma first netal to a second netal,
1. A chemical mechanical planarization polishing machine comprising

a) a rotatable workpiece carrier to hold a workpiece and imparta -
rotating motion to said -workpiece;

b) a rotatable polishing pad having an upper surface, wherein said
work piece carrier and said polishing pad are relatively moveable
to allow the workpiece to be brought in contact with said polishing
pad;

c) an abrasive slurry dispenser to dispense an abrasive slurry onto
said upper sun‘ace of the palishing pad to abrade and polish said
workpiece;

d) a light emitting means to emit a beam of light, wherein said beam
of light impinges upon the workpiece carrier;

e) a beam position sensing means to detect a positioning of a
reflection from said workﬁiece carrier of said beam of light, wherein
said reflection will véfy in position due to a vibrating motion of said
workpiece during the rotating motion; and

f) a calculating means to determine an end point of the polishing of
said workpiece by evaluating a magnitude and a frequency of a
change in the positioning of the reflection and a predetermined
relationship between said end point and the vibrating motion of

said workpiece.



the FFT for this transition will have all so been previously determ ned and
retained. As described in the process above, when the transmtted signal
denonstrates the FFT characteristics for the previously determ ned
transition between the material types, the process will have been
conpleted. Plots of the positional information are _shown in Figs. 5a and
5b. When the positional information tsl€hangi ng dramatical |y as shown in
Fig. 5a, the surface of the semni conductor vvafer mrkillﬂﬂl]ﬂﬁlﬂﬂﬂﬂlﬂﬂll
Fig. 1. As the surface of the sem conductor workpiec

| evel of snoothness as shown in Fig. 2, the changes in the p05|t|ona

I nformati on decrease in nagnitude and frequency as shown in Fig. 5b. Wth
reference to Fig. 6, the method for this invention to apply the

af orementi oned CMP polishing machine-includes the steps of: 1. nounting of
a sem conduc®er V\EF\RPpwmﬁ'@ﬁhlae\%ﬁlaﬁﬂédféhﬁamrthéWoé!ﬁmﬁ%ﬂalﬂdeﬁgat he
wor kpi ece, step 100; 2. rotating a polishing pad that is nounted upon a

pl aten, step 110; semmundwﬂuamwgran abrasive slurry upon the polishing pad,
step 120;

3. The polishing machine of claim 2 wherein said semiconductor wafer has a
material including silicon dioxide deposited upon it that must be abraded

and polished to control a thickness of said material.

4, The polishing machine of claim 1 wherein said abrasive slurry includes a

liquid having abrasive particles in suspension.

5. The polishing machine of claim 1 wherein the beam of light will be
focused so as to impinge upon the workpiece carrier at a region wherein

the vibrating motion is a maximum of the magnitude.

6. The polishing machine of claim 1 wherein the vibrating motion will vary as

a function of the material and a roughness of said workpiece.

7. An apparatus for determining a magnitude and frequency of a vibrating
motion of a workpiece carrier that will hold a workpiece and impart a

rotating motion to said workpiece, wherein said workpiece is in contact

with a rotating polishing pad onto which an abrasive slurry is dispensed to



--12 - 4. lowering the workpiece to the surface of the polishing pad, step
130; 5. directing a beamof light to the workpiece carrier, step 140; 6.
detecting positional information of a reflected beamof |ight on a position

sensor, wherein the position of the reflected beamof light will vary as

t he magnit of the vibrating notion in the sem conductor
wor kpi ece Hmmm1mﬂﬂ"m | i shing patly step 150; and 7. calculating of a
pl anari zati oh éndtpofntsby* eval uating the change in the nagnitude and
frequency of the positional information and a predeterm ned relationship
between the planarization end point and'the vibrating nmotion of the

'sem conduct or wor kpi ece, step 160. While this invention has been
particularly showvabradeiand polishosaid workpieast sndmberein saldanpeEatus r ed

enbodi ments thereof, it will be understood by those skilled in the art that

vari ous changes |<mn'ip1usesand details may be made w t hout depart| ng fromthe
spirit and scope of the invention.

10.

a) a light emitting means to emit a beam of light, wherein said beam
.of light impinges upon the workpiece carrier;

b) a beam position sensing meaﬁs to detect a positioning of the a
reflection from said workpiece carrier of said beam of light, wherein
said reflection will vary in position due to a vibrating motion of said
workpiece during the rotating motion; and

c) a calculating means to determine an end point of the polishing of
said workpiece by evaluating a magnitude and a frequency of a
change in the positioning of the reflection and a predetermined
relationship between said end point and the vibrating motion of

said workpiece.

The apparatus of claim 7 wherein the workpiece includes a semiconductor

wafer.

The apparatus of claim 8 wherein said semiconductor wafer has a
material including silicon dioxide deposited upon it that must be abraded

and polished to control a thickness of said material.

The apparatus of claim 7 wherein said abrasive slurry includes a liquid

having abrasive particles in suspension.



-"13 - What is clainmed is: 1. A chem cal mechanical planarization _
pol i shing machi ne conprising a) a rotatable workpiece carrier to hold a
wor kpi ece and inpart a rotating notion to said workpiece; b) a rotatable
pol i shi ng pad havi ng an upper surface, wherein said work piece carrier and
said polishing pad are relatively noveable to allow the workpi ece to be

brought in contact with said polishingéad; c) an abrasive-—sturry -

di spenser to di spense an abrasive slurry onto said upper
polishing pad to abrade and polish said workpiece;

means to emt a beamof light, wherein said beam of Ilght Tj‘w% ﬂ“im! ql

wor kpi ece carrier;

1.

12.

13.

—

The apparatus of claim 7 wherein the beam of light will be focused so as
to impinge upon the workpiece carrier at a region wherein the vibrating

motion is a maximum of the magnitude.

The apparatus of claim 7 wherein the vibrating motion will vary as a

function of the material and a roughness of said workpiece.

A method for performing the process of CMP polishing comprising the

steps of:

a) mounting of a warkpiece upon a workpiece carrier and rotating the
workpiece;

b) rotating a polishing pad that is mounted upon a platen;

c) dispensing an abrasive slurry upon said polishing pad;

d) lowering the workpiece to the surface of the polishing pad;

e) directing a beam of light to the workpiece carrier;

f) detecting pbsiﬁonal information of a reflected beam of light on a
position sensor, wherein the position of the reflected beam of light
will vary as the magnitude and frequency of a vibrating motion in
the workpiece rotating on the polishing pad; and |

q) calculaﬁng ofa plaﬁarization end point by evaluating the change in

the magnitude and frequency of the positional information and a



e) a beam position sensing neans to detect a positioning of a reflection
fromsaid workpiece carrier of said beamof |ight, wherein said reflection
will vary in position due to a vibrating notion of said workpiece during
the rotating notion; and f) a calculating neans to determ ne an end
poi nt of the polishing of said workpiece by evaluating a magnitude and a
frequency of a change in the positienihg-of the reflection and a

predeterm ned_LeLaLJ@nsh%eEV\een said end point and the vibrating notion
of said workpiece. he polishing rmachine of claim1l wherein

t he wor kpi-ec lml Jl l onductor wafer. 3.  The polishing machine of
claim?2 V\/ner ctor wafer has a material including silicon
di oxi de deposi te upon it that nmust be abraded

——

predetermined relationship between the planarization end point

and the vibrating motion of said workpiece.

14.  The method of claim 13 wherein the workpiece includes a semiconductor

wafer,

15. The method of claim 14 wherein said semiconductor wafer has a material -
including silicon dioxide deposited upon it that must be abraded and

polished to control a thickness of said material.

16. The method of claim 13 wherein said abrasive slurry includes a liquid

having abrasive particles in suspension.

17.  The method of claim 13 wherein the beam of light will be focused so as to
impinge upon the workpiece carrier at a region wherein the vibrating

motion is a maximum of the magnitude.

18.  The method of claim 13 wherein the vibrating motion will vary as a

function of the material and a roughness of said workpiece.



and polished to control a thickness of said material. 4. The pol i shing
machi ne of claim 1l wherein said abrasive slurry includes a |iquid having
abrasive particles in suspension. 5. The polishing machine of claim1
wherein the beamof light will be focused so as to inpinge upon the

wor kpi ece carrier at a region wherein the vibrating notion is a maxi num of

the magni tude. 6. The polishing nmachine of claim1l wherein the vibrating
motion will vary as a function of tHelfaterial and a roughness of said
wor kpi ece. 7. An apparatus for determ ning a magnitude and frequency of a

vibrating notion of a workpiece carrier that will hold a workpiece and

tnpart a rotating notion to said wark o&PIch (&MBspi ece is in
contact with a rotating %8 m abrasive slurry is
di spensed to - - 15 - abr B QR [5’ wor kpi ece, and wherein said

appar at us Abstract

A chemical mechanical planarization polishing machine that includes a
means for the detection of planarization end point is described. The chemical
mechanical planarization polishing machine includes a workpiece carrier to hold
and rotate a semiconductor wafer wc_arkpiece. The semiconductor wafer
workpiece is placed in contact with a rotating polishing pad onto which an
abrasive slurry is dispensed. A light emitting means directs a beam of light onto
the workpiece carrier. The beam of light is reflected to a positional sensing
means that detects variation in the position"o_f the reflected beam of light as the
workpiece vibrates due to irregularities in the surface of fhe workpiece. The
positional information of the varlation of the reflected beam of light is transferred
to a calculating means that will determine the planarization- end point from
changes in magnitude and frequency of the positional information and a
predetermined relationship between the vibration of the workpiece and the

planarization end point.

(FIGURE 3 1S SUGGESTED FOR PUBLICATION)



conprises: a) alight emtting nmeans to emt a beamof |ight, wherein
.said beam of |ight inpinges upon the workpiece carrier; b) a beam
position sensing nmeans to detect a positioning of the a reflection from
sai d workpi ece carrier of said beamof light, wherein said reflection wll
vary in position due to a vibrating notion of said workpiece during the
rotating notion; and c) a calculatin%dneans to determ ne an end point of
the polishing of said workpi ece by evalldating a magni tude and a frequency
of a change in the positioning of the reflection and a predeterm ned

rel ati onship between said end point and the vibrating notion of said

wor kpi ece.” 8. The apparatus of claim7 wherein the workpiece includes a .
sem conductor wafer. 9. The apparatus of claim@8 wherein said

sem conductor wafer has a material ineluding silicon dioxide deposited upon
it that nust be abraded and polished to control a thickness of said

mat eri al . 9
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10. The apparatus of claim7 wherein said abrasive slurry includes a
-liquid having abrasive particles in suspension. -16- 11. The apparatus
of claim?7 wherein the beamof light will be focused so as to inpinge upon
the workpiece carrier at a region wherein the vibrati.ng notion is a maxi num
of the magnitude. 12. The apparatus of claim7 wherein the vibrating
notion will vary as a function of the_qB%e[ial and a roughness of said

wor kpi ece. 13. A nethod for perform ng’the process of CMP polishing
conprising the steps of: a) mounting of a workpi ece upon a workpi ece
carrier and rotating the workpiece; b) rotating a polishing pad that is

nmount ed upon a platen; c) di ppemstAg an abrasive slurry upon said
pol i shi ng pad; O :
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d) | owering the workpiece to the surface of the polishing pad; e)

. directing a beamof light to the workpiece carrier; f) detecting
positional information of a reflected beamof |ight on a position sensor,
wherein the position of the reflected beamof light will vary as the

magni tude and frequency of a vibrating notion in the workpiece rotating on
the polishing pad; and Q) cal cul ating of a planarization end point by
eval uating the change in the magnitude3dhd frequency of the positional

information and a - 17 - predetexm ned rel ation @ p between the
pl anari zation end point and the vi ing nmotion o sa rkpi ece.
The nmethod of claim 13 wherein the plece inclu conductor
wafer. 15. The method of cl aidD+44 ald s or mafer has a
mat eri al
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i ncluding silicon dioxide deposited upon it that nust be abraded and
“polished to control a thickness of said material. 16. The nethod of claim
13 wherein said abrasive slurry includes a liquid having abrasive particles
in suspension. 17. The method of claim 13 wherein the beamof light wll
be focused so as to inpinge upon the workpiece carrier at a region wherein
the vibrating notion is a nmaxi mum of th ¥qgnitude. 18. The net hod of
claim 13 wherein the vibrating notion wif vary as a function of the
material and a roughness of said workpiece. ' '
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