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METHOD AND APPARATUS FOR DETERM NATI ON OF THE ~— efb ‘PBI'IVr N BrMeaL
VECHANI CAL POLI SHI NG BACKGROUND OF THE | NVENTI ON (1)
FI ELD OF THE | NVENTI ON This invention relates to the
determ nation of the endpoint in chem cal nechanical polishing, CW, and
nore specifically to integrating a current which is proportional to the
rate of renoval of the film being poitished and stopping the polishing when
a pre-determ ned anount of the film has been renoved. (2) DESCRI PTI ON
OF THE RELATED ART As the use of chem cal nechanical polishing
beconmes nore widely used in integrated circuit manufacture

METHOD AND APPARATUS FOR DETERMINATION OF THE

END POINT IN CHEMICAL MECHANICAL POLISHING

BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION

This invention relates to the determination of the
endpoint in chemical mechanical polishing, CMP, and morxe
specifically to integrating a current which is proportional

to the rate of removal of the film being polished and
stopping the polishing when a pre-determined amount of the

film has been removed.

(2) DESCRIPTION OF THE RELATED ART

As the use of chemical mechanical polishing
becomes more widely used in integrated circuit manufacture
it becomes increasingly important to find improved methods

for determination of the endpoint of the polishing.



it becones increasingly inportant to find inproved nethods for

determ nation of the endpoint of the polishing.

- 2 - U S Pat. No. 5,492,594 to Burke et al. describes a
tool which uses a plurality of electrodes in an electrolyte bath to
determ ne the thickness of dielectric remaining on the surface of the

waf er bei ng polished. - Bhe invention of this Patent Application
generates the integral over time of a current proportional to the rate of
removal of a dielectric |ayer being polished. In this way the anmount of

dielectric layer renoved is determ ned. The endpoint is reached when a
predeterm ned anmount of the dielectric |ayer has been renoved.
U.S. Pat. No. 5,492,594 to Burke et al. describes
a tool which uses a plurality of electrodes in an
electrolyte bath to determine the thickness of dielectric

remaining on the surface of the wafer being polished.

The invention of ﬁhis Patent Application generates.
the integral over time of a current proportional to the rate
of removal of a dielectric 1a§er being polished. In this
way the amount of dielectric layer removed is determined.

The endpoint is reached when a predetermined amount of the

dielectric layer has been removed.



- 3 - SUWMMARY OF THE | NVENTI ON Cheni ca
Mechani cal Polishing, CMP, is becomng nore widely used in the manufacture
of integrated circuit wafers as a neans of planarizing dielectric |ayers
formed on the integrated circuit wafers. The dielectric |ayers are
typically formed over devices fornmed in the integrated circuit wafers and
nmetal el ectrodes, and/or other featuBes, fornmed on the surface of the
integrated circuit wafer. CMP conprises the use of a polishing nechani sm
a polishing pad attached to the polishing nechanism an abrasive slurry,
and relative notion between the polishing pad and the integrated. «circuit

wafer to polish the surface o§ypirydiod! egEr kSvEy®sy and achi eve a snooth
surface. One of the problens encountered in using CWP for

planarizing dielectric |ayers on integrated circuit wafers 1is
determ nation of the end point of the polishing step. If the polishing is
continued for too | onfhemicat MeghanjldadhPayishing pr@oed st hecoghng he

dielectric layer and into the netal electrodes_or other features covered -
by the di el 88%¢ MiAQLyr ussAqigFhR) MARERCERY R (R NtnteaEsded 6AXERIEhe waf er

being  poli shed Can L P%elhs O¥F p A9 308 SABAE 119e1R! Shrmed on
the integrated circuit wafers. The dielectric layers are
typically formed over devices formed in the integrated
circuit wafers and metal elecﬁrodes, and/or other features,
fdrmed on the surface of the integrated circuit wafer. CMP
comprises the use of a polishing mechanism, a polishing pad
attached to the polishing mechanism, an abrasive slurry, and
relative motion between the polishing pad and the integrated.
circuit wafer to polish the surface of the dielectric layer

and achieve a smooth surface.

One of the problems encountered in using CMP for
planarizing dielectric .layers on integrated circuit wafers
is determination of the end point of the polishing step. If
the polishing is continuved for too long a time the polishing
can proceed through the dielectric layer and into the metal
electrodes or other features covered by the dielectric layer
and damage them. Frequent inspection of the wafer being
polished can prevent over polishing and damage to_metal
electrodes or other features but this is time consuming and

requires frequent interruptions in the polishing operation.



el ectrodes or other features but this is tine consum ng and requires
frequent interruptions in the polishing operation.
- 4 - It is a principal objective of this invention to
provi de a nethod for determning the end point in chem cal nechanical
polishing that avoids the problens described in the precedi ng paragraphs.
It is another principal objective of4this invention to provide an
apparatus for determning the end point in chem cal mechanical polishing
that avoids the problens described in the precedi ng paragraphs.
These obj ectives are achieved by neasuring the current which supplies the
power to the electric notor driving the chem cal nechanical polishing
mechani sm The current is proportional to the power delivered to the
el ectric notor, proportiDfad prdnicdigalr obieotivetorahishenventishitg pad and
the layer of dielectric material being
provide a method for determining the end point in chemical
mechanical polishing that avoids the problems described in

the preceding paragraphs.

It is another principal objective of this
invention to provide an apparatus for determining the end.
point in chemical mechanical éolishing that avoids the

problems described in the preceding paragraphs.

These objectives are échieved by measuring the
current which supplies the power to the electric motor
driving the chemical mechanical polishing mechanism. The
current is proportional to the power delivered to the

'elgctric motor, proportional to the friction beﬁween the
polishing pad and the layer of dielectric material being
polished, and thereby proportional to the rate of removal of
dielectric material from the layer of dielectric material
being polished. A first voltage, proportional to this
current, is then generated and fed to the input of an
integrator circuit. The output of the integrator circuit is
then a voltage which is proportional to the amount of

dielectric material which has been removed.



poli shed, and thereby proportional to the rate of renoval of dielectric
nmaterial fromthe |ayer of dielectric material being polished. A first

vol tage, proportional to this current, is then generated and fed to the
input of an integrator circuit. The output of the integrator circuit is
then a voltage which is proportional to the anount of dielectric materi al
whi ch has been renoved. -5 - - 5 -

The initial thickness of the layer of dielectric naterial to be polished
i's measured and a reference voltage is generated which is proportional to
this initial thickness of the dielectric layer nmultiplied by a quantity
which is a function of the age of the polishing pad. The reference

vol tage and the output of the integrator circuit are fed to the two inputs
of a conmparator circuit so that the output of the conparator circuit is

t he reference vol t ageThabinitiadd thfichkneshecobtiputlayfert b dhedgebris

circuit. As long as the voltage at the output of the integrator circuit is
| ess than ™aterial to be polished is measured and a reference voltage

is generated which is proportional to this initial thickness
of the dielectric layer multiplied by a quantity which is a
function of the age of the ﬁolishing pad. The reference
voltage and the output of the integratoxr circuit are fed to
the two inputs of a comparator circuit so that the output of
the comparator circuit is the reference voltage subtracted
from the output of the integrator circuit. 2As long as the
voltage at the output of the integrator circuit is less than
the reference voltage, and the output of the comparator
circuit is negative, the polishing continues. When the
voltage at the output of the integrator circuit is equal to
or exceeds the reference voltage, and the output of the
comparator circuit is zero or positive, the polishing is

stopped.

The output of the integrator circuit is a measure
of the amount of dielectric material removed by the
polishing. The reference voltage is used to determine how
much dielectric is to be removed before thé polishing

operation is automatically stopped.



the reference voltage, and the output of the conmparator circuit is
negative, the polishing continues. Wen the voltage at the output of the
‘integrator circuit is equal to or exceeds the reference voltage, and the
output of the conparator circuit is zero or positive, the polishing is
st opped. The output of the integrator circuit is a neasure of
the anount of dielectric material .rgnoved by the polishing. The reference
voltage is used to determ ne how nuch dielectric is to be renoved before
the polishing operation is automatically stopped.
- 6 - BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.
1 shows a cross section view of an integrated circuit wafer having a | ayer
of dielectric naterial to be polished.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section view of an integrated
circuit wafer having a layer of dielectric material to be
polished.

Fig. 2 shows a diagram of a polishing mechanism.

Fig. 3 shows a block diagram of an integrator

circuit connected to a comparator circuit.

Fig. 4 shows a flow diagram of the method used for

automatic end point determination.



Fig.'2 shows a di agram of a polishing nmechani sm Fig. 3 shows
a bl ock diagramof an integrator <circuit connected to a conparator

circuit. Fig. 4 shows a flow diagram of the nethod used for
automati c end point determnm nation. -7 -
DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS Refer now to Figs.

1-3, there is shown the apparatus for~automatic determ nation of the end
point of a chem cal nechanical polishing, CWP, process. Fig. 1 shows a
cross section view of an integrated circuit wafer 10 having devices forned
t herein, not shown, electrodes and/or other features 11 formed thereon,
and a | ayer of diel ecDESCRIRBIGNK iQF THE PBEFBERED EMRBODIMENJISated circuit
waf er 10 over the electrodes and/or other features 11. In the CMP process
the layer of dielectric material 12 is to be planarized by polishing the

layer of dielectric materlal WM {HG4ga98G1 NGnere is shown the

apparatus for automatic determination of the end point of a v
chemical mechanical polishing, CMP, process. Fig. 1 shows a

créss section view of an integrated circuit wafer 10 having
devices formed therein, not shown, électrodes and/ox other
features 11 formed thereon, and a layer of dielectric

material 12 formed on the integrated circuit wafer 10 over

the electrodes and/or other features 11. In the CMP process

the layer of dielectric material 12 is to be planarized by
polishing the layer of dielectric material without damaging

the electrodes or other features 11.

Fig. 2 shows a diagram of the polishing mechanism
of the apparatus for end point determination of this
invention. The integrated ciféuit wafer 10 is attached to a
wafer holder 23, such as a vacuum chuck. A polishing pad 21
is attached to a polishing mechanism 20, such a polishing
wheel. The integrated circuit wafer holder 23 and the
polishing mechanism 20 are dispbsed so as to bring the
dielectric layer 12 into contact with the polishing pad 21
with an abrasive slurry 22, such as a slurry containing
Al,0, particles, disposed between them. An electric motor
26 is mechanically coupled to the integrated circuit wafer

holder 23, the polishing mechanism 20, or both by means of a



the el ectrodes or other features 11. Fig. 2 shows a di agram of
t.he polishing nechanism of the apparatus for end point determ nation of
this invention. The integrated circuit wafer 10 is attached to a wafer

hol der 23, such as a vacuum chuck. A polishing pad 21 is attached to a
pol i shi ng mechani sm 20, such a polishing wheel. The integrated circuit
waf er hol der 23 and the polishing-mchanism 20 are di sposed so as to bring
the dielectric layer 12 into contact with the polishing pad 21 wth an
abrasive slurry 22, such as a slurry containing Alferr](err] particles,

di sposed between them An electric motor 26 is mechanically coupled to the

t t ed fe hol der ,_ .t h h 20, both b
'ngaﬁgrgf °q ‘médhans st Connd@LiSh, 44 end rBeRR ST MedToB ol arive

ti bet l'i shi d
I on bt vegi Ll i TRk kol i Thtiala22a 3 d e pol 1S pe
|ntegrated Cbéff&ﬁld&”ﬂ&@' 223 Fig. 2 shows the electric motor 26

mechanically coupled to the integrated circuit holder 23
only, however those skilled in the art will readily
recognize that the mechanicdl coupling could be between the
electric motor 26 and the polishing mechanism 20 only, or
between the electric motor 26 and both the integrated

circuit holder 23 and the polishing mechanism 20.

As shown in Fig. 2 an electrical power source 30
is electrically comnected to the electric motor 26 and
supplies an electrical current 31 to the electric motor 26.
A sensing circuit 32 which generates a voltage at an output
terminal 34 which is proportional to the current 31 is
connected betwéen the electrical power supply 30 and the
electric motor 26. The current 31 to the electric motor 26,
and consequently the voltage at the output terminal 34 of
the sensing circuit 32, is proportional to the power
supplied to the electric motor 26 which is proportional to
the friction between the polishing pad 21 and the layer of
dielectric material 22. The current 31, then, is
proportional to the rate at which the polishing removes
dielectric material from the layer of dielectric material 12

and the integral over time of the current 31 is proportional

to the amount of dielectric material removed from the layer



only, however those skilled in the art will readily recognize that the
mechani cal coupling could be between the electric notor 26 and the
pol i shing mechani sm 20 only, or between the electric notor 26 and both the
integrated circuit holder 23 and the polishing nechani sm 20.

As shown in Fig. 2 an electrical power source 30 is electrically connected
to the electric notor 26 and suppkies an electrical current 31 to the

el ectric nmotor 26. A sensing circuit 32 which generates a voltage at an
output termnal 34 which is proportional to the current 31 is connected
between the el ectrical power supply 30 and the electric notor 26. The
current 31 to the electric notor 26, and consequently the voltage at the
output termnal 34 of the sensing circuit 32, is proportional to the power
suppl i ed t o afhdielectric matewidgds W®hich is proportional to the friction
bet ween the polishing pad 21 and the |layer of dielectric material 22. The
current 31, then, is proportional to the rate’at which the polishing

renoves dielectric terl from e er i ec terial 12 and~

the integral over tine*8t h%h%"[ﬁ Fssb?%g‘()ﬁol'o eg_na F&€ amount  of

dielectric npiwd Q%,rﬁﬁﬁvgﬂefééﬂﬂfﬂyaéléﬁﬁﬂt 32 of the polishing
mechanism, described above and shown in Fig. 2, and a block
diagram of the circuit for end point determination for the
CMP process. The circuit for end point determination
comprises an integrator circuit 40 having an input 44 and an
output 45 and a comparator circuit 42 having a first input
47, a second input 48, and an output 50. The voltage at the
output 45 of the integrator circuit 40 is equal to the
integral over time of the voltage at the input 44 of the
integrator circuit 40. The voltage at the output 50 of the
comparator circuit 42 is equal to the voltage at the second
input 48 of the comparator circuit 42 subtracted from the
voltage at the first input 47 of the integrator circuit 42.
The output 45 of the integrator circuit 40 is connected to
the first input 47 of the comparator circuit 42. The second
input 48 of the comparator circuit 42 is connected to a
reference voltage 46 source. Tﬁe voltage at the output 50
of the comparator circuit 42 is negative when the voltage at
the output 45 of the.integrator circuit 40 is less than the
reference voltage 46, zero when the voltage at the output 45
of the integrator circuit 40 is equal to the reference
voltage 46, and positive when the voltage at the output 45

of the integrator circuit 40 is greater than the reference



- 9 - of dielectric material 12. Fig. 3 shows the power
supply 30, the electric notor 26, and the sensing circuit 32 of the
polishing mechanism described above and shown in Fig. 2, and a bl ock

di agram of the circuit for end point determ nation for the CM process.
The circuit for end point determ nation conprises an integrator circuit 40
havi ng an input 44 and an output 45i1@nrd a conparator circuit 42 having a
first input 47, a second input 48, and an output 50. The voltage at the
output 45 of the integrator circuit 40 is equal to the integral over tine
of the voltage at the input 44 of the integrator circuit 40. The voltage
at the output 50 of the conparator circuit 42 is equal to the voltage at

t he second f the conparator circuit 42 subtracted fromthe
vol t age at ttgpﬁgré%él)'nput 47 of the integrator circuit 42. The output 45
of the integrator circuit 40 is connected to the first input 47 of the
conparator circuit 42. The second 1input 48 of the conparator circuit 42 is
connected to a referxashopint dgeFilg. shurtee volltageodt atfes autiplw out put 50 ~

terminal 34 of the sensing circuit 32, which is proportional
to the current 31 supplying.power to the electric motor 26
and is also proportional to the rate of removal of
dielectric material from the layer of dielectric material
during chemical mechanical polishing, is connected to the
input 44 of the integrator circuit 40. The voltage at the
output 4S5 of the integrator circuit 40 is the time integrai
of the voltage at the input 44 of the integrator circuit and
is proportional to the amount of dielectric material removed

by the chemical mechanical polishing.

The reference voltage determines the end point of
the polishing process. As long as the reference voltage is
greater than the voltage at the output 45 of the integrator
circuit 40 the voltage at the output 50 of the comparator
circuit 42 is negative and polishing continues. When the
voltage at the output 45 of the'integrator circuit 40
becomes equal to or greater than the reference voltage the
voltage at the output 50 of the comparator circuit 42
becomes zero or positive and the polishing process is
stopped by separating the polishing pad from the layer of

dielectric material.



of the conmparator circuit 42 is negative when the voltage at the output 45
of the.integrator circuit 40 is less than the reference voltage 46, zero
when the voltage at the output 45 of the integrator circuit 40 is equal to
the reference voltage 46, and positive when the voltage at the output 45
of the integrator circuit 40 is greater than the reference

vol t age 46. As shown int ig. 3 the voltage at the output
termnal 34 of the sensing circuit 32, which is proportional to the
current 31 supplying power to the electric notor 26 and is al so
proportional to the rate of renoval of dielectric material fromthe | ayer

of dielectric materialin GHderdteh@ateahin® N irgFerBabe SWbIagd LHeONNECt ed
to the input 44 of the integrator circuit 40. The voltage at the output

45 of the intiagtaadbrtiidimesis 6§ tRet bayér nef idiledgeakicohatdeialolangige at t he
I nput 44 of the integrator circuit and is proportional to the anmount of
di el ectric niherfge 28w @®olishing pad are determined. The reference
voltage is then chosen to be proportional to the initial
thickness of the layer of dielectric material multiplied by
a quantity related to the age of the polishing pad. The
reference voltage determines the amount of dielectric
material removed in the polishing process and the polishing
is automatically stppped when the pre-determined amount of
dielectric material has been removed. In this example the
layer of dielectric material haé an initial thickness of
between about 10,000 and 15,000 Angstroms and the polishing
removes between about 50% and 75% of the initial dielectric

layer thickness.

Refer now to Fig. 4, there is shown a flow diagram
for a method of end point determination for chemical
mechanical polishing. First the initial thickness of the
layer of dielectric material to be polished is measured 60
and the age of the polishing pa§ is determined 61. Then the
reference voltage is generated 62 so that the reference
voltage is proportional to the initial thickness of the
layer of dielectric material multiplied by a quantity
related to the age of the polishing pad. Next 64 the
polishing of the layer of dielectric material is begun and a

first voltage is produced at the output of the integrator



by the chem cal nechani cal polishing. The reference voltage
determ nes the end point of the polishing process. As |long as the
reference voltage is greater than the voltage at the output 45 of the
integrator circuit 40 the voltage at the output 50 of the conparator
circuit 42 is negative and polishing continues. Wen the voltage at the
output 45 of the integrator circuit 140- becones equal to or greater than
the reference voltage the voltage at the output 50 of the conparator
circuit 42 becones zero or positive and the polishing process is stopped
by separating the polishing pad fromthe Iayer of dielectric material.

| ayor of i SLEERFFC T MPCA DRG0V agdsoooRE B ATV, Bk HeRet

det ermi ned. oFhey, aei,ggé?ﬁgagc ahtage: dissefﬂégd[}o%‘i%ﬂglteobﬂu@r eutona' to the

initial thlckness l'ayer o ric materi al I'pl'1ed by
supplying the electric motor and is also proportional to the

amount of dielectric material removed.

Next 66 the comparator circuit, described above,
is used to generate a second voltage which is egqual to the
reference voltage subtracted from the first voltage.

Thén 68 the sign of the second voltage is determined. If
the second voltage is positive the polishing of the layer of
dielectric matérial continues 64. If the second voltage is

zero or negative the polishing process is terminated 70.

While the 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.

What is claimed is:



a qﬁanLLLyutelang_thLhe age of the polishing pad. The reference voltage
‘determ nes the anount of dielectric material renoved in the polishing

proceﬁmﬂrmmu ji@hi Ng s automatically stopped when the pre-determ ned
anoun ﬁHﬂ %, ;naterial has been renoved. In this exanple the |ayer
of diefectritc Mat&rial has an initial thickness of between about 10, 000
and 15,000 Angstrons and the polishirzg- renoves between about 50% and 75%
of the initial dielectric Ilayer thickness. Refer now to Fig.

4, there is shown a flow diagram for a nethod of end point determ nation
for chem cal mechanical polishing. First the initial thickness of the

| ayer of dipl ectridtho@rbgr ead peime qdrmiadtisneas Ueshidl and the age of
the polishing pad is determ ned 61. Then the reference voltage is

gener at ed GRectartinsl plodiskbisy enomnpricinggéhesspepposti onal to the initial
t hi ckness of the |layer of dielectric material nultiplied by a quantity
related to the RFREVERinge3apotRrtegTREghEinait Bafenchapild shilagyest ofhe

I f dielectr,i terial.,i b d ' I e i s produced at
Lyer o e SR MRLeRL ey | FoREGH LAY whkEln 'S AU B

dielectric material has an initial thickness;

providing a means for holding said integrated circuit
wafer;

providing a polishing mechanism having a polishing pad;

providing an electrical power source;

providing an electric motor having an input current and
elecfrical connections to said electrical power source
wherein said input current is proportional to the electrical
power supplied-hy said electrical power source to said
electric motor and said electric motor causes relative
motion between said polishing pad and said layer of
dielectric material formed on said integrated circuit wafer;

polishing said layer of dielectric material formed on
said integrated circuit wafer by means of bringing together
said integrated circuit wafer and said polishing mechanism
so that said polishing pad contacts said layer of dielectric
material whereby said polishing pad removes part of said
layer of dielectric material formed on said intégrated
circuit wafer at a removal rate and said electric current is
proportional to said removal rate;

- providing a means for generating a first voltage

wherein said first voltage is proportional to said current



- 12 = citetits--as—descri bed above. As descri bed above the output of

‘the intear I's proportional to the current supplying the
el ect ﬁﬂ@ Hi Hi | so proportional to the anobunt of dielectric
naterl Next 66 the conparator circuit, described
above, |s used to generate a second vol tage which is equal to t he
reference voltage subtracted fromthe §irst voltage. Then 68 the sign of
the second voltage is determned. If the second voltage is positive the
polishing of the layer of dielectric material continues 64. If the second
voltage is zero or negative the polishing process is termnated 70.

Wil e the invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it wi |l be understood by

D0 8 ey o d A (BB A an et 5 ey b
What is clai mledprgviding an integrator cirecuit having an input and an
output wherein the voltage at the output of said integrator
circuit is the integral over time of the voltage at the
input of said integrator circuit;
connecting said first voltage to said input of said
inﬁegrator circuit whereby said voltage at said output of
said integrator circuit is the'integral over time of said
first voltage and thereby proportional to the amount of said
layer of dielectric material removed;
proﬁiding a comparator circuit having a first input, a
second input, and an output wherein the voltage at said
ocoutput of said comparator circuit is equal to the voltage at
said second input of said comparator circuit subtracted from
.the voltage at said first input of said comparator circuit;
connecting the output of said integrator circuit to
said first input of said comparator circuit;
providing a means for generating a reference voltage;
connecting said reference voltage to said second input
of said comparator circuit;
determining if said voltage at said ocutput of said
comparator circuit is positive, negative, or zero;
continuing said polishing of said dielectric material
formed on said integrated circuit wafer if said voltage at

said output of said comparator circuit is negative; and



- 13 - 1. A nethod of end poi nt determ nation for chem cal nechanical

*pol i sh”lL ng"lu ﬁ he steps of: providing an integrated circuit
waf er HH m ﬂun dielectric material formed thereon wherein said

| ayer ot Uidle®trfc faterial has an initial thickness; providing a
means for holding said integrated circuit wafer; providing a
pol i shi ng nechani sm having a polféﬁ'nﬁ pad; provi ding an el ectri cal
power source; provi ding an electric notor having an input current and
el ectrical connections to said electrical power source wherein said input
current is proportional to the electrical power supplied by said

el ectrical powestsspinge sh@dspdlisttiff iof ¢aiBt Qe boEtSA GralerG@alli C NDt Or
causes relative notion between said polishing pad and said | ayer of

di el ectri cfoxmed ol sfaddnddtegrated dinegrawefieri by ureanmicd ;
polishing said layer of dielectric material forned on said integrated
circuit wafepapdtingsaiss 1pFeRPhAivifpatrdc magenirhtimacdkeeocispédi t waf er

d id || shi hani, th id i shi d t.act id
and sal ¢ poL LS 10 REha e g0 e SRl LAlLng pod ponuact s sald
said layef of 0l el &l AREEE' & A RhnBArSebE EN&H LR zero or

positive.

2. The method of claim 1 wherein said means for generating
said reference voltage comprises:. .

determining said initial thickness of said layer of
dielectric material;

determining the age of said polishing pad;

determining a second voltége level wherein said second
voltage level is proportional to said initial thickness of
said layer of dielectric material multiplied by a gquantity
related to said age of said polishing pad; and

generating said reference voltage egqual to said second

voltage level.

3. The method of claim 1 wherein said means for generating

said first voltage comprises a resistor.

4. The method of claim 1 wherein said polishing mechanism
having a polishing pad comprises an abrasive slurry and a
polishing wheel wherein said polishing pad is attached to

said polishing wheel.



circuit mafer at a renoval rate and said electric current is proportiona
‘to salg’ 'umim' providing a nmeans for generating a first
voltag yuﬂrst voltage is proportional to said current
nd"th%reby proportional to said renoval rate; provi di ng

an |ntegrator circuit having an input and an output wherein the voltage at
the output of said integrator circlat is the integral over time of the
voltage at the input of said integrator circuit; connecting said
first voltage to said input of said integrator circuit whereby said
voltage at said output of said integrator circuit is the integral over
time of said first voltage and thereby proportional to the anmount of said
| ayer of dfelmnd methadt ofi elaieMwikrein saifréddclinigs dotoppR&AL Or circuit
having a first input, a second input, and an output wherein the voltage at
said out peechEnizwild coonpatienrtaisaidi polishima | mechanlismy ehdagaidt

relative motion between said polishing pad and said layer of

dielectric material formed on said integrated circuit wafer

results from moving part or all of said polishing mechanism.

6. The method of claim 1 wherein said electric motor has a
mechanical connection to said means for holding said
integrated circuit wafer and said relative motion between
said polishing pad and said layer of dielectric material
formed on said integrateﬁ circuit wafer results from moving
part or all of said means for holding said integrated

circuit wafer.

7. The method of claim 1 wherein said first voltage is equal
to said reference voltage when between about 50% and 75% of
said initial thickness of said layer of dielectric material

has been removed.

8. The method of claim 1 wherein said initial thickness of
said dielectric materizl formed on said integrated circuit

wafer is between about 10,000 and 15,000 Angstroms.

9. The method of claim 4 ﬁherein said abrasive slurry

comprises Al,0, particles.



sai d second—nput_of said conparator circuit subtracted from

t he vol t age

“at sai irst input of said conmparator circuit; connecting the output
of saicl muﬂgmm uit to said first i nput of said conparator circuit;
provi ﬂmenerating a reference voltage; connecting said

ref erence voftaﬁe to*said second input of said conparator circuit;
detern1n|ng I f said voltage at sai-diput put of said conparator C|rcuit S

pOSI tive,

negative, or zero, continuing said polishing of said
dielectric material fornmed on said integrated circuit wafer if said

voltage at said output of said conparator circuit is negative; and

15

on sai d 1 nd8r RBRERIRR O kpBR bk sleCaRaRslion L o o
186k Abo Lo IF Qs Qafépt@&gp%%scuw huglafigiand sai d

voltage at sard out'put of sal conparator circuit is

dielectric
polishing p

Zero or

positive.

11. An apparatus for end point determination in chemical
mechanical polishing, comprising:

means for holding said integrated circuit wafer having
a layer of dielectric material formed thereon wherein said
layer of dielectric material has an initial thickness;

a polishing mechanism having a polishing pad;

an electrical power source;

an electric motor having an input current and
electrical connections to said electrical power source
wherein said input current is proportional to the electrical
power supplied by said electrical power source to said
electric motor and said electric motor causes relative
motion between said polishing pad and said layer of
dielectric material formed on said integrated circuit wafer;

means of bringing together said integrated circuit
wafer and said polishing mechanism so that said polishing
pad contacts said layer of dielectric material whereby said
polishing pad removes part of said -layer of dielectric
material formed on said integrated circuit wafer at a
removal rate and said electric current is proportional to

said removal rate;

f or ned



2. The-pethod-of claim1l wherein said neans for generating said reference
‘voltanﬁ conpri ses: determ ning said initial thickness of said |ayer

of (j " ummm"ﬁl ; determ ning.the age of said polishing pad;
dete p ol tage | evel wherein said second voltage level is
proportionaf th shid initial thickness of said |ayer of dielectric

material nmultiplied by a quantity - tel-ated to said age of said polishing

pad; and generating said reference voltage equal to said second
vol tage | evel . 3. The method of claim1l wherein said neans for
generating said first voltage conprises a resistor. 4. The met hod of

o 2ot 1 EEA AL AR IRk 0 URAgeo, 0 S0 AR PR sty e
attached t@oltagé P9|prdpordivhaE! to said current and thereby - 16 -
proportional to said removal rate;

an integrator circﬁit having an input and an output
wherein the voltage at said output of said integrator
circuit is the integral over time of the voltage at said
input of said integrator circuit;

a first electrical connection between said first
‘voitage and said input of said integrator circuit whereby
said voltage at said output of said integrator circuit is
the integral over time of said first voltage and thereby
proportional to the amount of said layer of dielectric
material removed;

a comparator circuit having a first input, a second
input, and an output wherein the voltage at said output of
saiq comparator circuit is equal to the wvoltage at said
second input of said comparator circuit subtracted from the
voltage at said first input of said comparator circuit;

a second electrical connection between said output of
said integrator circuit and said first input of saigd
comparator circuit;

means for generating a reference voltage;

a third electrical connection between said reference
voltage and said second input of said comparator circuit;

means to determine if said voltage at said output of

said comparator circuit is positive, negative, or zero;



5. Themethod of claim1 wherein said electric notor has mechani cal

conne shing nechanismand said relative notion between
sai d ;E‘m ﬁmmaxa\m“‘sai d layer of dielectric material formed on said

I nt egr clrcw t swater results fromnoving part or all of said polishing
mechani sm 6. The method of claim 1l wherein said electric notor has a
mechani cal connection to said neans i#feor holding said integrated circuit
waf er and said relative notion between said polishing pad and said | ayer
of dielectric material forned on said integrated circuit wafer results
fromnoving part or all of said neans for holding said integrated circuit
waf er . 7. ThBeans heRl ¢mitdmupnsaidiereishing % spid ‘%‘F’c‘%ﬁj@-’%% equal to

id f b b 0% and . 75%.0 id I
thi ckness Bf %ﬁ%ﬁtﬁ%@e AN R R P thirﬁwéd“'f'%‘ The
met hod of Q%ii ; g@eg 6ﬁ%§atl éé{dté&ﬁﬁ%ﬁ%ﬁéroElf electrlc

mat eri al forne on sal rated circult meen about 10, 000
and 15, 000,@BastveFBana 9. The method of claim4 mhereln sai d abrasive
slurry

means to stop said polishing of said dielectric

material formed on said integrated circuit wafer by
separating said layer of dielectric material formed on said
integiated circuit wafer and said polishing pad if said
voltage at said output of said comparator circuit is zero or

positive.

12. The apparatus of claim 11 wherein said means for
generating a reference voltage comprises:

means for determining said initial thickness of said
layer of dielectric material;

means for determining the age of said polishing pad;

means for determining a second voltage level whefein
said second voltage level is proportional to said initial’
thickness of said layer of dielectric material multiplied by
a quantity related to said age of said polishing pad; and

means for generating said feference voltage equal to

said second voltage level.

13. The apparatus of claim 11 wherein said means for

generating said first voltage comprises a resistor.



coﬁprises A1203 particles. - 17 - 10.
"The—method of claiml1 wherein said neans for holding said integrated

circu m‘\mm%nes a vacuum chuck. 11. An apparatus for end point
det %mm&“\ Bhi cal nmechani cal polishing, conprising: means
for ng séidsintegrated circuit wafer having a layer of dielectric
material formed thereon wherein saizb -l ayer of dielectric material has an
initial thickness; a polishing nechani sm having a polishing pad,

an electrical power source; an electric notor having an input current

and electrical connections to said electrical power source wherein said
I nput current is proportional to the electrical power supplied by said

el ectrical, powsr I [ £ trd o] d. said.electric notor
causes rel ]ééj'l \\/ﬁ‘e sr?g’g’lagﬁt%%tgv\ée%as"é‘i ((;ﬁp(%'k‘l&s:%?}rﬁgé?og&d Phd sgxalfgg | ayer of
di el ectri ondedilsd na9iABda Ofo S pAAr BbREr Cods Uird atRhRhive

slurry and a polishing wheel wherein said polishing pad is

attached to said polishing wheel.

15. The apparatus of claim 11 wherein said electric motor
has mechanical connection to said polishing mechanism and
said relative motion between said polishing pad and said
layer of dielectric material formed on said integrated
circuit wafer results from moviné part or all of said

polishing mechanism.

16. The apparatus of claim 11 wherein said electric motor
has a mechanical connection to said means for holding said
integrated circuit wafer and said relative motion between
said polishing pad and said layer of dielectric material
formed on said integrated circuit wafer results from moving
part or all of said means for holding said integrated

circuit wafer.

17. The apparatus of claim 11 wherein said first voltage is
equal to said reference voltage when between about 50% and
75% of said initial thickness of said layer of dielectric

material has been removed.



means of bri ngi ng together said integrated circuit wafer and said
polishin that said polishing pad contacts said |ayer of

di elﬁmmq:m'“rul\ M;G‘ﬁmereby said polishing pad renoves part of said |ayer
of d al formed on said integrated circuit wafer at a

[ . . .
removal Fate and said electric current is proportional to said renoval

rate, -21- - 18 - means for generating
a first voltage wherein said first voltage is proportional to said current
and thereby proportional to said renpval rate; an integrator circuit

having an i nput and an output wherein the voltage at said output of said
integrator <circuit is the integral over tine of the voltage at said input
of said intdag.atthe appavatus of cladinf ldswheteihrsaiad imdndadt thibckedseen
said first voltage and said input of said integrator circuit whereby said
vol tage at s d@dﬁpmrigfm@mkﬁalm’f@gmdopncsaé@iinnesratthé chreyitl over

time of said first, voltage and there %
wafer is between about 10 000 and 15,000 Angstroms.

19. The apparatus of claim 14 wherein said abrasive slurry

comprises Al,0, particles.

20. The apparatus of claim 11 wherein said means for holding

said integrated circuit wafer comprises a vacuum chuck.



. ———

proportional to the amount of said |ayer of dielectric material renoved,
“a conparator circuit having a first input, a second input, and an out put
wherein the voltage at said output of said conparator circuit is equal to
the voltage at said second input of said conparator circuit subtracted

fromthe voltage at said first input of said conparator circuit; a
second el ectrical connection betweex2 said output of said integrator
circuit and said first input of said conparator circuit; nmeans for
generating a reference voltage; athird electrical connection between

said reference voltage and said second input of said conparator circuit;

nmeans to determne if said_voltage at said output of said conparator
circuit is positive, negat PHETRRTT L FHE DISCLOSURE

- 19 - TE MEEHCGRO AN APPARATUS R PBTERMENATION O I BfPo) ectri ¢
mat erial formed omoswE dNi CHEMICAT MECHANICH POREF if said voltage at said

output of said coMPagAlRpathtl! nd met iR IFoLe de?Bfmination of the

endpoint for chemical mechanical polishing of a layer of
dielectric material formed on an integrated circuit wafer.
A first voltage is generated which is proportional to the
current supplying electrical power to the electric motor
driving the polishing mechanism. The current is
proportional to the rate of removal of dielectric material
by the polishing process. The integral over time of the
first voltage, which is proportional to the amount of
dielectric material removed, is generated by an integrator
circuit. A comparator circuit compares the integral over
time of the first voltage to a reference voltage. The
reference voltage is pfoportional to the initial thickness
of the dielectric material and is a function of age of the
age of the polishing pad. When the integral over time of
the first voltage is less than the reference voltage the
polishing continues. When the integral over time of the
first voltagé is equal to the reference voltage or becomes

largexr than the reference voltage the polishing is stopped.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



means to stop said polishing of said dielectric material fornmed on said
. integrated circuit wafer by separating said |ayer of dielectric materi al
formed on said integrated circuit wafer and said polishing pad if said
vol tage at said output of said conparator circuit is zero or positive.
12. The apparatus of claim 11 wherein said nmeans for generating a

reference vol tage conpri ses: - yygans for determning said initial
t hi ckness of said |ayer of dielectric material; means for
determ ning the age of said polishing pad; nmeans for determning a

second voltage | evel wherein said second voltage level is proportional to
said initial thickness of said |ayer of dielectric material multiplied by
a quantity related to said ag f said polishing pad;13and means for
generating said reference voltage equal to said secong voltage |evel

13. The apparatus of claim 11 rein said nmeans for ener@aping said first
vol tage conprises a resistor, /
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14. The apparatus of claim 11l wherein said polishing mechanism having a
pol i shing pad conprises an abrasive slurry and a polishing wheel wherein
said polishing pad is attached to said polishing wheel. 15. The
apparatus of claim 11l wherein said electric notor has mechani cal
connection to said polishing nmechanismand said relative notion between
said polishing pad and said |ayer oef2d3 el ectric material fornmed on said
integrated circuit wafer results fromnoving part or all of said
pol i shi ng mechani sm 16. The apparatus of claim 11 wherein said electric
nmotor has a nechani cal connection to said nmeans for holding said
integrated circuit wafer and said relative notion between said polishing
pad and said | ayer of dielectric material formed on said integrated
circuit wafer results fromnoving part or all of said means for hol ding
said integrated circuit wafer. 17. The apparatus of claim 11l wherein
said first voltage is
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equal to said reference voltage when between about 50% and 75% of said
-initial thickness of said |ayer of dielectric material has been renoved.

- 21 - 18. The apparatus of claim 1l wherein said initial thickness of
dielectric material forned on said integrated circuit wafer is between
about 10,000 and 15, 000 Angstrons. 19. The apparatus of claim 14 wherein
said abrasive slurry conprises A{eps]-Jerr] particles. 20. The

apparatus of claim 11l wherein said nmeans for holding said integrated
circuit wafer conprises a vacuum chuck
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