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(54) Title: CATHODE CURRENT CONTROL SYSTEM FOR A WAFER ELECTROPLATING APPARATUS

(57) Abstract

A cathode current control system employing a
current thief (95) for use in electroplating a wafer
(55) is set forth. The current thief (95) comprises
a plurality of conductive segments (130) disposed to
substantially surround a peripheral region of the wafer
(55). A first plurality of resistance devices (not shown)
are used, each associated with a respective one of the
plurality of conductive segments (130). The resistance
devices are used to regulate curmrent through the respective
conductive segment (130) during electroplating of the
wafer (55). Various constructions are used for the
current thief (95) and further conductive elements, such
as fingers (235), may also be employed in the system.
As with the conductive segments, current through the
fingers (235) may also be individually controlled. In
accordance with one embodiment of the overall system,
selection of the resistance of each respective resistance
device is automatically controlled in accordance with
predetermined programming.
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BACKGROUNDWOR ST 11 NVENTI ON * Mst inorganic and sQEENEAS
chem cal conpounds, when in a nolten state 15 or when dissolved I n water
or other |iquids, beconme ionized; that is, their nolecules becone

di ssoci ated into positively and negatively charged conponents, which have
the property of conducting an electric current. If a pair of electrodes is
pl aced in a solution of an electrolyte, or an ionizable conmpound, and
a source of direct current is connected between them the positive
ions in the solution nove toward the negative 20 electrode and the
negative ions toward the positive. On reaching the el ectrodes, the

ions may gain or |ose electrons and be tgansformed into neutral atoms or
nol ecul es, WD 99/ 14401
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CATHODE CURRENT CONTROL SYSTEM FOR A
WAFER ELECTROPLATING APPARATUS

5 CROSS-REFERENCE TO RELATED APPLICATIONS
Not Applicable

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

10 '

Not Applicable

BACKGROUND OF THE INVENTION

Most inorganic and some organic chemical compounds, when in a molten state

15 or when dissolved in water or other liquids, become ionized; that is, their molecules
become dissociated into positively and negatively charged components, which have

the property of conducting an electric current. If a pair of elect;odes is placed in a
solution of an electrolyte, or an-ionizable compound, and a source of direct current is
connécted bletw.een them, the positive ions in the solution move toward the negative

20 electrode and the negative ions toward the positive. On reaching the electrodes, the

ions may gain or lose electrons and be transformed into neutral atoms or molecules,
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- 2- wolobgadsat ure of the el ectrode reactions dependirg ‘%PE
potential difference, or voltage, appl i ed. §b‘§/19;% ron

of a current on an electrolyte can be understood froma sinple

exanple. If the salt copper sulfate is dissolved in water, it dissociates
into positive 5 copper ions and negative sulfate ions. Wen a potenti al
difference is applied to the el ectrodes, the copper ions nove to the
negative el ectrode, are discharged, and are deposited on the

el ectrode as netallic copper. The sulfate ions, when discharged at the
positive el ectrode, are unstable and conbine with the water of the sol ution
to form sul furic acid and oxygen. Such deconposition caused by an
electric current is called 10 electrolysis. El ectrol ysis
has industrial applicability in a process known as el ectropl ating.

El ectroplating is an el ectrochem cal process for depositing a thin-layer of
nmetal on, usual ly, a netallic base. (bjects are electroplated to
prevent corrosion, to obtain a

the nature of the electrode reactions dependmg on the potential dlfference or voltage,

applied.

The action of a current on an electrolyte can be understood from a simple

example. If the salt copper sulfate is dissolved in water, it dissociates into positive

5 copper ions and negative suifate ions. When a potential difference is applied to the
electrodes, the copper ions move to the negative electrode, are discharged, and are
deposited on the electrode as metallic copper. The sulfate ions, when discharged at the
positive electrode, aré unstable and combine with the water of the solution to form
sulfuric acid and oxygen. Such decomposition caused by an electric current is called

10 electrolysis.

Electrc;lysis has industrial applicability in a process known as electroplating.
Electroplating is an electrochemical process for depositing a thin Iayef of metal on,
usually, a metallic base. Objects are electroplated to prevent corrosion, to obtaiﬁ a
hard surface or attractive finish, to purify metals (as in the electrorefining of copper),

15  to separate metals for quantitative analysis, or, as in electrotyping, to reproduce a
form from a mold. Cadmium, chromium, copper, gold, nickel, silver, and tin are the
metals most often used in plating. Typical products of electroplating are silver-plated

tableware, chromium-plated automobile accessories, and tin-plated food containers.
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In the process of electroplating, the object to be coated is placed in a solution,
called a bath, of a salt of the coating metal, and is connected to the negative terminal
of an external source of electricity. Another conductor, often composed of the
coating metal, is connected to the positive terminal of the electric source. A steady
direct current of low voltage, usually from 1 to 6 V, is required for the process.
When the current is passed through the solution, atoms of the plating metal deposit
out of the solution onto the cathode, the negative glectrode. These atoms are replaced
in the bath by atoms from the anode (positive electrode), if it is composed of the
same metal, as with copper and silver. Otherwise they are replaced by periodic
additions of ‘the salt to the bath, as with gold and chromium. In either case
equilibrium between the metal coming out of solution and the metai entering is
maintained until the object is piated.

Recently recognized applications of electroplating relate to the electroplating
of a semiconductor wafer. The electroplated metal is used to' provide the
interconnect layers on the semiconductor wafer during the fabricatién of integrated
circuit devices. Due to the minute size of the integrated circuit devices, the
electroplating process must be extremely accurate and controllable, To ensure a
strong and close bond between the wafer to be plated and the plating material, the

wafer is cleaned thoroughly using a chemical process, or by making it the anode in

RECTIFIED SHEET (RULE 91)



In the procwO9u#402| ectropl ati ng, t he objeCt to be coated i3 g&ﬁggﬁnlggﬁa
sol ution, called a bath, of a salt of the coating neta

connected to the negative t er mi nal of an external source of

el ectricity. Another conductor, often conposed of the coating netal,
is connected to the positive termnal of the electric source. A steady 5
direct current of low voltage, usually froml to 6 V, is required for the
process. When the current is passed through the solution, atons of
the plating netal deposit - out of the solution onto the cathode, the
negative el ectrode. These atons are repl aced in the bath by atons
fromthe anode (positive electrode), if i} is conposed of the ~ sane
metal, as with copper and silver. Oherwise they are replaced by periodic
10 additions of the salt to the bath, as with gold and chromum 1In either
case equi li brium between the nmetal com ng out of solution and the
netal entering is mai ntai ned until the object is plated.-

Recent|y recogni zed applications of electroplating relate to the

el ectropl ati ng cleaning bhthafos enistaidUTé 0ontvélfigegulditeesh @td depioh o B plBfedl i s
used to provide the 15 interconnect |ayers on the sem conductor wafer

during the Talyyealddty QlsutethEOfR! in at the surface of the plated layers is of good

quality, the current density (amperes per square foot of cathode surface) and
temperature of the wafer must be carefully éontrolled.

5 The present inventors have recognized this need for controlling irregularities
in the depth of the plated layer across the surface of the wafer. The present invention

is directed, among other things, to a solution to this problem.
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t he el ectropl ati ng process must be extrenely-accurate and
controllable. To ensure a strong and cl ose bond between the wafer to
be plated and the plating material, the waf er is cleaned thoroughly

using a chem cal process, or by nmaking it the anode in
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a cleaning bath for an instant. To control irregularities in the depth of
the pl ated _
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BRIEF SUMMARY OF THE INVENTION
A cathode current control system employing a current thief for use in
electroplating a wafer is set forth. The current thief comprises a plurality of
conductive segments disposed to substantially surround a peripheral region of the -
5 wafer. A first plurality of resistance devices are used, each associated with a
respective one of the plurality of conductive segments. The resistance devices are
used to regulate current through the respective conductive finger during
electroplating of the wafer.
Various constructions are used for the current thief and further conductive
10 elements, such as fingers, may also be employed in the system. As with the
conductive segments, current through the fingers may also be individually
controlled. In accordance with one embodiment of the overall system, selection of
the resistance of each respective resistance devices is automatically controlled in
accordance with predetermined programming.

15
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a schematic block diagram of an electroplating system constructed
5 in accordance with one embodiment of the invention.

FIGs. 2 - 6 illustrate various aspects of the construction of a rotor assembly
and current thief constructed in accordance with one embodiment of the present
invention.

FIG. 7 is an exemplary cross-sectional view of a printed circuit board

10 forming a part of the current thief of FIGs. 2 — 6 and showing the connection
between a resistive element and its corresponding conductive segment.

FIG. 8 illustrates one manner of implementing and controlling a resistive
element connected to a respective segment.

FIGs. 9 — 14B are schematic drawings illustrating one embodiment of a

15  current control system that may be used in the system of FIGs. 1 -7.

FIGs. 15A-B and 16 are schematic drawings illustrating one embodiment of

a stator control system that may be used in the system of FIGs. 1 - 7.

FIGs. 17 and 18 illustrate a further embodiment of the present invention. |
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A cat hode W@P®M40tontrol system enploying a current thief fopcHSod1bass

el ectroplating a wafer is set forth. The current thief conprises a
plurality of conductive segnents di sposed to substantially surround a -
peri pheral region of the 5 wafer. Afirst plurality of resistance devices
are used, each associated wth a respective one of the plurality of
conductive segnents. The resistance devices are used to regul ate
current through the respective conductive finger during el ectropl ating
of the wafer. Various constructions are used for the current
thief and further conductive 10 elenments, such as fingers, may al so be
enpl oyed in the system As with the .gonductive segnents, current

t hrough the fingers may al so be individually controlted. In accordance
wi th one enbodi nent of the overall system selection of t he resistance
of each respective resistance devices is automatically controlled in
accordance with predeterm ned programm ng. 15

DETALED DESCRIPTION OF THE INVENTION
FIG. 1 is a schematic block diagram of a plating system, shown generally at
50, for electroplating a metallization layer, such as a patterned copper metallization
layer, on, for example, a semiconductor wafer 55. The illustrated system generally
5 comprises a vision system 60 that communicates with a main electroplating control
system 65. The vision system 60 is used to identify the particular product being
formed on the semiconductor wafer 55 before it is placed into an eléctroplating
apparatus 70. With the information provided by the vision system 60, the main
electroplating control system 65 may set the various parameters that are to be used
10  in the electroplating apparatus 70 to electroplate the metallization layer on the wafer
55. |

In the illustrated system, the electroplating apparatus 70 is generally
comprised of an electroplating chamber 75, a rotor assembly 80, and a stator
assembly 85. The rotor assembly 80 supports the seniiconduc;or wafer 55, a current
15  control system 90, and a current thief assembly 35. The rotor assembly 80, current
control system 90, and current thief assembly 95 are disposed for co-rotation with
respect to the stator assembly 85. The chamber 75 houses an anode assembly 100

and contains the solution 105 used to electroplate the semiconductor wafer 55.

The stator assembly 85 supports the rotor assembly 80 and its associated

RECTIFIED SHEET (RULE 91)
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components. A stator control system 110 may be disposed in fixed relationship with

the stator assembly 85. The stator control system 110 may be in communication

with the main electroplating control S}-'stem 65 and may receive information relating

to the identification of the particiﬂar type of semiconductor device that is being

5 fabricated on the semiconductor wafer 55. The stator control system 110 further

includes an electromagnetic radiation communications link 115 that is preferably

used to communicate information to a corresponding electromagnetic radiation

communications link 120 of the current control system 90 used by the current

control system 90 to control current flow (and thus current density) at individual

10 portions of the current thief assembly 95. A specific construction of the.current

thief assembly 95, the rotor assembly 80, tﬁe stator control system 110, and the
current control system 90 is set forth in further detail below.

In operation, probes 120 make electrical contact with the semiconductor

wafer 55. The semiconductor wafer 55 is then lowered into the solution 105 in

15 minute steps by, for example, a stepper motor or the like until the lower surface of

the semiconductor wafer 55 makes initial contact with the solution 105. Such initial

contact may be sensed by, for example, detecting a current flow through _the solution

105 as measured through the semiconductor wafer 55. Such detectiqn may be

implemented by the stator control system 110, the main electroplating control

RECTIFIED SHEET (RULE 91) -



FIG. | is awed8dsnti ¢ bl ock di agram of “an el ectropl ati ng syst earasesigzgst ed
5 in accordance wi th one enbodi nent of the invention. FIG. 2 -
6 illustrate various aspects of the construction of a rotor assenbly

and current thief constructed in accordance with one enbodi nent of the

pr esent I nvention. FIG 7 is an exenplary cross-sectional
view of a printed circuit board 10 formng a part of the current thief of
FIGs. 2 - 6 and showi ng the connection bet ween a resistive el enent and
its correspondi ng conductive segnent. FIG 8 illustrates one
manner of inplenmenting and controlling a resistive el ement connect ed
to a respective segnent. FIGg.. 9 - 14B are schematic draw ngs
illustrating one enbodi nent of a 15 current control systemthat may be
used in the systemof FIG. 1 - 7. FIGs. 15A-B and 16 are
schematic drawi ngs illustrating one enbodi nent of a stator control .
systemthat may be used in the systemof FIGs. 1 - 7. FI Gs. 17

and 18 illustrate a further enbodi ment of the present invention.
system 65, or the current control system 90. Preferably, however, the detection is

implemented with the stator control system 110.
Once initial contact is made between the surface of the solution 105 and the
lower surface of the semiconductor wafer 55, the wafer 55 is preferably raised from
5 the solution 105 by a small distance. The surface tension of the solution 105 creates
a meniscus that contacts the lower surface of the semiconductor wafer 55 that is to
be plated. By using the properties of the meniscus, plating of the side portions of the
wafer 55 is inhibited.
Once the desired meniscus has been formed at the plating surface,
10 electroplating of the wafer mﬁy begin. Specific details of the actual electroplating
operation are not particularly pertinent to the use or design of present invention and
are accordingly omitted.
FIGs. 2-7 illlustrate the current thief assembly 95 and rotor assembly 80 as
constructed in accordance with one embodiment of the present' invention. As shown,
15 the current thief assembly 95 comprises a plurality of conductive segments 130 that
extend about the entire peﬁpheral edge of the wafer 55. In the illustrated
embodiment, the conductive segments 130 are formed on a printed circuit board 135.
Each segment 130 is associated with a respective resistive element 140 as shown in

FIG. 7. In the illustrated embodiment, the resistive element

RECTIFIED SHEET (RULE 91)
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DETALED DESCRI PTI ON OF THE | NVENTI ON FIG 1 is a schematic

bl ock diagram of a plating system shown generally at 50, for

el ectroplating a netallization |ayer, such as a patterned copper

netal lization | ayer, on, for exanple, a sem conductor wafer 55. The
illustrated systemgenerally 5 conprises a vision system 60 that

comuni cates with a main electroplating control system 65. The vi sion
system 60 is used to identify the particul ar product being formed on

the sem conductor wafer 55 before it is QI aced into an el ectroplating
apparatus 70. Wth the information provi gd by the vision system 60, the
mai n el ectroplating control system 65 may set the various paraneters
that are to be used

s 140 are disposed on the side of the printed circuit board opposite the |
segments 130. The resistive element 140 respectively associated with each segment
may take on various forms. For example, the resistive element 140 may be a fixed
or variable resistor. The resistive element 140 also may be constructed in the form

5 ofaplurality of fixed resistors that are selectively connected in circuit to one another
in a parallel arrangement to obtain the desired resistance value associated with the
respective segment. The switching of the individual resistors to or from the parallel
circuit may ensue through a mechanical switch associated with each resistor, a
removal conductive trace or wire associated with each resistor, or through an

10  automatic connection of each resistor. Further details with respect to the automatic
connection implementation are set forth below.

Ineach instance, the resistive element has a first lead 150 in electrical contact
with the segment 130 and a second lead 155 for connection to cathode power. As
such, the resistive elements 140 provide an electrical connection between the

15 conductive segments 130 and, for example, a cathodic voltage reference 160 (See
FIG. 1). In the disclosed embodiment, the voltage reference is a ground and is
established through a brush connection between the rotor assembly 80 and the stator
assembly 85 which is itself connected to ground. During electroplating of the

semiconductor wafer 55, the resistive element 140 associated with each segment 130

RECTIFIED SHEET (RULE 91)



10 in the eveowiapl at i ng apparatus 70 to el ectropl ate the nmetetTiuzed/isnes

| ayer on the wafer 55 In the illustrated system the
el ectropl ati ng appar at us 70 is general |y conprised of an '
el ectropl ati ng chanber 75, a rotor assenbly 80, and a stator assenbly

85. The rotor assenbly 80 supports the sem conductor wafer 55, a current
15 control system 90, and a current thief assenbly 35. The rotor assenbly

80, current control system 90, and current thief assenbly 95 are

di sposed for co-rotation with respect to the stator assenbly 85. The
chanber 75 houses an anode assenbly 100 and contains the solution 105
used to el ectroplate the sem conductor wgfier 55. The stator
assenbly 85 supports the rotor assenbly 80 and its associ at ed

RECTI FI ED SHEET ( RULE 91) WD 99/ 14401
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controls current flow through the respective segment. The resistance value used for
each of tﬁe resistive elements 140 is dependent on the current that the respective
segment 130 must pass to ensure the uniformity of tﬁe plating over the portions of

the wafer surface that are to be provided with the metallization layer. Such values

5 may be obtained experimentally and may vary from segment to segment and from

- product type to product type.

A still further resistive element that may be used to control current flow

through each respective segmént 130 is shown in FIG. 8. Here, the resistive element

is comprised of a pair of FETs 170 and 175. The gate terminals of each FET 170

10 and 175 are connected to be dﬂvgn by the output of a comparator 180 which is part
of the feed-forward portion of a feedback control system shown generally at 185.
The source ferminals of the FETs 170, 175 are connected to the cathode power while
the drain terminals of the FETs are connected to a respective segment (or, as will be
set forth below, a respective ﬁﬁger).

15 In the feedback system 185, a current monitor circuit 190 monitors the
current flowing through the respective segment 130 and provides a signal indicative
of the magnitude of the current to a central processing unit 195. The control
processing unit 195, in turn, provides a feedback signal to a bias control circuit 200

that generates an output voltage therefrom to the inputs of comparator 180.

RECTIFIED SHEET (RULE 91)
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fixed relationship with the stator assenbly 85. The stat AL P35P
system 110 may be in conmunication with the main el ectroplating
control system 65 and may receive information relating to the

i dentification of the 'particular type of sem conductor device that is being
5 fabricated on the sem conductor wafer 55. The stator control system 110

further i ncl udes an el ectromagnetic radi ati on comruni cations |ink 115
that is preferably used to communicate information to a correspondi ng
el ectromagnetic radi ation communi cations link 120 of the current
control system 90 used by the current control system 90 to control

current flow (and thus current density) -d42-individual 10 portions of the
current thief assenbly 95. A specific construction of the current

thief assenbly 95, the rotor assenbly 80, the stator control system 110,
and the ' ‘

Comparator 180 uses the signal from the bias control circuit 200 and, furthér, from
a plating waveform generator 205 to generate the drive signal to the gate terminals
of the FETs 170 and 175.
The central proc;essing unit 195 is programmed to set the individual set-point -
5 current values for each of the segments 130 of the current thief assembly 95. If the
measured current exceeds the set-point current value, the control processing unit 195
sends a signal to the bias control circuit 200 that will ultimately control the drive
voltage to the FETs 170, 175 so as tc; reduce the current flow back to the set-point.
Similarly, if the measured current falls below the set-point current value, the control
10  processing unit 195 sends a signal to the bias control circuit 200 that will ultimately
control the drive voltage to the FETs 170, 175 so as to increase the current flow back
to the set-point for the respective segment.
The current thief assembly 95 is disposéd for co-rotation with the rofor
assembly 80. With reference to FIG. 6, the printed circuit board 135 is attached on
15 a surface of a hub 210 of the rotor assembly 80. The board 135 is spaced the hub
210 by an insulating thief spacer 215 and secured to the spacer 215 using a plurality
of fasteners 220. The spacer 215, in turn, is secured to the hub 210 of the rotor
assembly 80 using fasteners 220 that extend through securement apertures 225 of

both the spacer 215 and hub 210.
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I n operation,

probes 120 nmake el ectrical contact with the sem conduct or

waf er 55. The semi conductor wafer 55 is then |owered into the solution 105
in 15 mnute steps by, for exanple, a stepper notor or the like until

| ower surface of t he sem conductor wafer 55 makes initial contact
with the solution 105. Such initial contact may be sensed by, for

exanpl e, detecting a current flow through the solution 105 as
nmeasured through the sem conductor wafer 55. Such detection may be
| npl emented by the stator control system 110, the main el ectroplating

contr ol
99/ 14401
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The hub 210 of the rotor assembly 80 is also provided with a plurality of
support members for securing the wafer 55 to the rotor assembly 80 during the
electroplating process. In the illustrated embodiment, the support members
comprise insulating projections 230 that extend from the hub surface and engage a
rear side of the wafer 55 and, further, a plurality of conductive fingers 235. The
fingers 235 are in the form of j-hooks and contact the surface of the wafer thét is to
be plated. Preferabl&, each of the fingers 235 may be respectively associated with
a resistive element 140 such as described above in connection with the segments 130
of the current thief assembly 95. The current flow through each of the fingers 235
and its respective seétion of the wafer 55 may thus be controlled. Still further,
conductive portions of the fingers 235 that contact the electroplating solution during
the electroplating process may also perform a current thieving function and,
accordingly, control current density in the area of the fingers. To this end, the
amount of exposed metal on each of the fingers 235 may vary from system to system
depending on the amount of current thieving required, if any, of the individual
fingers 235.

The conductive fingers 230 may be part of a finger assembly 240 such as the
one illustrated in FIGs. 5A and SB. As shown, the finger assembly 240 is comprised

of an actuator 250 including a piston rod 255. The piston rod 255 engages the finger

RECTIFIED SHEET (RULE 91)
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however, the detection is I npl emented with the stator control system
110. Once initial contact is made between the surface of the
solution 105 and the | ower surface of the sem conductor wafer 55, the
wafer 55 is preferably raised from 5 the solution 105 by a small

di stance. The surface tension of the solution 105 creates a neni scus
that contacts the |ower surface of the sem conductor wafer 55 that is to
be plated. By using the properties of the neniscus, plating of the side
portions of the waf er 55 is inhibited. Once the desired
meni scus has been forned at the plating igrface, 10 el ectropl ating of the
waf er may begin. Specific details of the actual electroplating

operation are not particularly pertinent to the use or design of present

I nvention and are accordingly omtted. FIG. 2 - 7
illustrate the current thief assenbly 95 and rotor assenbly 80 as

235ata ;emovable interconnect portion 260 for ease of removal and replacement of
the finger 235. Further, the actuator 255 is biased by springs 265 so as to urge the
fingers against thé wafer 55 as shown in FIG. 5. The fingers 235 may be urged to
release the wafer 55 by applying a préssurized gas to the actuator 250 through inlet
5 270. Application of the pressurized gas urges the fingers 235 in the direction shown
by arrow 275 of FIG. 5 thereby facilitating removal of the wafer 55 from the rotor

assembly 80.
As shown in FIG. 4, the hub 210 is connected to an axial rod assembly 280
that extends into rotational engagement with respect to the stator assembly 85. The
10 axial rod 280 is coaxial with the axis of rotation of the rotor assembly 80. The brush
connection used to establish the reference voltage level with respect to the anode
assembly 100 used in the electroplating process may be established through the axial

rod.

FIGs. 9 — 14 illustrate one embodiment of a control system that may be'used
15 to vary the resistance values of the resistive elements 140 thereby controlling the
current flow through the conductive segments 130 and, optionally, the conductive
fingers 235. Generally stated, the control system comprises a power supply circuit
400 to supply power for the control syste;m, an electromagnetic communications link

120 for communicating with the stator control system 110, a processor circuit 410
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const r uct ePA%4#40br dance with one embodi meni of the present p@y,gggdlgg“
shown, 15 the current 'thief assenbly 95 conprises a plurality o
conducti ve segnents 130 that extend about the entire peri pheral

of the wafer

segnents 130 are formed on a printed circuit board 135.

55. Inthe illustrated enbodi nent, the conductive

130 is associated with a respective resistive elenent 140 as shown in

FIG 7. In the illustrated enbodi nent, the resistive el enment

RECTI FI ED SHEET (RULE 91) WO 99/ 14401
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10

15

for executing the programmed operations of the control system, the resistive
elements 140 for controlling the current flow through the individual segments 130
and, optionally, fingers 235, and a resistive elerr;ent interface 415 providing an
interface between the processor 410 and the resistive elements 140.

The power supply circuit 400 preferably uses batteries 420 as its power
source. The negative side of the battery supply is referenced to the brush contact
(ground). Three 3V lithium coin cells are used to provide 9V to the input of a
LT1521 5VDC regulator 425. This ensures 3.5 volts of compliance. The op-amp U3

and corresponding circuitry monitors the output of the SVDC regulator LT1521 and

‘provides an interrupt to the 87251 processor Ul7 when the batteries require

replacement.

The processor U17 is preferably an 87251 microcontroller and controls
communication with the control system. One of the communications links is the.
electromagnetic radiation link 120 which is preferably implemented as an infra-red
communications link that provides a communications interface with a corresponding
infra-red communications link in the stator control system 115.

When the rotor assembly 80 is in a “home position” with respect to the stator
assembly 85, the processor Ul7 may receive data over the link 120 from the stator

control system 110. The data transmitted to the control system over the link 120 of
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s 140 are dighenaspon the side of the printed circuit board+o rte the
segnents 130. Thgﬂpesistive el enent 148 respectively associatggg&Fgﬂueg%h
segnent . may take on various fornms. For exanple, the resistive el enent .
140 may be a fixed or variable resistor. The resistive el enment 140

al so may be constructed in the form 5 of a plurality of fixed resistors
that are selectively connected in circuit to one anot her in a
paral |l el arrangenent to obtain the desired resistance value associated with
t he respective segnent. The switching of the individual resistors to
or fromthe parallel circutt may ensue through a nmechanical swtch
associated wth each resistor, a renpval conductive trace or wire
associated with each resistor, or throughlén 10 automati c connection of
each resistor. Further details with respect to the automatic

connection inplenentation are set forth bel ow. In each

i nstance, the resistive elenment has a first lead 150 in electri-cal contact -
with the segnment 130 and a second | ead 155 for connection to cathode power.

w gent 130 and r _ _
between the 15 RGBS YHERaRARR SOdRaR Bl AafLil (e i o

| t f 160 s '
voltage reter e?)(r?oecessor dl%egontrols the return of an ack/checksum and an additional battery

status byte to the stator control system 110. The data received by the control system

is stored by the processor U17 in battery backed RAM.
5 Once the data is verified, the processor U17 controls the resistive element
interface 415 to select the proper resistance value for each of the resistive elements
140. In the illustrated embodiment, the resistive elements 140 can be divided i1_1to
individual rgsistive channels 1 - 20 respectively associated with each of the
conductive segments 130 and, optionally, each of the conductive fingers 235. Since
10 the current thief assemblj 95 of the illustrated embodiment uses sixteen segments
130 and there are four conductive fingers 235 that are used, either sixteen or twenty

resistive channels may be employed.

‘As shown with respect to the exemplary resistive éhannel 1, each resistive
channel 140 is comprised of a-plurality of fixed resistors that may be selectively
15 connected in parallel with one another to alter the effective resistance value of the

channel. Eight fixed resistors are used in the each channel of the disclosed system.

Each channel is respectively associated with an octal latch, shown here as Ul

for channel 1. The output of each data bit of the octal latch U1 is connected to drive
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FIG 1). | VPRYI4#0%c| osed enbodiment, the voltage reference i BCRuUgsS®LBEs and

is establ i shed through a brush connection between the rotor assenbly

80 and the stator. assenbly 85 which is itself connected to ground.

During el ectroplating of the sem conductor wafer 55, the resistive

el ement 140 associated with each segnent 130

RECTI FI ED SHEET ( RULE 91) WO 99/ 14401
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arespective MOSFET Q1A — Q4B that has its source connected to a respective fixed
resistor of the channel. |
The processor U17 uses its Port 2 as a data bus to communicate resistor
selection data to the octal latches of the resistive element interface 415. Ports 1 and
5 0 ofthe processor U17 provides the requisite clock and strobe signals to the lafches.
After the requisite data has been communicated to the octal latches, the processor
U17 preferably enters a sleep mode from which it awakes only during a reset of the
system or when the stator control system 110 transmits further information through
the infra-red link.

10 Based on the data communicated to each of the octal latches, various selected
ones of the MOSFET: for the respective channel are driven to effectively connect
corresponding fixed resistors in parallel with one another and effectively in series
with the respective segment 130 or finger 235. The resistance values 6f the fixed
resistors for a given channel aré preferably weighted to provide a wide range of total

15 resistance values for the channel while also allowing the rc'esistance values to be |
controlled with in relatively fine resistance value steps.

The foregoing control system is preferably mounted for co-rotation with the
rotor assembly 80. Preferably, the control system is mounted in the hub 210 in a _

location in which it is not exposed to the electroplating solution 105.
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control s cwo entasél ow t hrough the respective segnent. The re?bih%?ﬁgﬁ\é?' ue

used for each of the resistive elenments 140 i s dependen
current that the respective segnent 130 nust pass to ensure the
uniformty of the plating over the portions of t he wafer surface that

are to be provided with the netallization |ayer. Such values 5 may be
obt ai ned experinentally and nmay vary from segnent to segnent and from
product type to product type. A still further resistive

el ement that may be used to control current flow t hrough each
respective segnent 130 is shown in FIG 8. Here, the resistive el enent

is conprised of a pair of FETs 170 and 1Z§. The gate term nals of each FET
170 10 and 175 are connected to be driveh by the output of a conparator
180 which is part of the feed-forward portion of a feedback control
system shown general ly at 185. The source termnals of the FETs 170,
175 are connected to the cathode power while the drain termnals of
the FETs are connected to a respective segnent (or, as will be set

forth below, a resgRetembedindn@6f the staldr control system 110 i B GAPREHK 1§38t em
185, a current nmonitor circuit 190 nonitors the current flow ng
through the T 4436l GniSPRMkn 130 ufithe 28 87987 pfootlsdP #ho Al eSakint She
programming for the stator control system operation. The primary function of the
stator control system 110 is to receive programming information from the main
5 control system 65 over an RS-485 half duplex multi-drop communications link 430.
The programming information of the disclosed embodiment includes the
sixteen/twenty, eight bit values used to drive the MOSFETs of the resistive element
interface 415. Data transmitted from the stator control system 110 to the main
control system 65 includes: an ack/checksum OK and an additional byte containing
10  a product detection bit, a meniscus sense bit, and a rotor control system battery
status bit.

Communications between the current control system 90 and the stator control
system 110 should be kept to a minimum to conserve battery power in the rotor
control system. Due to the gain limitations of the micro-power characteristics of the

15 integrated circuits used in the current control system 90, the baud rate used for the
communications should be maintained between 600 baud and 1.2K baud. The static
RAM of the rotor control system is non-volatile. As such, the channel resistance
programming values are stored so long as there is power in the batteries.

Communications between the stator control system 110 and the current control
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of the rragYﬁQ?j’dé‘“Uf the current to a central processi ng unit rESses 63

control processing unit 195, in turn, provides a feedback signal to a
bias control circuit 200 t hat generates an- output voltage therefrom -
to the inputs of conparator 180. -

RECTI FI ED SHEET ( RULE 91) WO 99/ 14401
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Conpar ator 180 uses the signal fromthe bias control circuit 200 and,
further, from a plating waveform generator 205 to generate the drive

signal to the gate term nals
-19-

system 96 need only take place when the batteries are replaced or when different
plating characteristics are necessary.

The stator control system 110 includes an on-board watchdog timer which
is software enabled / disable. The wafchdog timer is enabled after power-on reset

5 and register initialization. One of the on-board timers also provides a timer for
controller operation and I / O debounce routines.

The stator control system 110 also includes a meniscus sense circuit 450 as
shown on FIG. 16. Just prior to product plating, a start signal at PP8 from the
processor 440 enables relay K1. In response, the signal at PP10 output from the

10 meniscus sense circuit 450 is provided to the processor 440 when the product
contacts the plating solution. This latching signal causes the control system to stop
downward motion and retract, for example, 0.050 in. to provide the meniscus pull
described above. Mechanisms for lowering and raising the semiconductor wafer 55
may be constructed in effectfve]y the same manner as spch mechanisms are

15 implemented on the Equinox® semiconductor processing machine available from
Semitool, Inc., of Kalispell, MT.

The stator control system 110 also provides a wafer sensor interface 455 at
J2. The external product sensor (not illusﬁated) may be, for example, an open

collector optical sensor such as one available from Sunx.
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of the FETwoléQsspid 175.

programmed to set the individual
the segnents 130 of the current thief assenbly 95.
current exceeds the set-point current val ue,
to the bias control
voltage to the FETs 170, 175 so as to

195

wi |

sends a si gnal
ultimately control
reduce the current flow back to the set-point.
measured current falls below the set-point current val ue,
processing unit 195 sends a signal
ultimately

the drive

contr ol

to increase the current flow back

segnent .

co-rotation with the rotor
printed circuit board 135 is attached on
rotor assenbly 80. The board 135 is spaced the hub

i nsul ating thief spaGaitiafidatichnsk Mechesl dystehl €16 RAE Brocésser 480
of fasteners 220. The spacer 215,

rotor

apertures 22

set - poi nt

to the bias control
the drive voltage to the FETs 170, 175 so as
-3% t he set-point for the respective

Thé central processin ' S

5 current val uegcf@]ﬁgsééggs of
measur ed

processi ng unit

If the
the control
circuit 200 that wll

Simlarly,

The current thief assenbly 95 is disposed for

in turn,

255k 130 80 GBS AT Roving et 50K ab sl AP oo

assenbly 80. Wth reference to FIG 6,
15 a surface of a hub 210 of the

210 by an

?ﬁeféraﬁi
Is secured to the hub 21

if the
the control
circuit 200 that

Processor.

PORT FUNCTIONALITY
5 | PO[ 0..7] NOT USED

P1.0 (PPB) MENISCUS SENSE START / STOP
P1.1 (PP9) MENISCUS SENSE RESET
P1.2 (PP10) MENISCUS SENSE SIGNAL
P1.3 (PP11) WAFER / PRODUCT SENSE

10 | P1.4 (PP12) NOT USED '
P1.5 (PP13) NOT USED
P1.6 (PP14) RS-485 TRANSMITTER ENABLE
P1.7 (PP15) RS-485 / OPTICAL LINK SELECT
P2 [0...7] NOT USED

15 | P3.0 (RxD) RECEIVER DATA
P3.1 (TxD) TRANSMITTER DATA
P3.2 (PP24) THROUGH P3.7 (PP29) | NOT USED

TABLE 1
20 A further embodiment of the current thief 95 and corresponding rotor

assembly 80 is set forth in FIG. 17. In the illustrated embodiment, the segments 130
are preferably formed from stainless steel and are secured to a polymer base 475
that, in turn, is secured to the hub 210. Each of the segments 130 projects beyond
the inner parameter of the base 475 toward the wafer support area, shown generally

25 at 480.
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The hub 210 of the rotor assenbly 80 is also provided with a plurality of
support nmenbers for securing the wafer 55 to the rotor assenbly 80 during
t he el ectroplating process. In the illustrated enbodi nent, the
support nenbers conprise insulating projections 230 that extend from
the hub surface and engage a

-21-

In the illustrated embodiment, each finger 235 is associated with a
corresponding insulating anvil support 485. As such, the wafer 55 is gripped
between the end of conductive fingers 235 and the respective anvil supports 485 to
secure the wafer for rotation of the rotor assembly _89 during the electroplating

5 process.

The circuits for the current control system 90 are disposed on, fér example,
printed circuit board 500. Electrical connection between each of the segments 130
and the corresponding resistive element 140 on board 500 is facilitated through the
ﬁse of a plurality of stand-offs 490 . Each stand-off 490 extends from a respective

10 connection to one of the resistive élements 140 on the printed circuit board 500
throuéh the base 475 and into electrical engagement with a respective one of the
conductive segments 130. The stand-offs 490 also function to secure the board 500,
hub 210, and base 475 to one another.

The entire assembly 510 may be disposed for rotaﬁon or pivoting about a

15 horizontal axis. In a first position shown in FIG. 18, the wafer is faced downward
toward the plating solution for processing. In a second position, the entire assembly
is inverter to expose the wafer to manipulation by, for example, mechanical arms or
the like. To assist in removal of the wafer from the processing area 480, the

assembly 510 is provided with a plurality of pneumatically actuated lifter
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5 rear sidevoPotdwerwafer 55 and, further, a plurality of conqugti-ve fingers
235. The fingers 235 are in the form ofj-hooks and con&gﬁl’u‘?%@”“
surface of the wafer that is to - be plated. Preferably, each of the
fingers 235 may be respectively associated with a resistive el enent
140 such as described above in connection with the segnents 130 of
the current thief assenbly 95. The current flow through each of the fingers
235 10 and its respective section of the wafer 55 may thus be controll ed.

Still further, conductive portions of the fingers 235 that contact the
el ectropl ati ng sol uti on during the el ectroplating process may al so
performa current thieving function and, accordingly, control current

density in the area of the fingers. To i3 end, the anount of exposed
nmetal on each ofthe fingers 235 may vary fromsystemto system 15

. dependi ng on the amount of current thieving required, if any, of the

I ndi vi dual fingers 235. The conductive fingers 230 may be
part of a finger assenbly 240 such as the one illustrated in FIGs. 5A

228 5B. As shgisBhanishts 515N IPHendRfilitdal the 2idker inScHRNRIS SIS iRt the wa.ﬁefr @R 1Rkt vat or
i ncluding a piston rod 255. The piston rod 255 engages the finger
beyond the current thief assembly 95 to allow placemeht of the wéfer into and
removal of the wafer from the assembly 510.
FIG. 18 illustrates the rotor assembly 80 in its home position with respect to
5 the stator assembly 85. In this position, the IR transmit links 115 and 120 are
aligned for communication.

Other embodiments of the control system of FIGs. .9 — 14 are also suitable
for use with the current thief assembly 95. For example, the control system may be
implemented without a processor, instead allowing the processor of the stator control

10  system 110 to shift the resistor selection data bit-by-bit through shift registers of the
current control system 90. In such instances, further IR links may be used to
communicate shift register timing signals to the system 90 to allow the stator control
system 110 to control the shifting operations. Such timing signals are specific to the
particular manner in which the current control system is (i_esigned and are not

15 particularly peri:inent here.

Numerous modifications may be made to the foregoing system without
departing from the basic teachings thereof. Although the present invention has been

described in substantial detail with reference to one or more specific embodiments,

those of skill in the art will recognize that changes may be made thereto without
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235 at a renovabl e interconnect portion 260 for ease of renoval and

repl acenent of the finger 235. Further, the actuator 255 is biased by
springs 265 so as to urge the fingers against the wafer 55 as shown
in FIG 5. The fingers 235 may be urged to rel ease the wafer 55 by

applying a pressurized gas to the actuator 250 through inlet 5 270.
Application of the pressurized gas urges the fingers 235 in the direction
shown by arrow 275 of FIG 5 thereby facilitating renoval of the
wafer 55 fromthe rotor -23.-

departing from the scope and spirit of the invention as set forth in the appended

claims.
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assenbly 80YO 9914401 As shown in FIG 4, the hub 210 i Kopjs to
an axi al rod assenbly 280 that extends into rotational engagghgﬂ?
wWith respect to the stator assenbly 85. The 10 axial rod 280 is coaxial
with the axis of rotatjon of the rotor assenbly 80. The brush

connection used to establish the reference voltage |level with respect to

t he anode assenbly 100 used in the electroplating process may be
establ i shed t hrough the axial rod. FIG. 9 - 14
illustrate one enbodi nent of a control systemthat may be used 15 to vary
the resistance values of the resistive elenents 140 thereby controlling the
current flow through the conductive segments 130 and, optionally, the

conductive fingers 235. Cenerally stated, the control system
conprises a power supply circuit 400 to supply power for the control
system an el ectromagneti ¢ comuni cations |ink 120 for communi cating

with the stator control system 110, a processor circuit 410 WO 99/ 14401
PCT/ US98/ 19363
CLAIMS

1. A current thief for use in electroplating a wafer, the current thief
comprising:
5 a plurality of conductive segments disposed to substantially surround a
peripheral region of the wafer;
a first plurality of resistance devices each associated with a respective one
of the plurality of conductive segments and regulating current through the

respective conductive segments during electroplating of the wafer.

10
2. A current thief as claimed in claim 1 and further comprising:
a plurality of conductive fingers disposed to contact and support the
wafer; and
a second plurality of resistance devices each associated with. a respective
15 one of the plurality of conductive fingers and regulating current through

the respective conductive finger during electroplating of the wafer.

3. A current thief as claimed in claim 1 wherein at least one of the resistance
devices of the first plurality of resistance devices comprises a fixed

_—

N R O O
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-15- w09P/¢440¢xecut| ng the programred operations of the p@pﬁjggén?ﬁ
system the resistive el ements 140 for controlling the curren ow
t hrough the individual segnents 130 and, optionally, fingers 235, and.
a resistive elenent interface 415 providing an i nterface between the
processor 410 and the resistive el ements 140. 5 The power supply
circuit 400 preferably uses batteries 420 as its power source. The
negative side of the battery supply is referenced to the brush contact
(ground). Three 3V lithiumcoin cells are used to provide 9V to the input
of a LT1521 5VDC regul ator 425. This ensures 3.5 volts of conpliance.
The op-anp U3 and correspondi ng cLﬁggitry noni tors the output of the
5VDC regul ator LT1521 and 10 provides an interrupt to the 87251 processor
Ul7 when the batteries require repl acenment.

resistor connected to receive current from the respective conductive finger

therethrough during electroplating of the wafer.

4, A current thief as claimed in claim 2 wherein at least one of the resistance
5 devices of the second plurality of resistance devices comprises a fixed
resistor connected to receive current from the respective conductive

segment therethrough during electroplating of the wafer.

5. A current thief as claimed in claim 1 wherein at least one of the resistance
10 devices of the first plurality of resistance devices comprises a variable
resistor connected to receive current from the respective conductive finger

therethrough during electroplating of the wafer.

6. A current thief as claimed in claim 2 wherein at least one of the resistance
15 devices of the second plurality of resistance devices comprises a variable
resistor connected to receive current from the respective conductive

segment therethrough during electroplating of the wafer.

7. A current thief as claimed in claim 1 wherein at least one resistance

_

RO A
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The processwo9d4ls49i S preferably an 87251 nicrocontroll er and_control s
communi cation with the control system One of the comuni cat PETUSIBRIE3 | s

t he el ectromagnetic radiation link 120 which is preferably

i mpl enented as an infra-red 15 comunications |ink that provides a

comuni cations interface with a correspondi ng infra-red

communi cations link in the stator control system 115. When t he

rotor assenbly 80 is in a "hone position” with respect to the stator
assenbly 85, the processor Ul7 may receive data over the link 120 fromthe

stator control system 110. The data transmtted to the control system
over the link 120 of WO 99/ 14401 26 .
PCT/ US98/ 19363 _ TeuT - 16-

device of the first plurality of resistance devices comprises at least one -
field effect transistor device connected to receive current flow
therethrough from the respective conductive finger, the at least one field
effect transistor device being responsive to a voltage source connected

5 thereto to regulate the current flow.

8. A current thief as claimed in claim 2 wherein at least one resistance
device of the second plurality of resistancé devices comprises at least one
field effect transistor deyice connected to receive current flow

10 therethrough from the respective conductive segment, the at least one
field effect transistor device being responsive to a voltage source
connected thereto to regulate the current flow through the respective

segment during electroplating of the wafer.

15 9. Acurrent thief as claimed in claim 1 wherein at least one of the resistance
devices of the first plurality of resistance devices comprises a plurality of
fixed resistors selectively connected in parallel with one another té
receive current from the respective conductive finger through selected

ones of the plurality of fixed resistors during electroplating of the wafer.

* c L ] ] x|
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t he di scl owedsyemem i ncl udes sixteen/twenty, 8-bit channel yﬁl E
below). The processor Ul7 controls the return of an ack/chec sun1and
an additional battery status byte to the stator control system 110.
The data received by the control system is stored by the processor
Ul7 in battery backed RAM 5 Once the data is verified, the
processor Ul7 controls the resistive el enent interface 415 to sel ect
t he proper resistance value for each of the resistive elenents 140.
In the illustrated enbodi ment, the resistive elenments 140 can be divi ded
into i ndi vidual resistive channels 1 - 20 respectively associ at ed
with each of the conductive segnenis 130 and, optionally, each of the
conductive fingers 235. Since 10 the cdrrent t hi ef assenbly 95 of the
illustrated enbodi nent uses sixteen segnents 130 and there are four
conductive fingers 235 that are used, either sixteen or twenty

resi stive channels may be enpl oyed. As shown wi'th respect to
t he exenplary resistive channel 1, each resistive channel 140 is
conprised of a plurality of fixed resistors that may be selectively 15
connected in parallel with one another to alter the effective resistance

value of the;q A current thief as claimed in claim 2 wherein at least one of the resistance
devices of the second plurality of resistance devices comprises a plurality
of fixed resistors selectively connected in parallel with one another to

5 receive current from the respective conductive segment through selected

ones of the plurality of fixed resistors during electroplating of the wafer.

11. A current thief as claimed in claim 9 and further comprising a
programmable control system connected to selectively connect the
10 plurality of fixed resistors in parallel with one another and to the

respective conductive finger.

12. A current thief as claimed in claim 10 and further comprising a
programmable control s-}rstem connected to selectively connect the
15 plurality of fixed resistors in parallel with one another and to the

respective conductive segment.

13.  An apparatus for use in electroplating a wafer comprising:

* c L M s *

a rotor assembly;
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channel . Ewghvo/fdsped resistors are uSed in the each channel ET}(E%%/

di scl osed system Each channel is respectively ass 18684
with an octal latch, shown here as Ul for channel 1. The out put of
each data bit of the octal latch Ul is connected to drive WO 99/ 14401
PCT/ US98/ 19363 ' -17-

a respective MOSFET QLA - 4B that has its source connected to a respective
fixed resi stor of the channel. The processor Ul7 uses
its Port 2 as a data bus to comuni cate resistor selection data to
the octal latches of the resistive elenment interface 415. Ports 1 and

-28 -

a cathode assembly disposed on the rotor assembly for co-rotation with
the rotor assembly, the cathode éssembly comprising
a plurality of conductive fingers disposed to contact and
support the wafer,
5 _ a plurality of conductive segments disposed to
substantially surround a peripheral region of the wafer;

a current controller disposed on the rotor assembly for co-rotation with
the rotor assembly for selectively controlling current flow through each of
the plurality of conductive fingers and each of the plurality of conductive

10 segments on an individual basis during electroplating of the wafer, the
current controller including an electromagnetic communications link;
a stator assembly accepting the rotor assembly;
a stator control system, the stator control system comprising an
electromagnetic communications link for communicating information to
15 the electromagnetic communications link of the current controller, the
current controller using the received information to specify current set-
points used for selectively controlling the current flow through each of the
plurality of conductive fingers and each of the plurality of conductive

segments on an individual basis during electroplating of the wafer.

o
O g
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5 0 of thewpresemsor UL7 provides the requisite clock and stpebgssd/HRed S

to the | atches. After the requisite data has been comunicated to the
octal |atches, the processor Ul7 preferably enters a sleep node from
which it awakes only during a reset of the system or when the stator
control system 110 transmts further information through t he
infra-red link. 10 Based on the data conmuni cated to each of the
octal |atches, various selected ones of the MOSFETs for the
respective channel are driven to effectively connect correspondi ng

fixed resistors in parallel wth one another and effectively in series

with the respective segnent 130 or fingQP9235. The resistance val ues of the
fixed resistors for a given channel "are preferably weighted to
provi de a wi de range of total 15 resistance values for the channel while
al so allowi ng the resi stance val ues to be controlled with in _
relatively fine resistance val ue steps. - The foregoi ng control
systemis preferably nounted for co-rotation with the rotor assenbly
80. Preferably, the control systemis nounted in the hub 210 in a

|l ocation in which it is not exposed to the electroplating solution 105.

14.  An apparatus as claimed in claim 13 wherein the electromagnetic

communications links of the current controller and the stator control

system are optical links.

5
15. An apparatus as claimed in claim 13 wherein the current controller
comprises:
a first plurality of resistance devices each associated with a respective one
of the plurality of conductive fingers and regulating current through the
10 respective conductive finger during electroplating of the wafer;

a second plurality of resistance devices each associated with a respective
one of the plurality of conductive segments and regulating current through

the respective conductive segment during electroplating of the wafer.

15 16.  An apparatus as claimed in claim 13 wherein at least one resistance device
of the first plurality of resistance devices comprises at least one field
effect transistor device connected to receive current flow therethrough
from the respective conductive finger, the at least one field effect

transistor device being responsive to a voltage source connected thereto to

* c L M s *
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One enbodi ment of the stator control system 110 is shown in FIGs. 15-16.
The stator control system 110 includes an 87251 processor 440 that contains
t he programming for the stator control systemoperation. The primary
function of the stator control system 110 is to receive progranm ng
information fromthe main 5 control system 65 over an RS-485 hal f dupl ex
mul ti-drop comuni cations |ink 430. The progranm ng information of

t he di scl osed enbodi ment includes the si xteen/twenty, eight bit

val ues used to drive the MOSFETs of the yg.esistive el enent I nterface
415. Data transmtted fromthe stator GI%?CN system 110 to the main
control system 65 includes: an ack/checksum OK and an additional byte
cont ai ni ng

regulate the current flow.

17. Anapparatus as claimed in claim 15 wherein at least one resistance device
of the second plurality of resistance devices comprises at least one field
5 effect transistor device connected to receive current flow therethrough
from the respective conductive segment, the at least one field effect
transistor device being responsive to a voltage source connected thereto to
regulate the current flow through the respective segment during
electroplating of the wafer.
10
18.  An apparatus as claimed in claim 15 wherein each resistance device of the
first plurality of resistance devices comprises at least one field effect
transistor device connected to receive current flow therethrough from the
respective conductive finger, the at least one field effgct transistor device
15 being responsive to a voltage source connected thereto to regulate the

current flow.

19.  An apparatus as claimed in claim 15 wherein each resistance device of the

second plurality of resistance devices comprises at least one field effect

* [+ L ] N *
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10 a produebodessecti on bit, a nmeniscus sense bit, and a rot -
system battery status bit. Commruni cat i onsori)%’f@\ggﬁ%ﬁe
current control system 90 and the stator control system 110 shoul d be
kept to a mninmnumto conserve battery power in the rotor control
system Due to the gain limtations of the m cro-power characteristics of
the 15 integrated circuits used in the current control system 90, the
baud rate used for the conmuni cati ons shoul d be maintai ned "bet ween 600
baud and 1.2K baud. The static RAM of the rotor control systemis
non-vol atile. As such, the channel resistance progranm ng val ues are
stored so long as there is power in the g?tteries. Comruni cati ons

bet ween the stator control system 110 and fhe current control

RECTI FI ED SHEET ( RULE 91) WO 99/ 14401

PCT/ US98/ 19363

transistor device connected to receive current flow therethrough from the
respective conductive segment, the at least one field effect transistor

device being responsive to a voltage source connected thereto to regulate
the current flow through the respective segment during electroplating of

5 the wafer.

20.  An apparatus as claimed in claim 15 wherein at least one of the resistance
devices of the first plurality of resistance devices comprises a plurality of
fixed resistors selectively connected in parallel with one another to

10 receive current fr_om the respective conductive finger through selected

ones of the plurality of fixed resistors during electroplating of the wafer.

21.  An apparatus as claimed in claim 15 wherein at least one of the resistance
devices of the second plurality of resistance devices comprises a plurality
15 of fixed resistors selectively connected in parallel with one another to |
receive current from the respective conductive segment through selected

ones of the plurality of fixed resistors during electroplating of the wafer.

22.  An apparatus as claimed in claim 20 wherein the current controller further
T

L
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-19- WO99s449i 90 need only take place when the batteri gscB{§sigmsaced
or when different pl ati ng characteristics are necessary.

The stator control system 110 includes an on-board watchdog tinmer which

is software enabl ed / di sable. The watchdog tinmer is enabled after power-on
reset 5 and register initialization. One of the on-board tiners al so '
provides a tiner for controller operation and I / 0 debounce routi nes.
The stator control system 110 al so includes a neniscus sense circuit 450 as
shown on FIG 16. Just prior to product plating, a start signal at PP8 from

t he -processor 440 enables relay K1. In response, the signal at PP10
output fromthe 10 neniscus sense circugz-450 is provided to the processor
440 when the product contacts the plating solution. This |atching

signal causes the control systemto stop

comprises a microcontroller system connected to selectively connect the
plurality of fixed resistors in parallel with one another and to the

respective conductive finger.

5 23.  Anapparatus as claimed in claim 21 wherein the current controller further
comprises a microcontroller system connected to selectively connect the
plurality of fixed resistors in parallel with one another and to the

respective conductive segment.

10 24. A current thief for use in electroplating a wafer, the current thief
comprising:
a plurality of conductive segments disposed to substantially surround a
peripheral region of the wafer;
current control means for controlling current flow through each of the
15 plurality of conductive segments on an individual basis during

* electroplating of the wafer.

25. A current thief as claimed in claim 24 and further comprising:
a plurality of conductive fingers disposed to contact and support the
| R R L
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downvar d Y@ 8HI4BY retract, for exanpl e, 0.050 in. to provi deC/DSHSMOBE3SCUS

pul | descri bed above. Mechanisns for |owering and raising the
sem conduct or wafer 55 may be constructed in effectively the sane
manner as such mechani snms are 15 inplenmented on the Equi nox sem conduct or
processi ng machi ne avail able from Semtool, Inc., of Kalispell, M
The stator control system 110 al so provides a wafer sensor interface 455 at
J2. The external product sensor (not illustrated) nay be, for exanple, an
open col l ector optical sensor such as one avail abl e from Sunx.
RECTI FI ED SHEET ( RULE 91) WO 99/ 14401
PCT/ US98/ 19363 -33-

wafer;

the current control means controlling current flow through each of the
plurality of conductive fingers and each of the plurality of conductive

segments on an individual basis during electroplating of the wafer.

5
26. A current thief as claimed in claim 24 wherein the current controller
comprises:
a first plurality of resistance devices each associated with a respective one
of the plurality of conductive fingers and regulating current through the
10 respective conductive finger during electroplating of the wafer;

a second plurality of resistance devices each associated with a respecﬁve
one of the plurality of conductive segments and regulating current through
the respective conductive segment during electroplating of the wafer.

15 27. A current thief as claimed in claim 25 wherein at leas't one of the
resistance devices of the first plurality of resistance devices comprises a
fixed resistor connected to receive current from the respective conductive

finger therethrough during electroplating of the wafer.

LKA O
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-20 - wW09914401 On initialization of the control systémgé%%gtsng:m

processor 440 preferably stores $FF to all of the courts.

following table lists the port assignnents for the processor.

PORT - FUNCTIONALITY 5 PO[ 0..7]

NOT USED P1.0 (PP8) MENI SCUS SENSE START /
STOP P1.1 (PP9) MENI SCUS SENSE RESET P1.2
(PP10) MENI SCUS SENSE SIGNAL . P1.3 (PP11)
WAFER / PRODUCT SENSE 10 P1.4(PP12) NOT USED
P1.5 (PP13) NOT USED P1.6 (PP14)

RS- 485 TRANSM TTER ENABLE P1.7 (PP13)y_ RS- 485 /
OPTI CAL LI NK SELECT P2 [0... 7] NOT USED 15
P3.0 (RxD) RECEI VER DATA P3.1 (TxD)

_TRANSM TTERDATA P3.2 (PP24) THROUGH P3.7 (PP29) NOT USED

TABLE 1 20 A further enmbodi ment of the current thief 95 and

correspondi ng rotor .
28. A current thief as claimed in claim 26 wherein at least one of the

resistance devices of the second plurality of resistance devices comprises
a fixed resistor connected to receive current from the respective

conductive segment therethrough during electroplating of the wafer.

29. A current thief as claimed in claim 25 wherein at least one of the
resistance devices of the first plurality of resistance devices comprises a
variable resistor connected to receive current from the respective
conductive finger therethrough during electroplating of the wafer.

10 |

30. A current thief as claimed in claim 26 wherein at least one of the
resistance devices of the second plurality of resistance devices comprises
a variable resistor connected to receive current from the respective
conductive segment therethrough during electroplatipg of the wafer.

15

31. A current thief as claimed in claim 25 wherein each resistance device of
the first plurality of resistance devices comprises at least one field effect
transistor device connected to receive current flow therethrough from the

respective conductive finger, the at least one field effect transistor device

* [+ L M s *
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assembly 80VQ 8Pl forth in FIG 17. I'n the'illustrated enbo B BDEos b

segnents 130

secured to a polyner base 475 that, in turn, is secured to the hub
210. Each of the segnents 130 projects beyond t he i nner paraneter
the base 475 toward the wafer support area, shown generally 25 at 480.

are preferably fornmed from stainless steel and are

RECTI FI ED SHEET ( RULE 91) WO 99/ 14401
PCT/ US98/ 19363

10

15

32.

33.

34.

-21 -

-35-

being responsive to a voltage source connected thereto to regulate the

current flow.

A current thief as claimed in claim 26 wherein each resistance device of
the second plurality of resistance devices comprises at least one field
effect transistor device connected to receive current flow therethrough
from the respective conductive segment, the at least one field effect
transistor device being reéponsive té a voltage source connected thereto to
regulate the current flow through the respective segment during

electroplating of the wafer.

A current thief as claimed in claim 25 wherein at least one of the
resistance devices of the first plurality of resistance devices comprises a
plurality of fixed resistors selectively connected in parallel with one
anothe; to receive current from the respective conductive finger through
selected ones of the plurality of fixed resistors during electroplating of the

wafer.

A current thief as claimed in claim 26 wherein at least one of the

1
* [ L " S *
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In the ill Y¥®@P%4d1 enbodi ment, each finger 235 is associ at ed 508/19363
correspondi ng insulating anvil support 485. As such, the wafer o4

gri pped bet ween the end of conductive fingers 235 and the respective
anvil supports 485 to secure the wafer for rotation of the rotor
assenbly 80 during the el ectroplating 5 process. The

circuits for the current control system 90 are di sposed on, for exanple,
printed circuit board 500. Electrical connection between each of the
segnents 130 and the corresponding resistive elenent 140 on board 500
is facilitated through the use of a plurality of stand-offs 490 .
Each stand-off 490 extends froma respec#'ve 10 connection to one of the
resistive elements 140 on the printed citcuit board 500 t hrough t he
base 475 and into electrical engagenment with a respective one of the
conductive segments 130. The stand-offs 490 also function to secure the
board 500, hub 210, and base 475 to one anot her. The
entire assenbly 510 may be di sposed for rotation or pivoting about a 15
horizontal axis. | resistance devipssofthesecolidplurality &f fesisthice ddvicesabmiprises f aced

downwar d toward the plating solution for processing. In a second
position, the entifgnasnGTPked resistors selectively connected in parallel with one
another to receive current from the respective conductive segment through

selected ones of the plurality of fixed resistors during electroplating of the

5 wafer.

35. A current thief as claimed in claim 33 wherein the current control means
comprises a programmable control system connected to selectively
connect the first plurality of fixed resistors in parallel with one another

10 ~ and to the respective conductive finger and to selectively connect the
second plurality of fixed resistors in parallel with one another and to the

respective conductive segment.

36. A current thief as claimed in claim 34 and wherein the current control
15 means further comprises a programmable control system connected to
selectively connect the plurality of fixed resistors in parallel with one

another and to the respective conductive ségment.

* Cc L L] H] *
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is invertel to expose the wafer to manipul ation by, for exanp ani cal
arns or the like. To assist in renoval of the wafer fronlthe
processi ng area 480, the assenbly 510 is provided with a plurality of
pneumatically actuated lifter VI)Q?/14401

PCT/ US 98/ 19363 28 -22 -

mechani snms 515. When actuated, the lifter nechanisns 515 |ift the wafer to
a |l evel beyond the current thief assenbly 95 to all ow pl acenent of
the wafer into and r enov of the waf romthe assenbly 510.

FIG 18 illustrates the rotor assenbly 8071 n its\hone position with respect
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5 the statongsg‘g’rlrbly 85. In this position, the IR transmit FIGTAE3H3 and

120 are al i gned for conmuni cati on. O her enbodi nents of
the control systemof FIGs. 9 - 14 are also suitable for use with the
current thief assenbly 95. For exanple, the control system may be '

I mpl enmented wi t hout a processor, inste?_y?ﬁl | owi ng the processor of the
stator control 10 system 110 to shif e resistor select icgn dat a

bit-by-bit through shift registers of the current cont¥ol system 90.
In such instances, further IR links may be used to co ni cate shift
register timng signals to the system90 to allow the stat control
system 110 to control the shifting operations. Such {jx Ughal s «Le
specific to the particul ¢ manner in which the r dIsystem
is designed and are not 15 particularly pgtinent h U)
Numer ous nodifications may be f@de to the fore m w { hout .= .
departing frgmthe basic teachings thereof [Alt e oht i nvdat i on _
has been: @ Lhef~\ substantial det\il eIt of one or
nore specifi wt hose of ski in | ¥ egogni ze
t hat changes ey Y
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departing fromthe scope and spirit of the invention as set forth in the
appended cl ai ns.

3/28
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CLAI M5 1. A current thief for use in electroplating a wafer, the
current thief conpri si ng: 5 a plurality of
conductive segnents disposed to substanti®f28 surround a
peri pheral region of the wafer; a first plurality of
resi stance devices each associated with a respective one
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of the plura TiN*%s conductive segmerts and regul ating currBRT/USASHS3E t he
respective conductive segnents during electroplating of the wafer. 10

2. A current thief as clained in
a plurality of conductive fingers di

waf er; an

| m1 and further conpri sing:
ed to contact and support the

d CPU CONTROL a second plurali tCGHANNEEdHstidnce devi ces each

associ at e
conduct i v

e fing&rlP-4Ad

respecti e condBPt[iOv.& ] -
A current] thi efPM{0cH I
resi st ande
devi ces donpri seg;di gd RUS
Fig. 10 8V
GND
RST
- CH1
CH2
CHANNEL 3 -6
PS[0.15]
PD[0..7]
PM[0.4]
BRUSH
Fig.11 5V
GND
cro 28
CH4 CHE
.CH5 CHB
CH6

d wth a respectpS/Eo..

it t hr ougHCH11
tropl ati MgHo2
jerei n at CH®
irst plurghid

one of the

lurality of CH11

e CH1Z '\
, CH13
resi st anrqh14

~N

CHANNEL 7 -10

PS[0..15]
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BRUSH

Fig. 12 _ov

CH7
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. . . . P 19
-25 - resi stor connected to receive current (%romfhe
respective conductive finger t her et hrough duri ng

el ectroplating of the wafer. 7|/é§ A current thief as clainmed in

clai m 2 wieljgj.nphAeast one of the 480 5 devi ces of the
second pl urag_t,y Of resistance dex-i-ce-s—ﬁnpii—see—a—fi—xled -
resi stor coinected to receive current fromthe res ' conductijve Q

segnent thegethrough during electroplating of the fer.
current thi '

f as clainmed in clb’ﬂgnﬁ%\ék]l%rein at | edst
10 devi ces of the fir8f ﬁélity of resifsthnce dgvj |
a variable l Cc21 r esbg %chonneﬂse(hﬂo:oec ve current fromthe
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6. A current thief as claimed in'claim2 wherein at | eastCT5H§9881936t3he
resi stance 15 devi ces of the second plurality of resistance
devi ces conprlses a variable resi stor connected to receive
gmrﬁgte}‘;gt 9;1 t%ectlve4fsonduct|ve < N segrrentttherethrotjgh .
i r ating of 7/The Wafer : current thief as _claine
in claim erein at |east one resistance
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‘device of the first plurality of

resi sPGRAB¥HBI T es

conpri ses at |east one field effect transistor device
connected to receive current flow t her et hrough fromthe
the at | eastQ28 field effect

respective coFcigt |1/@® nger,

transi stor devi bel ng_respansi ve to a yvoltiage
thereto to regul atasthe current flow. 8.

urce connected

A eproentythief

clained in claim TETerm at 1 edast one resrstance
the second pluralit

5

(L9 1’

<GET0c-51)
Mﬂ@[g“ﬁ]

¢ BRUSH

CH2

1—140

field effect tran@ 0r_device _connected to receive CLﬁMéﬁt--4]O\_I<p Un" 7
t heret hrough from respective conductive segment, the at |eas &——-’
field effect transi F—gevee—BetRg—espensyre—to—a—voktage
connected thereto regulate the current flow thriough the rﬁ-ﬂchV@
segnent during el ropl ating of the waferD2 R141 1.0
SIADICT | gt~ A~ CH2
S0V 2.5A 1/2W 5%
Q8B 3 6!~ 7
TR o Y 1MSB
IRF7101 [~ e[~ V0 I
CB7 4 1/2W 5%
QB8A 1 8 ;
IRF7101 T el T 2%V, |
— | R1B20 | |
cB6 2 1/2W 5%
Q78 3 6 !
IRF7101 | =l R3V4V1““0 ' :
CB5 4 1/2W 5%
Q7A i 8 |
- ANA—4 |
IRF7101 |~ Bl T o080 l
CB4 2 1/2W 5%
Q6B 3 6 |
- AAN- I
IRF7101 [T Bl 8o I
CB3 4 1/2W 5%
Q6A 18 | :
1 AN
IRF7101 [~ Bel ~ pade0 0 l
cB2 3 12W5% | |
| LOg
Q58 3 6
{ aA—i |
RF7101 I el T pog a2 | |
CB1 4 12W5% | |
Q5A 12} . |LSB
IRF7101 B | R114 128.0
cBo 2 1/2W 5%
pusi-. E——
VCC
5V

L——J_——-GND

VSS

SUBSTITUTE SHEET (RULE 26)



15 9. WO 1448ht thief as claimed in claim1 wherein at 'FEE@&SWH’Q(’N t he

resi stance . devices of the first plurality of resistance
devi ces conprises a plurality of fixed resistors selectively
connected in parallel with one another t$(0/28 receive current_from
the respective condugtive finger thraough.soloci.od s :@ he
plurality of fixed rEi stors during electroplating of the wafer.
SUBSTI TUTE SHEET (RULE 26) WD 99/ 14401 @
PCT/ US98/ 19363 ——=27(C)
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10.
resi st ance

connected in parall el

devi ces of the second plurality of
devices conprises a plurality

with one another to

ﬁ)&/ééxed res

A cuY@RYT448] of "as clained in claim2 wherein at | east POTEIS98/19362
resi st ance
i stors selectively

receive current _from
oTTe -@ he

the respecti ve(Aymeueprre—segme ox
plurality of fifged resistors during electroplating of the wafer. {ED
11. A curren hief[as clainmed in claim9 and further conpr|5|ng a
programabl e cq@F-et—pystemeennectet—to—setectivrety—conmect—the ¢vg{§D
plurality of fiXed resistors in parallel with lone another and to the
respective conductive finger. 12. Alcurrent thief @s clalnediih
claim 10 and further gonprising a programabl e gontrol system
connected to sel ectivly connect the
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a first plWPaMI4491 of resi stance devices each associ at ed wi t RCA/USEHA363 i ve

one of the plurality of conductive fingers and regul ati ng
current through the 10 respective conductive finger during
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a variabl ¥98%i4pbr connected to receive current fromthe rBEPRISHS/ 19363
conductive segnent therethrough during electroplating of the wafer.
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bei ng resp¥P8PAM0t o0 4 vol t age source Gonnected thereto to r FGIVURS/19363

current flow 32. A current thief as clained in claim26 wherein
each resi stance device of 5 _ the second plurality of resistance
devi ces conprises at |east one field25/28 ef f g5t rzagsi stor device

connect e@ receive current flaontherathoeough
respecti conductive segnent, the at |east one field effect

transi st o—dewee berng—respomsive t o vortade soldrcte connected thereto to
regulate the current flow thrg i ve segnent duri\r}

el ectropl ating of the wafer. SF;H4g v _Alcurrent It hi efce med in
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A current thief as claimed in clai m26 REBUSIS9343
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35. A NP PYHIOY hi éf as clainmed in ¢laim33 wherein the cHCTARSRAYKEr o
nmeans conprises a programabl e control system connected to
selectively connect the first plurality of fixed resistors in
parall el with one another 10 and to the respective conductive
finger and to selectively connect the second plurality of -
fixed resistors in parallel wth one ang?Kgﬁ and to the

respecti ve conductive segnent. 36 A current thief as clainmed in
claim 34 and wherein the current control 15 means further
conprises a progranmbl e control system connected to

sel ectively connect the plurality of fixed resistors in parallel with one
anot her and to the respective conductive segnent.
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