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More particularly, the present invention relates to an apparatus for integrating sensors
and hardware controls used in a semiconductor manufacturing equipment,ﬁ specifically, in -
a plasma etching system. '
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Background Art -
Various forms of processing with ionized gases, such as plasma

etching/deposition and reactive ion etching/deposition, are increasing in importance
particularly in the area of semiconductor device manufacturing. Of particular interest are
20  the devices used in the etching process. FIG. 1 illustrates a conventional inductively
-.coupled plasma etching system 100 that may be used in the processing and fabrication of
semiconductor devices. Inductively coupled plasma processing system 100 includes a
plasma reactor 102 having a plasma chamber 104 therein. A transformer coupled power
(TCP) controller 106 and a bias power controller 108 respectively control a TCP power
25  supply 110 and a bias power supply 112 influencing the plasma created within plasma
chamber 104. _
" TCP power controller 106 séts a set point for TCP power supply 110 configured
t-o supply a radio frequency (RF) signal, tuned by a TCP match network 114, to a TCP
coil 116-Iocated ﬁcar plasma chamber 104. A RE transparent window 118 is typically
36 provided to separate TCP coil 116 from plasma chamber 104 while allowing energy to
pass from TCP coil 116 to plasma chamber 104.
Bias power controller 108 sets a set point for bias power supply 112 configured
to supply aRF si gnal, tuned by a bias match network 120, to an electrode 122 located

within the plasma reactor 104 creating a direct current (DC) bias above electrode 122
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particle density erature, etc
electrode 122 ng)tuned by bias match network 120 induces a DC bias on sub_strate 124
to control the direction and energy of ion bombardment of substrate 124, During the
etching process, the plasma reacts chemically with the surface of substrate 124 to remove -
- material not covered by a photoremsttve mask.

20 - Primary parameters such as plasma reactor settings are of fundamental
importance in plasma processing. The amount of actual TCP power, bias power gas
pressure, gas temperature, and gas flow w1thm plasma chamber 104 greatly affects the
process conditions. Significant variance in actual power deljvered to plasma,chamber
104 may unexpectedly change the anticipated value of other process 'variable parameters

25  such as neutral and ionized particle density, temperature, and etch rate.

In existing plasma etch systems, however, primary parameters are controlied
through separate standalone controllers that do not directly communicate with eacﬁ other
in real-time. FIG. 2 illustrates a conventional plasma etching control hardware system. A
TCP match 200 includes a TCP controller 202. A bias match 204 includes a bias
30- controller 206. A pressure control valve 208 includes a pressure controller 210. An
* optical emission spectrometer (OES) or interferometer (INTRF) 212 includes an OES or
INTRF controller 214. A VME chassis 216 communicates with standalone controllers
202, 206, 210, and 214 via serial links 218. Thus, reactor settings are controlled
separately through standalone controllers with a relatively slow communication link
35  between each other.
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DESCR
' directly relevant to the process therefore directly controlling wafer features.

BRIEF DESCRIPTION OF THE INVENTION
20
‘ A central controller for use in a semiconductor manufacturing equipment
integrziteS'la ﬁlurality of controllers with an open architecture allowing real-time
communication betweer the various ¢ontrol loops. The central controller includes at
least 01['16 central processing unit (cpu) executing high level input output (i/0) and control
25  algorithms and at least one integrated i/o controller providing integrated interface to
| Sensors and control hardware. The integrated ifo controller performs basic i/o and low
level control functions and communicates with the CPU through a bus to perform or
enable controls of various subsystems of the semiconductor manufacturing equipment.
| -A method for- controlling a plurality of sensors and a plurality of control hardware
'30  for use in a semiconductor manufacturing equipment loads an appiication software onto .
a cpu board that is plugged in a bus. Sensors and control hardware are linked to electrical
controllers that are mounted onto a single circuit board which occupies an address block
in a memory space of the.bus. The single circuit board is then plugged in the bus and the

sensors and control hardware are controlled via the application software.
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A central controller for use in a sem conductor manufacturing equi pnent
integrates a plurality of controllers with an open archltecturaeﬂ QE?%Q
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with a sp‘@%‘? IPB enbodl ment of the present invention. 10 FIG 5is a flow
chart ill ustratl ng the interaction between a software application and
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Those of ordinary skill in the art will realize that the following description of the
present invention is illustrative only and not in any way limiting, Other embodiments of

20 the invention will readily suggest themselves to such skilled persons having the benefit

of this disclosure.
Semiconductor manufacturing equipment such as a plasma etching system uses a
~ computer systeeu to monitor and control wafer transport, gas flow, wafer processing, and
wafer stripping.

25 A hardware control system, which incorporates a preferred embodlment of the
present invention, is shown in FIG. 3. It includes a central controller 300 compnsmg at
least one central processing unit (CPU) board 304, at least one circuit board 306, for
example a VIOP board, and an 0pt10nal communication board 308. All boards are
plugged in a bus, for example a VME bus 310, within a chassis 312. Communication

30_ board 308 interacts with other components of the plasma etching system such as a user
mterface Several 1/0 micro-controllers are mounted on circuit board 306. The i/o micro-
controllers commumcate with various external control hardware and sensors such asa
TCP match 314, a bias match 316, a pressure control valve 318, and an OES or INTRF
sensor 320. In particular, two TCP micro-controller 322 located on circuit board 206

35 controls external TCP match 314. Two bias micro-controller 324 located on circuit board
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for use in a sem conductor manufacturing equi pnent according to a specific
enbodi ment of the present. invention. DETAILED DESCRI PTI ON OF 3 [PREFERREP
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Circuit bdemperaee, codhebnm bagkuddnenolinggressures \age VLA #F P5oH
M oro- contf ol Lok 3v 928 aRferadiiolc3Rinamitibe dibd borind sizdgpaRdaning! epper 5

control | er’§% ommuni cate with external drives, i.e, a TCP capacitor
drive, a hjrecess./GRIE B0 prmesses thederipe algorithm by exenvtingnpighvievelfoAnd The

xampi aoeEBLAEeREehesSpph ity tbro coholdl 302 08,42, 22098 |\
for exanplgyamiceamERlaatroBER0A0, 324, 326, 328 then perform basic i/o and low level
control functions and provide integrated interface to sensors and control hardware 314,
. 316, 318,' 320. Therefore, CPU 304 communicates with micro-controllers 322, _324, 326, B &
328 via VM‘Evbus 310 to perform or enable controls of various subsystems of the plasma
20  etching system such as TCP power, bias power, gas pres!sﬁre, and OES or INTRF

SENSOrs.

FIG. 4 illustrates a presently preferred embodiment of circuit board 306 (FIG. 3).
An i/o processor circuit board 400 may have a 24-bit addiress and 16-bit data VME bus
25  compatible board occupying an address blogk of 64KB in a VME memory space. A bus
402 communicates with stepper controller interfaces 404, digital input (DI) and digital
output-(DO) VME interface 406, and dual port memories (DFM) 408.
Stepper controller interfaces 404 may include two axis for TCP maich 314 (ICP
capacitor one 410 and TCP capacitor two 412), two axes for bias match 316 (bias
30  capacitor one 414 and bias capacitor two 416), one axis for pressure control valve 318
(pendulum valve 418), and one spare axis 420. Stepper coniroller interfaces send
commands to micro-controllers 422 that control the axis. Data velocities may be 4 bits
for step rate and one bit for direction with multiple rate tables. A micro-controller

firmware will automatically implement acceleration/deceleration between the step rate

35 changes.
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chan . 5 3.0 DEC 20,04 WO 02/03429 PCTIUSCL/ 20800 DI and DO VME
dinterface-406 map DI and DO 424 in a VME nenory space. DI. may be a 24
vol ts sourci ngVIQP&0hensuaso mchdsnCVAViEGhicagee 428 toeUOES dntl/@RINRE £@nsor s.
DO may beg24 volts urcmgJ é)de an ve read-back capability. :
: where controls an ata are apg ona memory space. An O%.S may be an
Ocean-Optics $2000. An OES and INTRF may be an Ocean Optics SD2000. The
spectrum data may be 12 bits wide with simultaneous acquisition of OES and/or INTRF
20  spectrum. The summation of spectrums may be performed by controller 428, for
example a PLD based type, with an integration penod programmable from 4mS to

250mS inal,l4,2,628, ... sequence.

The present invention therefore enables partitioning of control functions for
25  optimum performance. It also facilitates close coupling of time critical loops while
allowing “local” control of non-time critical subsystems. Such integrated interface
reduces equipment costs by maximizing use of resources and reducing redundancies in
hardware and software. Such an open architecture also allows controllers to coordmate in
real-time renders the process stable and consistent.
30
FIG. 5 is a flow chart ﬂlustratmg the interaction between a software application
and sensors and control hardware. In block 500, an application software residing on a
CPU board, such as CPU board 304, allows an operator to input parameters necessary to
create a desired surface profile on a wafer in a plasma etching and deposition reactor.

35 . The application software interacts with drivers in block 502. The drivers are low level
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bl ock 502 v ail;rg% 1%” An\éecgcglir%[afferlo%nvgtér%\ﬁﬁlarer lirﬁ(ed to micro-controllers. In block 606,

electrical controllers, such as micro-controllers 322, 324, 326, and 328, are mounted onto

a single circuit board, such-as VIOP board 306. The single circuit board is then plugged

in the bus in block 608. An operator controls sensors and control hardware via the

20  application software loaded onto CPU board in block 610. Having such central facility of
controllers on a single board facilitates a close coupling of a plurality of time critical
loops while allowing local control of a plura]ity of non-time critical subsystems. Other
embodiments of &e method illustrated in FIG. 6 may have block 600 through 608"
rearranged in any ordcf.

25 _
Because the micro-controliers on the single circuit board communicate in real-

time, they can exchange critical information about the status of a plasma wafer process
allowing the CPU to master the whole operation. Such plasma wafer process is
orchestrated by the CPU sending high—l;:vel instructions to the micro-controllers and
30 interfaces on the single circuit board. Those instructions are then carried out by the
micro-controllers that focus on “simple” activities. Such architecture allows the closed
loop of each controller to communicate with each other. Because of the multitude of
codependent parameters and variables that affect a-plasma etching and deposition

process, the macroscopic “simultaneous” control of parameters such as TCP, bias, or



3 D DEC 2004 WO 02/03429 PCTI USOL/ 20800 i driver programroutines that
link the application software in block 500 to the control sensod§ &€ 2004
control hwodewsgzd n bl ock 504. Circuit board 306 (FIG 3) mﬂ%ﬂ}lﬁ&%ed .-
speci fic mappi ng address for every sensor and control hardware.”  FOr
exanple, VME nenory space FAC2000h- FAC21FFFh has been assigned to VIOP
st at us/ conpresduraallotws bhbPEatorhe sibnificunty fAProvBeR afaYy %biﬁia/g Bnd evel
commands fromthe applicati.on software to the specifi€ sensof or control
har dwar e bFPP@ﬁEﬂ%@F%#@M@@@&W@MMg nmenory mappi ng addresses. A
met hod for controlling sensors and control hardware for use in a 10

sem conduct or manufacturing equipnent is illustrated in a flow chart in
FIG 6. In a fiWétile hhbakine0f. andmpalieiionast Bk iaditearavalbbaysieyRsoper at or

to sel ect reci pe containing the specific paraneters to produce a desired
sur f ad prgﬁfs-F’FéeCE At ‘ﬁo‘g‘Fl r?é’P%ieBHorfBO%f-‘rﬁlﬂned’éBé@N%VIEg'ﬂleebﬁneﬁs‘Oﬂﬂﬁsded ont o

a CPU boar ' . : (El : ck 602.. the CPU board
is pl ugged&ii%llgééy\r &ﬁﬁﬁkﬁh%%%ég%@gé% rﬁ%g}hqé?%gﬁ&%oeﬁ-e pjc_)gdﬂglg r’f‘é‘g}oélt and '
control hadeparing fremche ivelOR cmicepts dirkin, iFardnsraicethd 16vel RF GRE&HaB0FE 8NHE O/

al ve 318, and oes/interferonmeter 320,are li.nked, to mcro-controllers. In
bl ock 606, VAHORS EoRTIIPORS AP o1 iafegratediln baardis eisble tnesRing an the specifivy,

326, and 33BlicAich HBLREERRAEE fordF %&E@I& itﬁegshs vhlﬁﬂfééjlboﬁ Hel m&g@@g@gﬂ\g

St
306. The single circuit board is the ugge I'n us'1n
oper atly  cRsrrxigrisd sed sombingdavish a{GRIY board dsvar‘porvdtide’t dpticADemjssioncat i on

software | i 10...Havi ng su central facility
of  contro i'ers %ﬁltg‘hg %%\nglgtgcgircg c?%%#lbgggeedsllﬁ‘ghecwggreﬂﬁgﬁbf‘? Ceypent of its
plurality existingmepability, cal | oops while al'lowing | ocal control of a .
plurality of no}gl;stitne critc;{%al subsystens. Qther enbodi ments of the nethod
i1lustrated i n‘FF® 106 Vi CHRR/EX BTBICRD f'mﬁw%ﬁimulpmwp ranfipdes ofn any
order. 25 tRREauafal " Boritllcs £8P bE WdloTpRis N CrbloMR oflSiHIch R

communicate in real- tinme, they can exchange critica ormat o about the
st at uddof hamssingendspace glaseties  al lowing the CPU to master the whol e

~operation. Suc l. . oge IS orchestrated . t he sendi n
h!ogh-l evel i nsﬁ%&ﬁ%ﬁggﬁtﬁ%%gﬁgfem%ﬁ%% en{efstg]cfeélregccgﬂdn SRRt gﬁﬁces ongt he

si ngl e ci mppendebomims. Those instructions are then carried out by the




m cro-controllers that focus on "sinple" activities. Such architecture
allows the closed |oop of each controller to communicate with each other.
Because of the multitude of codependent paraneters and vari abl®8 Bﬁﬁtﬂm4
affect a plasma etching and deposition process, the macroscopic

"simul taneous” control of paraneters such as TCP, bias, or 7 3D DEC'2004,
WO 02/ 03429 PCT/ US01/ 20800 pressure allows an operator to significantly
i nprove the accuracy, stability, and repeatability of the etch and
deposition process. \Wile enbodi nents and applications of this invention

have be shown and 5 described, it would be apparent to those skilled in
the art MY the benefit of thls di scl osure that many nore nodifications
than nment i QB&EPRANEIAES BORS Rink m&t&)u{m fg&m{ Bgml Eﬁ% Agng:nventive
concepts herein. For iInstance, thg | evel f |nt§§?a o) b ﬁné vari ous

control |oopgpggto the integrated i/o board i s scal abl e depending on the
. specific application that it is intended for. For exanple, the CES with

i ts | ow | evely fhd BAlcRiral FRdbesstheliit 06 ﬁU?&I@%@&ﬁU%ﬁﬂ?{%QdWs&ﬁ bils {43 board

as a "portable” optical nlsS|on spectronet er w contr er can

al so be é,@&gngglgggporgrm@{b@éihpu@}&ﬁpu@p&%pgmmm its existing capability.

Al so, for very conpl ex sem conductor manufacturing equi pment, nultiples. of

these "centr glinsEQRtHhiPhdaRl SuglRd ﬁ&dﬁﬁ%aﬁ%m%&%r@%ﬁﬁoa?@ﬁ&iﬁ&h% ggag@gy&s' tion,

wire 15 harneSS|ng, and space al | ocation e I nvention i s not

to be regkidel EB¥EERhg WithhPRuaR) bt dens 208 phemwﬂ%ﬂu&ﬂ él%re dfsfq3 0 DEC

2004 Cainms:. 1. Acentral controller for use Ina sem conductor
nanufacQgﬁkﬁgmﬁgyhﬁgﬁg&mﬁﬁﬁaﬁmﬁkﬂg: a bus; at |east one central processing
unit (CPU) card, said CPU card plugged in sai d bus and executing at |east
one high I evel input/output control algorithm

2. The central controller of claim 1 wherein said single circuit board performs basic input/output

or low level control functions.

3. The central controller of claim 1 wherein said single circuit board communicates with said
- CPU through said bus fo control said plurality of sensors and said plurality of control hardware

of said semiconductor manufacturing equipment.

4. The central controller of claim I wherein said bus is a Versa Modular European (VME) bus.

5. A circuit board for use in a semiconductor manufacturing equipment comprising:

a stepper controller interface communicating with a Versa Modular European bus and a

plurality of micro-controllers;

Q0



a single circuit board plugged in said bus, said single circuit board
including a plurality of interfaces communicating wiwth a plurality of
sensors and a plurality of control hardware of said senicondudiarﬁEC 2004
manuf act uri ng equi pment. 2. The central controller of claim1 wherein said
single circuit board perforns basic input/output or |low | evel control
functions. 3. The central controller of claim1l wherein said single circuit
board comuni cates with said CPU through said bus to control. said
plurality of sensors and said plurality of control hardware of said

sem conduct oOra digifAUihpetard Hilgﬂal%ﬁgjhpiﬁﬁﬁﬁee o@mmma%%gﬁ@d veshMoghier of claim1

wherein said bus is a Versa Mdul ar European ( bus. 5. Acircuit board
for use Rutogeas Bil§ 0 RAPSILE Eaid @RI Rphubind WgiR ORI V&Q@Moﬁﬁ'af‘ﬁimﬁeaﬁt epper
controller interface conmunicating with a Versa Mdul ar European bus and a
pl ural i tieRdry@paes;0- controllers; 90 3 0 DEC 2004 a digital input and digita
out put rnte:?ace communi cating with a Versa Mdul ar European bus and

mappi ng sai daﬁ&ﬁﬁboﬁ%%%ﬂﬂaﬁé%&%amd@l&%ﬁ%%%%ﬁr Eur opean
a ver

menory space; a first dual port nmenory communicating w sa Modul ar

Eur opearmdippngan dnalS@iaphtA6d alodbatRbinlaia MOEhR 'E?i‘di}garﬂﬂ&ﬂ% spReBnyer sa

Modul ar European nenory space; and a second dual port nmendry comruni cati ng

Wi th a Versaalpduk aial foH RBRGH Bktaisinyii] Vasd MEBlIaT O6heRPEGH Rt er or
Interferometer. 6. A nethod for controlling a plurality of sensors and a

pl ural i toptiehl FrSiNidi R pebantbi@ e Inkdferdhiierl N @ sem conductor manufacturing
equi pnent conprises: |oading an application software onto a cpu board;

pl uggi ng said cpu board in a bus; linking the plurality of sensors and the
plurality of control hardware to a plurality of -controllers;. nounting

sai d pl W & intiodfor eQiiollRig la @Bl bOseRsosd M la@hRAlItS bF donROHaFlw S FuRiing! €
circuit board occupying an address block in a nenory space of said bus;

pl uggi ngemibstiusionghaufsdnihgictuip@aitdompisai d bus; and controlling the
plurality of sensors and the plurality of control. hardware via said
appl i cati on kadihgart gpplication sofiware onto a cpu board;
| plugging said cpu board in a bus; _
linking the plurality of sensors and the plurality of control hardware to a plurality of
controllers;
mounting said plurality of controllers onto a single circuit board, said single circuit board
occupying an address block in a memory space of said bus;
plugging said single circuit board in said bus; and
controlling the plurality of sensors and the pIﬁrality of control hardware via said

application software.

7. The method as in claim 6 wherein said address block is of 64 kilobytes.



7. The nethod as in claim6 wherein said address block is of 64 kil obytes.
10 3 0 DEC 2004 8. The method as in claim6 wherein said application
software comunicates with the plurality of sensors and the pl J&IDES 2004
control hardware through a plurality of drivers, said plurality of drivers
referencing said application software to a plurality of corresponding
menory mappi ng addresses. 9. The nethod as in claim®6 wherein said
plurality of controllers further facilitates a close coupling of a
plurality of time critical |oops while allow ng |ocal control of a

plural ity phe M&Hod ds/ifTBlafif b WhErdin s3id ASMREESEsoftdire cOmBRAGERIWRA He Rl CE

readabl e by a machi ne, tangi bly enbodying a program of 1nstrucCtions

r eadabl eof¥ndoRemAREHIRS1ILY OF RS IAFdWaRe BRMBION phufiiiey Gk | dafd 1&1&%515 ality of

sensors and a plurality of control hardware for ‘use Iin a sem cohduct or

manuf act g LiREBA BQion IEARL q&m&g* [ Ta N al GAtion
softmare&gﬁ?%egﬁﬁgg boaﬁp;hﬁﬁﬁuggings)saidmgggaggggggkggfaﬁiﬁﬁwé ing the
pl uralitydpisesensors and the plurality of control hardware to a plurality
of controllers; mounting said plurality of controllers onto a single
circuit board, said single circuit board occupying an address block in a
menory space of said bus; plugging said single circuit board in said bus;
and contg, otfd iéhdd B iPbikinPé Wwhiteisaid ?Rééﬁ&ﬁot%ﬂﬁ’tr&li&?s Rkt Rlcktieted c1GRNT 1 Ol
hardware via said application software. SV #191735 vkE 11 0

coupling of a plurality of time critical loops while allowing local control of a plurality of non-

time critical subsystems.

10. A program storage device readable by a machine, tangibly embodying a program of
instructions readable by the machine to perform a method for controlling a plurality of sensors
and a plurality of control hardware for use in é semiconductor manufacturing equipment, the
method comprising;

Ioading an application software onto a cpu board;

plugging said cpu board in a bus;

linking the plurality of sensors and the plurality of control hardware to a plurality of
controllers;

mounting gajd plurality of controllers onto a.single circuit board, said single circuit board
occupying an address block in a memory space of said bus; |

plugging said single circuit board in said bus; and 7

controlling the plurality of sensors and the plurality of control hardware via said

application software.
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