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receiving at a first interface (110) operational state data of ; 8i ng
tool (105) related to the manufacture of a processing piece; sending the
state data fromthe first interface (110) to a data collection unit (I30);
accunul ating the state data at the data collection unit (130); sending the
state data fromthe data collection unit ( 13 0) to a fault detection unit
( 120); det¥PM/WHg if a fault condition exists with tRETBIBZEYsi ng tool (
1 OS) based upmésedstiantcBthod B setods a; an b cP R QI 1k altilon FenF ﬂ@@ﬁd@fe%@ﬁ&e@&ﬁ' on on
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a fault coniltdeegtionesyitet 20 \inclules ModelWared st Ity ploddihg fultlddibction is o amadtedipon t he
state datassesi ved by the fault det ection unit 7 2 4 JAN 2005

Repl aCi? ment p%ﬂqﬂag ercutlfA.Ho éQ‘Bx%)s (1 %%%)etmm@d actxon uh e too hegllhadata results thzaf are3 4 0r5

n term
wher ei n per Le%tb)mle tgﬂt%etap ction system 120. When the apphcatlons mterface 340 recelves the results from the fault

detection system 120, it forwards a copy of the results to the plan executor 330. Upon inspection of the results, the
plan executor 330 attempts to rectify the fault condition found with the tool 105 by performing a predetermined
action. In accordance with one embodiment of the present invention, the solution to a fanlt condition may.be for
20  the plan-executor 330 to send a control signal to the machine- interface 310 and equipment interface 110 to shut
down the tool 105 so as to prevent further manufacturing of faulty silicon wafers. The plan executor 330, in
addition to shutting down the tool 105, may also apprise a technician of any potential solutions to rectify the fault .

condition through an operator interface (not shown) such as a graphical user interface (GUT), for example, before
the tool 105 may. commence operation once again. Alternatively, the predetermined action performed by the plan
25  executor 330 may be to forward a copy of the tool health data to the equipment interface 110, and then to forward
the health data to the workstream 125. .
Turning now to Figures 4A and 4B, a process 400 for fault detection based upon tool state operational
parameters is provided. The process 400 commences at block 410 where the tool state data of the processing tool
105 is obtained. The tool state data may be obtained from the tool 105 itself or through an add-on sensor 115. In
30 accordance with one embodiment, the tool state data may include temperature, pressure, and gas flow
measurements from the processing tool 105.
Once the tool state data is obtained through the processing tool 105, the data is received at the equipment
- interface 110, and is accumulated in the data collection unit 130 at block 420. At block 430, the data collection
unit 130 converts the tool state data received for each wafer processed by the tool 105 from a first communications
35 protocol used by the equipment interface 110 to a second communications protocol in the form of a tool data file.
The data collection unit 130, when converting the tool state data into a tool data file, translates this data into the
second communications protocol that is compatible with the sofiware package running on the fault detection
system 120, which is the ModelWare software package in the illustrated embodiment. Subsequent to creating the
tool data file for each wafer currently being processed by the tool 105, the data collection unit 130 forwards the tool
40  data file to the fanlt detection system 120 at block 440. The fault detection server 205 of the fault detection system
120 generates a model reference file 210, adds the model reference file (MRF) to the model archive file (MAF) 215
-5-



shutting down the processing tool ( 1 OS) providing that a faulty condi tion
exists. 7. The nethod of claiml, 2, 3, 4 or 5 further corrprl gJAN 2605
receiving additional state data of the processing tool (10S) from a sensor
(115) that is coupled to the processing tool (105); and sending the
additional state data to the fault detection unit (120). 8. The nethod of
claim?7, further conprising: translating the state data fromthe sensor
(115) from¥WOP¥I&B conmuni cations protocol used by thePEBHWORIIPLIS) to a
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rel at 5cl to the manufa The processi ngﬁ) Ion unit
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r €SpoNse weQroledion P RDGEE S asQl foftn ih AMIdimGARS 1 0n; a data collection unit (

130) adapted to receive and accunul ate the state data as the data is
received by the first interface ( 110), and to send the state data fromthe
data collection unit ( 130) to the fault "detection unit ( 120). 13. The
system of claim 12, wherein the first interface ( 110) conprises a data
collection unit (130) adapted to receive and accunul ate the state data as
the data is

)
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received by the first interface (110) 14. The system of cl ai th in
the fault detection unit (120) is further adapted to send an IJ %ﬁ

i ndicative of the fault condition to the franmework ( 13 5) fromthe fault
detection unit ( 120) providing that a fault conditio pif t he processing
tool (105) was determined by the fault detection unlt ag@p‘:enggaqerhe syst em
of claim12, wherein the framework (135) is further 2{;@ M? end a
control signal to the first interface (110) reflective det erm ned
action pr ovi ding that a fault condition exists. 16. The systemof claim 12,
13, 14 or 1 g AMrein the collection unit (130) is further adapted to
transl ate thé“‘ST‘at“e data froma first conmmuni cations protocol to a second
comuni cations protocol conpatible with the fault detection unit ( 120),

and to send the transla ed state data fromthe data collection unit (130)
to the fault ldet eftMgiHodomPIisMEY. 9 24 JAN 2005 Repl acenent page 2 0 JAN
2005 17. The, i ensor
(115, coupl Saruepch Seaudh@iaie (118 obfrpfhna Yo Yata s SRTRSI B AR (13570

recei ve addi talmc:htotheataauﬂamae6ﬁa)pmtésan@mte@es31 ng tool ( 1 OS), and to send
the data to the faylt detect% gnlt (.1 20 18. The systemof claim 12, 13,

14 or 15, wh¥Eig tRetatedeta ¢ fi6¥t inier cq @121@9 tp & daf collactiopapt 3o
conpare the giah&i hOfia to predetermned state
data to determ ne a?ﬂg pr estreeﬁgtg%g?&% e& t]@?@f 19. The system of
cl ai m 18, whsanding thhsiafeaiatetﬁdatﬂm:datancnllantﬂn ﬁmﬂ@@@) o faullt tetectiondmixt(€20)t o
conpare the gtate dat. ei ved.to fault del data t derjived from
other sim | af<ey Eu\ﬁd?@rfeu \%ﬂ‘l‘é‘ﬂ%"q gxijls i n@@@&%?%’n&%‘iﬁ Qié’ﬁs@dﬁ’ﬁn §ers
were pr ocessggte\aagahhﬁu accept abl e operational limts. 20. The system of
claim12; 13, 14 or 15, wherein the predeterm ned action is to shut down

t he processi mj Qraung @lmg}etemnedr hesionyart the prbceskiagrod2(106h ér sisporsado dbt a
col l ection &| %?9% au?t (ril%er adapted to send the accumnul ated state data
to the faul tPGeY & ﬁ unio 320) while a processing piece is being

processed by the tool (105). 22. The systemof claim 12, 13, 14 or 15,
wherei n the gr ocessi ng .t ool is a sem conduct or fabrl cation tool,

and the processi n§hgmsthed |0§°£?1f§|1l,iw W@mgmsw%rdatﬂpfp@néhwta%bpmm ng:

~an interface,ggd aG ﬁpﬁ ata froma processing
t ool (105) Smg ?@bgg)o%/%gﬁut F?‘éu(gug?g{ %yn St a@tng ?a ~a controller adapted
to: receive trieslajrey ahé¢ et ﬁtatfeordai dirkt @oiinhéhicationsf potocollefoes ndedend I a

fault condition exists with the processing tool ( 105) based on the
communications protocol compatible with the fault detection unit (120); and

sending the translated state data from the data collection unit (130) to the fault
detection unit (120).

3. The method of claim 2, further comprising:

sending an alarm signal indicative of the fault condition to an advanced process
control framework (135) from the fault detection unit (120) providing that a fault
condition of the processing tool (105) was determined by the fault detection unit
(120).

4. The method of claim 3, wherein performing a predetermined action further
comprises: sending a signal by the framework (135) to the first interface (110)

reflective of the predetermined action.

5. The method of claim 1, wherein determining if a fault condition exists with the

processing tool (105) is based upon the state data received by the fault detection unit



operational state data received fromthe interface; and 10 4 ﬁ@N 2@35
Repl acenment page 2 0 JAN 2005 performa corrective action on Si ng
tool (105). in response to the presence of a fault condition, wherein the
controller is adapted to performthe predeterm ned actReplacemeptpages t he
controller adapted to send a signal to the interface reflective of the -
predetermined action. 24. The apparatus of claim 23, wh@r@iJAN B5control | er
is adapted to shutdown the processing tool ( 1 OS) in response to the
presence of the fault condition. 25. The apparatus of claim 23, wherein the
controller Zc?ﬂapted to conpare at |l east a portion of the operational data
to nodel dat determine if a fault condition exists. 11
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8. The method of claim 7, further comprising:

translating the state data from the sensor (115) from a first communications protocol

used by the sensor (115) to a second communications protocol used by the fault

detection unit (120).

9. The method of claim 1, 2, 3, 4 or 5 wherein determining if the fault condition
exists, further comprises: ‘
comparing the state data received at the first interface (110) to predetermined state

data at the fault detection unit (120).

10 The method of claim 9, wherein comparing comprises comparing the state data
received to fault model data that is derived from other similar-type wafers, where it

was previously known that such wafers were processed within acceptable operational

limits.

11 The method of claim 2, wherein sending the accumulated state data from the
data collection unit (130) to the fault detection unit (120), further comprises;
sending the accumulated state data from the data collection unit (130) to the fault

detection unit (120) while a processing piece is being processed by the tool (105).
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(105) in response to the presence of a fault condition;
a data collection unit (130) adapted to receive and accumulate the state data as the data
is received by the first interface (110), and to send the state data from the data
collection unit (130) to the fault detection unit (120).

13. The system of claim 12, wherein the first interface (110) comprises a data
collection unit (130) adapted to receive and accumulate the state data as the data is

received by the first interface (110).

14. The system of claim 12, wherein the fault detection unit (120) is further
adapted to send an alarm signal indicative of the fault condition to the framework
(135) from the fault detection unit (120) providing that a fault condition of the
processing tool (105) was determined by the fault detection unit (120).

15. The system of claim 12, wherein the framework (135) is further adapted to
send a control signal to the first interface (110) reflective of the predetermined action
providing that a fault condition exists.

16.  The system of claim 12, 13, 14 or 15, wherein the collection unit (130) is
further adapted to translate the state data from a first communications protocol to a
second communications protocol compatible with the fault detection unit (120), and to
send the translated state data from the data collection unit (130) to the fault detection
unit (120).
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18.  The system of claim 12, 13, 14 or 15, wherein the fault detection unit (120) is
further adapted to compare the state data of the processing tool (105) to predetermined

state data to determine the presence of the fault condition.

19.  The system of claim 18, wherein the fault detection unit (120) is further
adapted to compare the state data received to fault model data that is derived from
other similar-type wafers, where it was previously known that such wafers were

processed within acceptable operational limits.

+ 20.  The system of claim 12; 13, 14 or 15, wherein the predetermined action is to

shut down the processing tool (105).

21.  The system of claim 12, wherein the data collection unit (130) is further
adapted to send the accumulated state data to the fault detection unit (120) while a

processing piece is being processed by the tool (105).

22.  The system of claim 12, 13, 14 or 15, wherein the processing tool (105) is a

semiconductor fabrication tool, and the processing piece is a silicon wafer.

23.  Anapparatus, comprising:
an interface adapted to receive operational state data from a processing tool (105) and
to provide the operatibnal state data; |
a controller adapted to:
receive the operational state data from the interface;
determine if a fault condition exists with the processing tool (105) based on the

operational state data received from the interface; and
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24.  The apparatus of claim 23, wherein the controller is adapted to shutdown the

processing tool (105) in response to the presence of the fault condition.
25. The apparatus of claim 23, wherein the controller is adapted to compare at

least a portion of the operational data to model data to determine if a fault condition

exists.
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