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(57) ABSTRACT 

Aremote diagnostics system is presented comprising: a ?rst 
internal network in a fabricator (FAB), the FAB having at 
least one automated manufacturing tool, a tool controller, 
and internal secure storage means; a second internal network 
in an original equipment manufacturer (OEM), the OEM 
having internal secure storage means; an external network; 
a ?rst secure shared network coupling the ?rst internal 
network to the external network; a second secure shared 
network coupling the second internal network to the external 
network; and a secure channel which propagates data from 
the tool at the FAB to the OEM for e-diagnostics; wherein 
the tool generates data proprietary to at least one of the FAB 
and the OEM. 
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DIAGNOSTIC SYSTEM AND METHOD FOR 
INTEGRATED REMOTE TOOL ACCESS, DATA 

COLLECTION, AND CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims the bene?t of US. 
Provisional Patent Application No. 60/363,251, Con?rma 
tion No. 3918, ?led Mar. 12, 2002 entitled “Diagnostic 
System and Method for Integrated Remote Tool Access, 
Data Collection, and Control,” to Stuart Perry et al, the 
contents of Which are incorporated herein by reference in 
their entirety. 

[0002] The present application is related to US. patent 
application ?led Mar. 12, 2003, Attorney Docket number 
40005-187900, entitled “Data Sharing and Networking Sys 
tem for Integrated Remote Tool Access, Data Collection, and 
Control,” of common assignee; and to US. patent applica 
tion ?led Mar. 12, 2003, Attorney Docket number 40005 
187901, entitled “Data Brokering System for Integrated 
Remote Tool Access, Data Collection, and Control,” of 
common assignee, both of Which are incorporated by refer 
ence in their entirety. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention is related generally to 
e-Manufacturing systems and methods that represent the 
foundation for inter-tool, manufacturer-to-manufacturer or 
manufacturer-to-supplier cooperation. More particularly, it 
is directed to an integrated system (hereinafter “eCentre”) 
that alloWs collecting, propagating, distributing, storing and 
transforming data or information generated by the tools to 
different parties. 

[0005] 2. Related Art 

[0006] High-technology manufacturing, such as integrated 
circuit (IC) manufacturing, often combines computeriZed 
manufacturing tools, tool operators, computer netWorks and 
other components to achieve an ef?cient, pro?table manu 
facturing environment. The IC manufacturer often collects 
data from the manufacturing tools to keep Watch on potential 
manufacturing problems and inef?ciencies. The data col 
lected are usually proprietary and often sensitive. 

[0007] The IC manufacturers may need to provide the 
collected data to third party sources, especially, for example, 
the manufacturers of the tools. The original equipment 
manufacturer (OEM), also knoWn as a toolmaker, usually 
provides maintenance of the tools, either directly or through 
a third-party contractor. The OEM must be able to access 
data from the tool as Well, to service the machines, and also 
for internal purposes. 

[0008] Many IC manufacturing sites use different tools 
that are made by more than one OEM, often by competing 
OEMs. Each OEM therefore Wants to keep the data from its 
tools con?dential. 

[0009] Small IC manufacturing sites may not be readily 
accessible to the OEMs for service. It is usually not eco 
nomical to maintain an on-site OEM representative for 
service, and such small IC manufacturing sites must often 
transport their service personnel to the site When service is 
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needed. This is also costly, and can delay manufacturing, 
Which reduces production and pro?ts. 

[0010] What is needed then is an improved method of 
sharing data remotely betWeen OEMs and IC manufacturers, 
and other third-parties, that maintains data security for both 
the OEM and the IC manufacturer and that alloWs remote 
servicing of the tools. 

SUMMARY OF THE INVENTION 

[0011] In an exemplary embodiment of the present inven 
tion a diagnostic system and method for integrated remote 
tool access, data collection, and control is disclosed. 

[0012] In an exemplary embodiment, the present invention 
can be a remote diagnostics system comprising: a ?rst 
internal netWork in a fabricator (FAB), the FAB having at 
least one automated manufacturing tool, a tool controller, 
and internal secure storage means; a second internal netWork 
in an original equipment manufacturer (OEM), the OEM 
having internal secure storage means; an external netWork; 
a ?rst secure shared netWork coupling the ?rst internal 
netWork to the external netWork; a second secure shared 
netWork coupling the second internal netWork to the external 
netWork; and a secure channel Which propagates data from 
the tool at the FAB to the OEM for e-diagnostics; Wherein 
the tool generates data proprietary to at least one of the FAB 
and the OEM. 

[0013] In another exemplary embodiment, the present 
invention can be a system for remote diagnostics of, and data 
sharing from, automated manufacturing tools, the system 
comprising: a tool GateWay server, operative to collect and 
process data from the tools; a session, operative to provide 
a speci?c set of the services to a user from at least one tool, 
the session comprising a user, a producer, a user ?lter, and 
a producer ?lter; a service processing application, operative 
to process sessions and session services; a policy adminis 
trator; an administrative client; a collaborative client; and a 
plurality of custom business rules. 

[0014] In another exemplary embodiment, the present 
invention can be a method of persisting data comprising the 
steps of: obtaining data from an automated manufacturing 
tool; ?ltering the data; obtaining a representative sample of 
the ?ltered data; averaging the sample; and storing the 
averaged sample for a speci?c period. 

[0015] In another exemplary embodiment, the present 
invention can be a method of transparently transferring 
SECS data to an OEM from a FAB, comprising the steps of: 
remotely connecting to an automated semiconductor manu 
facturing tool at a FAB; exposing SECs data from the tool; 
acting as the host to the tool; proxying the tool data out to 
an OEM as if the OEM Were local; and using tunnel to 
transfer the tool data securely from the FAB to the OEM. 

[0016] In another exemplary embodiment, the present 
invention can be a method of remotely connecting to equip 
ment through enterprise ?reWalls, comprising the steps of: 
remotely connecting to a tool; providing a remote tool 
operation infrastructure; applying an e-diagnostic solution 
as a screen proxy for remote tool operation; and providing 
an infrastructure Which is used to remotely operate tool in 
the plant ?oor, Which can include remote control and video 
observation. 
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[0017] In another exemplary embodiment, the present 
invention can be a method of XML format persistence, 
comprising the steps of: ?attening an XML document 
Wherein all XML tags in the XML document are converted 
to at least one of a list and an item. 

[0018] In another exemplary embodiment, the present 
invention can be a method of application of XSL as Data 
Filter Mechanism for Fabrication Data, comprising the steps 
of: using XSL ?lter to protect information by modifying 
sensitive FAB data before it is released to the OEM; using 
XSL ?lter to protect information by ?ltering sensitive FAB 
data before it is released to the OEM; and using XSL ?lter 
to protect information by transforming sensitive FAB data 
before it is released to the OEM. 

[0019] Further features and advantages of the invention, as 
Well as the structure and operation of various embodiments 
of the invention, are described in detail beloW With reference 
to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The foregoing and other features and advantages of 
the invention Will be apparent from the folloWing, more 
particular description of a preferred embodiment of the 
invention, as illustrated in the accompanying draWings 
Wherein like reference numbers generally indicate identical, 
functionally similar, and/or structurally similar elements. 
The left most digits in the corresponding reference number 
indicate the draWing in Which an element ?rst appears. 

[0021] FIG. 1 depicts a block diagram of an exemplary 
embodiment of the system of the present invention; 

[0022] FIG. 2 depicts a block diagram of an exemplary 
embodiment of an OEM installation according to the present 
invention; 

[0023] FIG. 3 depicts an exemplary embodiment of an 
FAB installation according to the present invention; 

[0024] FIG. 4 depicts an exemplary embodiment of an 
detailed eCentre FAB installation according to the present 
invention; 

[0025] FIG. 5 depicts an exemplary embodiment of a 
session according to the present invention; 

[0026] FIG. 6 depicts an exemplary embodiment of a data 
How service according to the present invention; 

[0027] FIG. 7 depicts an exemplary embodiment of a 
desktop GUI according to the present invention; 

[0028] FIG. 8 illustrates an exemplary embodiment of an 
active sessions list according to the present invention; 

[0029] FIG. 9 illustrates an exemplary embodiment of a 
session navigator according to the present invention; 

[0030] FIG. 10 illustrates an exemplary embodiment of a 
?le transfer and versioning panel according to the present 
invention; 

[0031] FIG. 11 illustrates an exemplary embodiment of an 
audit trail GUI according to the present invention; 

[0032] FIG. 12 illustrates an exemplary embodiment of a 
data GUI according to the present invention; 
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[0033] FIG. 13 illustrates an exemplary embodiment of a 
tool gateWay server status interface GUI according to the 
present invention; 

[0034] FIG. 14 illustrates an exemplary embodiment of an 
eCentre business rules interface GUI according to the 
present invention; 

[0035] FIG. 15 shoWs a block diagram of an exemplary 
embodiment of a Service Net of the present invention; and 

[0036] FIG. 16 depicts the data brokering service of the 
present invention. 

DEFINITIONS 

[0037] As used herein, the folloWing terms shall have the 
folloWing meanings: 

[0038] Fabricator A FAB is a speci?c manufactur 
ing facility. Con?dential tool data is stored locally at the 
FAB for security. 

[0039] Original equipment manufacturer (OEM): the 
manufacturer of integrated circuit manufacturing tools. 

[0040] Integrated circuit manufacturer (ICM): an organi 
Zation that manufactures integrated circuits (IC). ICMs have 
one or more FABs Where the ICs are made. The IC 

manufacturing tools are housed at ICM FABs. 

[0041] Active session: A session that enables people to 
interact With services provided by the session, such as a 
remote tool operation and ?le transferring. A session is 
designated as “active” by the senior administrator When the 
session is created. 

[0042] Authentication: The process that identi?es a per 
son—a common method is user ID and passWord. 

[0043] AuthoriZation: The process that determines What a 
person is alloWed to do, such as transfer ?les. 

[0044] Data FloW: Aservice that alloWs access to real-time 
equipment data. Currently, the data is transferred to a user 
topic (similar to a queue). 

[0045] Data Storage: A service that collects equipment 
data and then stores the data in a database. 

[0046] Delegated Administrator: A person to Whom the 
senior administrator has given administration duties. People 
in this role can be either ICM facility or supplier employees. 

[0047] eCentre Application Server (eCentre Application or 
eCentre Server or eCentre): provides the basic eCentre 
capabilities and a plurality of sessions and services for users 
and tools. 

[0048] eCentre Enterprise Server: provides the ability to 
aggregate tool production data from multiple sites for cross 
comparison. 

[0049] File Transfer: A service that alloWs transferring of 
?les from a tool computer to a person and from a person to 
a tool computer. 

[0050] ICM facility senior administrator: Aspecial type of 
person Who is an employee of the ICM facility. The ICM 
facility senior administrator (or simply senior administrator) 
is responsible for setting up and managing sessions, users, 
?lters, services, and tools. The senior administrator also 
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assigns user passwords and access privileges, and delegates 
administrative duties Where appropriate. 

[0051] Passive session: A session that enables users to 
interact With services provided by the session, but does not 
permit interaction With the tool. Users have vieW-only 
privileges. For example, a user can go to a remote tool 
computer’s desktop but only be able to vieW the activity. The 
senior administrator designates a session as “passive” When 
the session is created. 

[0052] Privileges: Permissions that are set by the senior 
administrator to alloW or deny users access to services such 
as a remote tool operation. By setting access privileges, the 
senior administrator controls user access to restricted data. 

[0053] Session: A means by Which data is shared betWeen 
the tool and users. Since there is no direct access to a tool, 
a remote user’s request for tool data is routed through a 
session. A session provides speci?c services related to the 
tool, such as ?le transferring, remote tool operation, or 
online chatting betWeen session participants. 

[0054] Session Participant: Aperson Who participates col 
laboratively or interactively With a session. The person can 
be an employee of the ICM facility or the manufacturer of 
the tool. 

[0055] Service: File transfer, remote tool operation, chat, 
data ?oW, and data storage run as services in the eCentre 
environment. 

[0056] Staging Area: A secure server located Within the 
ICM facility. When transferring a ?le from a tool computer 
to the user and from the user to the tool computer, there is 
no direct access to the tool computer; instead, the ?le is 
transferred from the tool or to the tool via a staging area. 

[0057] Remote Tool Operation (RTO): A service that 
alloWs users to remotely operate a tool computer or vieW the 
operations being performed at the remote computer—all in 
real time. Using the Collaborative Client program, the user 
sees the tool computer’s desktop (or control screen) and can 
operate the tool as if physically present. eCentre supports 
remote connections to WindoWs, AIX, UNIX derivatives, 
Linux, and Solaris operating environments. 

[0058] Tool: Adevice for manufacturing some component 
of a semiconductor product. Tools typically reside in a 
highly secure and restricted area of the ICM facility. Each 
tool has a computer embedded Within it. 

[0059] Tool Computer: The computer that is embedded in 
the tool. Access to the tool computer is controlled through 
user access privileges. A tool computer can be a WindoWs, 
AIX, OS/2, UNIX derivatives, Linux, or Solaris system. 

[0060] Tool Console Operator: A person Who is typically 
physically present at the tool computer and to Whom the 
senior administrator has assigned control privileges to the 
Tool Console Server. The tool console operator has the duty 
to give ?nal approval for a person to remotely operate the 
tool computer. 

[0061] Tool Console Server (TCS): A portion of eCentre 
that runs at the tool computer and controls access to and 
provides information about the RTO. Enables emergency 
override connection to Safety Server, and provides tool 
status updates. 
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[0062] Tool GateWay Server: A tool gateWay server pro 
vides support for one or more conventional 200 and 300 mm 
tools. A tool gateWay server provides tool access, secures 
tool data, and management of the tool state. 

[0063] Safety Server: System that interacts With the tool 
hardWare to provide greater measure of safety in operation. 

[0064] User: Typically, a remote OEM production engi 
neer, ICM tool expert, tool console operator, or senior 
administrator. The senior administrator selects a person Who 
Will participate in a session and also determines the tools and 
services that each person might access. 

DETAILED DESCRIPTION OF AN 
EXEMPLARY EMBODIMENT OF THE 

PRESENT INVENTION 

[0065] A preferred embodiment of the invention is dis 
cussed in detail beloW. While speci?c exemplary embodi 
ments are discussed, it should be understood that this is done 
for illustration purposes only. Aperson skilled in the relevant 
art Will recogniZe that other components and con?gurations 
can be used Without parting from the spirit and scope of the 
invention. 

[0066] Referring noW to the draWings, FIG. 1 shoWs a 
diagnostic system for integrated remote tool access, data 
collection, and control according to the present invention. 
The system generally comprises one or more fabricators 
(FABs) 102a, 102b (collectively 102), each of Which is 
coupled through a respective secure shared connection 104a, 
104b, and the Internet 106 to one or more original equipment 
manufacturers (OEMs) 108a, 108b, 108c (collectively 108) 
of the tools. The secure shared connection 104 can be, for 
example, a virtual private netWork (VPN), or a Service Net 
connection that alloWs a single connection to access multiple 
customers Which Would otherWise require a plurality of VPN 
connections. The tools are used at the FABs 102. Addition 
ally, a fabricator headquarters 110 may also be connected 
through its oWn secure shared connection 104c to the OEMs 
108 and the other FABs 102. The OEMs are also connected 
through their oWn secure shared connections 104d, 1046, 
104f to the Internet 106. 

[0067] FIG. 2 depicts an exemplary embodiment of an 
OEM 108 according to the present invention. An OEM may 
be connected to its secure shared connection 104 through an 
internal ?reWall 202. An internal netWork 204, such as, for 
example a local area netWork, can be connected to the 
?reWall 202. Additionally, one or more eCentre clients 206 
and one or more eCentre enterprise servers 208 can be 

connected to the internal netWork 204. The enterprise server 
208 can also be an eCentre server. 

[0068] FIG. 3 depicts an exemplary embodiment of a 
fabricator 102 according to the present invention. A 
FAB 102 can also connect to its secure shared connection 
104 through an internal ?reWall 302. An internal netWork 
304, such as, for example, a local area netWork, can be 
connected to the ?reWall 302. A FAB 102 can have an 
eCentre enterprise server 306, one or more eCentre clients 
308, an eCentre server 310 and one or more Tool GateWay 
Servers 312a, 312b (collectively 312). 

[0069] Each tool gateWay server 312 provides support for 
conventional 200 and 300 mm tools 314, and a plurality of 
such tools 314 may be connected to a single tool gateWay 
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server. A tool gateway server 312 provides tool access, for 
example, for: SECS/HSMS, E98 OBEM, ?le transfer, cus 
tom data collection capabilities, remote operation, and sen 
sor data, and co-exists With existing FAB infrastructure (e.g. 
station controller, MES, etc.). A tool gateway server 312 is 
hot-sWappable. Each tool gateWay server 312 also secures 
the data, by providing, for example, data certi?cation, data 
encryption, and guaranteed data delivery. A tool gateWay 
server 312 also provides for management of tool state, 
session con?guration, MES interface, security gateWay, and 
user-con?gurable business rules. 

[0070] A secure service netWork provides secure commu 
nications for all constituents. One secured shared connection 
104 connection from each OEM 108 can connect to multiple 
FABs 102. Similarly, one secured shared connection 104 
connection from each FAB 102 can connect to multiple 
OEMs 108. Each OEM and FAB secured shared connection 
can terminate in its oWn dedicated isolation LAN. The 
service net is fault tolerant, does not contain any applica 
tions/logic or databases outside the ?reWalls, and prevents 
unauthoriZed cross-connects betWeen OEM’s and/or cus 
tomers. Each constituent (OEM or FAB) controls its oWn 
data. 

[0071] SoftWare and Network Model 

[0072] FIG. 4 depicts an exemplary embodiment of the 
eCentre frameWork installed at a FAB site 102 housing one 
or more automated semiconductor manufacturing tools 402, 
Which are each coupled to a tool console server 404. The tool 
402 and the tool console server 404 are behind a ?rst ?reWall 
406 separated from a demilitariZed Zone (DMZ) 408. A 
DMZ is a special netWork segment Within the ICM facility 
protected by ?reWalls. Within DMZ 408, one or more tool 
gateWay servers 410 are coupled to the tool console servers 
404 and provide access to an application server 412 across 
a second ?reWall 414. The eCentre server 412 preferably can 
reside in a second DMZ 416, although DMZ 408 and DMZ 
416 can be, in an exemplary embodiment, a single DMZ. 
The application server 412 is coupled to an HTTP server 
418, Which can provide access to an external netWork such 
as the Internet, through a third ?reWall 420. A client 422 
located, for example, at an original equipment manufacturer 
(OEM) connects through the HTTP server 418 to access the 
tool and services provided by the application server 412. For 
example, the eCentre server 412 can provide timestamping 
424, business logic 426, messaging 428, database storage 
430 and security 432. The client 422 also has access to a 
customer list 434, Which indicates the FABs the client can 
connect to, and a chat server 436, Which alloWs the user of 
the client to communicate With other users in the system. 

[0073] The ?reWalls of the present invention can be con 
?gured to alloW only authoriZed connections to their net 
Works based on security policies set by the ICM. The 
softWare enables interaction With local or enterprise data 
bases and transaction systems using, for example, Java 
technology-based application servers such as JBoss or 
IBM’s WebSphere. The application servers provide a 
deployment environment for other eCentre components 
Within the DMZ including support for the eCentre Server 
and the Tool GateWay Server. The Tool GateWay Server 
performs data and tool normaliZation across the complex set 
of tools Within the ICM and acts as the communications 
interface betWeen the tool and the eCentre application. 

Nov. 27, 2003 

[0074] The main purpose of the Tool GateWay Server is to 
collect data from a tool so that the data can be propagated to 
the system. The data being collected and processed through 
the Tool GateWay Server is converted to XML and then sent 
to the eCentre application. The Tool GateWay Server regis 
ters information about the tool using a directory server such 
as the iPlanet LDAP product. A messaging system such as 
IBM’s WebSphere MQ provides the mechanism to transport 
the data as encrypted XML. The Tool GateWay Server 
softWare can support, for example, SECS, HSMS (E4 and 
E5 legacy interfaces), and the current Semi E98 standard. 
The softWare also provides connectors to the ICM’s MES so 
that true E10 states can be recorded. 

[0075] Aservice processing application (hereinafter eCen 
tre Application) is the main processor for sessions and 
services. The session is used to associate users, services and 
tools With each other. Session services include authentica 
tion and authoriZation, ?le transfer capabilities, remote 
equipment operations, decision logic, real-time collabora 
tion (chat), data How and data storage. 

[0076] eCentre Application provides the remote user With 
the ability to access, upload, doWnload, execute, and analyZe 
results from tool diagnostics, calibrations, recipes, and user 
programs. In addition, the remote user can gain access to the 
tool computer’s desktop as if standing at the tool. To secure 
this remote tool accessibility, the eCentre Application pro 
vides HTTP and application-level proxy services from the 
OEM to the ICM and from the ICM to the OEM. Access to 
tools by remote users is enabled through proxy servers in the 
DMZ. The proxy servers are created and started by the 
eCentre Application only When the outside request is vali 
dated. All Internet and intranet-based transmissions are 
encrypted. 
[0077] eCentre Application provides ?le transfer capabili 
ties to copy directories and ?les, as Will be described in 
further detail beloW. eCentre enables transferring of a ?le 
from the tool to the user and from the user to the tool. There 
is no direct access to the tool. Instead, a ?le is transferred 
from the tool or to the tool via a staging area in the DMZ. 
It is a tWo-step process. When a doWnload request is 
received by the Tool GateWay Server, the ?le is transferred 
from the tool and sent to a staging area, and then processed 
through the eCentre Application. To ensure security, direc 
tory and ?le handling privileges are mapped to a user’s need 
to knoW. Only those ?les determined eligible are available to 
be doWnloaded or uploaded. Each transfer can be recorded, 
for example, by date, time, and by the user Who initiated the 
transfer. The ?le is also given a version number if a tool ?le 
is replaced. This version number alloWs for rollback to 
previous operating levels if required. 

[0078] As data are collected from the tool, the Tool 
GateWay Server in an XML format sends the data to the 
eCentre Application. Because there is no direct access to a 
tool, the remote user’s request for data is routed through a 
session. A session is the primary collaborative device in the 
eCentre frameWork. It is the means by Which data is propa 
gated from the tools to the users. Data ?oWing from the tool 
is returned to the user via the session. 

[0079] The data How service transforms the XML into a 
speci?ed message format based on one or more ?lters. A 
?lter is a prede?ned variable Whose value determines the 
format and content of the message. Filtered data is released 
















