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(7) ABSTRACT

A method and system are provided for controlling and/or
monitoring a semiconductor processing apparatus while
predicting its processing results. The system includes a
sensor for monitoring a processing state of the processing
apparatus, a sensed data storage unit for preserving sensed
data sent from the sensor, an input device for inputting
measured values for processing results of semiconductor
devices processed by the processing apparatus, a processing
result measured value storage unit for preserving the input-
ted processing result measured values, a model equation
generation unit for generating a model equation from pre-
served sensed data and processing result measured values, a
model equation storage unit for preserving the generated
model equation, a model equation based prediction unit for
predicting processing results from the preserved model
equation and the sensed data, and a process recipe control
unit for controlling processing conditions of the processing
apparatus from predicted processing results.
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FIG. 3

| T T T T T T T T T T T T T T T T T S T T T T T T T T T T T T T T T e e e e e e e e - — A

1 3 12 13 |

Y § { { { !
PROCESSING | ! SENSOR o PRINCIPAL COMPONENT | _ |FAULT DETECTION | !
APPARATUS : o " | EXTRACTION UNIT UNIT !
1 |

] |

ot___SECONDARY
PROCESSING STATE
MONITORING UNIT

FIG. 4

START
MONITORING

MODEL EQUATION
PRESERVED FOR DEVICE
UNDER PROCESSING?

501

- 503
} Y {
MONITOR PROCESSING MONITOR PROCESSING
BY PROCESSING STATE BY SECONDARY
MONITORING UNIT. PROCESSING STATE
MONITORING UNIT




Patent Application Publication Oct. 23,2003 Sheet 4 of 8 US 2003/0199108 A1

VARIOUS SENSED

DATA S
[t v T ]
PROCESSING RESULT | PLS
MEASURED VALUE | METHOD
\

VARIABLE Xn HAVING HIGHEST
CORRELATION TO PROCESSING

| :
' )
! '
! ]
' 1
! :
| :
1| FUNCTION Fn(S) FOR !
FlG 5A || CALCULATING EXPLANATORY | 1
! 1
! '
! 1
|| RESULT MEASURED VALUE |
]

i

Mo e e e

MODEL EQUATION
GENERATION .UNIT

SENSOR A | S11
STEP 1 | SENSOR B | S12
SENSOR C | $13
~ SENSOR A | S14
WAFER | sTEP 2 | SENSOR B | S15
SENSOR C | 16
- | sensor A | s17
STEP 3 | SENSOR B | S18
SENSOR C | S19
FIG. 5B : : .
SENSOR A | Sn1
STEP 1 | SENSOR B | Sn2
SENSOR C | Sn3
SENSOR A | Sn4
WAFER | sTEP 2 | SENSOR B | sn5
SENSOR C | Sn6
SENSOR A | Sn7
STEP 3 | SENSOR B | Sn8
SENSOR C | Sng9




Patent Application Publication Oct. 23,2003 Sheet 5 of 8 US 2003/0199108 A1

FIG. 6

MODEL EQUATION BASED ON
ROBUST REGRESSION

| \e//

MODEL EQUATION
BASED ON NORNAL
REGRESSION

PROCESSING

RESULT :

MEASURED WAFER HAVING
VALUE FAULTY PROCESSED

SHAPE

EXPLANATORY
VARIABLE X



Patent Application Publication Oct. 23,2003 Sheet 6 of 8 US 2003/0199108 A1

FIG. 7

SENSED DATA | 701

A

CALCULATE PRINCIPAL [~ 702
COMPONENTS

Y
SELECT FIRST PRINCIPAL ~— 703
COMPONENTS AS

EXPLANATORY VARIABLES

A
ADD ONE PRINCIPAL ~ 704

COMPONENT TO =
705 EXPLANATORY VARIABLES

S

PREDICT PROCESSING RESULT [~706
M ASOREING, RESULT | | MEASURED VALUE BASED ON
MULTIPLE REGRESSION

707 |

REMOVE PRINCIPAL COMPONENT
HAVING SMALLEST ABSOLUTE
VALUE OF REGRESSION
COEFECIENT

708

PREDICTION
ERROR SMALLER THAN
PREDETERMINED
ERROR?

TERMINATE CREATION OF 709
MODEL EQUATION




Patent Application Publication Oct. 23,2003 Sheet 7 of 8 US 2003/0199108 A1

FIG. 8

PROCESSING CONDITION 1| PROCESSING CONDITION 2
(FLOW RATE OF GAS A) | (WAFER BIAS POWER)
85NB$Q(L)N 500sccm 50W
CONDITION 1 520sc0m 50W
CONDITION 2. 520sccm cOW
EXPERIMENTAL
CONDITION 3 480sccm 40W
EXPERIMENTAL
CONDITION 4 480sccm 40W

FIG. 9

PROCESSING CONDITION 1
AND ROCESSING CONDITION 2

PROCESSING RESULT
MEASURED- VALUE- A | -

PROCESSING RESULT
MEASURED VALUE B

) \

DIRECTION IN WHICH DIRECTION IN WHICH
CONDITIONS HAVE CONDITIONS HAVE
HIGH CORRELATION HIGH CORRELATION
RESULT MEASURED RESULT MEASURED
VALUE A VALUE B

Y
PROCESSING coNDITION |—14

CONTROL DIRECTION
STORAGE UNIT

- e - v ————— e e e

CONTROL CONDITION
GENERATION UNIT

] |
) i
: :
] ]
] ]
| :
e a
i ]
1 ]
[} t
] ]
[} 1
: '
i | TO PROCESSING TO PROCESSING i
! :
' '
] ]
[} ]
) :
] 1
) :
; :
| '
' '
] ]




Patent Application Publication

DIRECTION B IN WHICH__
CONDITIONS HAVE
HIGHER CORRELATION
TO PROCESSING
RESULT MEASURED
VALUE B 5
®
CENTRAL
CONDITION

Oct. 23,2003 Sheet 8 of 8

FIG. 10

PROCESSING
CONDITION 2

US 2003/0199108 A1

DIRECTION A IN WHICH
CONDITIONS HAVE
HIGHER CORRELATION
TO PROCESSING
RESULT MEASURED
VALUE A

.. PROCESSING

CONDITION 1



US 2003/0199108 A1l

METHOD OF MONITORING AND/OR
CONTROLLING A SEMICONDUCTOR
MANUFACTURING APPARATUS AND A SYSTEM
THEREFOR

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a semiconductor
processing apparatus, and more particularly, to a semicon-
ductor processing apparatus which predicts processing
results to improve the operating rate and reliability of the
apparatus and a method of monitoring and/or controlling the
semiconductor processing apparatus.

[0002] In recent years, the dimensions of semiconductor
devices have been miniaturized more and more, so that a
severe manufacturing dimension accuracy is required to
such an extent that a gate electrode of 0.1 um or smaller
should be processed in a dimensional accuracy of 10% or
less. On the other hand, in a semiconductor manufacturing
apparatus for processing a semiconductor wafer using heat
and plasma and reaction products, resulting from chemical
reactions within the apparatus, are attached and remain on
inner walls of the apparatus. Such reaction products change
a wafer processing state in the apparatus over time. For this
reason, as a number of wafers are sequentially processed by
the semiconductor manufacturing apparatus, the shape of
semiconductor devices on wafers gradually changes to cause
deteriorated performance. To accommodate this problem,
generally, various countermeasures have been taken. For
example, the inner walls of the chamber are cleaned using
plasma to remove products attached thereon, or the walls of
the chamber are heated so that products are less likely to
adhere on the inner walls. However, in most cases, such
countermeasures are not perfect, inevitably resulting in a
gradual change in the shape of processed semiconductor
devices. For this reason, the manufacturing apparatus must
undergo replacement of parts and wet cleaning before the
shape of processed devices changes so as to cause a prob-
lem. In addition, fluctuations in a variety of states of the
apparatus involve in variations in the shape of devices
processed on wafers, other than deposited films. To address
these problems, there have been created techniques for
detecting a change in a processing state within a semicon-
ductor manufacturing apparatus and feeding back the result
of detection to the input of the semiconductor manufacturing
apparatus to maintain the processing state constant.

[0003] Such a method of monitoring fluctuations in
plasma processing is disclosed, for example, in JP-A10-
125660.This official document shows a method of predicting
the performance of an apparatus and diagnosing the state of
plasma using an equation representing the relationship
between plasma processing characteristics and electric sig-
nals generated in the apparatus. Specifically, JP-A-10-
125660 discloses a method of deriving an approximate
expression which represents the relationship between three
electric signals and the plasma processing characteristics of
the apparatus through multiple regression. Another example
is disclosed in JP-A-11-87323. A method disclosed in JP-A-
11-87323 adapts a general detection system having a mul-
tiplicity of existing detectors mounted thereon to a semi-
conductor manufacturing apparatus to monitor the state of
the apparatus from a correlation signal of signals detected by
the detectors. Specifically, the correlation signal is generated
by a calculation based on the ratio of six electric signals. A
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further example is disclosed in U.S. Pat. No. 5,658,423. This
U.S. patent discloses a method of monitoring the state of an
apparatus by capturing a number of signals from a light and
a mass analyzer to generate a correlation signal for moni-
toring. The correlation signal is generated using a principal
component analysis.

SUMMARY OF THE INVENTION

[0004] However, the method disclosed in JP-A-10-125660
fails to perform a successful prediction using the multiple
regression when there are a large number of sensor data for
monitoring the apparatus since explanatory variables
include a large number of signals which are not related to the
processing performance intended for the prediction. The
method disclosed in JP-A-11-87323 in turn is a general
method which performs the diagnosis using a signal corre-
lated to a multiplicity of detected signals from a multiplicity
of known detecting means, wherein the correlation is estab-
lished by taking the ratio of several signals, just as conven-
tional approaches. This method, therefore, would encounters
difficulties in applying to a specific system for accurately
monitoring the state of a semiconductor manufacturing
apparatus which can take a variety of states depending on a
large number of causes for fluctuations. Unlike the foregoing
methods, U.S. Pat. No. 5,658,423 discloses a method of
monitoring the state of plasma by analyzing a principal
component of a large amount of data monitored from an
apparatus to capture fluctuations in the state of the apparatus.
However, semiconductor manufacturing apparatus for use in
actual mass production would not work well only with a
concept of adapting a general statistic processing method as
disclosed. For example, it is unknown in most cases how a
change in the principal component will cause what kind of
result in the processing.

[0005] 1t is an object of the present invention to provide a
semiconductor processing apparatus and method which
monitor a processing state to detect faulty processing or
predict processing results based on a monitored output to
improve the operating rate and reliability of the semicon-
ductor processing apparatus for processing a variety of types
of devices.

[0006] According to an aspect of the present invention, a
semiconductor device processing apparatus includes a sen-
sor for monitoring a processing state of the semiconductor
processing apparatus, processing result input means for
inputting measured values for processing results of a semi-
conductor wafer processed by the semiconductor processing
apparatus, a model equation generation unit relying on
sensed data acquired by the sensor and the measured values
to generate a model equation for predicting a processing
result using the sensed data as an explanatory variable, a
processing result prediction unit for predicting a processing
result based on the model equation and the sensed data, and
a process recipe control unit for comparing the predicted
processing result with a previously set value to control a
processing condition of the semiconductor processing appa-
ratus such that a deviation between the predicted processing
result and the previously set value is corrected.

[0007] With the foregoing configuration, according to the
present invention, monitored data is acquired by the sensor
from the semiconductor processing apparatus to generate a
model equation which is used to predict processing results
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before measuring processing results of samples or without
measuring the processing results, thereby improving the
operating rate and reliability of the semiconductor process-
ing apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A is a block diagram of a system for
controlling a semiconductor device processing apparatus
illustrating one embodiment of the present invention;

[0009] FIG. 1B is a block diagram illustrating an exem-
plary modification to the control system of FIG. 1A;

[0010] FIG. 2 is a block diagram illustrating another
embodiment of a processing state monitoring unit in FIG. 1;

[0011] FIG. 3 is a block diagram illustrating an embodi-
ment of secondary processing state monitoring unit;

[0012] FIG. 4 is a flow chart illustrating an exemplary
method of monitoring a processing state of a device;

[0013] FIG. 5A is a flow chart for explaining the operation
of a model generation unit;

[0014] FIG. 5B is a table illustrating a method of predict-
ing measured values for processing results of n wafers;

[0015] FIG. 6 is a graph for explaining a robust regression
analysis;

[0016] FIG. 7 is a flow chart illustrating a routine for
creating a model equation;

[0017] FIG. 8 is a table for explaining a correction opera-
tion of a process recipe control unit;

[0018] FIG. 9 is a flow chart for explaining the operation
of the processing condition generation unit; and

[0019] FIG. 10 is a diagram for explaining directions of
control for processing conditions.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0020] In the following, one embodiment of the present
invention will be described with reference to the accompa-
nying drawings.

[0021] FIG. 1A illustrates a first embodiment of the
present invention. In FIG. 1A, a processing apparatus 1 is
equipped with a processing state monitoring unit 2. The
processing state monitoring unit 2 may be incorporated in
the apparatus 1, or installed external to the apparatus 1.
Alternatively, as illustrated in FIG. 1B, the processing state
monitoring unit 2 may be installed at a remote location
through a network or the like. Further alternatively, as
illustrated in FIG. 1B, a portion of its functions may be
separated through a network or the like. Specifically, the
processing state monitoring unit 2 has the following con-
figuration. First, the processing state monitoring unit 2 has
a sensor unit 3 for monitoring a processing state in the
processing apparatus 1 involved in the processing of a wafer.
The sensor unit 3 is generally comprised of several types of
sensors. For example, for plasma processing in a plasma
etching apparatus, a plasma CVD apparatus and so on, the
sensor unit 3 acquires the intensity of emitted light at each
wavelength in a plasma during processing, spectrally
resolved using a spectrometer. For example, when using a
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spectrometer having 1,000 channels of CCD array, 1,000
sets of sensed data can be acquired in each sampling. In
addition, the pressure, temperature, gas flow rate, and so on
of the apparatus may also be used as sensed data. Also,
results of electrical measurements made on electric current,
voltage, impedance, and harmonic components thereof may
be used as sensed data. During the processing of a wafer,
these sensed data are acquired at proper time intervals. The
acquired sensed data are preserved in a sensed data storage
unit 4. A processed wafer undergoes measurements of pro-
cessing results using a processing result measuring device
external to or incorporated in the apparatus 1. The measure-
ments of processing results may involve a measurement of
CMOS gate width using CDSEM; a measurement of a
processed shape such as a cross-sectional shape using a
cross-section SEM; or a measurement of electrical charac-
teristics of a processed device. Generally, however, such
processing need not be performed on all wafers, but gener-
ally, some of wafers may only be extracted for the measure-
ments of the processing results. The processing state moni-
toring unit 2 has a processing result measured value input
unit 5§ for receiving measured values of the processing
results. The input unit 5 may be a reader for reading
information recorded on a portable medium such as a floppy
disk, CD-ROM and so on, or a wired or a wireless network
connection device. The measured values of processing
results received from the input device 5 are preserved in a
processing result measured value storage unit 6. The storage
unit 6 preserves measured values of processing results for
each of a variety of devices. A model equation generation
unit 7 fetches, from the sensed data storage unit 4 and the
processing result measured value storage unit 6, those
samples of the same types of devices, for which both sensed
data and measured values of processing results have been
preserved therein. When the number of samples is, for
example, three or more, the model equation generation unit
7 generates a model equation for predicting measured values
of processing results using the sensed data as explanatory
variables. In this event, generally, it is difficult to automati-
cally select sensed data for use in the prediction due to a
large number and a variety of types of sensed data acquired
in the measurements. Particularly, when a variety of devices
are processed, data effective for the prediction differs from
one device to another, causing it difficult to previously
determine sensors for use in the prediction.

[0022] FIG. 5A is a diagram for explaining model equa-
tion generation processing based on a PLS (Partial Least
Square) method. As illustrated in FIG. 5A, the PLS method
automatically generates from a large number of sensed data
an explanatory variable which has the highest correlation to
fluctuations in data to be predicted. Simultaneously, a func-
tion for calculating the explanatory variable can be derived
from the sensed data. Assume for example that measured
values for processing results of n wafers are intended for the
prediction, and Yi represents a measured value for the
processing result of an i-th wafer. When m sensed data are
acquired from one wafer, Si+j indicates a j-th sensed data on
the i-th wafer. The m sensed data may be data taken at
different times from the same sensor or taken at the same
time from the different sensors. FIG. 5B is a diagram for
explaining the sensed data Si-j. As shown in FIG. 5B, when
the processing performed by the apparatus 1 on a single
wafer is divided into three steps with different processing
conditions, and three sensors A, B, C are used, Si-j may be
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taken in a range of S11 to Sn9 as shown. Si-j may be an
average value of sensed data in each step of the processing,
or in some cases, may be rather converted values from
sensed data such as a squared or an inverted version of the
sensed data. With the use of the PLS method, the sensed data
Si-j can be converted into m explanatory variables Xik
which is arranged in the order of the magnitude of correla-
tion to fluctuations in the processing result measured value
Yi. Afunction Fk for converting the sensed data Si-j into the
explanatory variables Xk is expressed by the following
Equation (1):

Xik=FK(Si1, Si2, . . . , Sim) 1)

[0023] Some of the explanatory variable Xik are relied on
to predict processing result measured values. Generally,
since an explanatory variable Xil has the highest correlation
to a processing result measured value Yi, Xil, Xi2, Xi3 and
so on are selected as explanatory variables. In the PLS
method, a prediction equation such as the following Equa-
tion (2) is generated simultaneously. However, it may be
better case by case to create the prediction Equation (2)
using explanatory variables such as Xil mentioned above.

Yi=p(Xi1, Xi2, Xi3) @

[0024] On the other hand, the processing result measured
values may include data of wafers which indicate bad wafer
processing states and therefore abnormal processing result
measured values. A prediction performed using normal
multiple regression for such data would result in generation
of a model equation which has a low prediction accuracy due
to the influence of abnormal data, as shown in FIG. 6. To
avoid such low prediction accuracy, robust regression may
be used for the prediction. With the use of the robust
regression, a correct prediction model equation can be
generated because abnormal data as shown in FIG. 6 are
removed from data intended for prediction as outlier.

[0025] FIG. 7 illustrates a flow chart for explaining the
model equation creation processing performed by the model
equation generation unit 7.

[0026] When there are a large number of types of sensed
data, the model equation generation unit 7 analyzes principal
components of the sensed data (steps 701, 702), and per-
forms the robust regression using the resultant principal
components to predict processing results (steps 705-706). In
this event, since explanatory variables include principal
components which are not required for the prediction of
processing results, so that principal components with a
smallest regression coefficient is removed from the explana-
tory variable (step 707), one more principal component is
added to the explanatory variables (step 704), and the
multiple regression is again performed (step 706), as illus-
trated in the flow chart. This loop of processing is repeatedly
executed until a prediction error is reduced below a prede-
termined value (step 708). These regression analyses may be
linear, or non-linear regression analysis may be used as
derived from physical characteristics and experimental val-
ues of the processing.

[0027] The model equation generated by the method as
described above is preserved in a model equation storage
unit 8 in FIG. 1. Since the model equation is generated for
each of various types of devices, a number of model
equations equal to the number of types of devices processed
by the processing apparatus 1 are preserved in the model
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equation storage 8. When a wafer of a certain device is
loaded into the processing apparatus 1 for processing, a
model equation corresponding to this device is loaded into
a prediction unit 9. Signals generated from the sensor unit 3
during the processing of the device are converted to explana-
tory variables using the equation (1) derived from the PLS
method, if required, or converted to principal components
through the principal component analysis, and predicted
values for processing results are calculated by the model
equation expressed by the equation (2). The calculated
predicted values are passed to a process recipe control unit
10 which changes processing conditions to correct a devia-
tion of the predicted values from set values for the process-
ing results.

[0028] Next, a specific method will be described for
correcting processing conditions in the process recipe con-
trol unit 10. Here, the PLS method is used again. In normal
processing of semiconductor devices, several conflicting
processing performances may often be required as require-
ments for the processing. For example, etching of a gate
electrode or the like requires the verticality of side walls of
the gate electrode, and the etching selectivity of gate poly-
silicon to underlying gate oxide film. Specifically, for
achieving the verticality of the side walls, etching conditions
with scare adhesive products should be used. For achieving
high selectivity to the underlying oxide film, etching con-
ditions with plentiful adhesive products should be used.
When there are two conflicting conditions as mentioned, the
processing conditions are difficult to control. FIGS. 8 to 10
are diagrams for explaining processing conditions for satis-
fying such conflicting requirements. Assuming that an aging
change of a processing apparatus 1 results in a degraded
verticality of the side walls, even if a reduction in a
processing condition 1 (here, a flow rate of a gas A), for
example, improves the verticality, this reduction simulta-
neously causes lower selectivity to the underlying oxide
film, so that this is not preferable as a processing condition.

[0029] 1t is therefore necessary to find a combination of
the processing condition 1 and a processing condition 2
(here, wafer bias power) to improve the verticality of the
side walls while preventing the selectivity to the underlying
oxide film from degrading.

[0030] To solve this problem, as shown in FIG. 8, experi-
mental conditions with different processing conditions are
set at several to several tens of points around a central
condition under which the processing is normally per-
formed, and the processing is performed under these experi-
mental conditions to measure processing results. Points 1-4
in FIG. 10 correspond to the experimental conditions 1-4 in
FIG. 8. Assume herein that measured values for the verti-
cality of the side walls are taken as processing result
measured values A, and an underlying oxide film selection
ratio is taken as processing result measured values B.

[0031] Asillustrated in FIG. 9, the PLS method is applied
to this experiment, using a correlation of two processing
conditions to two processing result measured values, to
derive a direction A in which the conditions have the highest
correlation to the verticality of the side walls, as shown in
FIG. 10. A direction B orthogonal to the direction A, in
which the conditions have the highest correlation to the
selectivity to the underlying oxide film is calculated from the
direction in which the conditions have the highest correla-
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tion to the selectivity to the underlying oxide film and which
is derived by the PLS method like the above. These condi-
tion direction A and condition direction B have been set in
the process recipe control unit 10 in FIG. 1A. With these
conditions set beforehand, when deteriorated verticality of
the side walls is predicted in the prediction unit 9 based on
the model equation, the processing condition may be modi-
fied in the condition direction A to improve the verticality of
the side walls without scarifying the underlying oxide film
selection ratio. The calculated condition control directions
are preserved in a process recipe control direction storage
unit 14 for use in modifying associated processing condi-
tions when predicted values for processing results calculated
by the model equation deviate from set values.

[0032] While the example described herein modifies two
processing conditions, the PLS method can modify a. larger
number of processing conditions. As more processing con-
ditions are modified, more preferable results can be pro-
vided. Also, conflicting processing result measured values
are not limited to two, but a larger number of processing
results can be taken into account. For example, in addition
to the verticality of the side walls and the selection ratio to
the underlying oxide film, a mask selection ratio or the like
may be employed.

[0033] FIG. 2 illustrates another embodiment of the
present invention. While the system of FIG. 2 is substan-
tially identical in configuration to the system of FIG. 2, the
former differs from the latter in that a predicted value display
unit 11 is provided instead of the process recipe control unit
10 to display a message for notifying a fault on a display of
the apparatus or the like. The display unit 11 may be
implemented by a buzzer for generating an alarm, posting an
email, and so on.

[0034] FIG. 3 illustrates a further embodiment of the
present invention. The systems so far described above rely
on the prediction of processing results using a model equa-
tion, so that they cannot monitor the processing of a device
for which no model equation has been generated. Measure-
ments of processing results often take a very long time, so
that measurements may be hardly made on all of the
processing results. Thus, the model equation cannot be
generated for such a device. To address this problem, a
principal component extraction unit 12 extracts principal
components from a variety of types of sensed data, and a
fault monitoring unit 13 monitors variations in the principal
components to detect a fault in the processing, as illustrated
in FIG. 3. If a fault is detected, the apparatus should stop the
processing of the next wafer. The fault may be detected
using, for example, a variation management method called
“SPC” (Statistical Process Control). To implement this
method, averages and variances of principal components
during the processing of an intended device are stored to
determine that the processing is faulty if a measured prin-
cipal component deviates from its average by several times
as much as its variance.

[0035] FIG. 4 is a flow chart for explaining a processing
flow suitable for a processing apparatus which comprises the
processing state monitoring unit 2 and a secondary process-
ing state monitoring unit 2'. It is first determined whether or
not a model equation has been generated and preserved for
a device intended for processing (step 501). When the model
equation has been preserved, the processing state monitoring
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unit 2 executes monitoring control (step 502). When no
model equation has been preserved, the secondary process-
ing state monitoring unit 2' executes the monitoring control
(step 503).

[0036] The provision of the secondary processing state
monitoring unit 2' using only principal components as in
FIG. 3 as well as the processing state monitoring unit 2
using the model equation as in FIGS. 1A and 2 will permit
the monitoring of processing states of either of a device for
which a model equation has been generated and preserved as
illustrated in FIG. 4 and a device for which no model
equation has been generated. Such a monitoring system
having flexibility is preferred for monitoring a semiconduc-
tor processing apparatus.

What is claimed is:
1. A semiconductor processing apparatus for processing a
semiconductor wafer, comprising:

a sensor for monitoring a processing state of said semi-
conductor processing apparatus;

processing result input means for inputting measured
values for processing results of a semiconductor wafer
processed by said semiconductor processing apparatus;

a model equation generation unit relying on sensed data
acquired by said sensor and said measured values to
generate a model equation for predicting a processing
result using said sensed data as an explanatory variable;

a processing result prediction unit for predicting a pro-
cessing result based on said model equation and said
sensed data; and

a process recipe control unit for comparing said predicted
processing result with a previously set value to control
a processing condition of said semiconductor process-
ing apparatus such that a deviation between said pre-
dicted processing result and said previously set value is
corrected,

wherein said model equation generation unit generates a
model equation using a PLS method (Partial Least
Square method).

2. A semiconductor processing apparatus for processing a

semiconductor wafer, comprising:

a sensor for monitoring a processing state of said semi-
conductor processing apparatus;

processing result input means for inputting measured
values for processing results of a semiconductor wafer
processed by said semiconductor processing apparatus;

a model equation generation unit relying on sensed data
acquired by said sensor and said measured values to
generate a model equation for predicting a processing
result using said sensed data as an explanatory vari-
able;.

a processing result prediction unit for predicting a pro-
cessing result based on said model equation and said
sensed data; and

a process recipe control unit for comparing said predicted
processing result with a previously set value to control
a processing condition of said semiconductor process-
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ing apparatus such that a deviation between said pre-
dicted processing result and said previously set value is
corrected,

wherein said model equation generation unit generates a
model equation using robust regression.
3. Asemiconductor processing apparatus for processing a
semiconductor wafer, comprising:

a sensor for monitoring a processing state of said semi-
conductor processing apparatus;

processing result input means for inputting measured
values for processing results of a semiconductor wafer
processed by said semiconductor processing apparatus;

a model equation generation unit relying on sensed data
acquired by said sensor and said measured values to
generate a model equation for predicting a processing
result using. said sensed data as an explanatory vari-
able;

a processing result prediction unit for predicting a pro-
cessing result based on said model equation and said
sensed data; and

a process recipe control unit for comparing said predicted
processing result with a previously set value to control
a processing condition of said semiconductor process-
ing apparatus such that a deviation between said pre-
dicted processing result and said previously set value is
corrected,

wherein said model equation generation unit generates a
model equation using principle component robust
regression.

4. A semiconductor processing apparatus for processing a

semiconductor wafer, comprising:

a sensor for monitoring a processing state of said semi-
conductor processing apparatus;

processing result input means for inputting measured
values for processing results of a semiconductor wafer
processed by said semiconductor processing apparatus;

a model equation generation unit relying on sensed data
acquired by said sensor and said measured values to
generate a model equation for predicting a processing
result using said sensed data as an explanatory variable;

a processing result prediction unit for predicting a pro-
cessing result based on said model equation and said
sensed data; and

a display unit for displaying said predicted value or a
deviation of said predicted value from a previously set
value.

5. A semiconductor processing apparatus for processing a

semiconductor wafer, comprising:

a multiplicity of sensors for monitoring processing states
of said semiconductor processing apparatus;

a principal component extraction unit for extracting a
principal component based on a multiplicity of sensed
data acquired by said multiplicity of sensors; and

a fault detection unit for detecting a fault in processing
based on variations in the principal component
extracted by said extraction unit.
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6. A semiconductor processing apparatus according to
claim 1, further comprising:

a principal component extraction unit for extracting a
principal component based on sensed data acquired by
said sensor; and

a fault detection unit for detecting a fault in processing
based on variations in the principal component
extracted by said extraction unit,

wherein said semiconductor processing apparatus stops
the processing when said fault detection unit detects a
fault if said model equation generation unit has not
generated a model equation.
7. A semiconductor processing apparatus according to
claim 1, further comprising:

a sensed data storage unit for preserving said sensed data;
and

a processing result measured value storage unit for pre-
serving a processing result inputted by said processing
result input means,

wherein said model equation generation unit generates
said model equation based on the sensed data and the
measured value preserved in said respective storage
units associated therewith, and preserves the generated
model equation in a model equation storage unit.

8. A method of controlling processing of an semiconduc-
tor object to be processed in a semiconductor processing
apparatus using a sensor for monitoring a processing state of
said semiconductor processing apparatus, comprising the
steps of:

inputting measured values for processing results of a
semiconductor object processed by said semiconductor
processing apparatus to hold the input measured values:

based on sensed data acquired by said sensor and said held
measured values, generating a model equation for pre-
dicting a processing result using said sensed data as an
explanatory variable;

predicting a processing result of the semiconductor object
based on said model equation and said sensed data; and

comparing said predicted processing result with a pre-set
value and controlling a processing condition of said
semiconductor processing apparatus based on the com-
parison result so as to connect an error between said
predicted processing result and said preset value,

wherein said model equation generation step generate a
model equation using a PLS method (Partial Least
Square method).

9. A method of controlling processing of an semiconduc-
tor object to be processed in a semiconductor processing
apparatus using a sensor for monitoring a processing state of
said semiconductor processing apparatus, comprising the
steps of:

inputting measured values for processing results of a
semiconductor object processed by said semiconductor
processing apparatus to hold the input measured values:

based on sensed data acquired by said sensor and said held
measured values, generating a model equation for pre-
dicting a processing result using said sensed data as an
explanatory variable;
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predicting a processing result of the semiconductor object
based on said model equation and said sensed data; and

comparing said predicted processing result with a pre-set
value and controlling a processing condition of said
semiconductor processing apparatus based on the com-
parison result so as to connect an error between said
predicted processing result and said preset value,

wherein said model equation generation step generates a

model equation using robust regression.

10. A method of controlling processing of an semicon-
ductor object to be processed in a semiconductor processing
apparatus using a sensor for monitoring a processing state of
said semiconductor processing apparatus, comprising the
steps of:

inputting measured values for processing results of a
semiconductor object processed by said semiconductor
processing apparatus to hold the input measured values:

based on sensed data acquired by said sensor and said held
measured values, generating a model equation for pre-
dicting a processing result using said sensed data as an
explanatory variable;

predicting a processing result of the semiconductor object
based on said model equation and said sensed data; and

comparing said predicted processing result with a pre-set
value and controlling a processing condition of said
semiconductor processing apparatus based on the com-
parison result so as to connect an error between said
predicted processing result and said preset value,

wherein said model equation generation step generates a
model equation using principle component robust
regression.

11. A semiconductor processing monitoring method for
monitoring processing of a semiconductor object to be
processed in a semiconductor processing apparatus using a
sensor for monitoring a processing state of said semicon-
ductor processing apparatus, comprising the steps of:

inputting measured values for processing results of a
semiconductor object processed by said semiconductor
processing apparatus;

based on sensed data acquired by said sensor and said
measured values, generating a model equation for pre-
dicting a processing result using said sensed data as an
explanatory variable;
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predicting a processing result of the semiconductor object
based on said model equation and said sensed data; and

displaying said predicted value or a deviation of said

predicted value from a pre-set value.

12. A semiconductor processing monitoring method for
monitoring processing of a semiconductor wafer in a semi-
conductor processing apparatus using a multiplicity of sen-
sors for monitoring processing states of said semiconductor
processing apparatus, comprising the steps of:

extracting a principal component based on a multiplicity
of sensed data acquired by said multiplicity of sensors;
and

detecting a fault in processing based on variations in the

principal component extracted by said extraction step.

13. A semiconductor processing controlling method
according to claim &, further comprising the steps of:

extracting a principal component based on sensed data
acquired by said sensor;

detecting a fault in processing based on variations in the
principal component extracted by said extraction step,
and

stopping the processing operation of said semiconductor
processing apparatus when said fault detection unit
detects a fault if said model equation generation step
has not generated a model equation.

14. A semiconductor processing controlling method
according to claim &, further comprising:

preserving said sensed data in a sensed data storage unit;
and

preserving a processing result inputted by said processing
result input step in a processing result measured value
storage unit,

wherein said model equation generation step generates
said model equation based on the sensed data and the
measured value preserved in the respective storage
units associated therewith, and preserves the generated
model equation in a model equation storage unit.



