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(57) ABSTRACT 

The present invention provides a device for in-situ measure 
ment and recording of various environmental parameters in 
a semiconductor fabrication process. The device comprises 
sensors for detecting the parameters and converting them to 
sensor outputs; and a data logger coupled to the sensors for 
receiving the sensor outputs and logging them in a ?le. The 
device may also comprise an analog to digital converter to 
convert the sensor outputs to digital data and a communi 
cation module to communicate the digital data With other 
devices. When applied to reticles used in a semiconductor 
fabrication process comprising a plurality of stages, the 
device may be used to monitor electrostatic ?eld and elec 
trostatic discharge activities on and around the reticle, 
convert the monitored parameters into data, and log the data 
along With a timestamp and an identi?cation of each indi 
vidual stage. Logged data can be retrieved and analyzed to 
determine the time and location of detrimental activities 
such as electrostatic discharge on reticles. 
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APPARATUS AND METHOD FOR DETECTION 
AND MEASUREMENT OF ENVIRONMENTAL 

PARAMETERS 

FIELD OF THE INVENTION 

[0001] This invention relates generally to a system and 
method for monitoring process and environmental param 
eters in a manufacturing or other process and in particular to 
a monitoring system for a process Where it is not possible to 
use conventional monitoring methods due to movements of 
the monitored object. 

BACKGROUND OF THE INVENTION 

[0002] It is desirable to be able to monitor various process 
and environmental parameters associated With a process to 
determine hoW Well the process is functioning. For example, 
the temperature of a CVD (chemical vapor deposition) 
process (a critical parameter associated With the CVD pro 
cess) may indicate the quality of the ?lm being deposited by 
the CVD process at the time in question. For a non-moving 
object, there are many conventional process monitoring 
systems Which permit various parameters to be determined. 
Unfortunately, it is dif?cult for such a conventional system 
to be used With a object that is moving during the process in 
question. To better understand the problem, an example of a 
particular moving object (e.g., a reticle in a semiconductor 
manufacturing process) that needs to be monitored Will be 
described, but it should be understood that the problem is 
associated With any moving object that needs to be moni 
tored. 

[0003] Areticle in a semiconductor manufacturing process 
is a specially made photo “negative” used to expose a 
photosensitiZed semiconductor Wafer prior to etching in 
order to ultimately produce a plurality of integrated circuits 
(IC) on the semiconductor Wafer. Atypical reticle is made of 
quartZ With thin chrome traces on it representing the desired 
electrical connections for the particular IC. Modern reticles 
With small geometry (e.g., very ?ne lines and a small 
spacing betWeen the lines corresponding to the very close 
electrical traces on moderns ICs) are particularly sensitive to 
various environmental and process parameters, such as 
exposure to electrostatic voltages. As a result of this expo 
sure, the thin traces on the reticle can be damaged or 
destroyed and the process engineer may not realiZe that the 
reticle has been damaged. 

[0004] Even a small number of damaged reticles can cause 
disproportionately large losses because the damaged reticles 
can go undetected and be used in a photolithography process 
to produce a large number of defective ICs, Which are 
expensive to manufacture. Further, in addition to replace 
ment costs of defective ICs and reticles, the doWn time of a 
fabrication facility may signi?cantly add to the losses. Thus, 
it is necessary to detect and replace defective or damaged 
reticles from the semiconductor fabrication process as early 
as possible. Unfortunately, the sources of electrostatic dam 
age for reticles are varied and unpredictable because reticles 
go through a number of different handling stages for use in 
a semiconductor fabrication process. For example, reticles 
stored in a storage place must be retrieved and loaded into 
a loader. Then the reticles are loaded from the loader to a 
stepper that is used in a photolithography process. After use, 
reticles are unloaded from the stepper back into the loader 
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and carried back to the storage place. Reticles also go 
through several testing stages Where they are subjected to 
various physical tests. 

[0005] If a reticle comes into close proximity With an 
electric charge bearing object during any of the handling or 
testing stages, it may sustain electrostatic discharge dam 
ages. For example, the test pads on Which the reticles are 
placed may be a source of electric discharge. Even if the 
reticle does not sustain an immediate electrostatic discharge 
damage, the effect may accumulate in the reticle, so that the 
reticle becomes more and more vulnerable to electrostatic 
discharges. 

[0006] Thus, it is desirable to provide monitoring capa 
bility for reticles’ exposure to electrostatic damages so that 
the process engineer Would be able to identify and inspect 
exposed reticles in order to detect damaged reticles prior to 
beginning the fabrication. The monitoring Would also permit 
the process engineer to identify speci?c occurrences of 
exposure in order to try to reduce those exposures in the 
future. The problem With using typical monitoring system is 
that the reticles travel throughout the semiconductor fabri 
cation facility and it is impossible to monitor them at all 
times With stationary monitors. 

[0007] Some attempts have been made to provide portable 
data storage systems that can travel along With the reticle in 
the reticle storage pod, such as Smart-Tag system by Asyst. 
This system consists of a miniature data storage device and 
an RF-ID module that can communicate With a correspond 
ing stationary device that reads and Writes data into the tag 
that moves With the reticle. This system, hoWever, does not 
observer or record any in-process parameters. 

[0008] Other conventional devices provide rudimentary 
means for recording parameters such as exposure to elec 
trostatic charges. An example of it is the “Ex-Mod” device 
by Ex-mod Corporation and Static Bug by ElectroStatic 
Designs. These devices must be installed on the host (i.e. on 
a circuit board or a Wafer) that goes through the process. 
They provide indications that a parameter (e.g., electrostatic 
exposure) has exceeded a certain level someWhere along the 
process. HoWever, they do not provide information to cor 
relate collected data points to a speci?c step in the process 
or a time frame during the process. Thus, data provided by 
conventional monitoring devices are dif?cult to interpret and 
analyZe. Also the conventional monitoring devices are dif 
?cult to reset, and they must be completely replaced for 
re-use. 

[0009] Thus, it is desirable to provide an in-situ monitor 
ing of various parameters, such as electrostatic discharges 
and damages, that overcomes the above limitations and 
problems With conventional monitoring systems. It is also 
desirable to provide a data logger system so that parameters 
monitored in situ may be logged and communicated for 
further processing. It is to these ends that the present 
invention is directed. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a device for in-situ 
measurement and recording of various environmental 
parameters in a manufacturing process such as a semicon 
ductor fabrication process. The device comprises sensors for 
detecting the parameters and converting them to sensor 
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outputs; and a data logger coupled to the sensors for receiv 
ing the sensor outputs and logging them in a ?le. The device 
may also comprise an analog to digital converter to convert 
the sensor outputs to digital data and a communication 
module to communicate the digital data With other devices 
or to a centraliZed base station. 

[0011] The communication module may comprise an RF 
(radio frequency) transmitter and a receiver to alloW opera 
tors to interact With the device for doWnloading of the 
collected data and control of the device. The sensors on the 
device may include an electrostatic ?eld sensor to detect and 
measure a presence or change in electrostatic ?eld, and an 
electrostatic discharge sensor to detect and measure an 
electrostatic discharge. The data logger permits the device to 
continuously monitor and collect the necessary sensor data 
as Well as timestamp them. The timestamped sensor data can 
be doWnloaded at a convenient time for subsequent analysis. 
Alternatively, the collected data may be presented on a 
built-in visual display for immediate inspection. 

[0012] When applied to reticles used in a semiconductor 
fabrication process comprising a plurality of stages, the 
device may be used to monitor electrostatic ?eld and elec 
trostatic discharge (ESD) activities around the reticle, con 
vert the monitored parameters into data, and log the data 
along With an identi?cation of each individual stage. Logged 
data can be retrieved and analyZed to determine the time and 
location of detrimental activities such as electrostatic dis 
charge on reticles. When there is a combined occurrence of 
electrostatic discharge and electrostatic ?eld from the moni 
tored readings, it is likely to indicate a valid local ESD 
event. Extraneous electrostatic discharges may be ?ltered 
and excluded using various criteria based on the sensor 
outputs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 illustrates an example of a device in accor 
dance With the invention that is attached to a product in 
process of being manufactured or otherWise processed; 

[0014] FIG. 2 illustrates a block diagram of one embodi 
ment of the data logging system in accordance With the 
invention; 
[0015] FIG. 3 illustrates a data logging unit 36 in accor 
dance and base equipment 44 in accordance With one 
embodiment of the invention; 

[0016] FIG. 4 illustrates an example of a device 50 With 
an electrostatic sensor and a signal processing circuit for 
detecting and measuring changing electrostatic ?eld in 
accordance With one embodiment of the invention; 

[0017] FIG. 5 illustrates a detailed schematic diagram of 
an electrostatic sensor and a signal processing circuit for 
detecting and measuring changing electrostatic ?eld using 
the device of FIG. 4 in accordance With one embodiment of 
the invention; 

[0018] FIG. 6 illustrates an example of a device 100 With 
a double electrode sensor and a signal processing circuit for 
detecting and measuring changing electrostatic ?eld in 
accordance With one embodiment of the invention; 

[0019] FIG. 7 illustrates a detailed schematic diagram of 
the sensor elements 104 and 106 and the signal processing 
circuit 102 of FIG. 6 in accordance With one embodiment of 
the invention; 
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[0020] FIG. 8 illustrates an example of a single electrode 
sensor and a signal processing circuit for detecting and 
measuring changing electrostatic ?eld in accordance With 
one embodiment of the invention; 

[0021] FIG. 9 is a diagram illustrating an electrostatic 
discharge (ESD) monitoring sensor that may be used to 
monitor ESD events; and 

[0022] FIG. 10 illustrates a circuit diagram of an ESD 
event monitor constructed in accordance With one embodi 
ment of the invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0023] The invention is particularly applicable to the 
monitoring of processes and environmental parameters 
Wherein the monitored object is mobile and it is in this 
context that the invention Will be described. While the 
invention Will be described in conjunction With the preferred 
embodiments, it is understood that the description is not 
intended to limit the invention to these embodiments. Rather 
the invention is intended to cover alternatives, modi?cations 
and equivalents, Which may be included Within the scope of 
the invention. For ease of explanation, the folloWing 
description Will focus speci?cally on processes and envi 
ronmental parameters associated With reticles used in a 
semiconductor fabrication process. The processes monitored 
include, but are not limited to, retrieval of reticles from 
storage area, loading of reticles into steppers, and scanning 
of the reticles in a photolithographic process. The param 
eters monitored include, but are not limited to, a reticle serial 
number, process tracking information, presence of electro 
static ?elds, magnitude of electrostatic ?elds, polarity of 
electrostatic discharges and magnitude of electrostatic dis 
charges. HoWever, it Will be appreciated that the system and 
method in accordance With the invention have greater utility, 
and may be extended beyond the semiconductor fabrication 
process to any other process Which require monitoring of 
environmental parameters. 

[0024] FIG. 1 illustrates an example of a device in accor 
dance With the invention that is attached to a product in the 
process of being manufactured or otherWise processed. In 
particular, a reticle 10 With a pellicle (a protective clear ?lm) 
12 is used in photolithography process as described above 
and as is Well knoWn. A logging device 14 in accordance 
With the invention is attached to the reticle 10 in a fashion 
that does not impede the processing of the reticle. Similarly, 
the logging device 14 may be attached to any object in a 
non-invasive fashion Wherein the object is moving through 
a manufacturing process. NoW, an embodiment of the data 
logging system Will be described. 

[0025] FIG. 2 illustrates a block diagram of one embodi 
ment of the data logging system in accordance With the 
invention. In particular, a data logger 20 (that may be an 
ASIC, a piece of hardWare circuitry or one or more pieces 
of softWare being executed by a processor) collects data 
from one or more Well knoWn sensors 22 (Sensor 1, Sensor 
2, . . . Sensor n). Each sensor provides data about one or 

more parameters important to the user. For reticle handling, 
for example, it is important to knoW such parameters as 1) 
the presence and strength of an ESD events; and 2) the rate 
of change and magnitude of the electrostatic ?elds. Other 
parameters can be measured as Well since various different 
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types of sensors can be connected to the data logger 20. The 
signal from each sensor may be conditioned and processed 
by a signal processing circuit 23 if needed. The processed 
signal then is provided to said data logger 20 Which may 
contain one or more analog-to-digital converters 24 that 
converts the analog sensor signals into digital data as is Well 
knoWn in the art. Analog to digital conversion is used to 
enable storage and communication of data in digital format 
instead of analog format. It is also possible that a sensor may 
generate a digital signal and an A/D converter 24 may not be 
required. The data logger 20 may operate With sensors that 
generate analog signals as Well as sensors that generate 
digital signals. 
[0026] The data logger 20 records the collected data into 
a memory 26 that may be attached to the data logger as 
shoWn in FIG. 2 or incorporated into the data logger. The 
memory 26 may be implemented by a ?ash memory, a RAM 
(random access memory), or other storage devices. Prefer 
ably, the data logger 20 comprises a timestamping module in 
order to time stamp the information logged into the memory 
26. Any Well-knoWn technique may be used to implement 
the timestamping module. For eXample, the data logger 20 
may have an internal clock circuitry such as based on a 
crystal oscillator to keep track of time. Alternatively, the 
timestamping module may use an eXternal clock circuitry to 
keep track of time. Preferably, the timestamping module 
comprises softWare residing in an internal or eXternal 
memory to monitor the clock and record time in the memory 
26 along With the collected data. 

[0027] Unlike conventional ESD detectors, the invention 
alloWs continuous monitoring of environmental parameters. 
In typical ESD detectors, once an ESD event occurs, it bloWs 
the circuitry, terminating any subsequent EDS event moni 
toring. In contrast, the invention alloWs continuous moni 
toring and data logging by providing a data logger so that 
sensor data can be collected and saved in a memory. The 
sensor data saved in the memory can be retrieved at any 
convenient time for further processing and analysis. 

[0028] The communication betWeen the data logger 20 
and other equipment is done With the help of a communi 
cation module 28. A poWer signal is provided to the data 
logger 20 by a battery 30 (disposable or rechargeable) or via 
other poWer sources. In an alternate embodiment of the 
invention, data from data logger 20 may be displayed on a 
built-in display 32, such as a liquid crystal display (LCD) or 
the like. In yet another embodiment of the invention, 
optional control components 34 (i.e. sWitches, etc.) can be 
used to locally control the data logger 20. 

[0029] The data logging unit can be made using discrete 
components or using an integrated component containing all 
or some of its parts in one integrated solution, such as IC or 
MCM (multi-chip module) as should be obvious to one 
skilled in art. 

[0030] FIG. 3 illustrates a data logging unit 36 in accor 
dance and base equipment 44 in accordance With one 
embodiment of the invention. In a preferred embodiment of 
the invention, the base equipment 44 comprises a base RF 
transmit/receive circuit 45 and an antenna 46. In a preferred 
embodiment, the data logging unit 36 embodies a battery 42, 
sensors 37, a signal processing circuit 38, a data logger 39, 
an RF transmit/receive circuit 40, and an antenna 41 in a 
linear arrangement so that the Whole unit 36 can be enclosed 
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in a small unobtrusive package and ?t on the side of the 
reticle 10 as illustrated in FIG. 1. HoWever, it Will be 
apparent to one skilled in the art that other con?gurations or 
arrangements of the components inside the unit 36 are 
possible. 

[0031] In operation, sensors 33 convert parameters of 
interest into electric signals, Which are conditioned by a 
signal processing circuit 38. In an alternate embodiment of 
the invention, the signal processing circuit 38 is not required 
for the data logging unit 36. Processed signals are recorded 
or otherWise processed by the data logger 39. 

[0032] Exchange of information betWeen the data logger 
39 and external equipment may be done by the RF transmit/ 
receive circuit 40 and the antenna 41. The types of infor 
mation communicated by the data logging unit 36 include 
data, control signals for the data logger 39, reticle identi? 
cation information, and process tracking information. It Will 
be apparent to one skilled in the art that other types of 
information may also be communicated. Data eXchange may 
be continued With other devices or a centraliZed base station 
using conventional communication means 47. For eXample, 
an RF ID (radio frequency identi?cation) technique can be 
used as the communication means 47. 

[0033] The base equipment 44 may also have the capa 
bility to both transmit and receive data With the data logger 
unit 36 via the base RF transmit/receive circuit 45 and the 
antenna 46 so that data parameters of interest that are 
recorded in the data logger 39 can be retrieved by the base 
equipment for further processing. The base equipment 44 
may also transmit control signals to the data logging unit 36 
in order to set its parameters and give instructions. 

[0034] In contrast to conventional ESD detectors, the 
sensor data can be automatically collected by the base 
equipment 44 Without the need for a manual inspection of 
the ESD sensor device by using the RF transmit/receive 
circuit 40. Further, the transmission and reception of the 
sensor data can be handled by using conventional techniques 
Without having to change or reinstall communication equip 
ment. Thus, the invention enables an interrupt-free, seamless 
incorporation of the ESD monitoring process into the semi 
conductor fabrication process. 

[0035] FIG. 4 illustrates an eXample of a device 50 With 
a, electrostatic sensor and a signal processing circuit for 
detecting and measuring changing electrostatic ?eld in 
accordance With one embodiment of the invention. The 
electrostatic ?eld is monitored because a suf?ciently strong 
change in electrostatic ?eld can be a cause of damage or 
harm to a reticle. In FIG. 4, an electrostatic sensor com 

prising tWo pairs of sensor plates (A-1, A-2, B-I and B-2) 
including 54, 56 and 58, 59 respectively, is coupled to a 
signal processing circuit 60. 

[0036] In operation, the sensors A and B of FIG. 4 receive 
different electric signals When an electrically charged object 
generating static ?eld approaches the sensor plates from a 
horiZontal direction. The electrical signals from the sensor 
plates A and B are then provided to the signal processing 
circuit 60 for further processing. It Will be apparent to one 
skilled in the art that by adding more sensor plates and 
modifying the geometry of the sensor plates, it is possible to 
detect changes in electrostatic ?eld from all directions (360 
degrees in all spatial planes). 
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[0037] FIG. 5 illustrates a detailed schematic diagram of 
an electrostatic sensor and a signal processing circuit for 
detecting and measuring changing electrostatic ?eld using 
the device of FIG. 4 in accordance With one embodiment of 
the invention. In FIG. 5, the sensor elements 54 and 56 are 
coupled to an operational ampli?er (op amp) 62 via resistors 
64 and 66, respectively. The op amp 62 is coupled to a signal 
processing circuit 52. The resistor 64 is coupled to ground 
via a resistor 68 and a bias supply circuit 72. The resistor 66 
is also coupled to a resistor 70. The sensor elements 58 and 
59 are coupled to an operational ampli?er (op amp) 79 via 
resistors 80 and 82, respectively. The op amp 79 is coupled 
to the signal processing circuit 52. The resistor 80 is coupled 
to ground via a resistor 88 and a bias supply circuit 90. The 
resistor 82 is also coupled to a resistor 86. A battery 74 or 
other suitable poWer source is provided to poWer the op amp 
62. 

[0038] In operation, the op amp 62 and resistors 64, 66, 68 
and 70 amplify the difference in voltage generated by the 
sensor elements 54 and 56, and provide the ampli?ed signal 
to the signal processing circuit 52. The bias supply circuit 72 
is used to establish operating parameters of the circuit as is 
Well-known in the art. In one embodiment of the invention, 
the sensors 54 and 56 detect a magnitude of changing 
electrostatic ?eld and feeds the information to the signal 
processing circuit 52. The op amp 79 and resistors 80, 82, 
86, and 88 amplify the difference in voltage generated by the 
sensor elements 58 and 59, and provide the ampli?ed signal 
to the signal processing circuit 52. Using four (4) sensor 
elements, 54, 56, 58 and 59, permits to determine the 
direction of electrostatic ?eld as Well as its presence. 

[0039] FIG. 6 illustrates an eXample of a device 100 With 
a double electrode sensor and a signal processing circuit for 
detecting and measuring electrostatic ?eld in accordance 
With one embodiment of the invention. In FIG. 6, an 
electrostatic sensor comprising circular electrodes 104 and 
106 are coupled to a signal processing circuit 102. Com 
pared to the circuit shoWn in FIG. 4, the circuit of FIG. 6 
is simpler and smaller because of reduced number of circuit 
components. HoWever, the circular sensor of FIG. 6 is not 
capable of determining the direction of electrostatic ?eld 
Whereas the sensor of FIGS. 4 and 5 can determine the 
direction of electrostatic ?eld. 

[0040] FIG. 7 illustrates a detailed schematic diagram of 
double circular sensor elements 104 and 106, and the signal 
processing circuit 102 of FIG. 6 in accordance With one 
embodiment of the invention. In FIG. 7, an electrostatic 
sensor comprising the circular sensor elements 104 and 106 
is coupled to an op amp 108 via resistors 114 and 116 
respectively. The op amp 108 is coupled to the signal 
processing circuit 102. The resistor 116 is coupled to ground 
via a resistor 110 and a bias supply circuit 118. The resistor 
114 is also coupled to a resistor 112. Abattery 120 or other 
suitable poWer source is provided to poWer the op amp 108. 

[0041] In operation, the op amp 108 and resistors 114 and 
116 amplify the difference in voltage generated by the sensor 
elements 104 and 106, and provide the ampli?ed signal to 
the signal processing circuit 102. The bias supply circuit 118 
is used to establish operating parameters of the circuit as is 
Well-known in the art. The sensors 104 and 106 may detect 
a magnitude of changing electrostatic ?eld and feed the 
information to the signal processing circuit 102. 
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[0042] FIG. 8 illustrates an eXample of a single electrode 
sensor and a signal processing circuit for detecting and 
measuring changing electrostatic ?eld in accordance With 
one embodiment of the invention. In FIG. 8, a single 
electrode sensor 150 is coupled to a signal processing circuit 
162. A single electrode sensor con?guration can be con 
structed from a multi-electrode sensor con?gurations. For 
eXample, a single electrode sensor can be obtained from the 
double electrode sensor con?guration such as shoWn in FIG. 
6 by connecting one electrode to the ground plane of the 
circuit. Although a circular-shaped single electrode is shoWn 
in FIG. 8, other shapes may be used to implement the single 
electrode 150. For eXample, a square-shaped, triangle 
shaped, or pentagon-shaped electrode may be used as the 
single electrode 150. 

[0043] In operation, the sensing electrode 150 detects 
electric ?eld and converts it into an electric signal. An op 
amp 152 and resistors 154, 156 and 158 provide ampli?ca 
tion of the signal and proper impedance matching. The 
output of the op amp 152 is provided to the input of signal 
processing circuit 162. A poWer source 160 is provided to 
poWer the op amp 152. 

[0044] FIG. 9 is a diagram illustrating an electrostatic 
discharge (ESD) sensor that may be used to monitor ESD 
events. In FIG. 9, an ESD event monitor is coupled to an 
antenna 182. An ESD event monitor of any suitable con 
struction may be used as the ESD event monitor 160. Further 
details concerning ESD event monitors such as that shoWn 
in FIG. 9 may be found in US. Pat. application Ser. No. 
09/551,412 entitled, “Electrostatic Discharge (ESD) Event 
Monitor,” ?led Apr. 18, 2000, Which is incorporated herein 
by reference. The output of the ESD event monitor 180 is 
provided to a data logger such as the data logger 39. 

[0045] FIG. 10 illustrates a circuit diagram of an ESD 
event monitor constructed in accordance With one embodi 
ment of the invention. In FIG. 10, an antenna 202 is coupled 
to a WindoW comparator 200 (Well-known in the art, and 
thus not shoWn in detail) via a capacitor 204. In operation, 
the WindoW comparator 200 provides a logic-level signal 
Whenever the input signal, or as in this particular case, the 
magnitude of an ESD event of any polarity eXceeds a 
pre-determined threshold value. The antenna 202 detects a 
change in electromagnetic ?eld caused by an ESD event and 
converts it into an electric signal. The capacitor 204 provides 
DC (direct current) decoupling of the electric signal received 
from the antenna 202 if necessary. Resistors 206 and 208 
form bias circuit for the input signal. Voltage dividers 
comprising resistors 210, 212, 214 and 216 provide refer 
ence voltages for positive and negative peaks of an input 
signal. The output of the WindoW comparator 200 is pro 
vided to a data logger such as the data logger 39 for further 
processing. 

[0046] Often, there is a need to localiZe ESD events and 
?lter and eliminate extraneous ESD events. For various 
reasons such as relative signal strength, an extraneous ESD 
event may be mistaken for a local ESD event. EXtraneous 
ESD events refer to ESD events detected by the ESD sensor 
that do not cause electrostatic damages to the reticle because 
they occur at a location remote from the reticle such as on 
an apparatus or equipment. On the other hand, valid ESD 
events occur on the reticle itself or in a closer proXimity 
thereto so that they can cause electrostatic damages to the 
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reticle or an object of interest. Thus, in order to eliminate 
such extraneous ESD events, both electrostatic ?eld and 
ESD may be monitored and localized in accordance With 
one embodiment of the invention. Table 1 shoWs an example 
of sensor data logged over a period of time by an electro 
static ?eld sensor and an ESD sensor. 

TABLE 1 

Entry No. Time Electrostatic Field (V) ESD Events Detected 

1 9:53:22 2000 0 
2 9:55:44 3420 1 
3 10:00:28 1890 1 
4 10:09:56 5230 18 
5 10:12:18 20 2 
6 10:14:40 3490 4 
7 10:17:02 2800 0 
8 10:19:24 800 0 
9 10:21:46 120 0 

10 10:35:58 4200 12 
11 15:05:22 2900 2 

[0047] Referring to Table 1, information in Table 1 can be 
used to localiZe ESD events and eliminate extraneous ESD 
events. For example, information entry 10 is likely to 
indicate valid ESD events on the reticle because they Were 
accompanied by a high level of electrostatic ?eld (4200 V). 
On the other hand, information logged in entry 5 is likely to 
indicate extraneous ESD events because even though there 
Were ESD events detected, the level of electrostatic ?eld 
detected Was relatively loW (20 V) so that the ESD events are 
not likely to have occurred on the reticle itself or in a 
sufficiently close proximity thereto. 

[0048] It Will be appreciated by one skilled in the art that 
various methods may be used to eliminate extraneous ESD 
events, and recognize valid ESD events. For example, 
occurrences of ESD event and electrostatic ?eld may be 
separately recorded as illustrated in Table 1. Collected data 
then can be revieWed so that the ESD events that occur in the 
absence of electrostatic ?eld are discarded as extraneous 
ESD events. Alternatively, extraneous ESD events may be 
eliminated by logging ESD events only When there is a 
certain level of electrostatic ?eld build-up combined With an 
ESD detection. In yet another embodiment of the invention, 
an ESD event may be recorded only if there is an abrupt 
change in electrostatic ?eld accompanying the ESD event. 

[0049] The process of localiZing ESD events and elimi 
nating extraneous events may be implemented using hard 
Ware, softWare or in combination thereof. Using hardWare, 
a localiZation circuit may be constructed using analog means 
or digital means in accordance With the invention. For 
example, analog means may comprise an analog comparator 
for detecting electrostatic ?eld having a magnitude exceed 
ing a certain predetermined value. If the magnitude of 
electrostatic ?eld exceeds the predetermined value, the sig 
nal from an ESD sensor is reported as a valid ESD signal. 
OtherWise, the ESD sensor signal is blocked. 

[0050] Digital means may comprise an analog to digital 
converter (ADC) for converting ESD sensor and electro 
static ?eld sensor outputs, and a comparator for detecting 
electrostatic ?eld having a magnitude exceeding the prede 
termined value. The outputs of the ADC and the comparator 
may then be fed into a logic AND gate so that if the 
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magnitude of electrostatic ?eld exceeds the predetermined 
value, a valid ESD signal is generated. OtherWise, the ESD 
event is not reported. 

[0051] ESD events may also be localiZed based on chang 
ing electrostatic ?eld. In this case, analog means may 
comprise a high-pass ?lter to detect changes in electrostatic 
?eld. If the rate of change in electrostatic ?eld exceeds a 
predetermined value, the signal from an ESD sensor is 
reported. OtherWise, the ESD sensor signal is blocked. 
Digital means may comprise an analog to digital converter 
(ADC) for converting ESD sensor and electrostatic ?eld 
sensor outputs and a digital circuit to implement the high 
pass ?ltering function. The outputs of the high pass ?lter and 
the ESD sensor may be fed into a logic AND gate so that if 
the rate of change in electrostatic ?eld exceeds the prede 
termined value, the ESD event detection is reported. Oth 
erWise, the ESD event is not reported. It Will be appreciated 
by one skilled in the art that many variations are possible to 
implement the analog and digital means for localiZing ESD 
events. For example, the high pass ?lter function may be 
implemented using softWare or ?rmWare codes executable 
by a microprocessor. 

[0052] The foregoing description, for purposes of expla 
nation, used speci?c nomenclature to provide a thorough 
understanding of the invention. In some instances, Well 
knoWn circuits and devices are shoWn in block diagram form 
in order to avoid unnecessary distraction from the underly 
ing invention. The foregoing descriptions of preferred 
embodiments of the invention are presented for purposes of 
illustration and description, and they are not intended to be 
exhaustive or to limit the invention to the precise forms 
disclosed. It Will be appreciated by those skilled in he art that 
changes in this embodiment may be made Without departing 
from the principles and spirit of the invention, the scope of 
Which is de?ned by the appended claims. 

1. A device for in-situ measurement and recording of at 
least one parameter in a process, said device comprising: 

a sensor for detecting said parameter and converting to a 
sensor output; and 

a data logger coupled to said sensor for receiving and 
logging said sensor output. 

2. The device of claim 1 Wherein said data logger com 
prises a timestamping module for recording a timestamp 
With said sensor output. 

3. The device of claim 2 further comprising a communi 
cation module for communicating said sensor output. 

4. The device of claim 3 Wherein said communication 
module comprises a transmitter and a receiver. 

5. The device of claim 3 Wherein said communication 
module comprises an RF (radio frequency) communication 
module. 

6. The device of claim 1 further comprising a display 
device. 

7. The device of claim 1 Wherein said sensor is con?gured 
to detect a presence of electrostatic ?eld. 

8. The device of claim 7 Wherein said sensor is con?gured 
to measure a magnitude of said electrostatic ?eld. 

9. The device of claim 8 Wherein said sensor is con?gured 
to detect a change in said electrostatic ?eld. 

10. The device of claim 1 Wherein said sensor is con?g 
ured to detect an electrostatic discharge. 
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11. The device of claim 10 wherein said sensor is con 
?gured to measure a magnitude of said electrostatic dis 
charge. 

12. The device of claim 1 Wherein said data logger 
comprises an analog to digital converter (ADC) to convert 
said sensor output into digital data. 

13. The device of claim 12 further comprising signal 
processing circuitry coupled to said sensor for processing 
said sensor output. 

14. A device for in-situ measurement and recording of at 
least one parameter in a process, said device comprising: 

means for detecting said parameter and converting to a 
sensor output; and 

means for receiving and logging said sensor output. 
15. The device of claim 14 Wherein said means for 

receiving and logging comprises a timestamping module for 
recording a timestamp With said sensor output. 

16. The device of claim 13 further comprising means for 
communicating said sensor output. 

17. The device of claim 16 Wherein said means for 
communicating comprises a transmitter and a receiver. 

18. The device of claim 16 Wherein said means for 
communicating comprises an RF (radio frequency) commu 
nication module. 

19. Amethod for in-situ measurement and recording of at 
least one parameter in a semiconductor fabrication process 
comprising a plurality of stages, said method comprising: 

(a) monitoring said parameter in a stage of said plurality 
of stages; 

(b) converting said parameter into data; 

(c) logging said data and an identi?cation of said stage; 
and 

(d) repeating (a)-(d) for said plurality of stages. 
20. The method of claim 19 further comprising times 

tamping said data. 
21. The method of claim 20 further comprising signal 

processing said data. 
22. The method of claim 21 further comprising converting 

said data into digital data. 
23. The method of claim 22 further comprising commu 

nicating said digital data and said identi?cation of said stage 
to a base equipment. 

24. The method of claim 23 Wherein said parameter 
comprises electrostatic ?eld. 

25. The method of claim 24 Wherein said parameter 
comprises a change in said electrostatic ?eld. 

26. The method of claim 25 Wherein said parameter 
comprises an electrostatic discharge. 

27. The method of claim 26 further comprising eliminat 
ing extraneous electrostatic discharges based on said elec 
trostatic discharge and said electrostatic ?eld. 

28. A device for in-situ monitoring of at least one envi 
ronmental parameter in a photolithographic process com 
prising a plurality of stages, said device comprising: 

at least one sensor for converting said environmental 
parameter of an associated stage into a sensor output; 

an analog to digital converter for converting said sensor 
output to digital data; and 
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a communication module to communicate said digital 
data and an identi?cation of said associated stage of 
said plurality of stages. 

29. The device of claim 28 further comprising a data 
logger for logging said digital data and said identi?cation of 
said associated stage. 

30. The device of claim 29 Wherein said communication 
module comprises a transmitter and a receiver. 

31. The device of claim 29 Wherein said communication 
module comprises an RF (radio frequency) communication 
module. 

32. The device of claim 28 further comprising a display 
device. 

33. The device of claim 28 further comprising a sensor for 
detecting a presence of electrostatic ?eld. 

34. The device of claim 33 Wherein said sensor is con 
?gured to measure a magnitude of said electrostatic ?eld. 

35. The device of claim 34 Wherein said sensor is con 
?gured to detect a change in said electrostatic ?eld. 

36. The device of claim 28 further comprising a sensor for 
detecting an electrostatic discharge. 

37. The device of claim 36 Wherein said sensor is con 
?gured to measure a magnitude of said electrostatic dis 
charge. 

38. The device of claim 28 further comprising signal 
processing circuitry coupled to said plurality of sensors for 
processing said sensor output. 

39. A device for use in conjunction With a reticle for 
in-situ monitoring of at least one electrical parameter in a 
semiconductor fabrication process comprising a plurality of 
stages, said device comprising: 

a sensor for converting said electrical parameter of a stage 
into a sensor output; 

an analog to digital converter for converting said sensor 
output to digital data; 

a data logger comprising a timestamping module for 
logging said digital data and an identi?cation of said 
stage; and 

an RF (radio frequency) communication module coupled 
to said data logger. 

40. The device of claim 39 Wherein said electrical param 
eter comprises electrostatic ?eld. 

41. The device of claim 39 Wherein electrical parameter 
comprises an electrostatic discharge. 

42. A method for in-situ measurement and recording of at 
least one parameter in a semiconductor fabrication process 
comprising at least one stage, said method comprising: 

(a) monitoring said parameter in said stage; 

(b) converting said parameter into data; and 

(c) logging said data and an identi?cation of said stage. 
43. The method of claim 42 further comprising 

timestamping said data. 
44. The method of claim 43 further comprising: 

signal processing said data. 
45. The method of claim 44 further comprising: 

converting said data into digital data. 
46. The method of claim 44 further comprising: 

communicating said digital data and said identi?cation of 
said stage to a base equipment. 
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47. The method of claim 46 wherein said parameter 
comprises electrostatic ?eld. 

48. The method of claim 46 Wherein said parameter 
comprises an electrostatic discharge. 

49. A device for monitoring environmental parameters 
comprising: 

an electrostatic sensor for detecting electrostatic ?eld and 
converting said electrostatic ?eld into a ?rst output; 

an electrostatic discharge (ESD) sensor for detecting an 
electrostatic discharge and converting said electrostatic 
discharge into a second sensor output; 

an analog to digital converter coupled to said electrostatic 
sensor and said ESD sensor for converting said ?rst and 
second sensor outputs to ?rst and second digital data, 
respectively; and 

a data logger comprising a timestamping module for 
logging said ?rst and second digital data. 

50. The device of claim 49 further comprising an RF 
(radio frequency) communication module coupled to said 
data logger. 

51. Amethod for localiZing electrostatic discharges (ESD) 
by detecting electrostatic discharges and electrostatic ?eld, 
the method comprising: 

detecting an electrostatic discharge and converting it into 
a ?rst output; 

detecting said electrostatic ?eld and converting it into a 
second output; and 

determining a valid local electrostatic discharge based on 
said ?rst and second outputs. 

52. The method of claim 51 Wherein said determining 
comprises determining said valid local electrostatic dis 
charge When said electrostatic discharge is combined With 
said electrostatic ?eld having a magnitude that eXceeds a 
predetermined value. 

53. The method of claim 52 further comprising converting 
said ?rst and second outputs to ?rst and second digital data, 
respectively. 

54. A device for localiZing electrostatic discharges affect 
ing a unit by detecting an electrostatic discharge and elec 
trostatic ?eld, the device comprising: 

an electrostatic sensor for detecting said electrostatic ?eld 
affecting said unit and generating a ?rst output; and 

an ESD sensor for detecting said electrostatic discharge 
affecting said unit and generating a second output. 

55. The device of claim 54 further comprising: 

an analog comparator coupled to said ?rst output for 
generating a comparator output When said electrostatic 
?eld has a magnitude eXceeding a predetermined value. 

56. The device of claim 55 further comprising: 

a circuit coupled to said analog comparator and to said 
ESD sensor for receiving said comparator output and 
said second output, said circuit con?gured to generate 
a valid ESD signal When said comparator output and 
said second output are detected. 
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57. The device of claim 54 further comprising: 

an analog to digital converter (ADC) coupled to said 
electrostatic sensor and said ESD sensor for converting 
said ?rst and second outputs to ?rst and second digital 
data, respectively. 

58. The device of claim 57 further comprising: 

a digital comparator coupled to said ?rst data and gener 
ating a comparator output When said electrostatic ?eld 
has a magnitude eXceeding a predetermined value. 

59. The device of claim 58 further comprising: 

a circuit coupled to said digital comparator and to said 
ADC for receiving said comparator output and said 
second data, said circuit con?gured to generate a valid 
ESD signal When said comparator output and said 
second data are detected. 

60. The device of claim 5 9 Wherein said circuit is an AND 
gate. 

61. The device of claim 60 further comprising: 

a data logger comprising a timestamping module for 
logging said ?rst and second digital data. 

62. The device of claim 61 further comprising an RF 
(radio frequency) communication module coupled to said 
data logger. 

63. Amethod for localiZing electrostatic discharges (ESD) 
by detecting electrostatic discharges and electrostatic ?eld, 
the method comprising: 

detecting an electrostatic discharge and converting it into 
a ?rst output; 

detecting a change in said electrostatic ?eld and convert 
ing it into a second output; and 

determining a valid local electrostatic discharge based on 
said ?rst and second outputs. 

64. The method of claim 63 Wherein said determining 
comprises determining said valid local electrostatic dis 
charge When said electrostatic discharge is combined With 
said electrostatic ?eld changing at a rate that eXceeds a 
predetermined value. 

65. The method of claim 64 further comprising converting 
said ?rst and second outputs to ?rst and second digital data, 
respectively. 

66. A device for localiZing electrostatic discharges affect 
ing a unit by detecting an electrostatic discharge and elec 
trostatic ?eld; 

an electrostatic sensor for detecting a change in said 
electrostatic ?eld and generating a ?rst output; and 

an ESD sensor for detecting said electrostatic discharge 
and generating a second output. 

67. The device of claim 66 further comprising: 

a high pass ?lter coupled to said ?rst output for generating 
a high pass ?lter output When said electrostatic ?eld 
changes at a rate eXceeding a predetermined value. 

68. The device of claim 67 further comprising: 

a circuit coupled to said high pass ?lter and to said ESD 
sensor for receiving said high pass ?lter output and said 
second output, said circuit con?gured to generate a 
valid ESD signal When said high pass ?lter output and 
said second output are detected. 
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69. The device of claim 68 further comprising: 

an analog to digital converter (ADC) coupled to said 
electrostatic sensor and said ESD sensor for converting 
said ?rst and second outputs to ?rst and second digital 
data, respectively. 

70. The device of claim 69 further comprising: 

a high pass ?lter coupled to said ?rst data for generating 
a high pass ?lter output When said electrostatic ?eld 
changes at a rate exceeding a predetermined value. 

71. The device of claim 70 Wherein said high pass ?lter 
cornprises softWare codes executable by a microprocessor. 

72. The device of claim 70 further comprising: 

a circuit coupled to said high pass ?lter and to said ADC 
for receiving said high pass ?lter output and said 
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second data, said circuit con?gured to generate a valid 
ESD signal When said high pass ?lter output and said 
second data are detected. 

73. The device of claim 72 Wherein said circuit is an AND 

gate. 
74. The device of claim 73 further comprising: 

a data logger comprising a tirnestarnping module for 
logging said ?rst and second digital data. 

75. The device of claim 74 further comprising an RF 
(radio frequency) cornrnunication rnodule coupled to said 
data logger. 


