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METHOD AND APPARATUS FOR INSPECTING 
WAFERS 

0001. The present invention relates to methods and appa 
ratus for inspecting wafers. In particular, the invention 
relates to apparatus disposed in Single and multi-chamber 
cluster tools for inspecting wafers. 

BACKGROUND OF THE INVENTION 

0002. During conventional fabrication of semiconductor 
wafers, cluster tools transport the wafer between various 
Stations, Such as, for example, a chemical vapor deposition 
Station or an etching Station. After fabrication, the wafer is 
transported from the cluster tool to an inspection Station and 
inspected for Surface defects, line width, electrical functions, 
and the like. 

0.003 Generally, wafers are not individually inspected 
because of the disparity between the throughputs of the 
fabrication machinery and the inspection machinery. Indi 
vidual inspection for each wafer would either require a 
prohibitive amount of inspection machinery to maintain 
adequate throughput, or result in an unacceptable loss of 
productivity. Accordingly, wafers are sampled for inspec 
tion, with the Sampling rate and Selection method being 
based on the proceSS involved. 
0004 Empirically, manufacturers know that certain pro 
ceSSes are more Stable than others, and Select the Sampling 
rates for each proceSS accordingly. For example, Some 
processes are very stable and, once the process is adjusted to 
produce parameters that are within the inspection criteria, 
the parameters do not vary greatly over time. In these cases, 
once the proceSS is adjusted, the processing machinery can 
operate relatively autonomously for days at a time. Thus, 
Stable processes do not require a high Sampling rate. Other, 
leSS Stable, processes require a higher Sampling rate. 
0005 Generally, wafers are processed in lots of 20 to 25 
wafers each, and usually with 4 to 5 lots processed between 
cleanings of the processing chambers. In the case of 300 mm 
wafers, the lot size is about 12-13 wafers. With a low 
Sampling rate as used with more stable processes, it is 
possible for many wafers to complete the process having 
defects. For example, in an otherwise Stable process, the 
proceSS chamber may Suffer an excursion, Such as a blown 
O-ring or electrical arcing. Accumulated proceSS material, 
Such as etchant or deposition material, may flake off the 
walls of the chamber onto the wafers. If the excursion occurs 
early in the first lot or shortly after a Sampling, for example, 
the low Sampling rate can produce enormous waste in terms 
of the number of defective wafers that consume processing 
time and material before the problem with the process is 
detected during the next Sampling. A higher Sampling rate 
could minimize this problem, but, as noted, productivity 
would Suffer as a consequence. 
0006 Defects resulting from Such casualties to the pro 
ceSS chamber result in large Scale defects, on the order of 0.5 
micron in size. In the past, manufacturers have not inspected 
Separately for Such large defects because large defects are 
discovered during inspection for Smaller defects. Yet these 
large Scale defects account for a large proportion of defec 
tive wafers. 

0007. The smaller defects are typically caused by insta 
bilities in the various processes, and the instabilities are 
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factored into the Sampling rate to minimize the number of 
defective wafers that go through processing before a Sam 
pling detects the problem. The larger defects, on the other 
hand, are generally unpredictable, being caused by a cata 
Strophic breakdown, and can therefore cause the greatest 
loSS in terms of waste. 

0008 Manufacturers are striving to detect ever smaller 
defects, such as 0.15 to 0.18 micron-sized defects. Unfor 
tunately, the equipment necessary to detect these Smaller 
defects is very large, expensive, complicated, and takes up 
a lot of valuable floor Space. 
0009. In particular, as the detectable defect size shrinks, 
the corresponding inspection machinery increases in Size, 
complexity, and cost. For example, in order to determine line 
width in the 0.15 to 0.18 Micron range, inspection machines 
require very large granite or marble tables to provide a 
Stable, non-moving platform on which to perform the 
inspection. These tables are quite large and have a large 
footprint, taking up valuable manufacturing floor Space. In 
addition, the large inspection machines have a reduced 
throughput. The reduced throughput requires a lower Sam 
pling rate which results in higher waste or lower productiv 
ity. 

0010 Moreover, as the wafer size increases towards the 
300 millimeter size, the handling equipment necessary to 
move the wafers around also increases in size and complex 
ity, with a resultant Slowdown in handling Speeds. 

0011 Thus, manufacturers would welcome a method and 
apparatus for a quick, real-time Sampling of wafers. Quick, 
real-time Sampling would allow a higher Sampling rate while 
minimizing any adverse impact on throughput and result in 
early detection of large defects. Early detection of large 
defects would minimize the waste associated therewith by 
Saving the remaining wafers in the lot from further proceSS 
ing, thereby Saving time and material. Moreover, Such 
real-time Sampling would reduce the Sampling burden on the 
large inspection machines or effectively increase their Sam 
pling rate. 

SUMMARY OF THE INVENTION 

0012. The present invention overcomes these disadvan 
tages and others by providing an inspection Station coupled 
to the cluster tool. Coupling the inspection Station to the 
cluster tool provides a method and apparatus for a quick, 
real-time Sampling of wafers that would detect large defects 
Sooner while minimizing any adverse impact on throughput. 

0013. According to the present invention, a semiconduc 
tor wafer inspection Station comprises a cluster tool and an 
inspection Station attached to the cluster tool. The inspection 
Station includes an image detector for detecting an image of 
the Semiconductor wafer, and a processor for processing the 
detected image to detect defects in the Semiconductor wafer. 

0014. In preferred embodiments of the invention, an 
inspection chamber is attached to the cluster tool, and the 
inspection Station is disposed in the inspection chamber. The 
inspection chamber includes a rotatable chuck and the 
inspection Station includes a light Source positioned to 
illuminate the Semiconductor wafer when it is positioned on 
the chuck. An image detector is positioned for receiving 
light that is reflected by the Semiconductor wafer and a 
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processor is coupled to the image detector for processing the 
detected image to detect defects. 
0.015 The present invention also provides a method of 
inspecting a Semiconductor wafer. The method comprises 
the Steps of providing a cluster tool, attaching an inspection 
Station to the cluster tool, and positioning the Semiconductor 
wafer at the inspection Station for inspection. A light Source 
illuminates the Semiconductor wafer and a receiver receives 
a reflected image. A processor coupled to the receiver 
processes the image to detect defects. When the inspection 
detects a defect, the inspection Station Sends a warning to an 
operator. Thus, the invention provides for inspection of the 
Semiconductor wafer before it leaves the cluster tool/inspec 
tion Station. 

0016. The present invention offers several advantages, 
Such as reducing wafer loSS and providing for improved 
Sampling without hampering the throughput of the cluster 
tool. For example, after a process has taken place, the wafer 
is passed under a glancing laser-type apparatus which is 
controlled by the same software that controls the cluster tool. 
In the event a defect is detected, the tool can either shut 
down or provide a warning to an operator, thereby reducing 
wafer loSS by preventing the processing of other wafers until 
the problem is corrected. If no defect is detected, the wafer 
continues with further processing Steps, as necessary. If the 
wafers are Sampled for testing, the uninspected wafers 
continue through the processing as before, leaving the 
throughput unaffected. However, a glancing laser-type appa 
ratus can quickly detect a 0.5 micron defect, which allows a 
higher Sampling rate, thereby reducing waste and increasing 
productivity. Importantly, the invention achieves these 
advantages without increasing the footprint of the equip 
ment, thereby preserving valuable floor Space. 
0.017. These and other features and advantages of the 
invention will become apparent from the following detailed 
description of preferred embodiments of the present inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018 FIG. 1 illustrates a cluster tool with an inspection 
chamber according to the present invention; and 
0.019 FIG. 2 illustrates an optical inspection station 
disposed inside the inspection chamber. 
0020 FIG. 3 illustrates an electrical testing station dis 
posed inside the inspection chamber. 
0021 FIG. 4 illustrates equipment for inspecting for 
defects in the dimensions of features on a wafer. 

0022 FIG. 5 illustrates an inspection station disposed 
outside the inspection chamber. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0023. As illustrated in FIG. 1, the present invention 
includes a cluster tool 10 coupled to the wall 11 of a clean 
room 13. The cluster tool 10 includes a housing 12 that 
defines an interior region 14, a plurality of conventional 
proceSS/reaction chambers 18, and a conventional transport 
module 24 having a transport device 25 for transporting a 
semiconductor wafer 26. The cluster tool 10 further includes 
an inspection chamber 20 coupled to the housing 12 and 
disposed to receive Semiconductor waferS 26 for inspection. 
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The process chambers 18 provide a suitable atmosphere for 
various processes used in the manufacture of the Semicon 
ductor wafer 26, Such as deposition and etching. The hous 
ing 12 and inspection chamber 20 are maintained at a 
Vacuum pressure level Suitable for the processing of Semi 
conductor wafers by vacuum pumps (not shown). The 
chambers 18, 20 are coupled to the housing 12 by commer 
cially available gate valves 30 or the like. The gate valves 30 
isolate the environments of the chambers 18, 20, from that 
of the housing 12. Load lockS 16 provide vacuum/next 
capabilities for transferring a wafer from the cluster tool 10 
to factory automation 22 in the clean room 13. 
0024. The inspection chamber 20 includes a conventional 
inspection station 34, shown in FIG.2. In preferred embodi 
ments of the invention, the inspection Station 34 includes a 
light Source 36, a light receiver 38, and a wafer-receiving 
chuck 40. The light source 36 is disposed in the chamber 20 
to direct a beam of light 44 at a semiconductor wafer 26 
mounted on the chuck 40 and the light receiver 38 is 
disposed to receive an image 50 reflected from the surface 
52 of a semiconductor wafer 26 held by the chuck 40. A 
processor 60 is coupled to the light receiver 38 for receiving 
the image 50 and processing the image 50 for detecting 
defects. The processor 60 can be coupled to a display 
monitor 62 to provide information, Such as inspection 
progreSS or a visual warning of defects noted, to an operator. 
The processor 60 can also be coupled to an audio warning 
device 64, to provide an audio warning to the operator. 
0025. In preferred embodiments, the light source 36 
includes a laser 56. The laser 56 illuminates the entire 
surface 52 of the semiconductor wafer 26, either by a single 
Steady beam or by a narrow beam that is Swept back-and 
forth across the Surface 52. In one embodiment of the 
invention, the chuck 40 rotates the semiconductor wafer 26 
while the laser 56 sweeps a beam of light back-and-forth, 
thereby illuminating the entire surface 52. As is known in the 
art, a laser inspection device is generally capable of dis 
criminating defects down to about 0.2-0.5 microns. 
0026. Although a laser is a preferred light source 56, 
other light Sources and receivers can be used. For example, 
a white light Source may be used to illuminate the Surface to 
be inspected and a receiver, Such as a Video receiver, 
receives an image of the Surface. A processor coupled to the 
receiver electronically compares the received image against 
a known good image. Alternatively, dark field illumination 
techniques can be used. 
0027. The inspection station 34 has been described with 
respect to an inspection device for detecting large Scale 
defects, but the invention is not limited thereto. The station 
can also include other inspection devices. For example, the 
inspection Station 34 can also include test equipment 70 
(FIG. 3) for performing electrical function tests or inspec 
tion equipment 74 (FIG. 4) for detecting defects in the 
dimensions of features formed on the Semiconductor wafer 
26. Other possible inspection equipment includes appropri 
ate apparatus for optical inspection of oxidation induced 
Stacking faults or pattern comparison inspection. In fact, any 
inspection process that is typically performed during or after 
a Semiconductor wafer manufacturing process can be per 
formed at the inspection station 34. 
0028. The invention also includes a method of inspecting 
Semiconductor wafers. The method includes the Steps of 
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adding an inspection station 34 to the cluster tool 10 and 
positioning the Semiconductor wafer 26 at the inspection 
station 34 for inspection. 
0029. The inspection station 34 can be located inside the 
housing 12 or in an inspection chamber 20 connected to the 
cluster tool 10. In preferred embodiments of the invention, 
the inspection Station 34 is located in an inspection chamber 
20 that includes an interior region in fluid communication 
with the interior region 14 of the housing 12. Advanta 
geously, the Semiconductor wafer 26 is inspected without 
being exposed to ambient atmosphere whether the inspec 
tion Station 34 is disposed in the housing 12 or in an adjacent 
inspection chamber 20. Alternatively, the inspection Station 
34 can be located outside the chamber, as illustrated in FIG. 
5, and View the wafer through a transparent window. 
0030 The invention also includes the step of inspecting 
the wafer 26 and warning an operator when a defect is 
detected. According to one aspect of the invention, the 
inspecting Step can include an optical, or visual, inspection 
or an electrical inspection. The warning can include an audio 
Signal, a visual signal or both. 
0031. It will be understood that the inspection station can 
be located in central housing of the cluster tool, instead of 
a separate inspection chamber. In that case, the light Source 
and receiver can be attached to the inside of the housing and 
disposed to inspect the wafer as the transport mechanism 
transports the wafer to or from one or more of the processing 
chambers 18. It will also be understood that defects in the 
Semiconductor wafer includes defects in material deposited 
on the Semiconductor wafer during the fabrication process. 
0.032 The above descriptions and drawings are only 
illustrative of the preferred embodiments which present the 
features and advantages of the present invention, and it is not 
intended that the present invention be limited thereto. Any 
modification of the present invention which comes within 
the Spirit and Scope of the following claims is considered 
part of the present invention. 

What is claimed as new and desired to be protected by 
Letters Patent of the United States is: 
1. A Semiconductor wafer inspection Station comprising: 
a cluster tool; and 

a wafer inspection Station attached to the cluster tool. 
2. The inspection Station of claim 1 wherein the inspection 

Station comprises an image detector for detecting an image 
of the Semiconductor wafer, and a processor for processing 
the detected image to detect defects in the Semiconductor 
wafer. 

3. The inspection station of claim 1 wherein the cluster 
tool comprises a housing having an interior region and an 
inspection chamber attached to the housing for receiving the 
Semiconductor wafer for inspection, the inspection Station 
being disposed in the inspection chamber. 

4. The inspection Station of claim 3 wherein the inspection 
chamber further comprises a rotatable wafer-receiving 
chuck and the inspection Station includes a light Source 
positioned to illuminate the Semiconductor wafer when the 
Semiconductor wafer is positioned on the chuck, an image 
detector for receiving light that is reflected by the Semicon 
ductor wafer, and a processor for processing the detected 
image to detect defects in the Semiconductor wafer. 
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5. The inspection station of claim 1 wherein the inspection 
Station includes an electrical tester for testing electrical 
functions of the Semiconductor wafer. 

6. The inspection Station of claim 1 wherein the inspection 
Station includes a detector for detecting defects in the 
dimensions of features formed on the Semiconductor wafer. 

7. A cluster tool for handling a Semiconductor wafer 
comprising: 

a housing: 

a mechanism within Said housing for moving Semicon 
ductor wafers, 

an inspection chamber coupled to the housing, and 
an inspection Station disposed in the inspection chamber 

for detecting defects in the Semiconductor wafer. 
8. The cluster tool of claim 7 wherein the inspection 

Station further includes a light Source for illuminating the 
Semiconductor wafer, a receiver for receiving light reflected 
from the Semiconductor wafer, and a processor for proceSS 
ing the received light to detect defects in the Semiconductor 
wafer. 

9. A Semiconductor wafer inspection Station comprising: 
a cluster tool for manipulating the Semiconductor wafer; 
a light Source coupled to the cluster tool; 
an image detector coupled to the cluster tool; and 
a processor coupled to the image detector for processing 

an image detected by the image detector to detect 
defects in the Semiconductor wafer. 

10. The inspection station of claim 9 wherein the light 
Source includes a laser disposed at the cluster tool to 
illuminate a Surface of the Semiconductor wafer. 

11. The inspection station of claim 9 wherein the proces 
Sor provides an alarm Signal to alert an operator when a 
defect is detected. 

12. An inspection Station for detecting large Scale defects 
in a Semiconductor wafer comprising: 

a light Source for providing a light beam; 
a transport device for moving the Semiconductor wafer to 

a location where it receives the light beam; and 
a receiver for receiving light reflected from the Semicon 

ductor wafer when positioned at Said location, 
the light Source, transport device, and receiver being 

located at a cluster tool. 
13. An inspection Station for inspecting a Semiconductor 

wafer comprising: 

a wafer inspection chamber attached to a cluster tool; 
a defect detector disposed in the inspection chamber. 
14. The inspection station of claim 13 wherein the defect 

detector includes a light Source and a light receiver disposed 
in the inspection chamber. 

15. A method for inspecting a Semiconductor wafer com 
prising the Steps of 

positioning a Semiconductor wafer in a cluster tool having 
an inspection Station attached thereto, and; 

moving the Semiconductor wafer from a proceSS/reaction 
chamber to the inspection Station for inspection. 
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16. The method of claim 15 further including the step of 
inspecting a circuit formed on the Surface of the wafer for 
detects. 

17. A method for processing a Semiconductor wafer 
comprising the Steps of: 

providing a cluster tool for moving Semiconductor wafers, 
inspecting the wafer before it leaves the cluster tool. 
18. The method of claim 17 wherein the step of inspecting 

includes the Step of optically inspecting the Surface State of 
the wafer. 

19. The method of claim 17 wherein the step of inspecting 
includes the Step of inspecting the dimensions of elements 
on a Surface of the Semiconductor wafer. 

20. The method of claim 17 wherein the cluster tool 
includes an inspection chamber and the inspecting Step 
includes the Step of transporting the Semiconductor wafer to 
the inspection Station for inspection. 
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21. The method of claim 17 wherein the inspecting step 
includes the Steps of detecting a defect in the Semiconductor 
wafer and warning an operator when the defect is detected. 

22. The method of claim 21 wherein the warning step 
includes the Step of Sending a warning Signal to at least one 
of an audio warning device and a visual warning device. 

23. A method of processing a Semiconductor wafer com 
prising the Steps of 

providing a cluster tool; 
providing a process chamber coupled to the cluster tool; 

providing an inspection Station coupled to the cluster tool; 

transporting the Semiconductor wafer from the process 
chamber to the inspection Station. 
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