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Numerous Die
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Reference Image of Scanned Camera Image
Conductor (Black) of Conductor (Gray)

Figure 1C
Figure 1B

Hole
Defect
101

Perfect Superposition of Scanned Camera Image Over Reference Image Showing Defect

Figure 1D
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Method 1 for Conversion of CAD Data to Reference Gray Scale Pixels

Sample Line
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Gray Scale Converted CAD Data

Large Reference Square equals size of camera pixel

Small square equals resolution of CAD data

Each Reference Pixel contains 25 CAD data points

Gray scale intensity value of Reference Pixel (represented by
large square) is proportional to percent of Reference Pixel area
filled by conductor.
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Figure 20B
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intensity Waveform
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2.19 um Line/Space

anned Camera Image
 ofTarget2

1.95pum Line/Space
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Savvohad
wilh Camers Lans Blor Faaotion

1.95um Line/Space

Figure 21A

Figure 21B

Table 21C

Linewidth Difference Measured Between
CAD Data Convolved With Lens Blur Function (Figure 21B)
and Scanned Camera Image (Figure 21A)

Known Line Width /Space
From CAD Data

Difference Measured Between
CAD Data Convolved With Lens Blur Function (Figure 21A})
and Scanned Camera Image (Figure 21B)

2.19 um

+/- 0.1 um

1.95 um

+/-0.1 um

Figure 21C
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7

L L

Scanned Fluorescent Image of Metal Conductors, which Appear Black,
on a Bright Fluorescing Substrate
Figure 22A
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-Tolerance < Good < +Tolerance -1.8 um < Good < 2.2 um
Tolerance < number 1 < 2xTolerance 1.6 um < number 1 < 1.8 um or
2x Tolerance < number 2 2.2um < number 1 < 2.4um
number 3 = Not found in 2.1 um search range 2 <1.6 umor 2.4 < number 2
number 3 = Not found in 2.1

Line Width Violations
Figure 22B

Seannana R X N

-

-Tolerance < Good < +Tolerance -1.8 um < Good < 2.2 um
Tolerance < number 1 < 2xTolerance 1.6 um < number 1 < 1.8 um or
2x Tolerance < number 2 2.2um < number 1 < 2.4um
number 3 = Not found in 2.1 um search range 2 < 1.6 umor 2.4 < number 2
number 3 = Not found in 2.1

Spacing Violations
Figure 22C

Arrows Indicate Vector
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Extra Metal Defect
(not in reference or Inspection
Parameter List)
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Edge Pixels and Search Ranges {8r)
Figure 31

Reference Data Showing Elliptical Pad

Search Range Sr

3101
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at edge of pad

3301

Scanned Image of Defective Pad
Superimposed On
Expected Edge Pixel Locations
With Search Ranges

Figure 33

Scanned Image of a Defective Pad with

Edge Pixels Located within Search Range

Figure 34

BFE to Scanned
Edge Points
3502

Feature Shape Processor

1. Find Best Fit Ellipse (BFE) to Scanned Image Edge Points

Center
Xo,}/o\‘

3501

Edge Pixel
3504

Major Axis

Minor
Axis

A

2. Compute Statistics
a. STD between Data Points and BFE
b. How much each data point varies from BFE and if difference (d) exceeds

programmed threshold then report as an error

Major Axis
d. Minor Axis
e. Center

Edge Points from
Scanned Image
3503

Figure 35




PCT/US2019/055350

WO 2020/076919

51/53

LOSE

of ambi afiels UONRISURI )

wieibeig Hooig WalsAg

Zoge
paioadsuy

BY 0] Lk

0198 {I0d) sng emnduwo)

D

H

|

YyoRe
6098 809g £09¢ g08¢e 809¢ B0qelsy £09¢
Nds ZNdS NdS Z-¥9dd LY Bluel BIRLIR0)

H

H

H

bioe

saur} Jojsue] e pesds ubM

SUBSTITUTE SHEET (RULE 26)



WO 2020/076919

LOCATE REFERENCE
DATA
3701

'

DEFINE TOLERANCE
BAND AROUND
FEATURES
3702

v

CREATE
MEASUREMENT
VECTORS
3703

v

DEFINE LINEAR
SEARCH RANGES
3704

I

MOVE FEATURE TO
PLURALITY OF
POSITIONS WITHIN ITS
TOLERANCE BAND
3705

v

FOR EACH POSITION
SEARCH FOR POINTS
ON PERIMETER
WITHIN SEARCH
RANGE
3706

v POINTS FOUND

MEASURE VECTOR
DIMENSIONS
3707

v

52/53

OBTAIN SCANNED
IMAGE OF A PART TO
BE INSPECTED
3710

'

FOR EACH
MEASUREMENT
VECTOR WITHIN A
SEARCH RANGE
SEARCH FOR POINTS
ON PERIMETER
3711

POINTS FOUND

MEASURE VECTOR
DIMENSION
3713

PCT/US2019/055350

NO POINTS FOUND

COMPARE TO
PREVIOUSLY
STORED
OUTCOMES TO
DETERMINE IF
DEFECT
3712

REPORT AS DEFECTS

WHEN

DIMENSION < MIN ALLOWABLE DIMENSION

OR

MAX ALLOWABLE DIMENSION < DIMENSION

3714

NO POINT

A4

S FOUND

FOR PLURALITY OF FEATURE POSITIONS STORE AS ALLOWABLE

1. MIN & MAX DIMENSIONS

2. WHEN MAX DIMENSION EXCEEDS MAX MEASURABLE VALUE

3. WHEN NO POINT FOUND

3708

A

ADJUST MIN & MAX BY
ADDING TOLERANCE

3709

FIGURE 37



WO 2020/076919
53/53

LOCATE REFERENCE

PCT/US2019/055350

OBTAIN SCANNED

DATA IMAGE OF A PART TO
3801 BE INSPECTED
¢ 3810
DE;K\'NEDTSFL‘gEQBCE FOR EACH CRITICAL
FEATURES DIMENSION VECTOR
3802 SEARCH FOR POINTS
ALONG PERIMETER
¢ WITHIN VECTORS
SEARCH RANGE
CREATE 3811
MEASUREMENT
VECTORS
3803
MEASURE VECTOR
l DIMENSION
3812
DEFINE LINEAR
SEARCH RANGES
3804 \4
1 COMPUTE STATISTICAL DATA
3813
MOVE FEATURE TO
PLURALITY OF
POSITIONS WITHIN ITS
TOLERANCE BAND REPORT
3805 STATISTICS
¢ 3814
FOR EACH POSITION
SEARCH FOR POINTS
ON PERIMETER
WITHIN SEARCH
RANGE
3806
+ POINTS FOUND
MEASURE VECTOR NO POINTS FOUND
DIMENSIONS
3807
v v

1. MIN & MAX DIMENSIONS

3. IF NO POINT FOUND

3808

FOR PLURALITY OF FEATURE POSITIONS STORE AS ALLOWABLE

2. WHEN MAX DIMENSION EXCEEDS MAX MEASURABLE VALUE

STORE
CRITICAL WIDTH VECTORS
3809

FIGURE 38




