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\_,,»*“17G
Using stationary CCD and LED array, oblain image of
wafer while wafer is being transported by robot using
stationary LED and line CCD covering waler diametler

4

172

Z

Correct velocity profile — Induced image distortion
By either:

A= 1T72-1

A P

Compute actual Y-axis localion of each image
frame from robot motion information

, 3 t172~-2
Prevent distortion of wafer image by adjusting
camera frame rate to robot speed obtained
from robot commands or from robol enceder

3 1172-3

Compute actual Y-—axis location of each image

frame from observed wafer width in the frame
and the known wafer diameter

l

Measure APF and masked peripheral region diameters
and non-concentricity

—174

Pl

FIG. 5A
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Collect raw image data 400
. .+ . , 3202
Find wafer edge coordinates (pixel, frame no.)
Y —~204
Calculate wafer width W{f) as a function of frame no. f |
Y . }—206
Caleulate the maximum wafer width Wiy
) Y 3208
Determine the frame no. at Wpay
Y —210
Compute the pixel-to—mm conversion factor T
* \,_fﬁzvlg
Compute h{f)
Y —214
Find the frame no. of the walfer leading edge T
Y 216
Shift frame numbering so wafer leading edge is at origin |
+ : »,fﬂ‘218
Smooth h(f)
777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 —_—--HH--rL-H- —220
Transform raw image to undistorted image using h(f) T
) : o . 3230
Correct for x-axis or z-axis vibrations
; —240
In undistorted image, measure radius of APF layer T
‘ Y . 3250
In undistorted image,
measure radial width, (Rm) of masked region
: : ) 3260
In undistorted image,
meagure non-—concentricity amplitude € and phase

FIG. 6
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X <= -

rlG. 10

Define Xo: The pixel location in the leading frame 4310

where the wafer edge first appears

y
Calculate wafer center location in pixels:
Vom [First pixel no. + lLast pixel nc.]

J— 320

2

!

Define motion of wafer center with camera angle £:°

pe [Xg+ h{f)tan 8 :|

o

- 330

)
Use minimization algorithm to calculate a value of 87
and Xo that minimizes £ {P~Xq)*}

y

Use the calculated value of £ in the
distortion correction transformation

FIG. 11
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Measure radial width Wy of masked region as a function 280

of azimuthal angle 8 to produce a function Ww(6)

'

Fit Wm(e) to [Wm{a\?erage) + Ceos (@4“@)]

Where:
C = Non-concentricily amplitude
X = Azimuthal direcltion of maximum non-concentricity

L-— 285

Output C and & as feedback corrections to robot controller |

L— 230

FIG. 12C
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J— 360
Determine Xe as a function of frame no.
J— 385
Caleulate a straight line average Xclaverage)
3370

In each frame, shift the Xcoordinate by Xc{average)—Xc
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Xelaverage)—Xe
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380
Measure apparent wafer radius (R) in wafer image

| J— 385
Define magnification M=R' /R(R' =actual wafer radius)

l

For each radial measurement at an azimuthal angle §: Y
Scale the measurement by correction factor Meosf
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L-— 380
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Obtain robot trajectory data defining
velocity profile S(t) along the Y-axis

L~ 400

I

l

Convert S{t) to S{f) assuming a frame offsel Fypent

3-—410

l

Choose method

3420

422

434 36
f

Choose fit method

/

Spline or otherwise smooth
the collected motion dala

Siide robot motion profile
(through origin) until best
fit with data 1s oblained

438

/

Extend motion dala be}mnd
edges of the wafer image

h J

4?2

i
<

4

Qutput smoothed version of h{f)

FIG. 17
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