WO 2018/031574 PCT/US2017/045950

1/39

SEMI-AUTOMATED 3-D
METROLOGY SYSTEM
1

FIG. 1



WO 2018/031574 PCT/US2017/045950

\\ 10
—

0y

b

o .~

0,0

o A

0

09

N

—
ZETA INSTRUMENTS %

FIG. 2



FIG. 3

WO 2018/031574 PCT/US2017/045950
20
§
DISPLAY
i 27
INPUT DEVICES
28
COMPUTER
23
§
SCOPE > PROCESSOR
CONTROL 24
DATA
3.D MICROSCOPE STORAGE DEVICE
25
21
IMAGE NETWORKING
DATA DEVICE
26
SAMPLE HANDLER / STAGE A
22 !
HANDLER CONTROL :
DATA |
[
h 4
NETWORK
29




WO 2018/031574

PCT/US2017/045950

4/39

Z-DIRECTION

DISTANCE N
1K X 1K PIXELS

DISTANCE 5
1K X 1K PIXELS
DISTANCE 4
1K X 1K PIXELS
DISTANCE 3
1K X 1K PIXELS
DISTANCE 2
1K X 1K PIXELS
DISTANCE 1
1K X 1K PIXELS

s

X-DIRECTION

A

1K X 1K PIXEL IMAGE CAPTURE
AT N DIFFERENT DISTANCES

"\

EACH 1K X 1K IMAGE IS STORED
IN MEMORY

Y-DIRECTION

FIG. 4



WO 2018/031574

3

5/39

PCT/US2017/045950

Y-DIRECTION
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR Z-DIR
DISTANCE 7 | DISTANCE?2 | DISTANCE7 | DISTANCE7 | DISTANCE2 | DISTANCE7 | DISTANCE 7
X=1~19 X=20~29 X=30~39 X=40~49 X=50~59 X=60~69 X-DIRECTION

FIG. 5



WO 2018/031574 PCT/US2017/045950

6/39

Z-DIR Z-DIR Z-DIR
DISTANCE 7 DISTANCE 7 DISTANCE 7
______________ L ___ ! ! ——
Y-DIRECTION
Z-DIRECTION
X=10 X=19 /X=3 X=49 /X =60//X=10
NN S / _— X-DIRECTION
? DEPTH = DISTANCE 2 — DISTANCE 7
X = 40
! )
x=2o/v Z-DIR \X=29 Z-DIR
DISTANCE 2 DISTANCE 2

FIG. 6



WO 2018/031574

DISTANCE N
1K X 1K PIXELS

DISTANCE 5
1K X 1K PIXELS

DISTANCE 4
1K X 1K PIXELS

DISTANCE 3
1K X 1K PIXELS

DISTANCE 2
1K X 1K PIXELS

DISTANCE 1
1K X 1K PIXELS

7/39

PCT/US2017/045950

Z-DIRECTION
A
| PIXEL WITH MAX CHAR VALUE IN IMAGE N
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)
°
°
°

B\
B\
B NN

g\
g \\S\ay

PIXEL WITH MAX CHAR VALUE IN IMAGE 5
l.LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

[ (

| PIXEL WITH MAX CHAR VALUE IN IMAGE 4
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 3
[~ (I.E. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 2
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 1
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

/

X-DIRECTION

FIG. 7

—— & Y-DIRECTION



WO 2018/031574

8/39

PHOTO-RESIST
SURFACE

COPPER |

SURFACE

DISTANCE N
1K X 1K PIXELS
DISTANCE 6
1K X 1K PIXELS

DISTANCE 5

DISTANCE 4

DISTANCE 3
1K X 1K PIXELS

DISTANCE 1
1K X 1K PIXELS

X-DIRECTION

FIG. 8

DISTANCE 2 L
1K X 1K PIXELS

—

PCT/US2017/045950

Z- DIRECTION

PIXEL WITH MAX CHAR VALUE IN IMAGE N
[ (I.E. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 6
[~ (L.E. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 5
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 4
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 3

[ (I.E. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 2
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 1
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

Y-DIRECTION



WO 2018/031574 PCT/US2017/045950

9/39

MAX CHARACTERISTIC VALUE
(INTENSITY, CONTRAST,
FRINGE CONTRAST)

A

MAX CHAR VALUE AT DISTANCE 2
INDICATES DISTANCE TO FIRST
REFLECTING SURFACE.

MAX CHAR VALUE AT DISTANCE 4
ERRONEOUSLY INDICATES DISTANCE
TO SECOND REFLECTING SURFACE.

MAX CHAR VALUE AT DISTANCE 6
INDICATES DISTANCE TO THIRD
REFLECTING SURFACE.

MAX CHAR VALUE AT ALL OTHER
DISTANCES INDICATE NO REFLECTING
SURFACE AT THE OTHER DISTANCES.

—_—_——_——_——

>
Z-DIRECTION

DISTANCE 1 —}—
DISTANCE 2 ——
DISTANCE 3 ——
DISTANCE 4 —|—
DISTANCE 5 ——
DISTANCE 6 ——
DISTANCE 7 ——
DISTANCE 8 ——
DISTANCE9 ——

®

®

®

FIG. 9



WO 2018/031574

PCT/US2017/045950

10/39

Z-DIRECTION
A
SUM ALL CHAR VALUES IN IMAGE N
DISTANCE N (LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)
1K X 1K PIXELS
[ ]
[ ]
[ ]

DISTANCE 5
1K X 1K PIXELS
DISTANCE 4
1K X 1K PIXELS
DISTANCE 3
1K X 1K PIXELS
DISTANCE 2
1K X 1K PIXELS
DISTANCE 1
1K X 1K PIXELS

X-DIRECTION

FIG.

SUM ALL CHAR VALUES IN IMAGE 5
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

SUM ALL CHAR VALUES IN IMAGE 4
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

SUM ALL CHAR VALUES IN IMAGE 3
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

SUM ALL CHAR VALUES IN IMAGE 2
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

SUM ALL CHAR VALUES IN IMAGE 1
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

—— > Y-DIRECTION

10



WO 2018/031574 PCT/US2017/045950

11/39

6 14

SUMMATION OF CHAR 12
VALUES AT DISTANCE 4
ERRONEOUS INDICATES A

CHANGE IN DIRECTION DUE SURFACE OF THE SAMPLE.

TO INDEX OF REFRACTION ™\

30

FIG. 11



WO 2018/031574 PCT/US2017/045950

12/39

SUM OF CHAR VALUES
(INTENSITY, CONTRAST,
FRINGE CONTRAST)

A

THE SUM OF ALL CHAR VALUES IN THE
SECOND IMAGE INDICATES TOP
SURFACE OF SILICON SUBSTRATE

THE SUM OF ALL CHAR
VALUES IN THE FOURTH IMAGE
INDICATES PRESENCE OF
ANOTHER SURFACE.

THE SUM OF ALL CHAR
VALUES IN THE SIXTH IMAGE
INDICATES TOP OF PHOTO
RESIST LAYER

SUM OF ALL CHAR VALUES AT ALL
OTHER DISTANCES INDICATE NO
REFLECTING SURFACE AT THE OTHER

DISTANCES.

—_——————— X

>
Z-DIRECTION

DISTANCE1 ——
DISTANCE2 ——
DISTANCE3 ——
DISTANCE4 ——
DISTANCES ——
DISTANCE6 ——
DISTANCE7 ——
DISTANCE 8 ——
DISTANCE9 ——

FIG. 12



WO 2018/031574

PCT/US2017/045950

13/39

Z-DIRECTION
A
COUNT ALL PIXELS IN IMAGE N WITH A CHAR VALUE
DISTANCEN T WITHIN A PREDETERMINED RANGE

1K X 1K PIXELS (LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

[ ]

[ ]

[ ]

DISTANCE 5
1K X 1K PIXELS

B NN
B NN
R
R
SR

DISTANCE 4
1K X 1K PIXELS

DISTANCE 3
1K X 1K PIXELS

DISTANCE 2
1K X 1K PIXELS

DISTANCE 1
1K X 1K PIXELS

COUNT ALL PIXELS IN IMAGE 5 WITH A CHAR VALUE
WITHIN A PREDETERMINED RANGE
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

[~

COUNT ALL PIXELS IN IMAGE 4 WITH A CHAR VALUE
WITHIN A PREDETERMINED RANGE
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

[~

COUNT ALL PIXELS IN IMAGE 3 WITH A CHAR VALUE
WITHIN A PREDETERMINED RANGE
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

[~

COUNT ALL PIXELS IN IMAGE 2 WITH A CHAR VALUE
WITHIN A PREDETERMINED RANGE
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

[~

COUNT ALL PIXELS IN IMAGE 1 WITH A CHAR VALUE
WITHIN A PREDETERMINED RANGE
(LE. INTENSITY, CONTRAST, OR FRINGE CONTRAST)

[~

/

X-DIRECTION

——» Y-DIRECTION

FIG. 13



WO 2018/031574

PCT/US2017/045950
PIXEL COUNT
A
COUNT OF ALL PIXELS IN IMAGE 2
WITH CHAR VALUES THAT ARE WITHIN PIXELS WITH CHAR VALUES
THE SECOND VALUE RANGE 4——__ OUTSIDE OF THE SECOND RANGE
INDICATES DISTANCE TO TOP OF ARE NOT COUNTED

SILICON SUBSTRATE

PIXELS WITH CHAR VALUES
ALL PIXELS WITH CHAR VALUES OUTSIDE OF THE FIRST RANGE
OUTSIDE OF THE FIRST AND SECOND ARE NOT COUNTED
VALUE RANGES ARE NOT COUNTED

/ /

>/< COUNT OF ALL PIXEL IN IMAGE 6 WITH A
\ CHAR VALUE WITHIN THE FIRST RANGE
[ INDICATES DISTANCE TO REFLECTING

SURFACE TOP OF PHOTO RESIST LAYER

-~

>
Z-DIRECTION

DISTANCE 1 ——
DISTANCE 2 ——
DISTANCE 3 ——
DISTANCE 4 ——
DISTANCE 5 ——
DISTANCE 6 ——
DISTANCE 7 ——
DISTANCE 8 ——
DISTANCE 9 ——
[ ]

ALL PIXELS WITH A VALUE OUTSIDE THE FIRST AND SECOND RANGES ARE FILTERED OUT, THEREBY REMOVING
THE ERRONEOUS INDICATION OF A THIRD SURFACE THAT DOESN'T EXIST AT DISTANCE 4.

FIG. 14



WO 2018/031574 PCT/US2017/045950

15/39

PIXEL COUNT
A
LARGEST PIXEL COUNT AT DISTANCE 6
INDICATES PRESENCE OF THE TOP
SURFACE OF THE PHOTO RESIST LAYER
| | | | | | | | | >
| | | | | | | | | Z-DIRECTION
~ [a) [ap] <t o © M~ [oo] D
L L L L L L L L L
O O O O O O O O O
= = = = = = = = = [ [ [
<C <C <C <C <C <C <C <C <C
= = = = = = = = =
[22] [22] [22] [22] [22] [22] [22] [22] [22]
(] (] (] (] (] (] (] (] (]

ALL PIXELS WITH A VALUE OUTSIDE THE FIRST RANGE ARE FILTERED OUT, THEREBY ONLY INDICATING A COUNT
OF PIXELS THAT INDICATE THE PRESENCE OF THE TOP SURFACE OF THE PHOTO-RESIST LAYER.

FIG. 15



WO 2018/031574

PCT/US2017/045950
PIXEL COUNT
A
LARGE PIXEL COUNT AT DISTANCE 2
INDICATES PRESENCE OF THE TOP
SURFACE OF THE SILICON SUBSTRATE
| | | | | | | | | >
| | | | | | | | | Z-DIRECTION
~ [a) [ap] <t o © M~ [oo] D
L L L L L L L L L
O O O O O O O O O
= = = = = = = = =
< < < < < < < < < o o o
= = = = = = = = =
[22] [22] [22] [22] [22] [22] [22] [22] [22]
(] (] (] (] (] (] (] (] (]

ALL PIXELS WITH A VALUE OUTSIDE THE SECOND RANGE ARE FILTERED OUT, THEREBY ONLY INDICATING A
COUNT OF PIXELS THAT INDICATE THE PRESENCE OF THE TOP SURFACE OF THE SILICON LAYER.

FIG. 16



WO 2018/031574 PCT/US2017/045950
17/39

45— 200
201

VARY THE DISTANCE BETWEEN THE SAMPLE AND AN OBJECTIVE LENS OF
AN OPTICAL MICROSCOPE AT PRE-DETERMINED STEPS.

202

4 S

CAPTURE AN IMAGE AT EACH PRE-DETERMINED STEP.

203

4 <

DETERMINE A CHARACTERISTIC OF EACH PIXEL IN EACH CAPTURED

IMAGE.

204

y <

DETERMINE, FOR EACH CAPTURED IMAGE, THE GREATEST
CHARACTERISTIC ACROSS ALL PIXELS IN THE CAPTURED IMAGE.

205
<

COMPARE THE GREATEST CHARACTERISTIC FOR EACH CAPTURED IMAGE
TO DETERMINE IF A SURFACE OF THE SAMPLE |S PRESENT AT EACH PRE-
DETERMINED STEP.

FIG. 17




WO 2018/031574 PCT/US2017/045950

18/39

»— 300
301
VARY THE DISTANCE BETWEEN THE SAMPLE AND AN OBJECTIVE LENS OF
AN OPTICAL MICROSCOPE AT PRE-DETERMINED STEPS.

302

4 S

CAPTURE AN IMAGE AT EACH PRE-DETERMINED STEP.

303

4 <

DETERMINE A CHARACTERISTIC OF EACH PIXEL IN EACH CAPTURED

IMAGE.

304

y <

DETERMINE, FOR EACH CAPTURED IMAGE, A COUNT OF PIXELS THAT
HAVE A CHARACTERISTIC VALUE WITHIN A FIRST RANGE.

305
<

DETERMINE IF A SURFACE OF THE SAMPLE IS PRESENT AT EACH PRE-
DETERMINED STEP BASED ON THE COUNT OF PIXELS FOR EACH
CAPTURED IMAGE.

FIG. 18




WO 2018/031574

PCT/US2017/045950
PHOTORESIST
PHOTORESIST
OPENING
/

FIG. 19



WO 2018/031574 PCT/US2017/045950

20/39

PIXELS THAT MEASURE REFLECTIONS
COUNT ?f PIXELS FROM PHOTORESIST

PIXELS THAT MEASURE REFLECTIONS
FROM PHOTORESIST OPENING

/

I INTENSITY
INTENSITY THRESHOLD

FIG. 20

311
S

DETERMINE A FIRST PERCENTAGE OF THE CAPTURED
IMAGE THAT IS FOCUSED ON PHOTORESIST.

312
y S

DETERMINE A SECOND PERCENTAGE OF THE CAPTURED
IMAGE THAT IS FOCUSED ON PHOTORESIST OPENING.

313
S

y

SORT ALL PIXELS ACCORDING TO INTENSITY.

314
y S

SELECT ALL PIXELS THAT HAVE AN INTENSITY WITHIN THE
BOTTOM SECOND PERCENTAGE OF ALL PIXEL INTENSITIES.

315
S

y

ANALYZE THE SELECTED PIXELS.

FIG. 21



WO 2018/031574 PCT/US2017/045950

21/39

STORE PREDETERMINED INTENSITY THRESHOLD.

322
y S

COMPARE INTENSITY OF EACH PIXEL AGAINST THE
INTENSITY THRESHOLD.

323
y 3

SELECT ALL PIXELS THAT HAVE AN INTENSITY VALUE LESS
THAN THE INTENSITY THRESHOLD.

y

ANALYZE THE SELECTED PIXELS.

324
<

FIG. 22



WO 2018/031574 PCT/US2017/045950

22/39

PR OPENING TOP SURFACE
(AT Z-DIRECTION DISTANCE 6)

\ i
/ \ i \PROPENING
/ \‘ ! DEPTH
//PR OPENING BOTTOM SURFACH _ -~~~ "~ <
7/
/(AT Z-DIRECTION DISTANCE 2) ~ ‘)' )
\
! ZDR . 7
/ DISTANCE 6 ~——
/ l
/
/
/
/
/
) Y-DIRECTION
ZDIR
DISTANCE 2
Z-DIRECTION

X-DIRECTION

FIG. 23



WO 2018/031574 PCT/US2017/045950

23/39

7-DIR
DISTA)NCE 6
FIELD OF VIEW
40
_ / 41
[ Y-DIREGTION
X-DIRECTION
7-DIR
DISTANCE 2

FIELD OF VIEW
42

-

‘ Y-DIRECTION
X-DIRECTION

FIG. 25



WO 2018/031574 PCT/US2017/045950

24/39

TOP SURFACE
/ OF PR LAYER

NEIGHBORING—
AREA

~ BRIGHTNESS
TRANSITION

PR OPENING

FIG. 26

|NTE§N|TY TOP SURFACE OF PR

INTENSITY

THRESHOLD
INTENSITY

PR OPENING AREA INTENSITY

S B e

h -

»

BORDER DISTANCE ACROSS
POINT NEIGHBORING AREA

FIG. 27




WO 2018/031574 PCT/US2017/045950

25/39

TOP SURFACE
OF PRLAYER
NEIGHBORING ~
AREA
[~ BRIGHTNESS
TRANSITION
PR OPENING
INTESNITY
A OUTSIDE TRANSITION AREA

/ INTENSITY

MINIMUM INTENSITY

h -

DISTANCE ACROSS
BORDER NEIGHBORING AREA

POINT

FIG. 29




WO 2018/031574 PCT/US2017/045950

BRIGHTNESS 2 6/3 9

TRANSITION PROJENNG
NEIGHBORING
AREA
TOP SURFACE
OF PRLAYER
|NT|§§N|TY TOP SURFACE OF PR
INTENSITY

THRESHOLD
INTENSITY

PR OPENING AREA INTENSITY

S B e

h -

FIG. 31

»

BORDER DISTANCE ACROSS
POINT NEIGHBORING AREA



WO 2018/031574 PCT/US2017/045950

27139

PHOTORESIST
PLATED METAL

PR
THICKNESS

FIG. 32

PR TOP SURFACE

/ PR OPENING

( PR PR
REGION REGION
PLATED METAL
PLATED METAL THICKNESS
k TOP SURFACE

SUBSTRATE LAYER

*PLATED METAL THICKNESS = PR REGION THICKNESS - (PR TOP SURFACE — PLATED METAL TOP SURFACE)

FIG. 33



WO 2018/031574 PCT/US2017/045950

28/39

PHOTORESIST

e

PLATED METAL

FIG. 34

PR TOP SURFACE
PR OPENING

PR PR
REGION DIAMETER REGION
A
PR
THICKNESS
PLATED METAL
PLATED METAL THICKNESS
K TOP SURFACE

SUBSTRATE LAYER

*PLATED METAL THICKNESS = PR REGION THICKNESS - (PR TOP SURFACE - PLATED METAL TOP SURFACE)

FIG. 35



WO 2018/031574

PCT/US2017/045950

29/39

METAL

PASSIVATION LAYER

e

S .- e — =T

FIG. 36

TOP SURFACE OF
METAL LAYER
DIAMETER
A
r
NA NN )
TOP SURFACE OF
PASSIVATION LAYER METAL HEIGHT OVER
\ PASSIVATION LAYER
PASSIVATION PASSIVATION
LAYER LAYER

METAL HEIGHT OVER PASSIVATION = TOP SURFACE OF METAL LAYER — TOP SURFACE OF PASSIVATION LAYER

FIG. 37



WO 2018/031574 PCT/US2017/045950
METAL METAL METAL
PASSIVATION
LAYER PASSIVATION
LAYER
TOP SURFACE OF
METAL LAYER
WIDTH
_ A
—
NAmee” NN N
TOP SURFACE OF
PASSIVATION LAYER METAL HEIGHT OVER
PASSIVATION LAYER
PASSIVATION PASSIVATION
LAYER LAYER

METAL HEIGHT OVER PASSIVATION = TOP SURFACE OF METAL LAYER — TOP SURFACE OF PASSIVATION LAYER

FIG. 39



WO 2018/031574 PCT/US2017/045950

31/39

/ —

SUMMATION OF CHAR
VALUES AT DISTANCE 4
ERRONEOUS INDICATES A

CHANGE IN DIRECTION DUE

TO INDEX OF REFRACTION SURFACE OF THE SAVPLE.
PHOTO D T
RESIST | 7 I SN S
E ‘ X 7
‘ )\
SILICON SUBSTRATE

PLATED METAL

PHOTORESIST THICKNESS (D) = MEASURED THICKNESS (D’) X INDEX OF REFRACTION OF PHOTORESIST

PHOTORESIST THICKNESS (D) = MEASURED THICKNESS (D’) X INDEX OF REFRACTION OF PHOTORESIST + OFFSET

FIG. 40



WO 2018/031574

32/39

S
S
Fo I

d

y -
e, L
o o
SIS

A

METAL |
SURFACE

S
N,

[
DISTANCE 6
1K X 1K PIXELS
DISTANCE 5
1K X 1K PIXELS

DISTANCE 4

DISTANCE 3

1KX1KP|XELSF$\ F_%

DISTANCE 2 .
1K X 1K PIXELS
DISTANCE 1 —
1K X 1K PIXELS

/

X-DIRECTION

FIG. 41

f—

—

PCT/US2017/045950

PHOTO-RESIST
L~ SURFACE

Z-DIRECTION

DISTANCEN A__
1K X 1K PIXELS

PIXEL WITH MAX CHAR VALUE IN IMAGE N
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 6
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 5
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 4
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 3
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 2
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 1
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

Y-DIRECTION



WO 2018/031574 PCT/US2017/045950

33/39

PEAK CHAR VALUE
(INTENSITY, CONTRAST,
FRINGE CONTRAST)

A

PEAK CHAR VALUE IN THE SECOND
IMAGE INDICATES TOP SURFACE OF
METAL LAYER

PEAK CHAR VALUE IN THE
IMAGE ERRONEOUSLY
INDICATES A SURFACE

LOCATED AT DISTANCE 4.

/

PEAK CHAR VALUE IN THE
SIXTH IMAGE INDICATES TOP
OF PHOTO RESIST LAYER

/

PEAK CHAR VALUES AT ALL OTHER
DISTANCES INDICATE NO REFLECTING
SURFACE AT THE OTHER DISTANCES.

>
Z-DIRECTION

DISTANCE1 ——
DISTANCE2 ——
DISTANCE3 ——
DISTANCE4 ——
DISTANCES ——
DISTANCE 6 ——
DISTANCE 7 ——
DISTANCE8 ——
DISTANCEY9 ——

FIG. 42



WO 2018/031574 PCT/US2017/045950

34/39

PLATED METAL PHOTORESIST

|
|
|
|
|
|
|
|
|
|
REGION A (METAL| |
SURFACE — !
DETECTION) ™)
|

|

|

|

REGION B (PR —
LAYER DETECTION)

FIG. 43



WO 2018/031574 PCT/US2017/045950

35/39

METAL BUMP
PASSIVATION
Pid : LT T T ~ : ~
P \
Z R
/
\\ //

~—— ——

PASSD/ATION

R T /
METAL BUMP

REGION A FOR APEX OF
BUMP APEX BUMP
HEIGHT ™~

DETERMINATION [~

|
F"DISTéNCE

DISTANCE :

REGION B FOR
PASSIVATION TOP
SURFACEAND -

| |
THICKNESS T~ e —

DETERMINATION




WO 2018/031574 PCT/US2017/045950

PASSIVATION

I
I
I
I
I
I
I
I
I
=
0
Z
=
w |
c
=
3|
I
I
I
I
I
I
I
I
I
1
\\

BUMP APEX NOT
LOCATED WHERE
EXPECTED

REGION AFOR
BUMP APEX
HEIGHT ™~
DETERMINATION

REGION B FOR
PASSIVATION TOP
SURFACE AND __|
THICKNESS
DETERMINATION

A
|
|
+~DISTANCE
o DISTANCE\ ! B
r 1 A |
I I N
K_ —_——— —_———
|

—_—

Y

I

PASSD/ATION

I 24 _
METAL BUMP

ADJUSTED REGION
A FOR BUMP APEX

HEIGHT —\

DETERMINATION

APEX OF
BUMP

B FOR ~DISTANCE
PASSIVATION TOP DISTANCE | B

SURFACE AND— F-—=1 A |
THICKNESS \-): I
DETERMINATION -

|
|
|
|
ADJUSTED REGION : |
|
|
|
|
|




WO 2018/031574 PCT/US2017/045950

37/39

\\v METAL BUMP
6 14

CORRECT BUMP
INCORRECT BUMP HEIGHT OVER
HEIGHT OVER PASSIVATION LAYER
meenorecronow\ / /o, SIS 1
\ GHOST SURFACE

PASSIVATION ~

PASSIVATION THICKNESS (D) = MEASURED THICKNESS (D’) X INDEX OF REFRACTION OF PASSIVATION

PASSIVATION THICKNESS (D) = MEASURED THICKNESS (D) X INDEX OF REFRACTION OF PASSIVATION + OFFSET

FIG. 47



WO 2018/031574

PCT/US2017/045950

38/39

PASSIVATION
SURFACE

NV

DISTANCE N
1K X 1K PIXELS

DISTANCE 7
1K X 1K PIXELS

DISTANCE 6
1K X 1K PIXELS

DISTANCE 5
1K X 1K PIXELS

NN/
(L

DISTANCE 4

1K X 1K PIXELS ’W m

DISTANCE 3

1KX1KPIXELS,\ ' N

DISTANCE 2
1K X 1K PIXELS

DISTANCE 1

1KX1KP|XELSF§\

Z-DIRECTION

| PIXEL WITH MAX CHAR VALUE IN IMAGE N
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

| PIXEL WITH MAX CHAR VALUE IN IMAGE 7
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 6
[~ (LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 5
[ (I.E. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 4
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 3
| (L.E.INTENSITY, CONTRAST, FRINGE CONTRAST)

PIXEL WITH MAX CHAR VALUE IN IMAGE 2
[ (I.LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

| PIXEL WITH MAX CHAR VALUE IN IMAGE 1
(LE. INTENSITY, CONTRAST, FRINGE CONTRAST)

Ui

X-DIRECTION

——» Y-DIRECTION

FIG. 48



WO 2018/031574

SUM OF CHAR VALUES
(INTENSITY, CONTRAST
FRINGE CONTRAST)

A

39/39

PEAK CHAR VALUE IN THE
IMAGE ERRONEOUSLY
INDICATES A SURFACE

LOCATED AT DISTANCE 2

PEAK CHAR VALUE IN THE
FOURTH IMAGE INDICATES
TOP OF PASSIVATION LAYER

PCT/US2017/045950

—_——— e —— — —_— e —————-

~—
—_—_— e e e e e ——— e . —

FIG. 49

| | | | | | | | | >
I I I | I | | | | Z-DIRECTION

~ [a) [ap] <t o < [ [eo) D

Ll Ll Ll Ll L L Ll LU L

&) &) &) &) &) &) &) O o

b= b= b= b= b= = = <z( <Z(

= £ E E E E E E E e

(2] (2] (2] (2] (2] (2] (22] 2] =2

o o o o =) =) =) (an] o





