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ABSTRACT

Measurement of surface shape and step height of
advanced components using digital holography system

By Shin, Ju yeop
Advisor : Prof. Kim, Kyeong—Suk, Ph. D.
Dept. of Mechanical System
Engineering.

Graduate School of Chosun University.

Diversification and miniaturization made of high—tech parts and materials can
be applied to various fields such as electronics, electricity to achieve the
development of sustainable high technology. In addition to improved
reliability, performance of these components, a variety of research and
development can retain the competitiveness and cost—effectiveness compared
to other ones. Consequently, NEMS and miniature painter composed of
components with the technology of NEMS can improve the reliability, service
life. also, it enables a non—destructive inspection we are handling to optimize
performance of experiment. Now, we are continuing to carry out the research
to get a reasonable result we hope. Therefore, In regard to digital holographic
system, we will keep measuring the photolithography used in
state—of—the—art components and materials in the semiconductor industry .

Semiconductor industry is one of key industries of Korea, which has
continued growing showing a steady annual growth rate. Important technology
for the semiconductor industry is high integration of devices. This is to

increase the memory capacity for unit area, of which key is photolithography.
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The photolithography refers to a technique for printing the shadow of light lit
on the mask surface on to wafer, which is the most important process in the
semiconductor manufacturing process. In this study, width and step—height of
the wafers patterned through this process were measured to ensure
uniformity. The widths and inter—plate heights of the specimens patterned
through the photolithographic process were measured using digital holography
system. A digital holographic interferometer was configured, and nine (9)
arbitrary points were set on the specimens as measurement points. The
measurement of each point was compared with the measurements by a
commercial device called Scanning Electron Microscope (SEM) and Alpha
Step. The transmission digital holography has an advantage of short
measurement time compared to other techniques and uses magnification
lenses, allowing flexibility of changing between high and low magnifications. It
is also possible non—contact, non—destructive measurement that does not
damage the object. The test result confirmed that the digital holography
system is a useful technique for measuring the patterns made using

photolithography.
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1-2. 548 2195 A29

ool o] wtsAY A= FE FAt 2 olFolA = Al
£ Pl AREEn mlaAly A dels Gl AlRE Ws Beam
Splitter2 #&A]7]32 7}7+e] Y155 Mirrore YA 45° 2 A2E vt & o}
Al Beam Splitter& ¥y HES doflty. o] F &ve] Mirrorel PZT
Actuators ©]-&3fe] SIAAlE dfal vhE shute] el F3E didAE F et

lr

gAdg E21
E__i_é

O
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Mirror
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Fig. 3—3 Mach—Zender interferometer
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of Z&E AlgH AA AHO]A ] niE el 45 A=
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=
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Fig. 3—4 Transmission type digital holography
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Al 2 2 vu 53 2

2—1. FE—ESEM (Field Emission Scanning Electron Microscope)

ool AFAY gR W HuSAdS Ss AR A AR el FARAAR
7 (Scanning Electron Micorscope) &2 tAFA] Zwe] AApdo =z FAtsto] ¢l
Xﬂ?la AR BAsE Ves JHA dvjder F=2 vk gy 9 od g S

29 4 SAY AR BAAT g a9a 2% 4 4
*}% 1= ]1‘: P WALE AR HYdY &
*}%391 ™, H FEIH9 Al 549 dolE g nla @ AlFA g

_\7‘_1‘

Model Quanta 200 FEG (FEI COMPANY)
Maximum Load Size 50 mm x 50 mm
Magnification x30 ~ x200
ESEM Resolution 30Kv SE : 1.5 mm, acceleration voltage : 0.2 ~ 30Kv

Fig. 3—5 FE-ESEM
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2—2. Alpha step

2o A9 Ade A4 S ow wa S AeEE T oad gus B
42 APAow s A4s FuEH FZ Fum needled o] Fato] wpu mi-
wube whaE Zget Aulolth ¥ Rt AR Exade Asuow
319 AgW AEde] B 242 b masl AHY 43S 98 A
.

Model

P-16+ (KLA Tencor)

Scan Length

80 mm

Maximum Load Size

200 mm x 20 mm (8 inch)

Scan Method

Bi-Directional Moving Stylus

{ICollection @ chosun

Fig.

3—6 Alpha step




2—3. AFM (Atomic Force Microscope)

2w A A9 A AFHAG SRE SfE Al MAR ARG ARls AFM

© & probe tipg °]&3td] tip¥ S tiAAl EW AFo] 9] interactionS o)A
e AR Tl F HoleHEVIE S8k ol 54 A = 7
ATz xl9de A 1,000%F wjo] wigolAM fE 5 e FHE FE A,
Cur 5 AR v E4 glo] 3R e R Fo] W ZolE 574

shal UAEHE A3 AAFE deoll ARS ok 2 =
o® WA AlgE HEde 5 53 S

Model XE-200 System(PSIA)

SPM Head A5 AFM, HIH 52 AFM
Maximum Load Size 200 mm x 200 mm (8 inch)

Scan Length 100 um (low voltage mode : 10 um)

2 um/sec to 200 um/sec or more Vertical range
Scan Speed
262 um or more
Resolution < 0.15 nm (low voltage mode : < 0.02 nm)
Fig. 3—7 AFM
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3—1. Resolution Target

el AY 239 A gEE Qs AgH 54 A Resolution target®
=743k th. Resolution target<s =7 positive 33} negative®d &= o}
Hojx Qlojm £33y ERIHT AARE o] st positive B S kAL WAL

9] A|A"LS o] §3to] negative & ST 54 $1X+= Group
Number 2] Element 29 Al 719 A ZF stE St Aol vek = @
of Axks skl S st Axel vl itk Fig. 3—8¢l Resolution target®] At

F= B8 o @9l= mm ot

(a) Positive (b) Negative
Group Number
Element =7 0 1 2 3 4 5 6 7
1 0.250 | 0.500 | 1.00 2.00 4.00 8.00 | 16.00 | 32.0 64.0 | 128.0
2 0.280 | 0.561 1.12 2.24 4.49 898 | 17.95 | 36.0 71.8 144.0
3 0.315 | 0.630 | 1.26 2.52 5.04 | 10.10 | 20.16 | 40.3 80.6 161.0
4 0.353 | 0.707 | 141 2.83 566 | 11.30 | 22.62 | 45.3 90.5 181.0
5 0.397 | 0.793 1.59 3.17 6.35 12.70 | 25.39 | 50.8 | 102.0 | 203.0
6 0.445 | 0.891 1.78 3.56 7.13 14.30 | 28.50 | 57.0 | 114.0 | 228.0

Fig. 3—8 Resolution target
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3—2. Photolithographic Product

=AY A Al ARREE JoR xRN
o Fig. 3-9(a) = dEhdt Sle= 2 A 73

Hog 437 AdstH, Fig. 3-9(b) & WAL Z219
Hoz SAs7lel Adsitt. 7 AU kel ARG R o] F
olA glom Ty FAE ol&sto] Aol Hed TELLTHY 3
= AbEA 228 AR EE S8 flske] AR He VeR dehe RgeR
AAE B RAREo] e vhaae] Bl Hof AYle IHAE o]y Aol WARA
A JAehs ViR WEAY Azl Tt ol Rb=Al axpel 1HA
=5 Sle e AdEa Ao golr A Frh A SRV AAFE
o] g% 54 AP Fig. 3-9 ¢ ol A 979 H& EG]ET]'O:] & HAd 573

< 3tal vlw 574 M9l SEM¥} Alpha step “12]3 AFM]

>

_ll}lr
m
&
to
=
=]
rol
i)

(a) Transmission type specimen (b) Reflection type specimen

Fig. 3—9 Photolithograpic product
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A4 A9 2

A 1 A Resolution Target

1—1. Positive Resolution Target

(a) Angle

e
500 1000

2000

Fig. 4—1

(a) Angle
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(f) Profile of resize image
(200 pixel of Y direction)

(e) Result of resize

Fig. 4—2 Result of positive resolution target

Fig. 4—1°|&= Positive resolution target 7]&3to] tf3t A3 A71S el
o Fig. 4-2°= S =492 Group number 2] element 2
=4 183 Al71 183 Unwrapping 3+ olv]A]e} F5 -617] 93k Alo]=
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2209 ANAHE o]&ste] 54 A9+ peak F ¥ peak 7 Alole] F A
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1—2. Negative Resolution Target
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(c) Unwrap & Resize (d) Result of resize
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' 1T
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(e) Profile of resize image

(120 pixel of Y direction)
Fig. 4—3 Result of negative resolution target

Fig. 4—32 WAl S22 789 A]AE O 2 Neagetive resolution targetE =74
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A 2 A Transmission—type Photolithographic Product

o0 1smo

(a) Angle (b) Intensity

Fig. 4—4 Result of reference
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Fig. 4—5 Result of point 1
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Fig. 4—7 Result of point 3
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Fig. 4—9 Result of point 5
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(d)
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Fig. 4—10 Result of point 6
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Fig. 4—11 Result of point 7
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Fig. 4—12 Result of point 8



(a) Angle

200

a00

600

a0

1000

1200

1400

1600

1800

2000

200 400 €00 800 1000 1200 7400 1600 1800 2000

(¢) Uwrapped

200 400 ©00 800 1000 1200 7400 1800 1800 2000

(b) Intensity

0.0000012

10.000001

10.0000008

10.0000006

10.0000004

10.0000002

o

-2E-07

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

(d)

1100pixel of Y direction

Fig. 4—13 Result of point 9

219 Fig. 4-5, 13 o] 5348 E2ad9E AAHE o83 Ad4d34E= (a)
© el dist ARE b 2o AVl gt dRE o 59 F
Unwrappingst olu|x]o]H, (d)& HAEFHE F4ol yv& 7lFe= 9 1100
pixelol glo] IXE& 7]|FOoZ xF 0~2048 pixelold 9& profile Ho]E o]t}
A3} k2 Table. 19 YeER AL
Table. 1 Result of measurement by transmission type [unit:um]
Width Step height

Ip 72.60 0.90

2p 74.25 0.88

3p 72.60 0.88

4p 72.60 0.87

5p 73.15 0.86

6p 73.15 0.88

7p 70.40 0.87

8p 71.50 0.86

9p 73.15 0.85

Sum 653.40 7.85

Avg. 72.60 0.87
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2—2. FE-ESEM &7

(a) Result of point 1

(b) Result of point 2

(c) Result of point 3

(d) Result of point 4
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(e) Result of point 5

(f) Result of point 6

(g) Result of point 7

(h) Result of point 8
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(i) Result of point 9

Fig. 4—14 Result of FE-ESEM

Table. 2 Result of measurement by FE—ESEM [unit:um]

Width
Ip 75.21
2p 75.37
3p 75.48
4p 75.45
5p 75.22
6p 75.45
7p 75.25
8p 75.25
9p 75.38
Sum 678.06
Avg. 75.34
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2—3. Alpha step =%

YOOTEST Level:
Site Name: Meas:
Length: 500.00 pm A:a00pm . -Heipht
Speed: 50.00 pmis
Rate: 50 Hz
Direction -» Gl
Repeats: 1
Force: 2mg 1.000pm - ] !
Noise Filter: 8.3 um ]
Cursors 0.8000pm
Left Right

Meas 1060 258.0
Delta 176.0 267.0 0.6000um
Level 27.00 356.0
Delta 142.0 433.0

0.4000pm
Ref: 0.000 / l
L Height: -0.005pm
R Height: 0.931pm 0.2000um I / \
St Height£).836pm
Width:  130.5pm Oum
TIR:  1.020pm
0.2000pm
—— Normal
0.4000pm
0.6000pm - - .
0 50 100 150 200 250 300 350 an0 450
Scan Length (um)
2D Surface Parameter Summary
Param. Value Trace Description Arguments
Height 0.936 um Normal Step Height
Pp 1.008 um Normal Peak
(a) Result of point 1
Voorest Leve:
Site Name: Meas:
Length: 500.00 pm 1.400pm  -Height
Speed: 50.00 pmis
Rate: 50 Hz
e e 1.200pm
Repeats: 1
Force: 2mg 1.000, 1 I !
Noise Filter: 8.3 um al -7“—/
Cursors 0.8000pm
Left Right
Meas 111.0 250.0
Delta 1820 279.0 0.6000pm
Level 47.00 3540
Delta 162.0 381.0 s
Ref:  0.000 / ‘
L Height: -0.001pm |
R Height: 0.942um 0.2000um } l
St Height).
Width:  118.0pm oum
TIR:  1.025pm
0.2000pm
———— Normal
.4000pm
0.6000pm 1 1 !
0 50 100 150 200 250 350 400 450
Scan Length (um)
2D Surface Parameter Summary
Param. Value Trace Description Arguments
Height 0.944 ym Normal Step Height
Pp 1.022 ym Normal Peak

(b) Result of point 2
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Rate: 50 Hz 1.200um

Force: 2mg 1.000um ! l
Noise Filter: 8.3 ym » -
Cursors 0.8000pm

Delta 152.0 298.0 0.6000pm

0.4000pm
Ref  0.000 / \
L Height: -0.003pm |
R Height: 0.930pm 0.2000um / \
St Height£).833pm
Width:  167.5pm oum
TR  1.016pm
.2000pm
——— Normal
0.4000pm
0.6000pm - L
o 50 100 150 200 250 300 350 400 450
Scan Length (um)
2D Surface Parameter Summary
Param. Value Trace Description Arguments
Height 0.933 ym Normal Step Height
Pp 1.007 pm Normal Peak
(c) Result of point 3
Recipe: .
YOOTEST hewet
Site Name: Meas:
Length: 500,00 ym 1.400ym -Height
Speed: 50.00 pmis
Rate: 50 Hz
P, 1.200pm
Repeats: 1
Force: 2mg 1.000pm ] 1l L =
Noise Filter: 8.3 um SR
Cursors 0.8000pm
Left Right

Meas 1060 258.0
Delta 176.0 267.0 0.6000um
Level 27.00 356.0
Delta 142.0 433.0

0.4000pm
Ref: 0.000 / l
L Height: -0.005pm
R Height: 0.931pm 0.2000um I / \
St Height£).836pm
Width:  130.5pm Oum
TIR:  1.020pm
0.2000pm
—— Normal
0.4000pm
0.6000pm 1 1 L i
0 50 100 150 200 250 350 an0 450
Scan Length (um)
2D Surface Parameter Summary
Param. Value Trace Description Arguments
Height 0.936 um Normal Step Height
Pp 1.008 um Normal Peak

(d) Result of point 4
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1.400um Height

Rate: 50 Hz 1.2000m

Force: 2mg 1.000um i 1
Noise Filter: 8.3 pm /-\

Cursors 0.6000um
Left  Ri
Meas 92.00 257.0
Delta 164.0 286.0 0.6000um
Level 47.00 345.0

Delta 162.0 393.0 e
Ret  0.000 / \
L Height: -0.002pm
R Height:0.931pm 0-2000um T / k
5t Height.933pm
Width:  143.5pm Oum
TIR:  1.009um
0.2000pm
——— Normal
0.4000pm
0.6000pm 1 1
o 50 100 150 200 250 350 400 450
Scan Length (m)
2D Surface Parameter Summary
Param. Value Trace Description Arguments
Height 0.933 pm Normal Step Height
Pp 1.003 pm Normal Peak
(e) Result of point 5
VooresT Lever
Site Name: Meas:
Length: 500.00 pm 1.400um Height
Speed: 50.00 pmis
Rate: 50 Hz
el 1.200pm
Repeats: 1
Force: 2mg 1.000pm 1 1 1 == f
Noise Filter: 8.3 ym ]
Cursors 0.8000pm
Right
Meas 1140 265.0
Delta 186.0 294.0 0.6000pm
Level 57.00 399.0
Delta 1720 399.0 0.4000
Ret  0.000 / \
L Height: -0.002pm
0,525 0.2000pm 1 / 1 K
5t Height0).925pm
Width:  129.5um oum
TIR:  0.891pm
-0.2000pm
—— Normal
0.4000pm
0.6000pm . - -
50 100 150 200 250 350 an0 450
Sean Length (um)
2D Surface Parameter Summary
Param. Value Trace Description Arguments
Height 0.925 ym Normal Step Height
Pp 0.987 um Normal Peak

(f) Result of point 6
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Level:
Meas:
1.400pm Height- 7
1.200pm
1.000pm -
0.8000um
Left Right
Meas 80.00 257.0
Delta 1520 286.0 0.6000pm
Level 64.00 367.0
Delta 179.0 415.0 i
Ref: 0.000 / \
L Height: -0.000pm
il 0.2000pm ] \
5t Height.950pm
Width:  155.5pm Oum
TIR:  1.030pm
0.2000pm
Normal
£0.4000pm
0.6000pm L 1 A l
0 50 100 150 200 250 300 350 400 450 500
Scan Length (um)
2D Surface Parameter Summary
Param. Value Trace Description Arguments
Height 0.950 pym Normal Step Height
Pp 1.024 pm Normal Peak
(g) Result of point 7
VooresT Levet
Site Name: Meas:
Length: 500.00 pm 1.400pm -Height-
Speed: 50.00 pmy's
Rate: 50 Hz
P, 1.200pm
Repeats: 1
Force: 2 -
Noise Fﬁg 8.3pm 900 ~—
Cursors 0.8000pm
Left  Right
Meas 109.0 275.0
Deita 181.0 304.0 0.6000pm
Level 96.00 392.0
Delta 211.0 460.0 P
Ret  0.000 / 1
L Height: 0.000pm
R Hean0.035m 0.2000pm / \
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(h) Result of point 8
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Fig. 4—15 Result of Alpha step
Table. 3 Result of measurement by Alpha step [unit:um]

Step height

Ip

0.944

2p

0.944

3p

0.933

4p

0.936

5p

0.933

6p

0.925

p

0.950

3p

0.933

9

0.922

Sum 8.420

Avg.

0.936
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2—4. Compare of Result

Table. 4 Compare of measurement result of transmission type [unit:um]

Transmission type digital holography FE-ESEM Alpha step

Width Step height Width Step height
lp 72.600 0.900 75.210 0.944
2p 74.250 0.880 75.370 0.944
3p 72.600 0.880 75.480 0.933
4p 72.600 0.870 75.450 0.936
5p 73.150 0.860 75.220 0.933
6p 73.150 0.880 75.450 0.925
Tp 70.400 0.870 75.250 0.950
&p 71.500 0.860 75.250 0.933
9p 73.150 0.850 75.380 0.922
Sum 653.400 7.000 602.680 7.498
Avg. 72.600 0.870 75.340 0.936
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Al 3 A Reflection—type Photolithographic Product
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Fig. 4—17 Result of Point 2
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(f) Pitting data

Fig. 4—18 Result of Point 3
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Fig. 4—22 Result of Point 7
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Fig. 4—24 Result of Point 9

Table. 5 Result of measurement by reflection type [unit:um]

Width

Ip 44.00
2p 44.00
3p 46.20
4p 43.45
5p 43.45
6p 43.45
Tp 42.90
8p 43.50
9p 44.00
Sum 394.90
Ave. 43.88
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3—-2. FE-ESEM &7

(c) Result of point 3

(d) Result of point 4
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(g) Result of point 7

(h) Result of point 8
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(i) Result of point 9

Fig. 4—25 Result of FE-ESEM

Table. 6 Result of measurement by FE—ESEM [unit:um]

Width
Ip 43.82
2p 43.77
3p 43.36
4p 43.52
5p 43.71
6p 43.72
7p 43.45
8p 43.72
9p 43.85
Sum 392.92
Avg. 43.66
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3—3. AFM
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Fig. 4—26 Result of AFM

Table. 7 Result of measurement by AFM [unit:um]

Width

Ip 45.254
2p 45.117
3p 45277
4p 45319
5p 45.254
6p 45.117
7p 44.980
8p 45.801
9p 45.527
Sum 407.646
Avg. 45.290
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2—4. Compare of Result

Table. 8 Compare of measurement result of reflection type [unit:um]
Reflection type digital holography FE-ESEM AFM

Width Width Width
Ip 44.000 43.820 45.254
2p 44.000 43.770 45.117
3p 46.200 43.360 45.277
4p 43.450 43.520 45.319
S5p 43.450 43.710 45.254
6p 43.450 43.720 45.117
Tp 42.900 43.450 44.980
8p 43.500 43.720 45.801
9p 44.000 43.850 45.527
Sum 394.900 349.070 362.119
Avg. 43.880 43.660 45.290
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