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Kumamoto free-project

Electron beam Plating, Probing for

fabricapron]

TCL, Kumambou metal, Ogata,
Shin-denngenn, Logic Ultra-precision & Nipponn ZEON

Research, Kumabou metal, -
Preseed ngh speed §208 MITSUBISHI TOPPAN

Kumamoto Technoplogy

TCL ARAO SEC Ohkuma Yamax
Nippon ZEON

NEC TEL ADI

TOSHIBA HITACHI ARAO, Ohkuma, TaihelyoCement, |
SONY TOPCOON NihonCeratech /

Resit : Plasma: LCD]




Project formation

measurement by CDSEM LCD MURA detectio
TOSHIBA TOPC I, NARA-Technos)

Resist scan coatin
Positioning L
_accur acy
HITACHI ngh throughpu L'"CD TFT optical problng

reticylle-free exposure

<onvy | Ultraprecision, High
speed stage

Probe with micro- Plating on flat surface
les (MITSUBISHI TOPPAN Nippon ZE

discharge Ultra-Thi
monitor arrier
NEC TCL MITSUBISHI







Kumamoto Semiconductor, Renaissance Micro- and Nano-fabljcation technologies

By iy Ry =Sy S o B Ay U1\ a-H eeae-aaHU SO UuUN A ESHHHHEH

Regional consortium resear ch and development pr oj ect
(METI)

Collaboration of Regional Entitiesfor
Advancement of Technological Excellence

(MEXT,JST)
Activity for practical applications
BIO department AWARD at Kumamoto Tech.
FY1999 2004 S 1 d A:Jao, Transgenic | FY2002
Create tech seeds VERTTTED) ano-surgery Genetic L ab. Online direct patterning
e Evaluation System for Sub-0.1 Micron Node Seed for QTAT
Seed

Ultra high precision and high speed stage
Kumamoto Technology,Arao, Nihon Cer atec, Taiheiyo Cement FY2002 FY2003 SONY, Tecnos, Kumamoto Tech.,

: ; Preceed, USHIO
Hybrid 3D-CD-SEM with
electorical measurement
Seeds FY2003
Topcon, Technodesign, Plasma_l discharge
K umamoto Tech., Arao reduction system
Seed

3D-CD SEM Beam tilting measurement technology
Topcon,Shindengen Kumamoto,Toshiba

Micro probefor high frequency

circuittestln% - _
TokyoTathode L ab.,Mitsubishi Electric

Plasma dischar ge monitoring system by

acoustic emission Sensors
Tokyo Cathode lab.,NEC,NEC Kyusyu

Penetrated
seedsinto
industry

FY2002
Tokyo Cathode, NEC Kyushu,
Nano-probe for \ NEC Electronics

semiconductor testing
Seed Kumamoto Tech., Arao

Scanning resist coater
Tokyo Erectron Kyusyu,Zeon

Strong plating on flat resin

Toppan,K umabo Metal,Ogata K ogyo,Zeon ohoku Univ., FY2002
Sojo Univ., Tokyo Electron Kyusyu
L CD uniformity(MURA) tester G e Ul Hayashi, Zeon Evaporate dryer for scan
Sakurai Enginiaring,0okuma Denshi 7 Treasure of Tech. coating
Yamax,ADI,Technos,Arao Kumamoto | Seed

Reticle-free exposure system & thin film AlST) FY2002

diffusion barrier A K umamoto Bosdl Ogata, Seibu
Preceed,Sony,Sony Semiconductor Kyusyu A frsequlency AG2 Toppan, Zeon: C.Uem7ura :
Technos,ADI L ogic Resear ch Sony Semiconductor Kyusyu
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CAL Computer Aided Lithography
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Business
Development
A
Penetration Strategy ‘
B Certvice Technology

Roadmap

M aintenance

CAD
QTAT

penetration



Nano-Surgery System

by Ultra-Precision Semiconductor Technology

From Micro-surgery, To Nano-surgery |Stage / NanoM anipulator Tip of Nano-Pipette

Conventional

Near Future

Crossed Roller
Guides

Mitochon: Manipulator URUSM(Y-axis)

Non-
Determinate
Volume

1um

lum
Rough and Large Operation Ultra-Fine Operation -
in Micrometer Range in Nanometer Range < Front View

Internal diameter: $420nm

= Artificial Insemination = Development of New Crossbreed X ‘ ‘ External diameter: ¢720nm

® Patch Clamp Recording  ® Improvement of Mitochondria Disease < \ Nano-pipettes with internal diameter less than 1um

¥ Injection of DNA u Study on Cell Organelles ) A be f d by thi

etc. etc. 2\ 9 Limit Sensor(Y-axis) can be forme y this process.
Ceramics Plate / Crossed Roller Guides(Z-axis)

Céell Operation

Clean Room -
(|SO class 6) Nano-Pipette

CCD Images ™V
Phase-Contrast/Differential Interference, Monitor
Epifluorescence S|

Automatic

[ET5] vra| ot

Joy Stick

He-Ne/Ar Laser
Halogen/Hg Lamp

Driver for Pump Drivers for Manipulator/Sample Stage

Laser&LightUnit‘ ‘ Scan Unit, Inverted-Microscope ‘ ‘ PC, Power Unit ‘ ‘ Operation Unit ‘

860-8555 2 39 1 861-2202 2020 3

#
T My rKLrnarlmiu Technology A2
” TEL 096-342-3035 FAX 096-342-3065 TEL 096-287-1261 FAX 096-377-2278
- E-mail devicegrad@eecs kumamoto-u.ac.jp kosaka_kouji@technologies.co.jp



Nonresonant type Ultrasonic Motor Driven

High Speed Precision Stage

Reticle-Free Exposure Technology

Kumamoto Technology Inc., Taiheiyo Cement Co., Nihon Ceratec Co., Ltd., Arao Co., Ookuma Electric Co., Ltd.,

Kumamoto Industrial Research Center, Nagaoka University of Technology, Kumamoto University, Tohoku University U U/ tl mate M I X & M atCh U

Vacuum

Shiidber Actuator Nonresonant type ultrasonic motor I J N0 ”eed P /701'0177&5‘/(
Feed velocity 150 mm/s
Travel 300 mm & CAD Data Common
Positioning accuracy +0.6 nm
Resolution 0.6 nm
Yaw/Roll/Pitch + 1 sec.
Guide system V-type roller guide 0.0 g o
Measurement system Laser interferometer Mﬂ/atur /zat/oﬂ, LOW Cost; O TA T
Stage material Alumina ceramics[99.5%[] NeW E Xposure Tecﬁno/oay
Dimensions for High-mix Low-volume Production 00 Exposure Patte
Total system 1210 x 1310 x 1200 mm T Ik R i
Stage 800x 800X 250 mm Possible to @ﬂmte Ssubmicron arbitrary pattern
Ceramic stage Laser interferometer Chamber 1170 x 1170 x 400 mm W using EB exposure system

LApplication [1 Gate, Contact hall etc

Stage feed performance for Critical Layer Stepper

Resolution and servo tracking performance 00 o [ ;2:::
of the nonresonant type ultrasonic motor is y
evaluated by positioning property and cons-
tant velocity feeding properties of the stage*!. 47717;\;31”5:»;0

s

=
—
y— .

2 @ A

a0
1500

30
1000

Position (pm)
Position (um)
Position (m)

200

Evaluation
1. Positioning property o b 4996
Step width 500 um o 100 2000 3000 4000 0 200 400 600 800 350 450 550 650
Relative positioning accuracy 0.6 nm Time (ms) Time (ms) Time (ms)
Retention time after positioned 100 ms 500 um step & repeat response Enlarged view of step response +0.6 nm positioning

100

2. Constant velocity feeding property
Feed velocity 100 nm/s, 20 mm/s

315mm/s -+,

>
LA L L :,
VIHHHIIHHHIVHHIMUWMH ;

s00 2

an
30
20

i 100 == 327mm/s
high o

accuracy is obtained by using the non- 0 1 2 3 4 0 1 2 3 n 0 02 04 06 08 1 12
resonant type ultrasonic motor. Time (s)

ol (NI :
U RSN |/ A “1 g-line Stepper (O O015050300 Stepper Exposure Pattern
Possible to fabricate several micron arbitrary pattern
using stepper & LCD reticle
[Application [J Metal Layer for LS|, MEMS etc

le-Free Drect Exposure System

000 Pattern

3. Maximum velocity feeding'?
Open-loop control

Error (nm)
Feed velocity (mm/s)
Acceleration (G)

Results

Position (nm)
Position (mm)

Time (5) Time (s)

100 nm/s constant velocity feeding 20 mm/s constant velocity feeding Maximum feed velocity
*I'atmosphere environment

*2 100 mm stroke stage

Working scheme

FY 2001 FY 2002

Control resplution <1nm Evaluations in CD-SEM,
Feed velocity 300 mm/s EB-system applications.
Acceleration 0.1G

FY 2003

al application

Kumamoto  KUMAaMoLo
University U”IVGW

SONY

.
r Kumamoto Technology Inc. Sony e Kyushu C
Kumamoto Techrmgv Tel3+81-96-287-1260, E-maillkosaka_kouji@technologies.co.jp

=
Reticle-Free Proximity
Exposure System
Possible to fabricate hundred of microns arbitrary pattern

using proximity exposure system & LCD mask
- USHIO Incorporated r PRELCEE D PRECEED Company limited  [7Application [1 PCB Wiring Layer, Bump Fabrication etc

r——
—
300um

300um




Online-direct patterning for QTAT

[J Arbitrary Pattern Exposure System without Mask(J

Film-Thickness Uniformity Inspection

Tecnos Co., Ltd. Kumamoto University ARAO Kumamoto Applied Electronics Research Center

Reticle-Free Exposure Method System Configuration

System Architecture

Exposure Unit

—— Alignment Unit CAD W
| ==z LJ
& GDSO Format
Ethermet 100Mbps [DXF Format
XY Stage Substrate CAD system RS232C

[ ¢
X Stage . e
Features g R
W Mask Is replaced by LCD panel ST s F
[J No need Photomask W e
_— 5 Exposure System
W Modification of Pattern is very easy Data Flow Control PC

[0 CAD data modification
Low Cost & QTAT Lithography Process

/4,0 0. lication LCD Film File CAD Data

[Bitmapd bSO O

Exposure pattern generated by CAD is
transferred to LCD

Others, .
for Si wafer, External View of Exposure System

for SiP (System in Packege)

. -. osurf - / Light Source
Metal Layer for PCB  Con ' L/Alignment Scope
Exposure Unit Spec

Light Source Hine¥36nmOand h-line¥05nmO
Exposure Region 125mmO

Minimum Line Width  50pm

Stage Architecture X-Y 2axis using NRUSM

(Non-Resonance type Ultra-Sonic Motor)
Alignment Accuracy + 1um

0 Pattern Fabrication for PCB

Vibration Isolator

Stage Driver OLight Source Control Unit

e amanan SO Y USHIO]
Unliversity - Sony Semiconductor Kyushu

T umamoto Teenooogy P preceen o7

Technical element

Acquisition o
technology of a Application
Film Thickness MURA of a
with a large-sized glass substrate is

inspected on a macro target
for a short time.

Target

Film Thickness Film Thickness MURA, other

measurement film MURA
technology from a Throughput

About 60 seconds

L 18
_ Color image capturing in-the The example of equipment appearance

mcontinuous angle of field of view Color image data for
= > 0d | every view angle
Glass substrate %G ree

sensor camera

Camera
Lighting

thick film(10J 4y m) thin film(0.10
Filim thickniess distribution 1 m)qqmm

conversion usmg angle of

ud ment
uant|f|cat10n of MURA
Stage
Fi

MURA judging
T el e ilm thickness distribution data
Basic composition image Outline processmg flow

Measurement
thing

1

Sample substrate[Register strike is applied to a
glass substrate with Cr film

Sample size[500mmx 400mm
37001 29008m

197-1 HOUREN-CHO NARA
630-8113 JAPAN

Phone[#81-742-36-3051  E-maillinfo@tecnos-net.co.jp
TECNOS CO,Ltd Fax [#81-742-36-3052  URL[http://www.tecnos-net.co.jp

Reference




Nano-probe for Semiconductor Testing

Applica

O Micro area probing for MOSFET, etc.

Precision
motion of

the probe
Electrical characteristics of

the device immediately after
| |y can bey

observed and immediately
MOSFET feed back to the process.

to areas of and
nanometer level, such as;

- Electrical measurement and defect modification in
micro area for various devices

Measurement of physical properties of various nano
materials

- Direct micro machining (MEMS, mounting, etc.)
And others.

Exterior Appearance of the Manipulator

Direction
- M converting
mechanism

1 s
- €= Z-axis motor

Four terminals individual drive

Y-axis ;o
e —— System Configuration

Metalzaton-ree measurement system 1
SEM with largesize chamber
i which manipuators ae installd
et it i B kS
1560 iion e,
ama | Plaing, CME, Gnse ec
|
Specification of the Manipulator T e e
Configuration of axes: 3 axes, X, Y, and Z |
Stroke: Xand Y 20 mm (+/-10 mm) 1
Z 5 mm (+/-2.5 mm) Manipulator #1 1
Control resolution: Xand Y 10 nm (Z 2 nm) - Y P
Driver: Non-resonant type ultrasonic Rs-232¢ EomT T lhon AT BT TR AR
motor Redey Ethernet 100Base-
Position detection: Linear encoder (Minimum —
resolution 10 nm) e Semconductor design s
Size: 65 x 65 x 77 mm Sompio SR T emtt o gos]
. shortest time and per layer. i
Weight: 1.5 kg PG for GAD (MEDIX dw-2000, efc)
.
Kumamote  Kumamoto I Kumamato Technology

University University

ﬂusu?;ﬂ'

ARAO

2-39-1 Kurokami, Kumamoto, Japan 860-8555 2020 Tawara, Masushiro-cho, Kami-masusiro, X i 1
Natural Science Research, Graduate School Kumamoto, Japan 861-2202 388 Shakado, Tomiai-cho, Shimo-masusiro,
Kumamoto University } i Incubation Center A-2 Kumamoto, Japan 861-4144
TEL[D96-342-3035 FAX[096-342-3065 TEL: 096-287-1260 FAX: 096-287-1261 TEL[D96-358-7010 FAX[D96-358-8045
E-mail(Jdevicegrad@eecs.kumamoto-u.ac.jp E-mail: tokuda_motoi@technologies.co.ijp E-maillJarao@araotech.co.jp

T system has been jonty developed by Kumamolo University. Kumamolo Technology, and ARAQ with Kumamoto Technology and Indusiry Foundation a3 the managing corporate body on consignment of - Research and Development Program for Quick Acing Distict Renewal
Consontamt n 3001 EY 1 s sty of ELohory. Tade.and sty of apane 2 9 iy aging corp y o og 9

Hybrid Uniformity Inspection on LCD

Kumamoto Univ., Electron-applied ine Te i of Ki Techno Industrial Foundation, Advanced Display, Arao, Technos

The unevenness inspection on LCD in the LCD panel inspection process requires
observations at different angles.

High-efficiency imaging isition system is indisp ole.

haract
gap unevenness: B

|Light emission angle/brightness distribution ratio of LCD panel (even/uneven areas) |
’ - I [ ]
[Gap uneverness o E Y

ic of unevenness |Light emission angle/brightness distribution ratio of LCD panel (normal/abnormal areas) |

I
E M . | o B
« Cause for gap unevenness | - | ' z |

O Flexed glass board

)

O Change in density due to White color displa : . Measurement:
crowdedordisplaced Spacers I play <-3ray_color d.lsgla_y Black c.olor display ¢;c. iastison
Unevenness is emphasized in the direction of upper side 50° on the

Unevenness analysis panel with gap unevenness appeared.

Light-concentration function g (6 ) allows correct visual dependency to be acquired.

------ |r (6 ): Measurement data, g(6 ): Correct LCD visual dependencyl
e MoOb MmO

A 10-bit monochromatic
camera measures | ccD camera
8x 8 cm areas.

O 00 0018 IOam M

-I:IE'DIIIEIIB 00 OB 01

Front view image *: Convolution integral F: Fourier Transformation

F-': Inverse Fourier Transformation

.

Hpper side 40°

Upper left side 45°

Image taken from the position i
at upper left 45° - ey |
3D display of brightness distribution
(Vertical display)

Left side 40°

Lower side 40°

Visual-dependency and
position-dependency are used
for analyzing hybrid-unevenness.

Lower side 30° Front view Upper side 30°

W




High Frequency PCB for SiP

Innovative technology using materials with less environmental change and new plating process

Needs for high freguency: print circuit boards Material being studied

High frequency communication High den:
External input w’lginng .nz"y . Specific JIS C6481
o, Device ng Device Electric inductive 27 o
bps o e FEEreS Rl ReG e - capacity(E 10 (650 [190%RH168HTI
accuracy properties —
g g Dielectric JIS C6481
ey [1GHzO | dissipation factor | 0.009 .
Water absorption 0.14% JIS K7209
", » Tr ission q iti
s ek lsolaion | _niialvalue | 10% | 1350 (185%RHODCS.5V
(Influence of skin effect) characteristics After testing 1013 L/S=75pu mOI300Hr

Wiring needs to be formed on the smooth resin Isolation material with lower specific inductive capacity,

rface using with less dielectric dissipation factor, and water absorption, and
hange and llent isolati h isti stability and isolation per in the envi
Plate Film Forming| Technoloegy on Smooth Surface Wire forming accuracy.
Air absorbing layer Hydrophilizing | g ————— ) -
of the surface Metal ligand layer conventional material being studied
Weak boundary layer . i
- Removing -
Inside the resin the weak houndai \aiev i Inside the resin
Forming

Pattern figure of cross W
section near the resin

surface

Plating catalyst metal figand -

L l Inside the resin I I Inside the resin

Adh

strength practically required,
approximately 593 gficm is achieved.

: . Plating Line fi
Electric Properties (S21 parameter) CII’CUIg Board

Frequency (GHz) _— ' a 1. Scale up
O {[m] 0o oo oo oo - §
| L

- Boards with practical work size, 340x340 mm, can be

Scanning resist coater

Tokyo Electron Kyushu, Zeon, Hayashi, Treasure of Technology,

Kumamoto Industrial Technology Institute, Kumamoto Technology and
Industry Foundation, Kumamoto Univ., Tokyo Univ., Tohoku Univ.

— Outline of scan-type film Coating equipment

Scan coating Vacuum drying Appearance of equipment

Vacuum
Pump
Index direction
Clean room, Kumamoto Techno Industrial Foundation
[~ Vacuum drying simulation
An example of simulation
The program is prepared to elucidate the mechanism, 49E+05
which is useful in developing high-performance A4BE+05
equipment and simulator. —= |
Resist "TE*S \ — fosecater
lec 16E+05 e
" Diffusion phenomenon focused |'J||: r (T30 sec. after
i i |5E+05
Vacuum drying equiy count
Comp ion algorithm D44E+05
=}
Solvent evaporates at surface cells 43505
42E+05
Solvent concentration is made higher Wi
i B 0 1 2 3 4 5 6 7 8
Solvent molecules move s Ll

As drying proceeds, the board edges rise. From the result
from the analysis, the method, by which uniform films are
formed by vacuum drying, are calculated.

Resist molecules move

rv" experimentally manufactured.
Material [ 2. Applicable to micro wiring (fine pattern) forming

=H[O being studied - Applicable to panel plating process for utilizing smoothness of
Z » resin surface
é O - Filtered circulation equipment in stalled in all processing tanks
=
=1
G
R Conventional

oo (_material _J Expansion for actual work size

Establishing reliability using
oo

practical boards

Signal line length = 50mm

Signal attenuation is down to half of conventional material.

This research is being performed in “Regional Consortium Research and Development Project " in 2001 FY of the Ministry of Economy, Trade, and Industry of Japan.
Managing corporate body: Kumamoto Technology and Industry Foundation

Participants: Uemura Co. Ltd, Ogata Co.,Ltd, Kumamoto Bosei Kougyou Corp., Seibu Co.,Ltd, Sony Semiconductor Kyushu Corp., Toppan Printing Co.,Ltd, ZEON Corp., Kumamoto
University, and Kumamoto Technology and Industry Foundation

— Appearance of the board — Example of application

Simulation analysis of the vacuum drying process

— Analysis can be made independently of the type and
shape of boards, and the type of solutions.
The film thickness profile can be uniform.
The processing time can be simulated.

Application
[Coating process of masked plates
[Drying process of semiconductor fabrication

Mask plate by high-precisi drying




Acoustic Plasma discharge Monitor [APM[

Tokyo Cathode, NEC Kyushu, NEC Evaluated Technology Development Head Office, Electron-applied
Mechanical Technology Institute of Kumamoto Techno Industrial Foundation, Kumamoto Industrial technology
Center, Kumamoto Univ., Tohoku Univ.

The Acoustic Plasma Discharge Monitor is developed based on a new concept detecting abnormal
plasma discharge generated during semiconductor-preprocess plasma equipment using the AE
(Acoustic Emission) method.

e i |I—"‘

— IS e
t e s |l WENe
\ ! S L i-:';'._."_"-.'. ;

Configuration of APM

Appearance of APM

O Detects abnormal plasma discharge generating within plasma equipment at a high sensitivity in real time.
O Can be easily installed on any type of equipment because the sensor is attached on the outer wall of plasma

equipment

A multi-point sensor pinpoints the locations, at which abnormal discharge has happened, correctly.

/ / Chamber wall

=g

AE sensor | (Acoustic wave
Plasma side

Air side
AE
[ Abnormal discharge

Principle of abnormal discharge
detection

e
AN

ill | d h.JJ.L b o

3D-CDSEM

Edge-measuring SEM enables 3D geometry analysis of wafer

0 Maximum tilting angle + 0O0°

[ spatial resolution ooooo

[0 Observed gradient resolution OO0 [C0° O
[0 Measuring range 00000 00w O
[0 Depth of focus Op O

[0 3D measurement accuracy oo

O Measurement time OOsec.0 OTM

Proved example

3D geometries of wafer patterns can be measured by
taking declined images of them using an end-
measuring SEM and making image analysis.

Electron gun
Image acquisition

ooo
Stereo matching

ooo

1 3D coordinate Deflecting oo
alculation system PR

- Compensating:
dfield generator \ﬂ i}

3D image

Objective lens

+

Detector

Acquiring inclined lines

To acquire higher-resolution inclined lines, objective lens
is electrically moved or declined in the “compensating
field” so that a beam deflected by the deflecting system
travels along an optical axis.
“Compensating field’]
generator

Angle of inclination

Beam orbit

Deflecting system

—

Objective lens
Application

[0 Control of cross-sectional geometries such as wafer
patterns

Measures the dimensions of cross-sectional geometries and
provides feedback data, which in turn, is reflected in the
information on exposure conditions.

O Control of side geometries such as irregularity and
unevenness

Monitors and measures 3D patterns for any defective.

[ control of pattern edge roughness

Prevents electrical properties from deteriorating due to edge
roughness.

Acquisition of inclined images

Inclined

Inclined
image 1 image 2

Image analysis

k Example display of abnormal

Example display of abnormal /
discharge frequencies

discharge points
Contact: Tokyo Cathode Institute TEL096-279-3535 e-mailCim.yasaka@tclab.co.jp

Flow of image analysis Wafer 3D image composition A-B cross-sectional profile
Topcon Technology/Quality Group, Institute, Regulating authority: Kumamoto
Light-applied Laboratory Techno Industrial Foundation
[ 174-8580 Hasunumacho 75-1, Itabashi, Tokyo Joint development organization:
TEL[D3-3558-2561 FAX[D3-3966-50501 Toshiba
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