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Device miniaturization
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Throughput ( 8"wafers/hour)
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Throughput for various types of Electron beam exposure

SCALPEL:Scattering angular limitation
projection electron beam lithography
PREVAIL:Projection electron beam lithography
with variable axis immersion lens
EBDW:Cell projection with VSB
BAA: Blanking aperture array
VSB:Variable shaped beam
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Lithography Techniques
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EB systems used in NEC, Japan

U‘J
N

Ohtsu: Tsukuba:

JBX-5D II (modified) ’ JBX-5FE
JBX-6000FS with 12MHz DAC

Sagamihara:
JBX-9300FS
JBX-9000MV
JBX-7000MV
; HL-800D

.+ Kyoto  Tokyo HL-900DX
MEBES
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Aim and requirements of our EB system in Sagamihara, NEC

Research and development sub-100nm advanced CMOS

< - 12-inch (maximum) wafer available stage.

1.Wafer size - X-ray mask available

_ - high-frequency deflection
2 .High-throughput - large field

- in-line developer

— : - high-acceleration energy( 100kV}
3.H|gh precision| _—— dynamic focus and dynamic
lithography

stigma correction with wafer-height
measurement

- wafer mark detection with
self-correlation method
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~JBX-9300FS installed in NEC Sagamlhara

Thermal ma etlc
shield cham er

@ 8 Wafer auto-loader and
high-voltage tank . W interface for automatic

developer

JBX 93OOFS W|th automatic developer IS installed
in a thermal shield.




Progress In introduction of JBX-9300FS at NEQ

Dec 1997 start to construction of floor reinforcement
and thermal magnetic shield chamber

May 1998 carry in and installation of JBX-9300FS
Aug 1998 first beam at 50 kV

May 1999 finish of installation at 50 kV

June 2000 finish of installation at 100 kV
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High-voltage tank
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EB system arrangement
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Specifications of EB system 1
L i )

beam type :spot beam

electron source ZrO /W TFE
Acceleration voltage :50 / 100kV
Scanning : vector scan

stage movement . step & repeat

wafer size .6, 8, 12inch,X-ray mask
resolution of laser interferometer :0.62nm

main deflector DAC .20 bit

dynamic focus and stigma ‘height measurement
correction with wafer height accuracy 0.1um
measurement
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Sgecifications of EB sxstem 2

Deflection: - 1- and 2-stage available
1-stage for high precision
2-stage for high frequency deflection

Deflection speed: - >25MHz

Field size: - 1000um x 1000um at 50 kV

500pum x 500um at 100 kV

Sub field: - 10pumx 10um at 50 kV

5umx 5um at 100 kV

Beam deflection step - 2nm at 50 kV

1nm at 100 kV

Thermal magnetic shield : o

chamber : controlled at =0.1°C

in-line automatic developer . for 8 inch wafer
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Electron optical column

TFE
Acceleration column

Gun alignment
Blanking electrode 1
Blanking aperture

Blanking electrode 2

M-

Isolation valve ——

(o

X
j Condenser lens
XK1 X

’

Dynamic focus - o

electrode e Objective aperture
w <— Objective lens

Dynamic stigm i
Main deflector

/r% L~  Backscattered
wafer electron detector

Height detector
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Inline developer for 8-inch wafer with EB exposure

de P

Chemical amplified resist is available.
Continuous operation is performed.

\‘ * Exchange Automatic developer
chamber — 8-inch wafer
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EB column

Stage chamber Wafer auto loader
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X-ray mask cassette

M

For NIST specifie ay mask
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Current (nA)

Current (nA)

Beam stability at 50 and 100kV
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Electron beam diameter dependence on beam current
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Beam diameter measurement
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Beam diameter measurement at 100 kV
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Exposure performance

resist ZEP520(positive resist),

thickness: 30nm, developer amyl acetate
V,..=50kV, [;=100pA, 420mC/cm?
2stage deflector
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30-nm width negative resist pattern with 265-nm height

EB: 50kV 200pA (JBX-9300FS)

Resist: NEV22A3 chemically amplified resist
(Sumitomo Chemical Co.)

Standard sensitivity: 9.5 nC/cm?

Wafer: polysilicon/8-inch silicon

PB 110°C for 60sec

with proximity effect correction

(=15nm, B=10mm, y=2.9)

with Dynamic focus/Dynamic stigma

scanning field: 1 mm with Height Correction.

PEB 100°C for 60sec

Development: TMAH 2.38% for 60s
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100-nm diameter positive resist pattern with 600-nm height

EB: 50kV 200pA (JBX-9300FS)

Resist: UVS chemically amplified resist
(Shipley Co.)

Exposure dose: 28 nC/cm?

Wafer: 8-inch silicon

PB 110°C for 60sec

with Dynamic focus/Dynamic stigma

scanning field: 1 mm with Height Correction.

PEB 145°C for 75sec

Development: TMAH 2.38% for 45s
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Contact hole exposure at a dose of 28 unC/cm on UV-5 resist

W\
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h

0.150.177.0. 2 0.18.0.211.0. 24| 0.21,0.252.0.3

designed.”by CD-SEM ~cross-sectional SEM (um)
Designed patterns ares rectangle.

Resist UV-5 0.6 um thickness

EB 50 kV, 196 pA,
beam step 2x6=12 nm
Dose 28 uC/cm2
Proximity correction: none

Development PEB 145 C, 75 sec
Developper TMAH(2.38%), 45 sec

0. 250. 296.0. 36| 0. 3.0. 352.0. 4
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Wafer mark detection

(>3 N J

Requirement for wafer mark detection

- high mark detection accuracy for high-overlay accuracy
- apply for CMOS LSI gate, contact, and wiring lithography

Problem A 1
: Before
- mark damage due to device process process
Degradation of S / N on mark signal V |

After process

Modification of mark signal

4

Accumulation of mark detection signal and self-correlation method

T e I
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Mark detection of Au-metal-cross mark

X- direction

Y- direction
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aluminum
(w:10mm, t=0.3mm)

S50kV EB
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(b) mark detection signal ( V,_.=50kV, |, =2nA
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Beam position and focus correction system

Subfield scanner correction Subfield scanner correction

S paa | i

Main field Main field
correction correction

2 -axis laser - Sampl¢ height measurement

AT Ly

/ 1 -axis laser

NEC



J3AN

uoI}09.10d !
UOTLIOISIP YUM 2Insodxy

91qe1 uorn0lsip 12ddalg yIew JudwusgIfe-

Aﬂ._u

21nsodxa Ae[1dA()



Field shift and shot shift exposure
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