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A raster scanning laser beam writing system has been developed for QTAT (quick turn
around time) in x 10 reticle production. The system can be realized by combination of high
speed and high precise laser beam scanning using AODs and direct laser machining using Pb-
Te-Se thin film mask. This system provides (1) throughput of 30 min/4” square, (2) pattern
machining accuracy of 0.9 um, (3) pattern positioning accuracy of 0.5um, and (4) minimum
machined line width of 3 um. The system enables quick development of new functional

microelectronic devices.
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Fig. 1 Situation of the laser beam writing
system in photo lithographic process using a
stepper.
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Fig. 2 A block diagram of the system.

Fig. 3 A view of optical and mechanical

system.

FAAERBL Y -REXEED 7 o v/ X% Fig.
2 KRy, Rokdic, AEBR L —F - —sEHR
IR, XYZ BoBisss, fRSESHE HEBSE
UHlaSR» oI Tna. Fig. 8 gL —¥—t—
LAETRANEFER B X U XYZ BEBEOBER 2R
T N5 ORI, BHREDILDTF v v RICE
BEINTN3. REBOELHRT Table 1 1T5RT.
BHOWMEBIRIRDEED TH 3.

2.1 L—H¥—E—-AFRRAXER

Fig. 2 [CRT &I ic, AXEREI Ar 12 L—F
—, AO ZHHKETF (AOM), 2 KFTRAF AOD, ) L —
VY ZBLURYIL Y XTHRINTH 3. 2RTRERA
RFELTIH 2D AOD 2L, 5 X2 HEORIC
RETAMNBEBEREAMETEE YR FLE L.

Rics T, L—F—FRLOHH LI —F—t—4
X AOM TZEFHIN, # 3mm BOFTHERD, Y-
AOD, X-AOD it AL, 2&KEmAINSE. 20D
V—HF—E -3 L—L Y XEMNLTHYL v i
ph, BB LicERhoEEENSE. C T TiE, AOD
iz TeO2 o (100) OFF BIEF 75 » /' [mHrEFIH L
1HRTFO%, L v Xic NA=0.25 OEE#EERTY



172(22)

Table 1 Specification of this system for fabri-
cation of 10 time reticle.

Raster scanning with
stage movement

Writing type

Multi-figure generating
Shrink format (5w/figure)

Figure generating
Data format

Modulation, Deflection AO devices

Address resolution 1 um

Mark detection resolution | 0.2 #m

Position measurement 0. 008 #m
resolution

Beam scanning speed 10 m/s

Beam scanning field 300 um (X-axis)

Continuous speed 20 mm/s

Error of stage positioning | £2 4m

Rectangle, parallel tri-
angle trapezoid with
45°, 90°, 135°

Ar ion laser (total 5 W)

Kinds of writing figure

Laser source

Relay lens system

Objective lens

Fig. 4 A relay lens system.
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Tk f1=100mm BXY f2=200mm DA * 5V

S HITHELS (198844 A)

VREFEALTVWADT, AOD TO VLV —% —E —A
%, $3mm? ML Y XOELT I 6 mm? iTHE
*xZ¥hs. Lal, REHARZ 2.2° »5 L1° ERE
%. ¥7c, AOD TOIEEHIEIRK 20% OIIRE THHR
DS ICHEINE, LYX1ELY X2 EDORMICH
BLTVWBT/N—F »ic kDL v IO AfHHsHIE
TNTW3. 7B, X-AOD & Y-AOD LOMicdb D
5NV V-V Y XEEBATE C EBEE L, Y-
AOD TORAESHLTHECE, BIOEARRIDNE
BEMEINT 5700, RIERTEERE L.

2.2 XYZ BEhiets

XYZ BHLEEENO bOZFERAL, X BHROL
Y BBHE, S5 ZBEENEEI TS XB
BARETEE, YBHEE S R4 HEROEREE S
LUETBEHEZIE->TVS. XY #iEdbic, =—F
WHA4F, R—niVBXU DC £ — % —CHEIN
3. ZBEHAE s v eREMEMEEICXD, KFETRA
OH S ABEEH RO SIC 1/25 DEATEHRLTL
3. ZBEHELIcRBRERETIELbI, VY-
RAERIS—%2RBELTED, BHUERZLV—Y—T8
HicTEHEIL TWA. COTEEOHERER 0.008 um
Thb. 108, AEHEOMEE Table 2 WRT.
F7o, REEEBT SV -ERET A, &
HoTH TH8bb, ZBBERIKE YR EEL44—F
2RELTVWS (Fig. 5 B2R). chick s, v2—viR
iz L —3 —H0ERED BEPRARF ORAED
WMEFCHERINS.

2.3 ERLERERED
AEHETREWF » v 7RISR MERLEES
THERAINTHEEG<A 7 02 —2FRDOdDTH
3. Fig. 5 cAgBo 70y 7 ReRT. Z BEHEL
CEE SN REHIERBERANY L v XS Lickil

Table 2 Performance of the stage.

Control {-computer control
Guide Needle guide
Motor DC servo moter (ball

screw)

Position measurement | Laser interferometer

Traveling area 105 mm X 125 mm

Pitching +4 #m/105 m X 125 mm

Yawing +1.5%107° rad/100 mm®

Shift =+0. 5 £m/100 mm

Fluctuation of traveling | Within® 5 % (at 20 mm/s)
speed

Positioning accuracy +0.9 um (30)
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Fig. 5 A block diagram of a gap holding
system.
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Fig. 6 A schematic diagram of multi-FG (MFG).
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Fig. 7 Compensation for VCO linearity.
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Fig. 8 Timing of deflection and modulation
in writing mode.
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Fig. 9 Errors between optical system and
laser interferometer measuring system.
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Fig. 10 A schematic diagram of mark detection.
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Fig. 12 Experimental results of deflection

linearity before and after the compensation
with the mark detection.
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Correction circuits

Auto correction for dynamic

X-ramp circuits cylindrical
generator lensing
effect AOD driver
(X-axis)
cPU Laser beam
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==)e== Aperture

|
Objective lens
=
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'
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—

(Rotation) Sample
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Fig. 11 A block diagram of deflection controller.



176 (26)

10
Deflection destination Xg(um) |
100 200 300

0 v v ~ I ———
\jf(er correcﬁon'

before correction /
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1
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Fig. 13 Rotation errors between AODs
deflection system and laser interferometer
measuring system before and after the
compensation with the mark detecton.
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Fig. 14 Relationships between developed resist
thickness and square pattern size on reticle, and
between pip density and pip diameter in the
direct machining.
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Fig. 15 (a) Reticle patterns machined by the system, and (b) resist patterns
projected by i-line 1/10 stepper (SEM images).
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Fig. 16 One micron and submicron resist pat-
terns projected by i-line 1/10 stepper using the
reticle machined by the system.
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Fig. 17 Accuracies of the system, (a) machining accuracy, (b) and (c) positioning
accuracies of laser scan line over writing area and laser beam in scan field.
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Fig. 18 Reticles fabricated by the system, (a)
Al and TC layers in 4k gates CMOS gate array,
and (b) Al electrode layer in SAW,
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