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Pattern Shape Modulation by Scanning Methods in E-Beam Lithography
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‘ Abstract }

Polymethylmethacrylate(PMMA)(H| A A E)

To aim at obtaining a correct and fine small pattern by an electron beam lithography several conditions and methods
affecting a real pattern shape needs to be investigated. A micro/nano sized pattern shape is sometimes dependent on
the scanning method. In this work, four types of scanning methods are implemented and their characteristics are
investigated. For a 11x11um pattern, a Zigzag scanning method proves a precise pattern generation. The other ways
such as SEM scanning and swirl in-out scanning method result in some distorted pattern shape. It is proved that abrupt

change in the pattern generation limits to obtaining a fine and small pattern.
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1LME

AR 7Hg714 e 196090 A2 e FAAE
O)3(SEM)S 7|eko2 shoi, 2 thies|go] et 2ol
F23] Z7SHA WA 3RS ol §3 A4 Hofo]
1M, BA) el AT Gk B eles(optical
lithography)= 4= Ao =k Ao, Apaleh B

3}7]%(Next Generation Lithography) 87-of| we} A A7
2o 2 Ul QXA E(Nanoimprint), SALA(EUV), A=}
A 2| 9(EBL) & AA 2lalejuo] digh Ay
o] E45kE| 3 9= Abgfol et oju] G| chohe A
A3 2T Yo R A iy v)go] Tas)
A A3 glck

A AT A RS olgetel thez

+ A2t ddista A& ished yiofo] B g5t}

++ R o o TR R B i R

« FAAZL, MeArddistn 7| A AR ES T8 (dhkim@snut, ac, kr)
FA 139-743 AEA WG F52%F 172

o AeArd st 7| A G ARE g s

R A EAAY S AP Y HA L' F St




719] A& A2k 7ez ARFA PEE AR He
A7) dZ(electromagnetic lens)2 H&311 4
FAA 2705k WA 02 A AEPMMA)E 7R3,
0] 58] FAL Uuk WA FAI} Lo] AL
E A4 A o] 7| o YA, B
ALE AAE vtAE R st BAlshs WS o8t
o] Az} 7] glATduE o4l 7luErAle YieT7]9] A
& 18 et seol] wet sy A Hoe Yo
HAE e sh7lole B2 Akl g HER FAARL
| & FFoff whe Hiw x| AL upAI AR MEMS A%}
A, g are] ARE Az Sol o] 28 AL,
ojF M YA S o] &3 Tk A e Eofok
o HEL 719kt Ae(dose)ol whE - AL WAl 9]
ARo|ch? FApAlo] ] ghe 9ol HEle] 7]
B e E R E PESARI
IS AR o]l AR wbA]o] SfE10] /o] miAl= e
nejsio] Ama AP distel Aw g s

i 54

o)

2. SEM7|db HXH! 2|ATJajm] AJAE!
PR EPNES- e
712 SEMZ: o]-g-sto] AAp elallefu] AAgs 4
Asl7) sl sel AAd 7] (pattern generator)S A3 AH|of
F7t2 A5 NIAFY] Digital-Analog ConverterE A}
8310 ele ARET] 2 X, Y A7te] A s
ek A" 42 Fig 13} o] skl

8
Current
(S

[
H/V
Filament ||
Digital /0 |4—
Control > Bias
[ se0 ]
DAC
Channel | PMT ‘
ADC Image Shift ‘
Channel
| Alignment ‘
Scan e B
Lisf| Stigmator
Condenser Lens
® —’,W Objective Lens

Pattern Generator

Fig. 1 Pattern generator configuration in a SEM based
lithography system
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Fig. 5 Scan waveform for the rectangle pattern.
(a) x waveform (b) y waveform
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Table 1 PMMA coating parameter

Parameter Comment

substrate cleaning
(S)
dispense
dehydration bake

acetone(5min) -> ethanol(5min) ->
IPA(5min) -> blow dry(N2)

static dispense :
hot-plate, 180°C, 5min

10sec

ramping time < lsec, high speed :

spin 1000~5000rpm for 45sec

prebake 180°C, 30min on the hot-plate
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Table 2 Exposure parameter

Table 4 SEM parameter

Parameter Comment
working distance 8~9mm
writing filed 100x100um
acceleration voltage 30kV
probe current 0.5~3pA (single point writing)

Table 3 Development parameter

Parameter Comment
developer 1:3 (MIBK:IPA)
time 60~90sec
rinse IPA for 30sec

dry blow dry (N»)

Acc: .;Uk\/ Mag 2 \70000 WD : 8. 5mm
q e

Fig. 8 SEM image of sub-200nm sample at working
distance of 8.5mm with optimized beam condition
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Parameter | Value | Unit Comments
Acc 15 kV acceleration voltage
Filament | 4.94 \% filament voltage
Current 1 nA probe current
Bias 4.6 kV bias voltage
SED 9 kV |secondary electron etector
PMT 3.76 A" photomultiplier tube
CL1 1.285 A condenser lens 1
CL2 0.861 A condenser lens 2
OL 1.032 A objective lens
WD 8.5 mm working distance
Fig. 9 Scanning types
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Fig. 10 Rectangle patterns which it follows in 4 kind
scanning types
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Fig. 11 Scanning type A
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Fig. 12 Scanning type B
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Fig. 15 To divided pattern by rectangles.
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