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Development of Novel Optical System based on Projection Electron Microscopy (PEM)
for EUV Mask Inspection

by Masahiro HATAKEY AMA, Takeshi MURAKAMI, Kenji WATANABE, Tsutomu KARIMATA, & Kenji TERAO

An optical system based on projection electron microscopy (PEM) has been designed and fabricated to provide an EUV mask inspec-
tion system for half-pitch (hp) 16 nm devices. Compared to conventional DUV and SEM optics, the novel optical system based on

PEM for EUV mask inspection can perform defect inspection at higher resolution and higher speed. To obtain a defect sensitivity of 16
nm, performance improvement requirements have been estimated with reference to a system for hp 2X nm devices (Ebara’s current
system). After that, the novel optical system based on PEM has been designed and fabricated by establishing specifications that meet
the requirements. Regarding aberration and transmittance requirements, this paper presents performance improvements achieved in the
novel system.

Keywords: EUV mask, Defect inspection, Projection electron microscopy (PEM), Electron optical system, Imaging electron optics, Electron expo-
sure optics, 1Xnm EUV mask, Aberration, Transmittance, Pixel size
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Fig. 1 Schematics of PEM and SEM

KHETHFREAHLTVD, BTHERIE, EBTHT
FAELE T2 EUVI A2 NIROETE— ARG %
1w, KR, IENE LTRSS 2IREFR
PRI U THRIMEHIHIE T 50 CORICHRDOE T
BERETE D720, EUVR A BEBERLTVS R
F—V&HEEE L, TDI (Time delay integration) #
T2 RICIR O R HAZABE & 72 5o SEM R & [A Ak
ICE A RREDE TR A TR TE, »o, MifnffBmic
X5 EHEMRAENRETH S Z LU TH Y, SEMRAUS
HARTHREH TOMEDTREL 257 Y,

AREE T, hple nm D FNA ZIC#EHTAHEUVY
27 RGBS 7208 E L2, HPEMA
BT RO L FEARMEREEHIE IO W Tib RS,

2. IPEMAEFAFZROLE

2-1 FEBEOZ—5 v K

1.2, hpl6 nm DT /354 ZZ#H T A EUV <A 7%
5 — VR REBED Y =7y FERT . TOHEBT
1%, 16 nmEFE A X T16 nm /¥y — » Kfaz Bt $ %,
hp2X nm ® 734 ZIZ# A3 % PEM X EUV < A 7 K
Mol (UthfeREEmE, D, TEREE LITR) T,
23 nmFEH A X T23 nmDEUV < A7 /8% — ¥ K
EMMT LI ENTEDL, IhaHi, FrEEou LA
HEZoHEME KD, ThaEKT 57200 % K

x1 HEEOF—7 v b
Table 1 Specification target of new system
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Table 2 Required progress in novel PEM optics
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Fig. 4 Aberration vs electron energy in imaging EO
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