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Development of Metrology of Micro-Structure Using SEM Based on Moiré Topography
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A new measurement technology for 3-D shape measurement of a micro-structure like micro
electro mechanical systems (MEMS) is proposed and discussed. The principle of this method is
based on moiré topography. The moiré topography is applied to a scanning electron microscope
(SEM) using backscattered electrons. The measurement system is constructed with the SEM and
a grating produced by silicon processing. Then, the system is similar to the optical system of
moiré topography functionally. The principle is investigated in experiments concerning in the
measurement of the slope of a plane. The validity of the method is confirmed in the experiment

using the grating whose pitch is 400 gzm.

Key words: moiré topography, SEM, 3-D shape measurement

1. 1 C & Ic

M CIRBIZE T 2 2 & SREEE O [FIFT RS 2 B
Z 5 WHIEEY) 2 853 256, BFEMELPHV o
%, BFHEMEEE, BF 2RO OIS 2BZET 5 b
DTH2Y, —ici, EHEEFEHMEE (TEM)? LEEE
THEMEE (SEM)Y LIc kBT 22 LN Tx 2, HilE

S CIE, AL AR ETRE RS L, JedE
L 72 EF 2 Fv CEEIO NSRS DB S 1L 5.

—77, EEBEBTFEMERE, EZEGEEATHIRS nIETE
— A EERRECARNL, BET L REF, KNET,

XHg, A=Y 2BFRERHAT A Z L2k > TRAREHR
EReRBIZR, RO MPAREREEE TH S, SEM O
e LTk, #FHEBTF 0 —7L L TEbd THnE—

HARTELLREWZ EnbITons, MO L WEE
EKHTH->Th, IZITLHITETFE—LIFESEHEY,
BRIChSNIS 7 udpiERPMLEEINE EZ252H

E-mail: arai @kansai-u.ac.jp

34 45 (2005)

5., iz, BIEOOOHARMERIZ—MKIC TEM iIckHig L
TESHTHY, €& - 8 - P8k L oL, v
OO TREZLICZDE EBRT 52 LN TX 5,

Fig. 1 (a) 12, Fig.1 (c) g Z R k&2 b O~ A 7
Oy FuoN—% ZREF R AW TBIE L 8GOl %
AT, BE 100 um, R0 um D~ A 7ah > FLN—r%
ESRTTCBIET 22 ENTE S, DX, NRYD
Eremigx, —RICZRETHHOONTWS, ZO~A
ruahrFUN—eREEFEHOTBHELLL DN
Fig. 1 (b) W&RTHEHRTH S, ZDHEICIE, Fig.1 (a) 1
R REFE2MHWE SEM TREBZET 2 LDTERD
ST A 78 h Y FUN—DEPKREICEEL TWD, K
HNEFEBZT 255 00F4E T, RREE? S Ot
BEFEY YTV —ICEEAHFL THW2E0DT, WEDOHE
HICEIES 2 RME D & I F B FLFREL LOEEICL S
LOThHbLEVWZ S, T0bb, KEBETF %MW SEM
T, WEBEET 2 L, TORIICEDPTFET S, 20

225 (49)



(a)
Fig.1 SEM images. (a) By secondary electrons, (b) by backscattered electrons, (c) schema

of micro-cantilever.
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Fig.2 Principle of moiré topography.

T NT 10 nm FRE DS ERE TC=XITHIER 2T 5
ZENTELRHE Lo T35,

ARETIE, HESTFTHESNTE L, WL OLOETM
ZHEEL L7z SEM IC X 2 KETET % v ic ZXTARET
I R R &, = OEMAbICHT T ORIE % et
T 5.

2. EHMETFRETL MRITFT7 4 —0OSEM ~DEA

EEBTRETV N KRS 7 4 —1F, Fig. 2 1TRTHEE
FZhoER (1) ZHWAEZ LI D, FES  2HE
TLIZEMTELFETHDY,

hN:Z_iNPo (1)

12720, P 3t&ETOE v F, N IZHRE, b I13F&T &R
(A A7) OV XFELMERE, [1EREREAXTD0ZENRZE
NoVv Y AEHAMEHTH 5.

Fiz, TOETV NRT T 7 4 —ICHEREM? % &
AT2ZEE->T, BORRALEIEINE I ENTE S,
Z OFF % SEM NEAT 720121, U0 Fig. 21
RINFEREFUKAER b DY AT AR L 2 g%
57w, SEM O F v > N—NORER % Fig. 31057,

SEM D F ¥ > /N —NOBEREIL, —RIchRICEFL >~

ot #F



Electron lens

Detector

Fig. 3 Position of electron lens and detector in SEM chamber.
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Fig. 4 Schematic diagram of measurement system.
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Fig.5 Moiré fringes on plane and sphere surfaces. (a)
Moiré fringes on plate, (b) moiré fringes on sphere.

Fig. 6 Grating and grating holder in SEM chamber.
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Fig. 7 Schematic diagram of definition of / and & using balls.

400um

Fig. 8 Measurement of slope of plane.
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Table 1 Calculation of fringe depth.

Fringe Fringe Fringe depth Difference
name number (mm) (mm)
F, 1 0.25 0
F, 2 0.504 0.252
F, 3 0.762 0.256

[=50.0 mm, b=31.0 mm, P =0.40 mm.
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