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Measurement of Grating Pitch Standards using Optical Diffractometry and
Uncertainty Analysis
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ABSTRACT

We measured grating pitch standards using optical diffractometry and analyzed measurement uncertainty. Grating
pitch standards have been used widely as a magnification standard for a scanning electron microscope (SEM) and a
scanning probe microscope (SPM). Thus, to establish the meter-traceability in nano-metrology using SPM and SEM, it is
important to certify grating pitch standards accurately. The optical diffractometer consists of two laser sources, argon ion
laser (488 nm) and He-Cd laser (325 nm), optics to make an incident beam, a precision rotary table and a quadrant
photo-diode to detect the position of diffraction beam. The precision rotary table incorporates a calibrated angle encoder,
enabling the precise and accurate measurement of diffraction angle. Applying the measured diffraction angle to the
grating equation, the mean pitch of grating specimen can be obtained very accurately. The pitch and orthogonality of
two-dimensional grating pitch standards were measured, and the measurement uncertainty was analyzed according to the
Guide to the Expression of Uncertainty in Measurement. The expanded uncertainties (k = 2) in pitch measurement were
less than 0.015 nm and 0.03 nm for the specimen with the nominal pitch of 300 nm and 1000 nm. In the case of
orthogonality measurement, the expanded uncertainties were less than 0.006°. In the pitch measurement, the main
uncertainty source was the variation of measured pitch values according to the diffraction order. The measurement
results show that the optical diffractometry can be used as an effective calibration tool for grating pitch standards.

Key Words : Optical diffractometry (% 3} & A)), Grating pitch standards (2 2} ] 2] & A]H), Magnification
standards (] & 33 A]H), Uncertainty analysis (5 8= 3}4J)
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Fig. 1 Schematic diagram of the optical diffractometer
using Ar ion and He-Cd laser
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Fig. 2 Examples of grating pitch standards; (a) 1D
grating (Hitachi); (b) 2D grating (Nanosensors)
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Fig. 3 Measurands in the measurements of grating pitch
standards; (a) 1D grating (p: mean pitch); (b) 2D
grating (p.: mean pitch in x-axis direction, p,:
mean pitch in y-axis direction, a: orthogonality)

ZR0 A18¥® F AL Litrow TA4E 3
437l Wi, 4 (DEFEH BT HA @& A}
&9 #olA FHe A gy 59 PG F
€ ol&sted A ()9 #ol Add

m-A
) Mgt~ e)
2-sin@, - cosb; [-a-¢-20)
A AHoM p = HF A g,om 2 FEF A

22 HlA B3, gk H47, gk WA, o
AW GARAS = AW LES 247 YE

2

T
A=
L.



AFd - AAG - IEE - A3 Y FTHUIYAN) AL A AsE

o}, 3 A J)FAEQ 3 808 FHA23HE7]
A Fo] Wkl So wek W4 JF G
ol gdtr, YArFEeHHNAM RALE Hlo] 4 £E
YETo]e=d JAIEZR] FEE JALZLE 0.05°
2 AR

I SAAE ol&3H ZSHo AL #HolA
I 9749 12 o4y AVE FE FA HAA
A &Ao]l 7wt welA] Ar ion #HolA e A4
ol 250 nm, He-Cd #lo]A 9 A$o= 170 am A
=AY A& HAE 5HE + Aok

2 2 HA HA AlHe HAu: FHE Y3
A x &Ry & 9Ugd 3 I4A g g4 gz
wako] FF HA gE& FrHor FHstojor &
. 538 7 wEe] HE 79X ge 3A A
2¥Ad AEstd, xF B 9A gAY y= o
g oA G99 HF AR Auxe 4 3)F
Zo] AR £ Uk

b, 2p.-p, 3)
P,
9 AolA o= A HANE p.p.p,E xF,

W7 $ge W HA e 22 vea

3359 4¢

Az 2 BFE AlHY EHL A FYo
A EAEE YAEE AEE 3EE §, 4 A
Y 338743 53 9 87 dHolHE #Say
Zt 24 35 g3 2HEFCE A4 2 449
Az g3 AlEe &3 AN e AaE AME
A% diz g HF A gs ¥iele 3w
o] HF 9X gto]l A ZHHojor st &
BE HE 9A g 24 AFAME o HE
d &4 Uo] $UsA Fedo

3.3.1 At HE

& A9 tilt mirror B ZH 3] dHolA FYo
ABARE dAMEel A A dwe FAHE
Auva FY A Ao A Pdds gYPses
A F g,

332 AlH ZEHE
A 3" g9 dxlg A8 AR Alg

75

€ FFeo. AWM BAHE JEFE #F
A 3 EFe) 3y W] Y A dwY 3
A HAy JYAAES, ANHy G =2E

*

333 Atz zeCclol= fix| 43

A 3ld ¥ Azt AHe 7)golF
ZA3tq 0 2 I HdFo] YAlFn AH=E
FE3, ARE YA 0057 9HE L A
ATE I HANA, D2ZEA whatd Wo] X
Etolec=d Eotx] FEE Ft} o w 0 A
B d%o] 4 2Y TEGO| =9 FAI A=
E ZETOIL =9 YXE 2AJL

Lo
=

334 AlH HE

AL 3d 4L FJANRAE 9 s
3| dPo] TEGO)LEY FHE AYUYEE A|H9)
7)€ AL 2HEFTH AW FAo)
AR dAsta Al "ol AT sld ¢ 3
A FHd fAEEE MM AXANE FFEH
olg} & o] BAY wEFY & UEE Y
HAR e WwE syt

=
2

335 3L &5

A 3ld d¥g sAANEA, 4 A9
Aol TETO)EY 24T YAY Wl 3
g 7188 37 FY L&, 4¥, §58
Asta AHY 2% WHIE 7)EFc)

7z
s

=
bt

33.6 53 g5 4t AN

33.5 BoA doizl FH do|E}E o] &3l
dolx Fdo #A& BAsdD 4 2)F o3}
of ¥ A ge ANGCH 239 AR HH A
Hel 39 Aede FFsux se 7 93
gl tidte] 332~ 335 FHL wEEn T3
A 7w J A g A 3)l didstd Al
Aol AnEE AT

4. 8T (AN

41 A mA FH 2T

Az A2 54 2% HME A8 58
g= Bd XA S HEdd 4 )8 £ =
42 3] 4= dAst PAE H48A Az 9



BEL - AAL - A - 25 - geis  BFHLFHEA] A 23 Y Az

Apo #4 BEEFE 4 )= 4 @) 2ol 7
EAsS 2 BEE a9 EEEFE IUE 9
g3t Uehd ¢ Ytk 4 EFBEEY s
ot Mg R Fo] Tt

2 2
2.5 (2] .2 p 2
uc(p)—(l) u (/1)+[tan9d) u”(6y)

+(p-tan6, -u2(@)+[p- (- 20 -u*(a,) Y
+(p-a,,,)2-u2(t)

4.1.1 3llo|x Z TE BT u()

Holx Fdel HF BH=E 2] (5)9F o)
A #Y EEE u@i,), FF AAE wi), 37
EHE BA o3 u()E TAH

u(A) =P (1) + 12 (A,) + 13 (4,) ®)

Zt #olA Fho] ZE= BHRE e Table 1 3
Zo ¥ 4% Eg€=EE Fu 28 V2 53 ¢
e HAME Z474 Ad43AT, ¥/ LB
By oae F7) Fo 2F, ¢¥, AU =&
ZA35te A2 H5S n st A5 E,
7t £ 38o] zt= BEEE Zt7} 0.5°C, 1 mbar,
a8l3 1%0°] ¢},

Table 1 Standard uncertainty in the wavelength of the Ar
ion and He-Cd laser source

Ar ion (ppm) He-Cd (ppm)
u(l,) 92 15.4
u(d;) 1.0 3.1
u(4,) 1.0
412 8HZ £ SET u(b)

Jd7 54 EZ=E 4 (6T Zo) IEY
53 NERE w4, E Ao gE 93 53
& "stolA J1d8 3EH 2 BEE u(b,),
A2 Fd A9 2 & BEE (4B T
chile

(8y) = 4 O) + 12 Oan) + 4> Ou) (6)

u(by)e LT 5 2AA € g2z

76

T e Afdde OdE £FH9 AHPE AdLddol
b w(Gn)e AdEwE YW (indexing table)d 2}
FAEVIE ol &3t nAHd FY A 4w &9
o] A B¥E 7k 145x10°rad & o] & FHTh,

4.1.3 YAZE B EET u()

F HAA FANAM 3 darE2 0.05° o]
3, YAt REESEE WX Zo] 0.01° ¢ 3
A2 Bxg adsint

4.1.4 AME dYE A BT uw(a,)

MU 9 Ase EEEYE oz, Ag
g AF @ol e ZFTEYEE HLP} 9w
A Az =R BE AMHY ASE ALRHE of
At @BF AlFE 255 x 100 Col3, A
F e EEEIEE WX Zo] 1.0 x 10° °C ¢
Ay Bxz AAsigc

415 A B BT B 8T 40

AlHY 2% F BAHNA LHHE RFE
BE gog &% Z2A7)9 A AHAMd w7
d BFESEQ 05°CE H 23819

42 0T &3 2o

ARE 2% BEE s A9dE 4 )
#8474 292 4350 BUE A% WL Be
st & (3 2ol FA EFEFSEE ANE £
2tk

2 _ oa
uc (a) - [apx

2
P2)
+(apfyj s

AREE 4 G) 2ol 2 B AR 93 g
czRe PHA7] W, 2 ¥F 43 g =
egEst Jus 549 23%x adol
gebd 4 wg A WA @& olgatel AN

2 P 2
J -u2<px)+[—“] u*(p,)

Py 0]




AEY - PAAL - AHY - BFY - GEE YL ITHIAR) 23 A AgE

£ URE AT @ A @ olesel AN
2 wg Az A9 ERERE Fe 4 o)
gYae Anss P EFRRE g2 ¥ 4
k.

5. 58 ¥

51 Mg 9y % H3t

3 HEAE o] &3 FF A¥d ALSE A
e 2 A FAA HH F Al 2D300
(Advanced  Surface  Microscopy)™  2D1000
(Nanosensors)©lTh. 24 & AlH HE 7 93X

< 300 nm, 1000 nm ©°]3, AT HE g
90° o]t}

zt Ao WEte 3.3 HolAd Aed FH %
He Heste 7 9o Hy XY Au:E
24389t} 2D300 BxF A AlHe FHAME
5 e #Ye BE o4& :, 2D1000 F A
2 AHEY EARNAME AIH FE ojygoE <l
8t Arion #|o] A gFE o] L&A T

2D300 A|He) EFM= 12 5 AF & o]
4% 4 913, 2D1000 AlHE HLole Ar ion &
o]z A& Al 3 A FHHFARA o]fo] 7HFFd],
AZHA A2 9 FHFE & A JFFE %
3 24 ke HE go= sgg. Ax 9fx &
B BT E Hreky] Y Fdd A FES
5~7 3] ARo] 2AEFUAN SHNL, FLFH A
4 geolA 3 3 wE 5HE Fdstq FF @
W3lE gasiqn

Fig. 4 & Z} A 93X AlHe S5 o
B x&F 9 9x £ g H3E vepd Ao
2D300 Al# el ZA9ol= Arion o)A ¢ He-Cd €
oJAE o]&3 FA ZAE YAz, A F
A ge 97 @3 g4 ZFEEE HYE @4
e 2D1000 AHS] B E Ar ion # o]
AE ol&% 4 AU, & A+ IEFE
o] &35ly dolA & ZEAE ZZ Yyehih
gutd oz FYE AHE AP FHY 9E &FF
g wstud FAdn g Q2 ALY g
3 #& W3t o 34 Jedoh 3] 2D300 9
ZAole W8 3o uEg &4 g #HAs F)
o] a8d Aoz FeA BAY.

e}

—o— Arion laser
292,080 —&— He-Cd laser

e Mean - u,

Px of 2D300 (nm)
e
13
V
.

e - dit::éq—r\/"“l

A bk
&

292,060 - {

262,055 i s 2 e L A 1 L
2 4 € 8 10 12 14 18 8 20

Number of measurements

@

1000.16 T a T T T L Y T

—&— 15t order diffraction
@ 2nd order diffraction
3cd order diffraction

1000.15 |-

1000.14
[

1000.13 |-

000,12 |- -

100011 |

Px of 2D1000 (nm})

2 4 6 a 10 12 14 18 18
Number of measurements

(b)

Fig. 4 Variation of measured pitch values according to
the number of measurements; (a) p, of 2D300; (b)
p,0f2D1000

Table 2 ¢ 3 & 2D300 3} 2D1000 A ¥ ¢ &3
2379 3 EE e 4 Jehd Rolth &
F EEE @2 A @ (e ol&d A"
FA EFEFE go TEAUA (coverage factor, k
=2)E §% ez E¥x BEXE AFELY 7t
At TEAR L AAENR D AP P g
95 %o] t}.

Table 2 Measurement results of 2D300 (Measured value
and expanded uncertainty)

Measured value Expanded Uncertainty
(k=2)
Psx 292.064 nm 0.012 nm
Py 292.078 nm 0.013 nm
a 90.5453° 0.0056°
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Table 3 Measurement results of 2D1000 (Measured value
and expanded uncertainty)

Measured value Expanded Uncertainty
(k=2)
Px 1000.108 nm 0.026 nm
Py 999.923 nm 0.026 nm
a 90.0106° 0.0036°
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