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Abstract: Nanometric lateral scales with 25 nm pitch using  Application of superlattice (multilayer) is one of
GaAs/InGaP superlattice were designed and fabdctie promising solutions to develop nanometric lateredlss
realization of the-smallest-pitch-CRMs. The pitch the  with smaller pitched®. In this report, we designed and
scales was measured by a nanometrological AFM arfdbricated “nanometric lateral scales” with 25 nntcip
uncertainty in pitch measurements was evaluatede Thconsisting of GaAs/InGaP superlattice (multilayeigr

quality of the developed scales as CRMs was vdrifie realization of the-smallest-pitch-CRMs. Furthermorge
measured the pitch of the fabricated nanometrierdat
Keywords: nanometrology, pitch, CRM scales using a nanometrological AFM and evaluated

uncertainty in the pitch measurements.
1. INTRODUCTION

Nanometrology, one of the important basic technietog
in nanotechnology, is progressing rapidly and distaiment .
of standard in nanometrology is required receritlgtional 2.1. GaAd/InGaP superlattice
Metrology Institutes (NMIs) have been developingnaic Superlattice is a multilayer made of several typés
force microscopes (AFM), one of the promisingmaterials and the thickness of each layer is ctattdy
nanometrological instruments, for nanometrologicaforming rate. Superlattice is calibrated by X-ray
standard establishmefit!. National Institute of Advanced refrectometer (XRR) precisely and are used as natram
Industrial Science and Technology (AIST), Nationaldepth scal®. In this report, nanometric lateral scale was
Metrology Institute of Japan (NMIJ) developed atoritirce  developed using superlattice by cleavage of theraftice
microscopes with high-resolution-laser interferoengtin  substrate, polishing of the side wall of the clehsabstrate,
XYZ-axes (nanometrological AFM$)™ and is providing a and selective etching (fig. 1). GaAs/InGaP suptcktwas
calibration service for the pitches (50 nm u®) of one- adopted for the nanometric lateral scale sinces#iective
dimensional (1D) grating standards. ratio of wet etching was large. Fig. 2 shows a glesif a

Not only calibration services, but also distributiof = nanometric lateral scale consisting of GaAs/InGaP
standards as certified reference materials (CRMs) isuperlattice. Firstly, GaAs/InGaP superlattice [eyc4O0,
important. NMIJ developed prototype 1D-grating si@mls  total thickness: Jum) was grown on a GaAs substrate. The
with pitches of 50 — 100 nm using an electron beanthicknesses of GaAs monolayer and InGaP one weraml0
lithography method ). However, the electron beam and 15 nm respectively and one cycle of the Ga/&smR
lithography method has limitations to fabricate giting  superlattice was25 nm. The GaAs/InGaP superlattice
standards with much smaller pitches than 50 nmsubstrate was cut in 1 mx1l mm pieces. The side walls of
Development of less than 50 nm-pitch scales is deled pieces were polished and two pieces were glueddagach
for the 45 nm half DRAM pitch generation in the other by adhesive. Five glued pieces were mounted o
semiconductor technology. GaAs substrate base (size: 5 nmm5 mm). The mount

makes the nanometric lateral scale easier to belédmnd

2. SAMPLE AND INSTRUMENT



adhesive parts become markers those indicate thke scinformation of the nanometrological AFM is descdbe

pattern parts. The surface of the nanometric Iaseae was
polished and GaAs layers were selectively etchedtblyant.
The etchant was mixture of concentrated sulfuriid,ac
hydrogen peroxide solution (30 %) and water andr#ti®
of the mixture was 1:10:1000. The etching rateoraf
GaAs to InGaP is more than 1000. The nanometrardat
scales were fabricated by Nippon Telegraph andphelee
Advanced Technology Corporation (NTT AT) based loa t
design.

Pitch: 25 nm
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Fig. 1. Nanometric lateral scale consisting of saplattice.
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Fig. 2. Design of nanometric lateral scale.

2.2. Nanometrological AFM

Nanometrological AFM was used for pitch measuremen
of the developed nanometric lateral scale. The igeec

elsewher€® . The nanometrological AFM consisted of an
XYZ-axes interferometer unit, a stage unit and aRMA
probe unit. The probe unit comprised an XY leafirgpr
stage and a Z tube scanner. The scanning rande atage
unit was approximately 17.pm (X) x 17.5um (Y) x 2.5
pm (Z). A three sided moving mirror as a target loé t
interferometer unit was set on top of the Z tubenser. The
interferometer unit was a homodyne type one andftvad
optical optical paths on each axis. The theoretiesblution

of the interferometer unit was approximately 40 prhe
laser sources of the interferometer unit were feeqy-
stabilized He-Ne lasers with a wavelenght of 633 fiime
laser frequency was calibrated using asthbilized He-Ne
laser, prior to the pitch measurement. The atomicef
between a cantilever probe and a sample surface was
detected using a conventional optical lever methblde
nanometrological AFM was driven in AC mod& The XY
scan was servo-controlled using interferometer aggand
the Z-axis displacement was monitored by the
interferometer in Z-axis. The pitch calibration weeceable
to the unit of length by using the nanometrologisaM.

Laser diode

ZProbe unit
Segmented

photodiode )
| Interferometer unit

IStage unit

Cantilever probe

Probe unit” AA
) [ T X-axis
Kinematic T Tt interferometer —
mount l
E Three-sided Ultrasonically driven
S moving mirror rotary stage
—

Bending mirror of Z-axis
interferometer
] |

Z tube scanner,
Z XY leaf spring stage

L

300 mm
i

Fig.3. Nanometrological AFM'®!,

2.3. Measurement conditions and evaluation of
uncertainty

The center piece of five ones in nanometric latecale
was selected and AFM images were obtained at the fo
locations in the center piece as shown in fig. e $canning
range was approximatelym (X) x 2 um (Y), the number
of scanning lines were twenty and scanning speed wa
:flpproximately 0.4um/s. The cantilevers used in the pitch
measurements were fabricated by Olympus Co., Ltd



(OMCL-AC160TS). At the measurement location 1,left, the center and the right parts are adhesivale pattern
measurements were repeated three times to evalbate and super lattice substrate respectively. The spateern
uncertainty caused by the repeatability of measarggnat part is convex since the etching rate of GaAs peslattice
the same measurement location. Measurements wenas lower than that of GaAs plane. Fig. 6 (b) i®apanded
performed just once at the other three measuremefigure of the scale pattern part. The slope of appnately
locations 2, 3 and 4. The pitch was calculated gushe fifteen cycles close to the adhesive part is lathan that of
center gravity of method. The precise informatidto@  approximately twenty-five cycles close to the stdist This
definition of pitch in the center gravity of methotlas was caused by the difference of the polishing betieveen
noticed elsewhef”. adhesive and GaAs/InGaP superlattice substratethim
Uncertainties in pitch measurements were evaluated study, approximately twenty-five cycles close toe th
the basis of the “Guide to the expression of uagety in  substrate were used for pitch calculation. Thehpitalue in
measurement (GUMY. The standard unceraties caused byone measurement location was defined as the averhge
all sources were evaluated and the expanded uimdgrteas approximately five-hundred single pitches in oneation.
calculated from the standard uncertainties. Allrsesi of Table 1 shows the obtained pitches at all measureme
uncertainty in the pitch measurements and the atialu locations.
method for the pitch measurements are describedveéye
precisely® .
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Fig.5. AFM image of nanometric lateral scale.
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3. RESULTS OF PITCH MEASUREMENTS AND
UNCERTAINTY EVALUATION

Area for pitch calculation

3.1. Pitch measurement results
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The pitch measurements of the developed nanometric -
lateral scale were carried out using the nanonuwdicdl (b)
AFM. Fig. 5 shows an AFM image (scanning ranggmn?)

. . . . Fig.6. Area for pitch calculation.
and line profiles of nanometric lateral scale.ifn 6 (a), the g P



Table 1. Pitch at each location.

[1]

Measurement location Pitch (nm)
1 25.20
1 2 25.21
3 25.22 [2]
25.17
25.21
4 25.37 [3]

3.2. Uncertainty in pitch measurements

Uncertainty in pitch measurements was evaluategoMa
sources of uncertainty were interferometer nonliga
nonuniformity of sample, interferometer resolutistability
of laser frequency and repeatability of measuremerst
shown in table 2. Other minor sources were Abbererr
compensation by refractive index of air (tempemtur 5]
pressure, humidity and GQ@ensity), thermal expansion of
scale and change in optical path. The average pitche
nanometric lateral scale and the expanded uncgrtéin=
2) were 25.24 nm and 0.29 nm, respectively.

[4]

Table 2. Major source of uncertainty and standard mcertainty.

[6]

Major source of uncertainty]  Standard uncertainty)(ﬂm
Interferometer nonlinearity 115
Nonuniformity 87
Interferometer resolution 22
Stability of laser frequency 12 [7]
Repeatability 7

4. CONCLUSION

Nanometric lateral scale (design pitch: 25 nm) tsiimgy
of GaAs/InGaP superlattice was designed and faledca
The pitch of the lateral scale was measured by
nanometrological AFM and uncertainty in pitch
measurement was evaluated. The average of pitch and
expanded uncertaintk & 2) were 25.24 nm and 0.29 nm
respectively. It became clear that the GaAs/InGaP
superlattice can be applied to nanometric lateralesas the
candidate CRMs. Some items to be studied are raised
following, (1) bonding method without adhesive, (@)t
only GaAs/InGaP superlattice but Si/Si@ne. In the near
future, the above items to be studied will be sdhand
nanometric lateral scales will be distributed asMiGR

ACKNOWLEDGMENTS

Part of this study was supported by the New Enemg
Industrial Technology Development Organization (NBD
(Project code P02045). Authors would like to thabk
Akio Takano, Dr. Hisataka Takenaka, Dr. Saoru Kaves
(NTT AT Co. Ltd.) and Dr. Hiroshi Itoh, Dr. Shingo
Ichimura (AIST, Research Institute of Instrumerntati
Frontier (RIIF)).

REFERENCES

R. Dixson, N. G. Orji, J. Fu, M. Cresswell, Rllen, W.
Guthrie, “Traceable atomic force microscope
dimensional metrology at NIST”, Proc. SPIE Vol. 815
235-245, April 2006.

G. Dai, L. Koenders, F. Pohlenz, T. Dziomba &hdJ.
Danzebrink, “Accurate and traceable calibratioroé-
dimensional gratings”, Measurement Science and
Technology, Vol. 16, No.4, pp. 1241-1249, April 300

F. Meli and R. Thalmann, “Long-range AFM preifil
used for accurate pitch measurements”, Measurement
Science and Technology, Vol. 9, No. 7, pp.1087-1092
July 1998.

J. Haycocks, K. Jackson, “Traceable -calibratioh
transfer standards for scanning probe microscopy”,
Precision Engineering, Vol. 29, No. 1, pp.168-175,
January 2005.

S. Gonda, T. Doi, T. Kurosawa, and Y. Tanimuxg,
Hisata, T. Yamagishi, H. Fujimoto, and H. Yukawa,
"Real-time, interferometrically measuring atomicd®
microscope for direct calibration of standards"yiee

of Scientific Instruments, Vol. 70, No. 8, pp. 3362
3368, August 1999.

I. Misumi, S. Gonda, T. Kurosawa and K. Takamas
“Uncertainty in pitch measurements of one-dimengion
grating standards using a nanometrological atooricef
microscope”, Measurement Science and Technology,
Vol. 14, No. 3, pp. 463-471, March 2003.

I. Misumi, S. Gonda, Q. Huang, T. Keem, T. Ksawva,

A. Fujii, N. Hisata, T. Yamagishi, H. Fujimoto, K.
Enjoji, S. Aya and H. Sumitani, “Sub-hundred
nanometre pitch measurements using an AFM with
differential laser interferometers for designingahie
lateral scales”, Measurement Science and Technplogy
Vol. 16, No.10, pp. 2080-2090, September 2005.

] M. Senoner, Th. Wirth, W. Unger, W. Osterle, I.

Kaiander, R. L. Selling and D. Bimberg, “Testingth

lateral resolution in the nanometre range with & ne

type of certified reference material”, in Nanoscale
Calibration Standards and Methods, edited by G.
Wilkening and L. Koenders (Wiley-vch, Weinheim,

Germany, 2005), pp. 282-294.

[9] S. Yamagishi, Y. Azuma, S. Terauchi, T. Takgtst.

Watanabe, T. Fujimoto and I. Kojima, “R & D of thin
film certified reference materials”, ProceedingsHafst
International Symposium on Standard Materials And
Metrology for Nanotechnology (SMAM-1), pp. 165-
168, March, 2004, Tokyo, Japan.

[10] Q. Huang, S. Gonda, I. Misumi, O. Sato, T. Ked'.

Kurosawa, “Nonlinear and hysteretic influence of
piezoelectric actuators in AFMs on lateral dimensio

measuremen”, Sensors and Actuators A, Vol. 125,
No.1, pp. 590-596, January 2006.

[11] ISO, BIPM, IEC, IFCC, ISO, IUPAC, and OIML,

“Guide to the expression of

measurement” 1995.

uncertainty in



