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This Statidard Referenice Material (3RM) congists of a To-man (3-ity) diameter silicon wafer ot which a uniform
silicon dioxide layer was grown. It is cettified for the ellipsomettic parameters delta, & and pei, U, at the vanam
wavelength & = 6330 nun using the High-Acouracy Ellipsometer budlt at WIZT [1]. The 3B iz issued pritarily to
evahiate the acouracy of ellipsometers and ey also be used as an aid in the calibration of various other optical
thickness-monit oting instnments. Each SR wnit iz indreicdoally measured; s the certified wahies provided on
page 3 apply ordy to the wnit identified by the ahove serial mamber,

This 3FM is also certified for derived vahies of the thicknesses and tdices of refraction of both layers of a two-
layrer optical model of an oxide film on a single-crystal silicon substrate. The model consists of a homogene ous,
isotropic, top layer separated from a homogeneoss, isotropic substrate by a homogeneous isotropic intetdayer.
The substrate is characterized by 2 complex index of refraction n,; the intetlayer is characterized by a thickness, t;
and a real index of refraction, ng, and the top layer is characterized by a thickness, ty and a real index of refraction,
. The hottom layer iz interpreted as single-crystal silicon and the top layer as amorphous silicon dioxide. The
plrysical interpretation of the interlayer is less straightforward, beiiz a research topic, bt the fit to the
ellipzometric data iz greatly improved by iclusion of the irterlayer. Some applications may not be sensitive to
the intetlayer in the optical model in the satve way as i ellipsometry. For this reason, the uneertainties stated on
thiz certificate apply ondy when the 3FEMs are used it ellipsomettic measurements.

The certified vahies along with noncertified supplemental information are gtven on page 3 of this certificate. The
ayplemental information includes valoes of & aad rat 30°, 55°, 60°, 653°, 707, and 75% angles of incidence that
were calouwlated using the trro-layer model. The thickness for a one-layer model of the oxide is also giren.

[t iz not possible to determine n,, 4, 1y, by, and oy from the measarements of A& and oo a single wafer. Therefore,
the derfration of the walaes reported inthis cerificate was carried out on abatch ofwafers as described in Refl [2]
with the followityz exceptions: wafers with nomdtial 10w, 14-rum or 25-rum oxides may have been inchided in the
data reduction. A more accutate wahae, 00156, waz used for the imaginary part of 1, [3].

The overall direction and coordination of the tectmical aspects of this SEM were performed by BJ. Belzer, V.
Harren, D. Chandler-Horowitz, JF. Marchiando and DL, Blackinrn  of the NIST Zemiconductor Electronics
Diiwiziot.

The SR wras fabticated in the Semdconductor Processing Research Laboratosy by ML, Biller and D B. Mooty
of the WIST Semiconductor Electromdes Division. The ellipsometric measorements leading to certification were
petformed by BJ. Belzer of the NIST Semdconductor Electronics Division, Cuidance on the statistical analysis
was petformed by WG, Croarkin of the HIST Statistic al Engine ering Diorision.

The suppott aspects trobved in the certification and issuance of this 3R were coordinated through the Standard
Reference Materials Program ber M AL Trabiey.

Gaithersturg, MDD 20200 Thomas E. Gills, Chief
Septerber 12, 1004 Statdard Reference Materials Program
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Cleaning and Handling: The 3EM should be stored in the clean wafer container supplied, and should be handled
otdy with proper wafer tweezers. Fwven when the 3B is kept in its clean contaer, a film forms on the suface of
the oxide. Thiz wmwarted film forms rapidly, and canbe removed by rinsing the SEL with reagent grade ethanol or
isopropannol and then with deionized water. Both sobverts, the alechol and the water, can be blown off the wafer
sutface with ultra-clean nitrogen. The sample noast then be permitted to stabilize in the atmosphere 20 to 30
mitnges prior to contitning with the meamurements. When the suface iz prepared in thiz mawer, the
theasurements are reproducible for several hours ot more.  If the SED becomes excesstrely ditty from
mishatwdling, improper storage, or ay other reason, the wafer should then be cleatned using a semdconductor
processing grade detergent and rinsed thoroughly with deiotdzed water,. No other clesning method is
tecommended.
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