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This Standard Reference Materal (SRM) 15 interde d primmanly for use in calbratmy optical nusroscopes nsed to make dimensional
measuremmerts on atireflectig clrommum mtegrated cirvutt photormasks. SRB 473 consists of pattens of clear and opaque lmes with
nonmal dmensions rangme from 0.5 pmto 30.0 pm and Ine-spacing (pitch) pattems rangng fom 2 pm to 70 pum (see figares 1 to
3). Thes pattems are on a normnal 127 mmx 127 mm x 23 mm (500 x S 0mx 0.09 m) quartz substrate. Certified vahies ae given
for bnewndths (both clear and opaiqae]) and hine-spacings (center-to-center) for one of the aight mpeaed pattems on the SREM as
indicated by the patemmmamber givenwith the sedal mavber. Al meannenents were made withm 3 wm of te cermter of each Ine fabae
(at the fduciallne) ad the certifiration appbes only to that portion ofthe featare. The certfied vahies and urrertatties ave given mTahble
1 A copy of 5P 260-129 [1] 15 mechadad with each went for further reference.

Note: Use of this SEM in & scannig electron nucroscope 15 vot recammendsd, the SEM may berome contawvmated, the matenal profils
may be altered, and chareing and edge effects may iralidate the measurement.

Ceriification Technique: Al measuremerts for certfication were made with the NIST optical Ineandth measwemert system [2],

which 15 a photornetnc transnission rucroscope with a scaroing stage and displacemert measuning tederometer. Except forthe set

up and removal of'the photoamasks, the ertive cabbration process is mtomaed. The perfommance of the system is assessed before and
after each calbration by me asaring features on a cantrol photomask. These comtrol meanrements nehad center-to-certer spacmg of’
Ime pans which have been mdependantly calbrated on the NIST Line Scale Intedforonstor.

Liewidths are detarmmed fioem the image peofile (omage mtensty s, position across a feature). The algorithm for locatimegthe postion
onthe mage profile of the featue adge 15 derived from a mathematical model of the optical mirrosmope and is hased on the theony of
partal coberence [3-5]. Because the relatwe brightness of an ivage profie at this edge positimis a fimction of the physical aud optizal
propertes of the mmaged obyect (the ne), the cabibraton of a measzemernt sstan by wingthis SEM s vald orlyfor measuing atifacts
with plysical and optical properties simidlar to the spectfic SEM used.

The underlymg theory md the ophcal equipient used in the certification ofthe NIST photarmask SEMs were developed and mmshaly
constructed by D, Hywssonen of the NIST Precision Engmesrmg Dovision.

The equipmernt for atcmation of'the meanement process was subsequently desigred, constmicted, and progranumed by I E. Potziclk
of'the HIST Precision Engmeenng Division.

Measarement and statistical analysis for this SRM were performed wsing the NIST optical Inewidth measuemert system by C.F.
Vezzetti and F.4. Snoots of'the HIET Precisiom Engmeenng Division.

Statistical suppont was provided by R.H. Vamer ofthe HIST Stabishcal Engmeermg Dnvision.

The support aspects nvobed in the preparation, cerbification, and issnance of this SEM weme coordinated through the Standamd
Feference Materiads Program by R.J. Gettmgs.

Gaithersbarg, MD 20859 Themas E. Gills, Chief’
Certificate Issue Date: Jarmary 30, 1957 Standard Feference Materials Program



Expiration of Certification: The certfficaton of SEM 473 15 walid indefinttely, witlin the measremsrt uncertamty speciied,
provided the SRM 15 handled and stored in accordance withthe mstruchons giren i this certificate (see nstmadions for Usel. Periodic
recertification is not required, however, ths certification wall be rallified &'the SEM 15 damaged, contanmated, or modified.

Instructions for Use: Care nost be exercised when handlme this SRM. Avoid touchme the sudace with the macroscope objective
lens while settmg up orfocusing. The procedures for wsing this SEM to cabibrate optical Ineandth systems are descrbed in the
doemments accompanyme this certificate. These procedires were nsed siecss sfully m an nterlaboratowny stady [6] wath protobrpe
antireflerting chronmon SEM photomasks. Thus study showed that, mormost cases, using an SEM to calibrate optical lnewndth
measureitent systens leads to mproved measrement accaracy

Miote: This SEM 15 one of a sute of theee SR s (473, 473, and 476) ntended fior calbratmg systems for measumg nevadths on
artifacts consistitg of transparent substrates with fhin, opaque pattemed coaties. SRM 476 is pattemed with bright cluonmam and
15 ntended for calbratmg systems for measnumg arbfacts with lngh reflactance. SRM 473 and SRM 475 are pattemed wath
antireflectmg cleorrmom ad are ntende d for cabbratmg systems for measming artifacts with low eflectance. SEM 475 and SRM 476
are pattemed on nommmal 63.5 non ke €35 non substrates and have certified Imewddths rangme froon 0.9 pmto 108 pm. SRM 473
15 pattemed on a nowmal 127 renx 127 ron substrate and has certfied hnewidths rangme from 0.5 wento 30 o noremal.
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Certifled Measurements and Uncertainties: All certified values given mn Table [ are mean valies
of 9 or more repeated optical linewidth measurements. The certified linewidth values have a
maxmun expanded combined uncertainty of 36 mm at the 95% confidence level The dominant
components are the estimated Type B linewidth uncertamties from the fintte matenal edge geometry
of the pattern features and from the unknown phase of light transrmtted through the chrome, as well as
the Type A random uncertanty of 9 nm

The certified line epacing values have a maamum expanded uncertainty (from random and
systematic effects) of 10 fum at the 95% confidence level

Tahle 1 Certified Values. The following are the certified walues, given in micrometers for SEM
473 Serial Number 473-BO38, pattern 1, calibrated & June 1995,

Linewidth:
1A 1B 1C 1D 1E iF I 1H 1l 1.J 1K 1L
0501 0.59 O0F3 082 000 107 151 201 50t 10.02 2001 29.49

Spacewidth:
24 2B 2C 2D 2E 2F 2G 2H 20 2] 2K 2L
045 057 065 076 088 085 146 1.97 497 999 1999 30.00

Center-to-center pitch:

3A 3B 3C 3D 3E
1.990 3.022 4.008 4802 6.213
Relative line center positions:
4A 4B 4C 4D 4E 4F
0.000 4.990 14,995 19.985 38.390 62.993

Left inner linewidthfeenter spacewidth:
5A 5B 5C 5D
1.02 0.98 202 1.89 302 299 5.01 4.98

Relative line center positions:

6A

0.000 1.637 3995 5987 B001 9998 12.007 14.008 15994 17.987
20.010 22.002 23896 25898 28.002 29985 31.991 33.991 36.000 37.997
40,011 42,001 44,000 45889 48.001 49895 52.001 53.891 55.983 58.001
59.986



Figare 1. A viewof the overal pattem on SEM 473, The basic measarement pattemis repeated excht tones about the certer. The
hotizortal and vertical Iness help locate the patterns.



Fipure 2. A view of the certer of the SEM. The pattem mumber given with the senal mevber identifies which pattem has heen
measwed by HIST. Pattem mmber 1 15 mthe upper left, pattem rmamber 8 is m the lower right.
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Figure 3. A view of one basic measwrement patem onthe SEM. The cabbrated feabures are sranged in s rows. The location of
mdradual features m rows 1 tlrough  are dentfied by reference to an alpharmmrerc cods wath manbers indicatme the rowr and letters
indicatme the posticm withm that rorer. Eow 6 contains 2 smgls wmlh-e fzabare with every teth e ronmbeied. The bosx smoundmeg
the overll pattem 1sused to align the pattem on the meanwement system. The broken horortalhnes mark the certral calbrated area
of'the featares, The pattern identification munber canbe seen mthe box above the carpet design mthe lower nght muadrant.

C alibration values are given for the followmng:

widths of opaque lirves m ronar 1 and clear Imes m row 2,

center-to-center spacmg of the taro irmer (showt) Ines of each Ime pattern m row 3;
center-to-centar spacmes fioan hne 44 to lmes 4B throngh 4F m roer 4

widths of the left pmer (omng) e and the spare to is nglt of each lne patterm m row 5; and
center-to-center spacmmgs from e Dto ines 1 theough 30 mmow &




