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This Stendard Reference Material (SR 15 intended primarily for use in calibrating optical microscopes used to
make dimensional measurements o ativeflecting-chromium integrated-circuit photomasks. SR 473 consists
of patternz of clear md opaque lines with nominel dimensions renging from 0.9 to 102 pm end line-spacing
(pitchy) patterns renging from 2 to 36 pm (see figures | to 3). These patterns are on & nominel 63.5 x 635 x 1.50
mm (2.5 x 2.5 x0.060 i) cuartz substrate. Certtified walues are given for linewidths (both clear and opeagque) and
ling-spacigs (center-to-center) for one of the eight repeated pattems on the 3EM as indicated by the pattem
ramber given with the serial ramber. All measurements were made within 3 pm of the center of each line featare
(at the fiducial line) and the cettification spplies only to that portion of the feature. The certified values,
precision, end estimated accuracy are given in the table accompenying this certificate.

The certification and vsefil hifetime of the 3RM are deemed to be indefinite, and re-cettafication 1s not necessany,
providing the SEM iz not dameged ot contaminded. The user is advised, therefore, to be careful to insure the
proper hendling sd stomge of the SRM (e.g., avoid touching the sutface with the mictoscope objective lens while
settingp or forusing). Use of this SEM i & scatming electron mictoscope is not recommended; the SEM could
become contarminated, the matenal profile could be changed, end charging ad edge effects could inwalidate the

theasurement.

All measurements for certification were made with the NIST optical inewidth messurement system [1,3], which 1s
a photometric transmission microscope with & scamung stage end displacement messuning mterferometer.
Linewidths ate determined from the image profile using partislly coherent opticel sdge detection. The
petformance of the system is essessed before end after each calibration by meaesuting features on & control
photomask.  These control measurements include center-to-center spacing of line peits which heve been
indep etidently calibrated on the NIST Line Scale Interferometer.

The procedures for using this SEM to calibrate optical linewidth messurement systems are described in the
accompanting documents. These procedures heve heen used successfully in en irterlebhormtory shudy using
antireflectingpatterned 3EM 474 type photomaslks [4]. This study showed that, in most cases, using the SEM to
calibrate optical linewidth systems leads to improved meamuement sccuracy. SRM 474 hes now been superseded
by SEIM 475, which also has anti-reflecting pattern feabures, tut the overall pattem has fewer opague sad clear
lines. SEM 476 has the same owerall pattem as 475, but is pattemed with bright chighly reflective) chrominm.
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The relatrve brightness of an image profile at a line edge location is a function of the plysicel and optical
propetties of the imaged object (the ling) [5]. Therefore, the calibration of & system using a photomask SEM 1s
vlid oty for measuring artifacts with ploysical end optical propertiss sitvilar to those of the specific SEM used.
That iz, 3EM 474 ot 3RM 47 5 should be used to calibrate systems for measuring similar low reflectivity (e.g., AR
chrotmium) artifacts styd SRM 476 should be used for me ssuring high reflectivity (e.g., bright chromium) artifects.
Also, the transmittence of the artifacts should be low (less that 0.2 %) and the thiclness of the pattemed layer
should be siall compared to the wevelength of light used.

The wdetlying theory end the optical equipment used m the certification of the HI3T photomask 3REMs were
wnitially developed end constructed by D Nywssonen. The equipment for astometion of the messurement process
waz subseguently designed, constiucted, and programmed by JE. Potzick. Measutement and stetisticel analysis for
this 3RM were petformed using the NIST opticel linewidth measurement system by the Microelectronics
Dimensional Metrology Group, Precision Engineering Difvision, with oversll supervision by R.D. Larrabee. BN,
Varner of the Statistical Engmeering Division provided statistical consultetion.

The technical end suppott aspects itvvobred in the preparation, certification end issuance of this Standard Reference
I aterial were coordinated through the Zteandand Referenice Matenals Program by M M. Trehey end TE. Gills.
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Figure 1 Aview of the overall pattem on SEM 475, The basic measarement pattern is repeated eight times dbout
the center. The horizontal and wertical lines help locate the pattems.
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Figure 2. A view of the center of the SRM. The pattem mamber given with the serial mumber on the calibration
sheet identifies which pattem has heen measured by HIST. Pattern identification munhers canbe seento the left of

each basic measurement pattem.
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Figure 3. A-iew of onie besic meamurement pattem an the SR, The itdrridual lines and line pattems are located
by reference to s alpharmumeric grid withithe letters identifyping the row etid the mambers identifying the cohams.
The long wertical line on the tight is used to align the pattem on the messurement system. The broken hotizontal
lines matk the central calibrated aren of the features.

Calibration vahues ate grven for: widths of opagque lines in row A atud clear lines in row B; center-to-center spacing
of the two itmer (short) lines of each line pattem in row E; widihs of the left inner (long) line and the space to its
right of each line pattem i row F, and certer-to-center spacings of lines relatore to the first line on the left of
each line pattem in row G
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