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Scanning Electron Microscope Magnification Standard
(& Stage Micrometer Scale)

Serial Ma.

This Standard Refersnce Matenal (SEM) 15 ndendad primanly for use i cahbratmg the magaficston scale of 2 scammg elschon
nucroscope (SEM) withm the range of 1000k to 20 000 3. The SEM 15 individualbr certified and bears an identfirmg serial rovber.
The SEM cormsists of thm gold layers separated by layes of mckel of nommal thickmesses of 0.5 pm, 1 pm, 3 o, and 5 pmosach that
when vewed 1n cross section, the gold layers appear as tlm gold Ines in armckel athstrate. The SEM 5 mourted incopper-filled epoxy
withm a cvlmder of 304 stanless steel 11 non m diameter by 6.5 mm hgh.

The certfied region of the SEM 15 located ralatwe to a Knoop mdentaion (see Figare 1. Spacmes bebaeen the certers of the gold Imes
are certfied. SEM photonucmgraphs, showang the cerbified remion, are provided with the SEM. The certification 1s vahd withm 15 pm
on ether side of an rnagmary e extending fromm the Enoop mdentation mark nonmal to the gold nes.

Table 1. Cartified Spacing Vahies and Uncertanties

Lme Par Homunal Spacing Certified Spacing Wahies Uneertanty
(e {{pre] (e
0-—+1 0.5 + 0.034
142 0.5 + 0039
2=3 1 + 0038
34 3 + 0.044
45 5 + 0051
(O3] (10 (£ 0.05%)

Hote: Valies in parertheses are not cerbfied and are mven for raference onby.
Expiration of Certification: The cerbfication of this SEM 15 deemad to be indefonte, provided the SEM 15 handled and stored in
accordance withthe Care and Handlmg and C aotions to User sections of this certificate. Ay physical damage or other alterabiom of
the specimen saface, mehding any processes that remove saface matenal safficert to oblterate the Enoopindet at iom, will voad the
certfication.
Specimens were produced by DB, Ballard, M.E. Tayor Engmeermg, Brookeville, M.
Gumdance on statistical analysis was provided by ML.C. Croarlim of the NIST Stabisheal Engmeerme Divsion.

The teclkmical direchon and plysical measrements leading to certfication were provided by I Fu of the NIST Precison Engmesrmg
Diivisiom.

The support aspects prvobred in the certificaion and smance of fus SEM wee coordinated thronghthe Standard Eeference Materials
Program by ELT. Gettings.

Fatthersturg, MD1 20895 Thomas E. Gills, Chief
Ceytificate Issue Date: September 10, 1998 Stand ard Reference Materials Program
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Figure 1. Diagram of Certifled Fegion of SEM 4584¢

Certification Technigue: The distances betwreen gold Imes were measured by an SEM that uses a scanning specimmen stage whose
displacement is determmmed wsing a helum- neon intederommeter measnemert system. The SEM 15 scanned across the foed electzon
beam to caleulate the distances between peals from stage postbions and a peak-fmding agorittem 1s used to calmulate the exact peak
locatom. The certfied vahie for each distance is an average of mine measuremernts at seven locabons.

Ceriified Value Uncedamities: The imeertanty for sach cerbfied wahie 15 calmilated 25 TF = (2 ) and mmehades allowances for long-
tepn measuremert varabilty, disparties within the cextified ragion, mstnmment mnprecidon, and differances betwesn realmations by
scannmE electron nucroscopy and lme-scale interferometry. Al uncertarty components are Type & and are calmilated according to
the IS0 and NIST Guides [1]. The uncertarty mterval, + U7, defmed by the certfied vahe, s a two standard deviabon prediction
iterval for a meanpement at any pont withm the certfled region of the specimen.

Reference Value: 4 raferance spacing vahie 15 green for the 10 pm lme spacing, Ine par (0- 5], This vahieis not certified as it was
calmilated by surmmaton of the cerbified spacing vabies.

Cautions to User The aiface of sach SEM has been casfully grovmd and polished usmg metalograple teclriques. Clearning shoald
not be attempted as it could wioid the certfied spacing wahies.

Care and Handling of SEM 484g: When wrarapping and rewrapping the SEM unitt, the following procedure noast be folloarsd.

1. Place the pohshed suface dowm onto a clean plece of lens tissue. Do not use stheonetreated hsmes.

2. Fold the tssus edges upward around the SERM wut while holding the tsse aganst the side of the wut.
The polished sarface of the wat should not shde over the tssue surfarce.

3. Twnast the tissue pigtal down against the back side of the SEB unit.

4. Store the wrapped SEM unit m#ts plastic capsule when not inuse.

Recommended Calibration Procedure: The following 15 the reconmmended procedure for cabbratmg the magmfication of an SEM
using & REM 484z, Ths procedure can also be found in the ourrent version of Reference [2]. [t 15 sugpested that the user extend the
cabbration to adjacent areas cutside of'the certfied avea on the SEM for rodtme use a5 2 "Worling Standard". A list of pararmeters
that may affect the resultat magnficaion of 2 SEM can be found on pages 4 and 5 of this certificate.



Mote: The operational steps mdicated by the mamfachirers of scarming electron nucroscopes to calibrate the magnfication scals are
differert and offen do not consder all the mstumert parameters that may change the resultat magnificatyn. This calibration procedors
details the use of SEM 484 to calibrate one parboular SEB, bt may be used as a guide for calibration of other SEMs.

1.  FRigidly meout the SEM unit an an SEM stub with electricaly conductve cemert or clamp it arto the SEM stage after #ts sarface
has been mspected for cleanlness.

2. Make sure the surface of'the SR wmt 15 noewnal to the electron beam.
3.  Ewaruate to a vaomum of 107 Pa (107 Tarr), or better, to keep the cortanmmation rate as low as possible.

4. Allowr a 30 mm or more warm-up of electrorde cdroudts to aclueve operational stabiliy, unless & has been estblshedtha ashoder
tirme will suffice.

5. Adjust electron gan voltage (between 5 kW and 50 k V), saturate flamert, and check flanert shmmmert.

6. Adjust alllens owrrents at a resettable valie, Cyels lons cireutt OFF-ON 3 times to momneme hrsteresis effects.
7. Adjust lens apertures and stigmator for optmoam resobtion (mpmmm astgmatism).

8. dsswe SEM resohitionis a mimmom of S0 (500 &), or better.

9. The calbrated mpon extends 15 pm dove and below the Knoop pdentaion as showm mFigme 1. To viewr the cabbrated region,
posthon the SEM untt at a nommal magnification of 1000 %, so that the mmage of the Enoop mdentabion 15 visble at one side of
the viewing cathode ray tobe (CET). Al practice sessions should be conducted on these gold Imes awray froom this calibrated
reglon to reduce contanmation to the region and extend the Ifetone of the SERM.

10. Eeprodace the same working distance or magnification scale of the SEM by focusing on the mmage of'the 5 EM wut's gold Ines
with £ @ds control, at the highest possible magtfication, to moonize depth of foous, An altemate foous method is to use single
lme wave formn (v mode] and admst £ ans of masanoom sgnal height.

11, Perfomn the following steps to momnme the effact of Inear distorhons produced by the recording syster a) substibtte the SEM
for the unlmown sample then photograph, b choose Imes onthe SEM to be used inthe cabbratim so that the spacmg betasen
them matches the length of the object to be meanred with both images posiboned in the same avea on the CET, o) tape 2
nulimeter scale omto the edges of the CRT mthe *x" and "y directions to assist mthe relocation of the respectire nmages.

13, Add contrast, fnecessary: S/H ratio shouldbe 2:1 nurmoom.

13 Make the measuramert by mtamated image anabysis of the CRET image or measiramert of the spacmg by a photograplie
recording of the CRT mnage. If photographie recording is used, the pmts (usme Polaroid), should be dred 15 mm o 20 nm ormore
to mommrze effects due to enmlsion and coatng slhembkage. The photographs may be measured wath a TEM Diffraction Flate
Feader, or an e quvalerd mstnumert, the precision of which (about + 0.2 rum) 15 suttable for this porpose.

14, Measare the spacing between the hnes at three differert locations withm the cahbrated regon and average the vahes todetanme
the sparing.

15, Magnification = 5p acing meanred between image Ines on photograph
Certfied spacing betareen same lnes

16. Eepeat all steps at howdy or dathr intervals, or after adpstmernts and repawr, to detennme the SEM stabiliy and  remodeinky.

Parameters that Influence the Kesultand Magnification of an SEM: The parameters described below may nteract with sach
other. They are histed in order of thar location m the mstrument, from electron source to the recorded photograph or analyas of the

Image.
1.  Electon gm high-voltage instabilhy can change the wavelength of the electrons and thas the fmal foeus.

4. Dhfferet condenser-lens strength combimabons change the focal pont of 'the fmal lens.



3.  Unecorrected final lens astgmatisin can give a false mdication of exact foos.

4. Residnal magnete hysterasis, parhoulady m the final lens, can change the focal condibions fior a green
ndicated lens exctdabon.

5. Long depth of foous, parbeulady at lowr magrification and smmall beam divergence controlled by lens and
aperture selection, can lead to incomect foms.

&,  Hon-orthogomnal defection (x-7 ais) canbe produced by scan colls,

7. Srangenerator ciromts may be nonlmear andior change with agmg of crout componerts.

2.  Zoom contol of magpficaton can be nonlmear,

9. Honlmeary of scan rotabon accessory can distort magrfication at differert degrees of rotation.

10, Dustorbon of the electron beam sereep may ocour from extranecns magnetic and electrostatic fields.

11. The percernt error m magrificshon may be differmt for each magificshon range.

12, A tited sample suface (not perpendimular to the beam aas] wall mtroduce foreshorterme.

13. The tit conrechon apphed may not be relatpre to the tlt axos of the sample.

14, Zignal processing, parbmulady diferertiabion or homomorplic processing, can give afalse pnpression of foous, DC suppression
[sometmes called differarhial aphfication, black levelizam dark level or comrast expansicn] maybe used becase of the isctopic effect
onthe mmage.

15, The objective lens on some insthmnents marbe electrically coupled to the magmaficshon meter;, fhns, foous and magnification axe
operator dependsnt.

16, For the same apparent magmfirahon, teo different combinations of workmg distance andbeam scan-raster will produce different
Imear magyification.

17. Themal and electromic drift of ciwait camponets relaed to the sbove paramesters can affect magnification with time m a random

MATET.
18, Distorbon of faceplate and non-orthogonal beam deflechon of the CET can produce nonlmear magnification.
19, Camera lens distorhon and change of photograph image-to-CET ratio canlead to magmfication errozs.

20, Expanaon or cortracion of photographic material, photographic enlagmg, and cortrol of cortrast, can allhave a siaficat effect
on final apparent itmage magnification.
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