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1. WRREFBREERENR

Nano-scale Film Thickness CRMs

ARIVIENMREER T EEEENEMEIRE, FRREBRATERSICFMEZMET ZNA,
HEEERHERSY, SHEMHNAZMEE. B, REENSHNEERVNEKR, MAEEREERE &R
Mg, Bal, ERUERCHAFILESEEEE (GaAs/AAsBRIE) | “aMEEENSAEEERERENR, B
FXFLEIBFREE (XPS) . MEBFHEE (AES) . ZXBFRIE (SIMS) FREDITHRAMITERIIRAE,
BRI, RMASXPLRGSSEMHARREBREVEMRORE, URIESHBRE (TEM) | AEBER (SEM) KX
ERORE, DBRERADRERNHEE. MAEXREVELRNERTE, BEARMH RSB[R, HESF
BUAIFER,

BARBEABRRESR: 5825, 010-64526120, gaohf@nim.ac.cn

These CRMs are intended for the calibration of instruments measuring thin film thickness. Nano-scale thin
films are widely applied due to their unique optical and electrical properties. The film thickness is a critical
parameter closely related to the mechanical properties, light transmittance, and surface structure of the film
material. Therefore, accurate measurement of film thickness is essential.

NIM has developed nano-scale film thickness CRMs for multi-layer film (GaAs/AlAs superlattice), silica thin
films, and silicon nitride thin films. These are used to calibrate the sputter rate of surface analysis techniques
such as: X-ray Photoelectron Spectroscopy (XPS), Auger Electron Spectroscopy (AES), Secondary lon Mass
Spectrometry (SIMS). Additionally, they are employed to calibrate nano-scale film thickness measurement
instruments like ellipsometers and grazing-incidence X-ray reflectivity instrument. They also serve to standardize
the magnification accuracy of Transmission Electron Microscopy (TEM) and Scanning Electron Microscopy
(SEM). This ensures reliable and precise measurements of compositional depth profiles, film thickness, and
magnification factors. The materials meet the demands of institutions involved in the design, manufacturing,

and quality control of nanomaterials and devices.

Technical advice contact: GAO Huifang, 010-64526120, gaohf@nim.ac.cn

Fs Am E=4 7 RENRERS g8 Hg
No. Description Description Code Certified Values Unit of Issue

Oxide layer: (0.98) nm
1% layer: (20.12) nm

ZEIERE 2" layer: 10.60 nm+0.18 nm

1 (GaAs/AlAs 128 C'\f{;,llt'o'faé‘:;tsm ;:':uth:rm‘;z GBW13955 3" |ayer: 10.06 nm0.20 nm

%) tREM R P 4" layer: 10.58 nm+0.18 nm

5" layer: 10.07 nm+0.18 nm

6" layer: 10.58 nm=0.18 nm

2cmx2cm
2 GBW13957 12.56 nm=0.30 nm
3 = S— GBW13958 20.87 nm+0.36 nm
— LRSI Thin Film Thickness of Si0;

4 (R GBW13959 57.55 nm=0.50 nm
5) GBW13960 106.1 nm=1.7 nm
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6 GBW13961 52.67 nm0.28 nm

7 £ S e GBW13962 104.91 nm=0.32 nm

ﬁ{ﬁﬁﬁﬁf’; Thin Film Thickness of SisN,
8 ol GBW13963 151.8 nm=1.0 nm
9 GBW13964 205.0 nm1.5 nm
Surface layer: (2.16) nm
10 GBW13979 HfO, layer: 1.07 nm%0.04 nm

Al,O; layer: (9.51) nm

SiO, layer: (0.21) nm e

Surface layer: (1.85) nm
HfO, layer: 4.73 nm%0.04 nm
AlLO; layer: (9.41) nm
SiO, layer: (0.59) nm

SUREEEE - )
11 TR Thin Film Thickness of HfO, GBW13980

Surface layer: (1.89) nm
HfO, layer: 9.37 nm=0.06 nm
Al,O; layer: (9.45) nm
SiO, layer: (0.21) nm

12 GBW13981

2. ARIBRFEFENSERENR

Mono-atomical Step Height CRM of SrTiO;

ArnEMREZERTFREDBRTEME (SPM) MEMNUENERE, BRXLEREELEFEEE (<
0.5nm) WENEMEEVERME. T, KIEERFSEAREE, EMEESCEEEEEEE 1InmRETE, ZEH
NEXMNREMMNEE, FEERFEMBENNENR, SMOEMREERLE—TFIINRERTFENSER
VR, TEHRSRMFNNASHRRER, FERBRIRE, TUTRFRESENEHNE.

BARSEABRESN: (1818, 010-64526513, renll@nim.ac.cn

The CRM is intended for calibrating measurement instruments such as scanning probe microscopes (SPM)
and step profilers, ensuring the accuracy and comparability of measurements at mono-atomical layer thickness
(<0.5nm). In accordance with the International Technology Roadmap for Semiconductors (ITRS), the grid oxide
thickness has reached the 1 nm scale. To accurately measure such nanoscale material thickness, certified
reference materials with mono-atomical step height are required. The CRM is the world's first CRM for mono-
atomical step height measurements. It can be used in atmospheric environments while excluding contaminant
interference, and maintains stable lattice constants, achieving precise atomic-scale height measurements.

Technical advice contact: REN Lingling, 010-64526513, renll@nim.ac.cn

Fs 2 E=108 REMRRS 4| L
No. Description Description Code Certified Values Unit of Issue

RERIBERETAM  Mono-atomical Step Height
= EAR AR CRM of SrTiO,

GBW(E)136709 (0.39£0.29) nm T0mmx2mmx0.5mm



TETEHEHFHARR

/. /

National Institute of Metrology,China

3. BFEMUERERT. MoRERIREYR

CRMs for Calibrating Component and Structure of Electronic Microanalysis Equipment

WRITEMREERTABBRE, S8R, BEFRU1FRENTRSE. REIMRIRE, BTENBR
BURIAERAR IR AE. GBW136555GBW13955ECEEM, IR BEHNBERS. B, MK ERIR)

BARAGEABRZAN: FE, 010-64526131, li-xu@nim.ac.cn

These reference materials are mainly used for the calibration of component and energy resolution of
scanning electron microscope, transmission electron microscope, electron probe and other equipment, and
for the magnification and size calibration of transmission electron microscope. GBW13655 and GBW13955 can

meet the calibration of high, medium and low magnification of transmission electron microscope.

Technical advice contact: LI Xu, 010-64526131, li-xu@nim.ac.cn
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Description

X S RETRAX / IRIEAX

B

Description

CRM of Cu content in Al-Cu

film for X-ray energy dispersive

REVRRS

Code

==
Certified Values

fATTRAE: (254%0.15)%,

i

Unit of Issue

i1 MER

14 &:’Eggiﬂf\iggni sgif)téfs?,itgggcigm?etﬁ e (2.54%0.15)% 1 sample per bottle
calibration
CRM of Cu content in Al-Cu
X GHEGHEIEAX / LA film for X-ray energy dispersive R o
P P 0 b s e — FATRSE: (14.642042)% SR 1R
15 &:’Eggiﬂf\iﬁgmﬁ Sgg;:g’;‘gzg;‘:;’g:gg:’ MRS | 6 o (14.64%0.42)% 1 sample per bottle
calibration
CRM of Cu content in Al-Cu
X BHEEBEIEAY / SEIE{Y  film for X-ray energy dispersive I . o
he e —= B fATTREBE: (49.29£0.90)% i1 NMER
16 mggﬁiiggmi Sﬁiﬁéﬁ’&iﬁ;@iﬁﬁ?ﬂ NIM-RM2165 ¢} content: (49.2920.90)% 1 sample per bottle
calibration
CRM of manganese content
4 Y of pure manganese flake SRR
17 é%gfggﬁéﬁ%‘é for X-ray energy dispersive 1 buipoc, BTREE:D (99.60.6)% 88 1 M@
E—V‘EWH’F_ spectrometer/ wavelength Mn content: (99.6+0.6)% Each plastic bottle
L3 - dispersive spectrometer contains 1 sample
calibration
: - Au{111} REEEE:
" e CRM for high magnification PN
18 Ej?fﬁfiﬁf%@ﬁij( calibration of transmission GBW13655 (01232220 0030) g . 21 M
EERRERRENR eloctron microscope Au{111} lattice spacing: 1 sample per box
P (0.23220.0030) nm
217 m, 48
B S AR A
BHBFRME CRM for the calibration of BAER: (764+11)nm ,Tf:: giggg:tt’;
19 ISRENERSE contamination rate and drift ~ NIM-RM5306 HoTe diamzze'ter' (7g4+1 Dnm | the ouF;er r;acking’
BERREM R rate of TEM : -

is high elastic film
plastic box
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4. K SRR ERREYIR

CRMs for Calibrating Raman Spectroscopy

HEXEEERE, 5. TREFR, B ZNATHERIP. €I, H8. EaRE. AYRNSFRE.
RSXENEMMEEESMIR TR SMEMASHENBENER. IF, B, BT EREHE SR SME
SR BE2XSIPIEME, TTAT(83-3325) cm N EXIEENNSIMBIRE, MURBARKEKS145 nmill
488 nmBVIU SGIEEXRENRE, HERSIOEMNELERER. TLLHITKR.,

BARGREABRESR: HIIHE, 010-64524908, yaoyx@nim.ac.cn

Raman spectroscopy, with its fast, efficient, and non-destructive characteristics, has been widely applied
in fields such as environmental protection, chemical industry, pharmaceuticals, food safety, and drug testing.
The qualitative and semi-quantitative analysis of Raman spectra rely on the accuracy and reliability of Raman
frequency shift and Raman relative intensity. Currently, the National Institute of Metrology has developed two
categories of eight standard materials for Raman frequency shift and Raman relative intensity. These materials
can be used to calibrate Raman frequency shifts across the spectral range of (83-3325) cm™, as well as to
calibrate Raman relative intensities at an excitation wavelength of 514.5 nm. And 488 nm. This addresses the

requirement for accurate and comparable measurement results in Raman spectroscopy.

Technical advice contact: YAO Yaxuan, 010-64524908, yaoyx@nim.ac.cn

Fs E=4 7 B RENRERES g8 LS
No. Description Description Code Certified Values Unit of Issue

S 514.5nm Relative Intensity Correction

" Standard for Raman (500-4000) cm™
2 B3 *fﬁ#;’?%dﬁ}g Spectroscopy: 514.5 nm CELl et U=(7-20)% /
v Excitation

SR 488 nm Relative Intensity Correction

o Standard for Raman (300-5000) cm™
21 BRI E5IEAERT IR E Spectroscopy:488nm GBW13989 U=(5-16)% 30mmx10mmxTmm
MR Excitation

(83.2+2.2) cm™

Raman Shift Standards for (153.2+2.2) cm’”

1576.3£2.2) cm”
3055.1+2.3) cm’

T B AR o :
22 R SRR EY R Spectrom(;tueI;uCrallbratlon. GBW13651 (219.242.1) em” 0.5g9
(473.2+2.1) cm™
(513.7+2.3) cm™
(763.0£2.2) cm™
-1
Raman Shift Standards for ]?lzgfgg E21
23 SN IR EY R Spectrometer Calibration: GBW13652 Do 4 0.25g
Naphthalene 1381.3£2.2) cm
P 14635+2.3) cm’"
,
,

A~~~ A~~~
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Description Description Code Certified Values Unit of Issue

(384.12.3) cm™
(426.5%2.4) cm™
(801.9+2.4) cm™
1028.1+2.2) cm
1157.62.4) cm
1266.4%2.3) cm

-1

i -1

RO S5 Raman Shift Standards for ;
1444.2%2.2) cm™
-1

-1

-1

;

= Spectrometer Calibration: GBW13653
IR Cyclohexane

24 1.5g
2664.2+2.2) cm
2852.4+2.2) cm
2923.4%2.2) cm
2937.5+2.2) cm’

NSNS S S~~~

(214.1£2.4) cm™
(328.8+2.3) cm™
(391.8+2.2) cm™
(465.3£2.2) cm™
(504.3+2.4) cm™
(651.8+2.4) cm™
(710.9£2.2) cm™
(797.1£2.4) cm™
(834.0+)2.3 cm™
(857.5£2.2) cm™
(968.5+2.3) cm™

Raman Shift Standards for y
X Z B S BB 2 5055 RS (1104.6%2.7) cm
25 YR Spectrometer Calibration: GBW13654 (1168.2+2.3) cm”

Acetamidophenol (1236.5+2.3) cm”

(1277.7£2.4) cm”
(1324.4+2.3) cm™
(1371.2+£2.4) cm”
(1515.2+2.3) cm™
(1561.4%2.3) cm”
(1648.5+2.6) cm™
(2930.4+2.2) cm”
(3064.6+2.2) cm™
(3101.9+£2.4) cm™
(3324.6+2.3) cm™

(621.2+2.1) cm™

(795.5+2.2) cm™

(1001.0£2.1) cm™

(1031.2+2.1) cm™

N o (1154.6%2.3) cm™
B =L

26 ERZS*Z,_%Z%EE*E Spectrometer Calibration: GBW13664 (1449.0£2.1) cm™

AT/ Polystyrene (1583.2+2.2) cm™

( -1

( -1

-1

E E

,
;
,
;
,
;
,
;
,
;
,

0.15g

Raman Shift Standards for
B 1cm

1602.4£2.1) cm
2851.3+2.3) cm
2907.5+2.5) cm
3055.7+2.4) cm

o = Raman Shift Standards for 4
S4NFBHR . . +
27 R SMEIREY R e GBW(E)130752 (520.7£1.2) cm TcmxT1cm
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CRM s for Fluorescence Relative Intensity and Fluorescence Quantum Efficiency

SOCHEXT SR EAR YD R A T 306 IR X BB AR RT SR ERIRUE, SRIGSEAEXIBERIEMZ, DARRRIIEN
IEMERERY, SOOCEFREINEN RN AT RABENENERNCEFRRIMENSLY), LUETNETERFN
BB EFHER, SOCHET ZNATIOMBEENEED T, SICCEI AN EX SRS
REZFEXBIER, SCEFHMERRITMICHRLCERIERXRBIVSE, SOCENRENCE FRERRE
MEHNRARENZHELE MR, ERERASEREYSE, TMSOCHENTHEE FRTNEHNE,

BARAREABRESN: JEIU, 010-64526517, jiazl@nim.ac.cn

The fluorescence relative intensity CRM is applied to calibrate the fluorescence relative intensity of the
fluorescence spectrometer, obtaining the fluorescence relative intensity calibration curve to ensure the accuracy
of fluorescence spectrum measurement. The application of fluorescence quantum efficiency CRM is to serve
as reference materials when measuring fluorescence quantum efficiency using relative methods, in order
to calculate the fluorescence quantum efficiency of the tested sample through measurement. Fluorescence
spectroscopy is widely used for qualitative and quantitative analysis of fluorescent materials, and accurate
measurement of fluorescence spectroscopy plays a crucial role in the research and application of fluorescent
materials. Fluorescence quantum efficiency is a crucial parameter for evaluating the luminescence performance
of fluorescent materials. The fluorescence relative intensity and fluorescence quantum efficiency CRM are
packaged in matching sealed colorimetric dishes, which are convenient to use and have stable and reliable
values, achieving accurate measurement of fluorescence spectra and fluorescence quantum efficiency.

Technical advice contact: JIA Zhili, 010-64526517, jiazl@nim.ac.cn

Fs 2R 2 IRENRES B2ME L
[} Description Description Code Certified Values Unit of Issue

BRET AR ET Fluorescence Quantum
28 W= TEMKIUET Efficiency CRM of Quinine  NIM-RM5027  3SEBFHE n: 0.546+0.052 12.4mmx12.4mmx53mm
MEREY R

Sulfate Solution

1< Wavelength: 380

. oS AL AR T Fluorescence Relative nm~670 nm
29 Ejlhﬁi;?%@gmw Intensity CRM of Quinine  NIM-RM5028 £1E Certified Values: 12.4mmx12.4mmx53mm
= Sulfate Solution 0.005~0.997 CPS/Counts

AHEE U=0.001~0.032(k=2)
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6. M NZFMRENE RERIERIREYE

CRMs for Calibrating Mechanical Property Measurement Equipment

HRAFZRNAIREY RO DREERETE, ERTF X FEERNDNENBERDEETEORE. HK
EAGREETEMR, BTFRENKEANNEAEENEAES, RENSNELHRERREY, BHRILRE
EHAREANESEEERNTLENE, FHEMAKERMBAETHELANN B RVNEEWREFR,

BARGSEABRRZSNX: FE, 010-64526131, li-xu@nim.ac.cn

The standard value of the reference material for residual stress of iron block is close to zero, which is suitable
for the calibration of the low stress range of the X-ray residual stress tester. Fused silica for the calibration of
nanoindentation equipment can be used to calibrate the indentation hardness and modulus of the nanometer
indentation instrument, calibrate the indentation head area function of the instrument, ensure the accuracy and
comparability of the measurement time value of these devices in the nanometer indentation measurement, and
meet the needs of the measurement value traceability of the research and development of micro and nano films
and devices production and application units.

Technical advice contact: LI Xu, 010-64526131, li-xu@nim.ac.cn

Fs B E=4 1 IREYERS EME L
No. Description Description Code Certified Values Unit of Issue

X BHATE S R MY CRM of residual stress

e 2 of iron block for X-ray B%RM /1 Residual stress: K RERIK
& B‘E/Eﬁ;?é@fé%ﬁb residual stress testers NIM-RM5257 (15.2+2.8) MPa Rectangular block
2 calibration
PKREANESE
Nanoindentation modulus: SE%EN—&
MAKEABTAZ  Fused silica for calibration (72.6+2.8) GPa ; T
3 IR IR of indentation test NIM-RM4601 MREAEEE One piece in each

Nanoindentation hardness: pEE

(9.5+0.5) GPa

7. ERCSBIR(EZE M 52 2 BAREYI R

Seebeck Coefficient CRM of Bismuth Telluride Bulk

ZinEYRERSHRNTERREAABMNENTRYEVERR, RAESSENIREYRETERE, HE
ESMTEMRRIE, SEERBEMREN—H. ZINEYREGRFNIIIENRBEYE, TJEETHBEESFTHE
MRRVEMEETRE, BCRREAENTREUTENR, HEITERAZA, JEASIMRHERTREIRE
B, RSUEEREMRIL. FRFERIMETN. CUFRRERNE, BERNELERERITL, FHERHARE.
UV FRRERASHEMNARNNATENTRYEERRNER, AERFEER. HMEF. BESFIREMT
EXiE,

BARGEABRZAN: F, 010-64526538, lishuo@nim.ac.cn
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This CRM is obtained by a metrological bulk thermoelectric material Seebeck coefficient measurement
system which is traceable, using the quasi-static method that is verified by foreign SRM. The measured values
have achieved international equivalent consistency. This RM has good uniformity and stability and can be
used to calibrate Seebeck coefficient measurement instruments in vacuum or inert atmospheres. The RM fills
the domestic gap and can provide standard values of Seebeck coefficient as reference materials. It serves
for instrument calibration and acceptance, new material research and performance evaluation, enterprise
product quality control, etc. It can ensure the accuracy and comparability of measurement results and meet
the requirements for the traceability of Seebeck coefficient values in thermoelectric materials research
and application in scientific research projects, enterprise product quality improvement, etc. It can provide

metrological support for domestic new energy, microelectronics, communication and other industries.

Technical advice contact: LI Shuo, 010-64526538, lishuo@nim.ac.cn

Fs =41 B REMRERS =1/} g
No. Description Description Code Certified Values Unit of Issue
32

THURREENTRE Seebeck Coefficient CRM o1/ 000 (212.80~227.03)uV/ °C

R of Bismuth Telluride Bulk U=(3.74~3.81)uV/ °C(k=2) ATl Sl

8. (RiZ X E %X B RSB & SR EY R

CRM of Solid Fat Content Using LFNMR Direct Method

ESBEI S SfEY R B FERSZHEEIRE (LF-NMR) WEEAEIEE (SFC) BIRE, N7TEWIERE
ERtRMROXE. NAMEEERRTIVPISRA. AHa. ASIHSMI~maEmow, Mgtk ek
. RN TZMMAS RS E AR RIS RAE N 75 AR RIS RIIR .

BARBEABRRESN: B, 010-64526513, pucheng@nim.ac.cn

The CRM for solid fat content is intended for calibrating solid fat content (SFC) measurements using low-
field nuclear magnetic resonance (LF-NMR), providing critical support for method validation and quality
control. Application areas encompass fat analysis in processed products such as chocolate, dairy products, and
margarine within the food industry; process optimization and quality monitoring of shortenings and baking fats
during oil/fat research and development; as well as standardization of testing methods and result traceability
for quality inspection agencies.

Technical advice contact: PU Cheng, 010-64526513, pucheng@nim.ac.cn

Fs =41 B RENRERS 1| g
No. Description Description Code Certified Values Unit of Issue

B EERAEAI A £ solid fat
content: (30.1£1.9)% —E=R

C EEARER A& solid fat A set of three tubes
content: (69.4%1.9)%

{RiHIZEEIZERER  Solid Fat Content Using

= FEER & EVREYR LFNMR Direct Method

NIM-RM5504

10
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