2 2018-11

4 5 81 8
Japan Association of Reference Materials
H X
1. FH3 O BEMEHRES BRI OT: - v e e e 1
2., IO PR Z ADE ¢ ¢ o o o o o o o o o o o o o o o o o o oo 43
3. ;{(E;%?ﬁﬁa ............................ 44

TR 3 04 FHEME RS EHRITONT

YRk 3011 F 98 (&) 1830 b
HIERE F¥oNR A )_—vakr
H—% BHIAEE 2 0BT, AR 30 EEEE
Y EEs BESVPHEShE L

HBIE TEX— SEIEUD, ARRE &
IZ S ZBIe7E &, ShES 35 & (GEBAf
Bie) TOMESERYD, BEDSblIkz 5
CERTEE Lk,

EESE, BRIl oToTELE—SED
RETHEY, 2BOBENIDVE L, &5
T, FFRESICBINTE o Te B 0ERRIC
biFmERIET A Z LRI, EEEO T
Aoy L, HHOEREER LE Lz, YHIL
2T 3 IFHREDRERE & 2 0 F L,
ERREEEN DY), REFEERHEES L
ENELE,

FEE s R

FHEI T T AL, ER1  SEEREATR
BT HESIERE] LELC, (E) EEEIN
WEWERT FEEERESE ¥ — WEEEH
RENISEE T BEMER LA ESIEYEN
TN—TRO&TENA B 3BE2 ISO/MEC
17025 : 2017 OWENFITOWT] ELT,

() S FHEBINEREE Rk y— &
ERERE T =ERA Roeheh JHE
WheEEE L,

AEZ Tk, FEOHE L. &7 TA H0E
B LEd. 2B, mEBEA ROBEN,
R raE L ET




A B TREEORT




N#1J" National Metrology Institute of Japan

Tﬁﬁ
g

OUE B FREBALR IS EXUE

EEE KB ERDE M

BEYEESCTESRES SIHE  BR
EEFIITHREZR £FEA 11598 13:30 — 15:00
HHITEATF YRR/ _R—avErd—
ZBE=EE?
20184118098 (£) nationaL wstirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 1

N National Metrology Institute of Japan

[Eaall =,
= =

FEREMSR (S 1, EFHZFICEDE, »OoBWICKEFEL K
WEANEEIN2019FE5B20H A BN S, BRDOEAL
THDHTURTIE, WERDOSI ICHEWTIE2 AOFITERM(IC
BLHDORETEICL UE%éﬂfukﬁ,&E%@& BN
I, BREECFARBUICLYVERING, F/1-, TOBEIEE
ICMZATT SV ORI TERMEE LD EICLY, cnEFTH
BHICEEZ SN (BEE] #4 & ﬁ”?ﬁttfﬂ%ém
TE= /aﬂ7y/%% EBTIERE, EFR— LR IBIIZEXE L
SEE Lﬁ_ﬁmﬁé EETRD, Lﬂ6—0m1%ﬁb =5
E%QXUv%t&E®E¢%@¥ﬁ DWNWTIHER3,

20185114098 (&) narionaL nstirute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 2




1! National Metrology Institute of Japan

20185115098 (&) namonaL iwstirureoF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

{15~ National Metrology Institute of Japan

FRLABICERLSTNS L3]H Gl2a5H) ENAEICERA NG & FH (RET E)

2018%118098 (&)

narioraL wstirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) %




NI J" National Metrology Institute of Japan

) DEFH

~

& EAASIRY N el %% ¥ b
ﬂp\zxm-?:l— k>

L7

L 97 ]

2% 107

I

B LARICERINRND 5|0 BIEED )
wanionaw wstrrute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

20185114098 (£)

NI J* National Metrology Institute of Japan

K (TATA)

JIX

==
= 1L
= N
B NE% (8) ——
o | MES (E5E)
R el o ek & ok [HESHR TRXE
ﬁ\bfﬁ;l‘:@'?i Fﬁb—cm.t;&.k I R ’ i ‘-" -
#3 B JIL !n_é'fﬁc%l_ 2 JIL ﬂ @{%E'fﬁ : L’.ﬂ?ﬁjfﬁtf%ﬁg
20185118098 (&) nationat nstirute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 6



te of Japan

N National Metrology Institu

SN DO TIEBEDE R WL

4 — LOFEBTEE EEIA OKD D

Va7V iR

V<
R <\ EFR—NEHR

[ <GIOBTHRSH SEEMICHROTLED

=

Hobb, . FUATIEERBAGZOIC, |
/«J@E%Htjﬁ%w\\\ﬁA

20184114098 (%) narionaL wstruteor ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

[NATJY National Metralogy Institute of Japan

TNHhSDER (FRT) DERK

EFOEBYY OB TE BEETER

2018%11H09R (%) narionaumstrure of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




National Metrology Institute of Japan

EFOEH (BR0E. B58) =

RL/NSHBEREDN

“

™

namionaL insTiTuTe of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

20184118098 (&)

AIST

i
(L]

ML )Y National Metrology Institute of Japan

EBEFDOBEF (BEIDE.

o = = =P =1
B X\ B — B X\RE

1.6 x 10-1

20184E11F09H (&)

namiona wstrute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

10



NI National Metrology Institute of Japan

E;f
==}

BFDEMN (BEXDE, B
1.6 x 1019 [ —

I
i
)
At

58)
H

>~ |

2

20185118098 (&) narionaL stirote of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 11

N Natlonal Metrology Institute of Japan

il
(Ll

1.6 X ' —
0 10 000 000 000 000 000 000 S
{ |

{
0721 9 {E!!

20184 11H09H (&) namona instirute oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 12




M) Natlonal Metrology Institute of Japan

1
1.6 x 7 —0 v

N\1000x=

BFO24E = 1 g —H0

2018411A098 (&) nariona instirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 13

11J' Mational Metrology Institute of Japan

S
ﬁ}

TNHALDER (7 _7T)

==
29
2=

ETORFMEA-Y) OB TCEREE

2018%11H09E (&) narionaLmstrrute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 14




LRERDOBEF DRI = S (&)

L AR

1727 = 7= =
& DAl = — Bt

15

20184€11H098 (&) anonaL msTrureor ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

N National Metrology Institute

H DB F DAL = B <,~..>

4
H

1MEIcl7—AYRANSES

L FASF
SE. ..
1 #EIC EFZAAF[EHRND & &
1 JF et B

1 EIICF AL SABNERALBIBHTEE A o o

of Japan

20185118098 (&) sarionawmstirereor ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 16




MIAJ Y National Metrology Institute of Japan

_%%@%U’Tﬁﬂ El"—//\J

1MEIcFAGTCSARNELEAL, HIEHTEEZEA. o o

TH, —2—2hbL, T LT YV apERICHETEEI!

2018411H09E (&) namionaL instirute oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 17

M ' Natlonal Metrology Institute of Japan

EBF ORI == FBIMN

> |

e
o

. -
Vil P 6’1 A A
e ol /

BEFHA—RE LI AL WFEEIES
FFOKEZX#FEAANICEZ T, EF2—2—2oF#I+5 ! !

2018%11H098 (%) warionaL instirute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 18




National Metrology Institute of Japan

BEFFy FORROBEEZEHS
€2

EFHF—DULAASHEVE | o b
=BT kY h e

=HOREIZHDAD

HEEERTES> TN E—BFR 7

narionaL wsirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 19

2018%1150%H (&)

NV Natlonal Metralogy Institute of Japan

BT A —D—DFE LA SEY HITEFHENER
Bt | = |BRER=E| X |~ PHICBEIELEFOEHK

I =ef

namionaL wstirute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 20

2018%11H098 (&)




MR1JY National Metrology Institute of Japan

B—EF Ry P=F8n

Bt | = |BXARE X—@ﬁb@%éﬁ% B F D EE
RIS OSIEUTHERREIIERETIEHRLOT
BICAIE LTHITFRITNEVTEEA. « «
2018511509 (&) nanonasinstrute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 21
AIST N National Metrology Institute of Japan
==
=S5
== = B = P i —
EFDEM (BROE, BRE) =BX%FE
1.6 x 101 [y —n>]

IEREIC I

(1.602 176 6341 *= 0.000 000 0083) x10°1® 7 —QHO >

T

SOBIEBINTCOREL,E

[CxVEFORF (B5%E) GEBECUACIEShETT || |

20184114098 (&) nationas mstrute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 22




P J ! National Metrology Institute of Japan

=i

i
(Ll

BETOEH (BRoE. BXE) -BAXE
3

2018511H098 (%) nariona wstirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 23

A J ! National Metrology Institute of Japan

—=

[WEsnzSICHEREBIAYET ! | |
e=1.602176 634x101% 7 —H

FLW T »_RT7OHEE - £/0GE

BF#EREIC——FHTHZ &
______-:

20184115098 (&) warionaL msrirurzoF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 24




N ! National Metrology Institute of Japan

17> _F7ORY

~

HFlT ﬁﬁbb
x| —mEEssesE ?@ﬂﬁ‘

\\/
I=ef

2 ODRBENHY T

NEWERNERICRETED | [ Z

o SEELHE A LHFEE, FIETETEHA
\ 109 7yv~7 (BEE-TET | wFEMfEsEHhiE. L VELOERNE meEd)

S LOEAITRE LB RO B LT [ ¥ S TARTYIER
R «—— EFF—NAR

LA L., FERDBEWIFICS 2 ERFHE

25

20185118098 (%) naionatinstirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

Natlonal Metrology Institute of Japan

Tr_TFIEE 1A — MO TETICEES N
SRR /J\éh‘ﬂﬁ/%ﬁfﬁ’ﬁ?éﬁlﬁkﬁb\ ADOERR
FEEOFNFNETRIL., o DBEOREITIA—-MIL
CDE2 X 107=a— OO RIFLEI —EDER

(19484 FE9[ECGPM )

[EH. EEDOBHLIE) OF

T

BEOBEMRDER = o (

namionaL mstirute or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

27

2018511809 (£)



National Metrolagy Institute of Japan

1 January 1990

1948 1990 HEREH p (THEHNIE) 2019 20 May 2019

World Metrology Day 7"5 o .7 Eﬁ h, %/)'—T_L, k% e
(T REDXE)

[CE TSN ER

h=6.62607015 x 107**Js

e=1.602176634 x 107 C

[CEDWZEE

Before the revision

o = 4 x 1077 H/m

TR - BT 7
(SERM  EHSEDER)

EFH—IE

Sat7vrER
Ky_go = 483597.9 x 10° HzV ™ ~ Ze _ K; I

h

Ry—gp = 25812.807 {2 ~ lll = RK&
\_’ ICiEEAD

[ MK, o0, Riso (THED'EE) TOEEDHES | o]
5 . BE:4x107 : T
ORELOUB gl Sl g g CENETEASONS
20184E11 5098 (&) narionaL wstrute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 28

M- National Metrology Institute of Japan

AIST

HEZ L THERDOEIIELE EE (EHE) ~ORIERT~

h=662607015)s
e= 1602176 634 C

0
BE0Y 7 )

/1l

R« = h/&=25812.807 459 3045 Q

Ky = 2e/h= 483 597.848 416 984 GHz/V |
I
|

o=4m X (1+ ) x10-TH/m

f .
1‘ RK_go = 25 812.807 Q
i Ko = 483 597.9 GHz/V

20184118098 (&) naionaL wstrute oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 29



AIST 8

National Metrology Institute of Japan

B 71 (L L 5 D) SER - BRZESHEORINE L ~EROHE~

BEEICOWTHER
‘1980 BEFF—LBREORE
1985 /—~ L. 8 (K. von Klitzing)
o i 1962 Pa TV HEDER
/\ \ 1973 /—-% L H (B. Josephsen)
- HML f:‘ 2 \Ij
’ — TEtr f /"N Now (2010)
g 99 B EEE¥§§§§§§E§;§Z
= \\\5 After QHE (198/) LAL : ERAIEOFEME
1/ . 7 EEKT B8, THEH
e S SEBETIBEEEHRTE
! _ AT || —Sle o&gErtins
B Lellels || —BESITS| & mEHEEE
Before QHE
L il il es il Sl J BFh—/L3hEER =
20184118088 (%) nemiona instiTute oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 30
AIST NI Natlonal Metrology Institute of Japan

EF RV RETIEE

2018%11A09H (&) nationaL wstirue or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 31/ 60




AIST

NI National Metrology Institute of Japan

Eﬁmf—wﬁ%

r]um (j:um N /)\7"45/3??

B 1
1
1
]
Magnetic field : B @ w -
AlGaAs
£ | o - RH
77777777 Current : 7 ’A;T' %¥’%Li
| &BETE2Fk
288
B
B (KB ROBEF—NMRIBTL : H &
B ne
v UTEE (n) #HET0ICAVWLNS
2 &
B f 20184E115 090 (%) anonaLnerrureoF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 32
A2
2R2
AIST MUY National Metrolegy Institute of Japan
—= i B X
S F s — LRI EF DIERX
@ Surface / /
N ] v
n-AlGaAs i-GaAs
3%
a
L
L
t
i

L7A¢hmu sio "\al electron gas, 2DEG)

20184E118098 (&)

nanonaLnstirute oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 33




AIST

g-@;?ftﬂ“—/wﬁmf%?@f*ﬁ)ﬁ

#—»n—?%ﬁﬁ%?l;klvf@ﬁm?%

B J' National Metrolagy Institute of Japan

2. AuGe/Ni/AuEZEE
3.%@ﬁ%?:—wbi—ivﬁ%@tﬁé(ﬁﬁm)
4, Yo TILFENEICTTI L TANYRy T4 7T 3
AuGe/Ni/Abieleictrode
Wet Etching
500 nm
2 DEG

7+ UV TFT 74—

GaAS/GaAlAs~7 R#Exs, High Electron Mobility Transxstor (HEMT). Heterostructure FET (HFET)
narionaL mstirute oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 34

2018%11H098 (&)

AIST

NN | J* National Metralogy Institute of Japan

2 bR — LRI & T

NML/AISE

tr s I DA
SLale—

=25

2018511809 (&) nanionaL wstirte oF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 35




AIST MY National Metrology Institute of Japan

B TR —ILIR

B

12906403 5 0 = RH -
(=2) 2
A ~— = A jo00 = ne

12906. 4

A

1, RH (l) = 1?

25812.807 % for i=1
- von Klitzing Constant Rg

6153, 2

Hall resistance Ry [2]

3226, 6

Magnvtm l'hw delmly T]

HEIEREICIL i=2 D77 F—ERAWD
R 25812.807 Q2
RH(i =)= K90 — _ )
2 y; TEMIATIE
~12906.4035 Q) ReD Y [CRe o WS

20185114090 (&) oL mstirureor ADVANCED INDUSTRIAL SCIENCE AND TECH NOLOGY (AIST) 36,

I* National Metrology Institute of Japan

MRS TR & T+ - 7 v Y A Y TR Ry

THE PHYSICAL REVIEW i

S 3
AND OUR NEW ADDRESS: ;
PHYSICAL REVIEW LETTERS 1 REE;ES;?&(??AD
AU e v AkEwinuh pRTEICN SETRITY
BROOKIIAVEN N TISHAL LABOIATORY, URTDH, LONG [SLAND, NEW YOIK 11373 RIDGE, NEW YORK 11261

ST e
S 1N

June 23, 1980
Lr. K,v. Klitzing

“"‘“tlﬁl.a‘isr?nn Institnt der
Univezsith e Wirabury

D-5700 Wursheog Most important application
Bar Ta. ;m*‘?f of cemmany | of QHE (METROLOGY)
Tha manusaript by s >
Kove #1it=ing,G. Eorda, and M. Furpes ,,/
entitled: — ‘f_‘_\ I FEPLY REFER 30—
//Reahmtmn ofa resistance standard based on ™ "~)
la___\ fundamental constants o

N _’__7{’_/

linn feen reviewed by our referce(a). On the basis of the rasulting rogact{s), m= judgs
that zhe paper Le not sultable for publiantion in Physleal Raview Lokters in bis pres-
*nt form "BUTHIght o¢ nade o0 by Appropriate revision, Pertinent orliloianestractag
Trom Lhe repart{a} i3 enclosad. While we nannet made a deTinile domaltmant, the prob-
able gourae of sotion Ll You chopae 19 reaubmlt Is indlopted below.

{ } Aceeptanco, If the editors can Judge shat 211 or most of the critlciem haa
hsanmet,

{  LBEturs to the original refereels) for Judgement,

{ Submittal tanee relfecenis) for Judeemant

20184£118098 (%) wamona wstiture or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 37

oh




IST

iy

Vo 45, Nuspen 6 PHYSICAL REVIEW LETTERS 11 AvcusT 1980

New Method for High-Accuracy Determination of the Fine-Structure Constant
Based on Quantized Hall Resistance
K. v. Klitzing
Mysikalisehes Tstitul dey Universil@t Wiirsburg, D-8700 Warshurg, Federal Ropiblic of Gornany, and
Hoclfeld-Magneflabor des Maz-Flosch-TasHin(s fiir Festhavperforsclung, F-37012 Grenoble, France

and

G. Dorda
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and

M. Pepper
Cavendish Laboratory, Camlriige CBI0UE, uited Kingdam
(Revalved 30 May 1930)
omnarsmapts of tha Ul voltaga of  weo-dimenslonal elactron grs, realized wilh a

istor, wbow that the Ball reaistance
at p'.\nlwlﬂr Iidatimd marfaca carriee has fixed valuss
which dopond only on the Iing-scructure conalant prl speed of light, and bs lsers(iivo 1o
the geamety of tha dovice, Preliminary data aro reporiod,

PACE numbers: 702641, 06.20,0r, 72.20.My, T3.40.Q¢

In this papéer we report a new, potentially high-
accuracy method for determining Lke ne-strue- |y yy
tore constant, o. The new approach is based on
the fact that the dezenerate lectron gas fn the In-
version layer of  MOSFET (metal-cxide-semi-
conductor fleld-effect transistor) Ls fully quan-
tized when the transistor is operaied at helium
temperatures and in 2 sirong magnetic field of ol
order 15 .0 The Inset in Fig. 1 shows a schem-
atic diagram of a typical MOSFET device used in
this work., The electric field perpendicular Lo the sis
surface (gate field) produces subbaads for the mo-
tion normal to the semiconductor-axide Interface,
and the magnetic field produces Landau quantiza- oo
tion of motion parallel to the Interface, The den-
sity of states D{E) consists of broadencd & func-
tions®; minimal overlap is achieved if the mag- sles
netic field is sufficlently high. The number of
stales, ¥y, within each Landau level is given by

Ny=eB/k, w

where we exclute the spin and valley degenera-
cles. If the density of states at the Fermi ener- —_—
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CODATA 2017 and proposed defined values for the revision

( h = 6.626070 150(69) x 10~**J s - _
| 4 , ” h=6.62607015 x 107+ Js, (14)
[1.0x 1079}, (10) '
.l e=1.602176634 x 1077 C, (15 |
e=1.6021766341(83) x 10~ C |
[5.2 x 1079, (11) U - =1.380649 x 102 J K, (16) |
!
k = 1.38064903(51) x 1002 JK! Na = 602214076 x 10™ mol ™, (17 "
B7x107,  (12) h ;
—— Proposed defined valuegs ———
Na= 6.022 140758(62) x 10” mol~!
[1.0 x 107%]. (13) Measurements: done hefore June 2017
CODATA analysis: 2017
: . CIPM: 2017
easurement resuits wi uncertaintes .
M t results with tainties CGPM: 2018
Start: May 20 2018
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