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Measurement standard for AC RMS voltage has been realized, by using thermal converters as AC-DC transfer standards
in every country. AC-DC transfer standards provide a link for AC RMS voltage to DC voltage. Since thermal converters are
physical artefacts, they have characteristic error defined by AC-DC difference. By adopting MEMS technology, a high
performance thermal converter, called planar multi-junction thermal converter (PMJTC), with low AC-DC transfer difference
and high output voltage has been successfully developed, and widely used as primary AC-DC transfer standard in many
countries. In the Republic of Korea, AC-DC transfer standards 10 Hz to 1 MHz in frequency for 2 mV s to 1000 Vs have
been established by using PMJTC.
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1. M2
NOMENCLATURE

A 40098 7F MEMS 7|42 g AlA, IAFAIA 5 cfokst
TC = Thermal Converter

! A AN 557 7%= e A2ls AT MEMS 71
DC = Direct C.urrent o ueH] B2 ARTANA ALSHs A 1 7|5 285t
AC = Altemating Current clegal ZlRER A2 ol e nHradlE Bgeke 7|

V4 = Actual DC input voltage to a TC
Vaesee = DC Root Mean Square (RMS) voltage displayed
V.. = Actual AC Root Mean Square (RMS) voltage
Veesee = AC Root Mean Square (RMS) voltage displayed
E;. = Output EMF voltage from a TC with DC input voltage

<otk MEMS 7|&2 ARRE ulAlt2als 22 2712 Q8|
ozl 4|7k Aa ofe] EEA (1A, A7, |) 540l 2ol
R MRS el st o Sdat AlAe] el g
AHe 7 E3F o5 MEMS mIAFRA = WA 3=
A z7|ed Zo] =& Ao}l tfefgAle] o] -d: 7Fx| L 9ot
A ST microelectronics,! Analog devices,” NXP?9Q} Z+-& die
A t714E v MEMSIC'T} 2-2- 2k MEMS AllA] 2487
AEo| 71&% A (Accelerometer), ZH:% A (Gyroscope), $FEIAl
N 5, cioe AN E AFgststo] el ol

rlo

E,. = Outout EMF voltage from a TC with AC input voltage
0= AC-DC Transfer Difference
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Fig. 1 An example of MEMS electrothermal structure consisting of
thin thermal isolation membrane on which a heating resistor
and thermopile temperature sensors are placed
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7F =2 AFAoIAY A ank(Seebeck Effect)’t & Aty
(Thermopile)s: ol-gafo] Alztaln], 217k Alxje] Aahiis), e
OE‘X%EHOHH WA= 7] 9 (Electromotive Force)2 ©]8-5}4]
el S8 ST, RUASR B o8 A
A% WA S Thste] WAl LEE Lela 4,
5 o EV:‘—J Aol w2 HEA| 220 WIS AllA
Fe o g o Zejeke] Haks 43It
A= MEMS GAARE 7)12749H (Voltage Reference),
Zi-rJ]- ZE],” RMS-DC #3710 59 3|20 $-835}5th. MEMS
A= DA (Thermal Time Constant)7} H]S2$F F7]9]
APA 9 M7 §For FAE AR R A Kok 255
7] Wgel (- 10%) AykARl HAFR A7]04 o] g o
e 2 AE 0.1 )8 THAle sl Falo] e AT
it MEMS il Qe ek oldl, @
A A= FUAITE MEMS E-2217F 5718] d4= 7]5ofl A
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National TVC set (PMJTC) —
0.1V~3V, 10 Hz~ 1 MHz
(1~13X109 IV~10V(1~4X109 J

0.5V ~ 1,000V, 10Hz ~ | MHz
(3~ 50X 109

!

Working
AC-DC Transfer Standards
2mV~ 1,000 V(6 ~440 X 109

(Calibrator)

Primary TVC (SJTC + Resistor)
0.01 mV~1,000V

DC Voltage Standard ’

National yPOT set AC voltage Standard
2mV, 20 mV, 200 mV (Calibrator)
(13 ~ 420 X 10¢) 2mV~ 1,000 V(12 ~ 500 X 10¢)

(b)

Fig. 2 (a) A photograph of PJVS voltage standard developed at
KRISS and (b) a simplified traceability diagram of AC rms
voltage established at KRISS
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PIVS A|AHO] Abzlo|t), 2AEAAY] 54T 2227 (< 4 Ky
A7 flsliAe 2ASAAE Fig 2(a)2F Zo] AA| dE-871
(Liquid He Dewar)etol] AX|sfjofgtct. 24 Aapo] @]5 vlo]
o|A IRE o] g3 AFAF} RF(20 GHz) 18-S FHsPd =
ez Aty o &2 Ak ddders S8t ARxle]
S ETstl Y PIVSE Zd] 10.000000000 VO] A2 40
nVolUj o] At (Accuracy)® HHIAIA = ot Fig. 2(by=
PJIVSE2HE ojojz|= AFAY 9 wFdAdadd &94 &
o] 3t o= HojF= oot PIVSoA] FApdos 1EE | -
10 V] F2A9e AFHYES7] (DC Divider)2} 1|E| 1A 7]
(Calibrator)Z ©]-85Fo] 0.01 mV £E| 1000 V7HA] EA4Ec).
WFAY A7t w2 =7HAQ1 Ake] #iste] gk S
AoJelr] ofH7] o] H8Hor wd E(Tone) ARl
(Sinusoidal Wave)?] AlFEZEHRMS Valueys #FEOF Aol

Evacuated glass
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Heater

Lead wire

Thermocouple

Fig. 3 Schematic diagram of a SJITC
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851 RAY A0 9ES 40 dB AER 15T shmy
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=
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Nano voltmeter
(Ecc = Eqc = 7.34689 mV)

ua.und J9paH
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Transfer switch/ j

AC Voltage T Source
Source

(Vacset =1 Vims) L (Vocser = 0.99991 V)
Vae = 0.99991 Vims J Vae =0.99991V
Fig. 4 Schematic diagram of a circuit for measurement of AC RMS
voltage by using a TC

DC Voltage

F

Fig. 4= TCS ol MFAEALS AFAYL it 5%
sk 7122181 Bl=Ag9] 3 o E Hojg= laolﬁ‘r TC= ¢
HEE O R AL A7) 1 s) Tl o] mEHRtel
Ao vlgsh= AFAUS E3I) Fig. 401]*1 TCO| 4=
AR AT WRALR] obR T 291X S B3 Ago] 9)
1 TCEEL Y2 Eu|g (Nanovoltmeter)?} <12 % o{Q)t}. Fig.
49} o] WRAYLE 1V 2L WAES 2AYS
s = | Vi) W) AR AA] S8 SHAAE B8
245 AT 7PYekAL WA Fig 49) A91A17F RRAHLUS
TCo} AZ5lo] 2% TCO £8714E (ex. E4 = 7.34689 mV)
£ 7|&E31. Fig. 30 HAME dEkEQd SJTCQI I 1 VA
74 e Yok TmV gEolth 1 F TCE ARAekdu
S SAQHo] olg Fe7|de} 2 gt
o] d W7MA(Eye = Eae = 7.34689 mV) FA| SHAU Vs =

0.99991 V)2 243t} o] Alel= TC7} o420l Axfetal 714
3 @A} = 0, 32304 ), ARALAL] A AL
I ARG A & Xfl?ﬂ]-(Vdc Vi)ol ks Zie ofnet
of. ey F ALY FA SRS Vacser Vaese)?H BA &9
o] YAk 1ol §17] whizel 1 ekt AA| ZelHet
o] Zro] AntelAliz o 4= gick. ARHLo] mAo| Hof HA]
FYAYT} A FHAYS] oA Gk TPV =
0.99991 V = V) AFAAY] FAAYS 724U o2 ALE5}H
of 24 MRALUC] ZAALE HFAHLA] EAHL GO
2 Vieser = 0.99991 V = V4= V,.=0.99991 V,,s) 2HE 4=
u:}a]-/ﬂ WAE ZSHAYT} o
FALUL] FAIZE | Vi) HETE HA] LS 099991 V.,
ofct. ojuf wFHLe] AR AAGEe] Apol7h w9
oAjolu] o5 AAsh= ﬂ Jo| mRAQL0] Ao}, 919]
a S 1 Vin©llA] 1x10° (1 Part Per Million,

ppm)AE O] Ao e %@Ol Tt

Aska e71dgo] @

=

Joule heating

(Ac, DC) x Temp.

1t order
Thompson effect
(-DC)

___ Composite
distribution (+DC)

___Ac-DC difference
(temperature)

Peltier effect (+DC)

1+ order
Thompson effect —
(+DC)

Peltier effect (-DC)

2nd order Thompson
effect (DC)

Fig. 5 Temperature distribution in the heater in SJTC due to Joule
heating and accompanying thermoelectric effects depending
on the current direction

3.2 TCe| W=XHAC-DC Difference)

318X 7% A thEA A TCe o2 7sd o
fRlow Rl 22 Ao AFHUdT} wFHedol gt =57
Ao Zol5 Heltt. o] Afo]& TCO| WAA} E=

Agofe
st 41y} o) ejate},
V.-V
5:'££I/"~@,Edc:Eac (1)

de

AMelA Tz 22 E57 l s
ZAte] Hrigte] Bt WP B 4
= AR s 7 H°ﬂ 33 ddave] o £ A
719] 7Aoo = S/ wE &=
TCoOA A7} HWO}L %J% A Al 7H =
Utk A A AQle 2 AFAY dYolA Hgsks F A
&y}, Aelo) axk(Peltier Effect) 4 E<89(Thompson Effect)
of &gk wARLE TCO] A Fubg= FYof|A] KHct. el Ayt
= O TF7Y F A=AY Hgol 77t 250 HgelA
oL} Fdo] HAEH= FAFO R TCo|A Fig. 39 JLxRo)A

Hoj%o] e %z_s_-_ Elojol wrellol A5 4 (Lead Wire)2]
AAGNA uPgstel ARe] el et urelzt Felo] A,
oA SERES } Sl HEA) A5} S8 A5l ¥
3t L] el Tl W R S0 Yol W
2 TColA = Ao gl whg 2r=dtaro] ofsf WAt
Fig. St SITCE] SeAlo] S0} 7 QHRI ] Lol
H 2= FakE (hstA BARgE golrh Jxo® QIFE di
A2 QI A SEREL SABE FHOE gEom 4
59 FEE H3lch. Fig. 5ol & &= Qlzo] =AM QL G4
o TCo| 79} LERET} BjAE olchel 1443 &
A (1st Order Effecty= HF0] FFAS HAsto 2 A Al
e °‘E} Jefuh Al eAtel| ot vt /S ehds] AlAT
271 glar, 22149l AAa7H2nd Order Effect)= ¥HAYsH| W&

off & RhEold SITCE= di2f 1 ppm 2] Frlaxol o3t w
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® o, , from thermal ripple
@ o,, from electrothermal effects
@ 4y, from parasitic impedance

~1ppm &

10 Hz 1 kIHx 1 MHz
Fig. 6 Characteristic AC-DC transfer difference of a TC
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WA A WA A2 AFut WRAY el WA=
TC "AA| 2:29] 2lERipple)@/dolrt. Y= wFxieke] Hs}
£E7F TCO| Aol 2Aohe oz oA TCY &9
71 dEgte] Adeof mlgish] izl o] FujeR
2| ZHALS Holt) o] W TCO £87|#go) o]A}-XJ oz Ao}
94 Al t‘lﬂﬂﬂqﬂq 5'34711*34«] T7]tﬂ Jﬂ;}% @qgo

7]**‘“4# Ujofl A
= ‘3—4 11]4—9]}; &Il 7(4§L°}7ﬂ AU AlF
r=th. wiFEol| YubEQl TCEE71AE Y] 7
%‘E‘ﬁ% '13‘7‘@ Oﬂlﬂ Hlojuhar oof| wpe}t w2} whAggtct.
% AQLE aFeatol| A Hol7] AZtsh= 7148 ¢
Eatqh:i J—}(Skln Effectyo]c}. b7} sobA|H
TCO %2 Q&) Aoz WA= 8- & g2k (Inductance)
Z7]-8%F(Capacitance) A5 0 & WFgA|o| 7}8jA]= o] ¢
At DR A =il o] Zpol7p wARRE o7zt

Fig. 62 UHFAQl SITCO] WAR} E4& Hola+= 3ot}
71Tk oA AL 7Y Aar At 9 ageatg 724
T8 w22t FTksks BAS Holeth A Fukgs oA ¢

::4’
r{

Ampo] o3t AN Uk 2% 2E 9 /14 s
Aol o5k AR 242} 11 $Jol] F7bE wAolch AlA| I
FARALE 919} 2L 540] TCZ o] g3te] 24 ujiz 7]
F e AEe /R 71 ARAe 248 5 TCY mA%
2 olgste] 4](2) 2ol HATITH

V;zc: Vdc(l + (5)’ Edc = Eac (2)

3.3 TCo| Xkl &4
32404 AdFg%o] TC= AC-DC Ag#Folal wAx et

IFO LAE 77 EHTOH TCE wAE sfofstet. o]22 o

2L Aokst =z okly} . 3

Yzste] TCY A= ﬂ%ﬂ %—Xé # ULt JEM L

9] /gl TCE Fdto] AFAY

Nano volimeter Nano voltmeter

(STD TC) (DUTTC)
=4
o
g
3t
3
3
SIDTC DUTTC
Transferswitch/
AC Voltage T L DCS Voltage
Source ource

Fig. 7 Circuit schematic for the measurement of AC-DC transfer
difference of a DUT TC by comparing to a STD TC in
KRISS

Ay o] e AT 4 glth. Web TCE WAAE ok gt
7K TCsle| MR oI el At 84 3Ky 7
Z TCQ] WAR= 32404 At Az} nE ol 117
01 TCE Befat HetopA LAEs As e AN

3|29 oI F EA|

slo] At} Fig. 72 TCO WAz} v|mEA

. Fig. 39] 3]29] TCE 7]%&0.2 3l 43 TCE HHR
At FA4olct. Fig. 79 @Az} Blws7 82 STD TCY]
AAE 7|22 DUT TCO wARE S48k =2 uff
e} 2] EX*O“’H SAYS Aot A Feli= ekt

4. MEMS Planar Multi-dJunction Thermal Converter
(PMJTC)

1990ty e Ad7=9] =71 #5%
Institute, NMI)2 £4 92 MEMS 7|&2 E=YU3ke] 7]£9] TC
7} R BAAE Fr]Hor Boles At BAKoR
FE Uk MEMS 7|2 vAlRE F241& HEe] 714 7sos
Azo] 875 e AUER tfpgaret 5 9 7]l of
2hi] MEMS 7]4-& 283 w27} 2kt &2o] 2 TCE v
7 4 e 5 s

MEMS 7|5 o83t TCE /dste] awpdaiddtsess 7
3t g0l 7]4401 =do] Autr|EQl PTBo|tt. PTBE=
MEMS 4418 alsler] 92 AMEl A2l 7] 9 ONO
(Oxide-Nitride-Oxide) WH o1& o]&3}o] PMITCS 75}
oh6 2ol Qe B draxSa up bR PMITCO|
M FIAREE FHOZ WA= dEUS 2avshe A
o] 293}l PTB PMITCE 1.3 mm x 5.2 mm 37]9] WEFQl
2ol 10071 o<l HekE 7= el TaA7 Fg=of
gleh. WE#Qlo] F7= 800 nmo]iL WA= Nid5Cr50Sis (Ni
45%, Cr 50%, Si 5%) $=-2 A E(Sputter)S- o]-&35}o] 45}

=3 7] (National Metrology
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Fig. 8 AC-DC transfer difference of a SJTC and a IPHT PMJTC
calibrated at PTB

At RO BT BAA ) AR of LrEALE 217}
0.1%/d, 4= ppm/K 408 o} 945t EAS Relrhs J7
o= 100 7H9] Bi-Sb (Bismuth-Antimony) o2 & AJ3}o]
10 mW%lEﬂQE 3715004 160 mVe] 7|7 e& WEAIIT o]
= ubae] SJITCO &8 A9l 7 mVETL) 208) oAF & Zro
2 22 WeEEnEHe} 238 49 MITC7L SITCHE o 22
QJeldete 243 4= Qlrks A2 ojulateh. Wuale] WA
ofefolli= TCY AAGE S57HA1717] f1all el g of2](Silicon
Thermal Mass)& @43t} o] A2 dojel= fEHQl o
o] AElE 7| HE oo AlZie uf A oje|r) A2ty
A s 5s] 19k ukiI (Mask)s o]-85te] gl
PTB:= 7lElst PMITCE AC-DC AEREFS FAHY 7|10z
2-gsh7] flall s 71Nke] REls Apdste] WARRES ALk
Sh=tl| 28513 Qlet” o]d IS AA U Al PMITC
f?i A AA of2yfgtol A 10 Hz FE 1 MHzZH] i azd
Z451=t| AMEE AL QlT). Fig. 82 SITCe) A2 PMITC
By g N
(Error bary= Z} W ZA)2}9] &AE3}I: (Uncertainty)S LERHATE
Fig. 80]l4] Koz vie} o] PMITC= E=7F EA6H] 514
u} 50 Hz - 1 kHz 9o A= mAA7} 008 MEMS 7|42 &
Qgro @Al gkl WS WolZrt. 10 Hze] BAAHE 2 ppm
0|3k MEMS 7]4:¢] ©9lo& 7]29] SJTCO] AZHS ppm)
B} o =T MEMSZ AJZ3E PMITC= SITCRTE &
Aok Aol £ Z2lo] A A7) F2 L7} WH0°C v,
150°C). o] wjEo] PMITCE Atjzo Aza} &% ojZo] X
on] ofe] nje} gAEl () LARE RaITk. 100 kHz o}
kg GeloAlis el Zlmel A WAISH: 4o 2J3) SITC
o] sAAjo] ula) o] wHakE LARE wol| o=t Tt
10 Hz - 1 MHz S5k o4& AZZPMITCZ AC-DC A

#E FAsk=EE 2 FE7E §U7] dlwel WS w7helA e
7|Hke] PMITCZ AE%EgS st 9ok, 18y PTBY
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2AE 7kt 100 MHZZHA] A s askgle”
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Thermopile
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Fig. 9 Photograph of a PMJTC developed at PTB/IPHT which is
being used as a primary AC-DC transfer standard at KRISS
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