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Abstract

Six types of planar thermal converters from TC 1 to TC 6 were designed and fabricated for
the purpose of being used as practical standards to alternating current. The respective voltage
responses in air and in a vacuum of TC 6, which has the smallest thermal loss, were about 4.03
mV/uW and about 6.38 mV/mW. Thermal time constant of TC 6, which has also the smallest heater
thermal inertia, was about 8 ms. The respective variations of AC-DC voltage and current transfer
errors from sample to sample, which were measured by FRDC(fast reversed DC) method, were
about 0.41~%0.85 ppm and about £0.15~71.16 ppm in the frequency range of 40 Hz~10 Kk with
appling 1 V and 5 mA rms sine waves to the converters. All converters investigated exhibited
sufficiently low AC-DC transfer errors to be used as practical standards.
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Fig. 1. (a)cross-sectional view of a thermal
converter, (b)photograph of a thermal
converter.
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Table 1. Design specifications of thermal
converters.

Specifications TC1 | TC2 | TC3 | TC4 | TC5 | TCH
Heater width [pm) | 60 60 50 40 0 20
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Fig. 2. Resistance as a function of heater temperature.

3lele] kol wlE dA= WrAHEE ¥ 39
vetiigich a3 3 2 A@QR3E F9 azd-dg
ul dxge] Seebeck AlFAel(aa-ap)E < 38 /K
2A W= A oF 41 wW/KRT ot 2 gk
vrebuiglel,

AV=Nlas— ag)dT 2)



32 Yy ofFAg gl 54 HBE S
o714 AVE dAFA wAlEE drdHEel, N &&el Al¥zlez vty dlee] e FEe o
AR EE FAse DR sfold, =& ATe & HAG Vo Al vlastag, ne 20lch 2t A
AEe) & Jirel A A3 LmAte|rh Ao dAwEr|de IxdE NON #BH1S
B3 eouiake) dAinel ofg sEle] IS A
10000 — — g £ otz slrjaE, 3] %o mE A3wus)
E shodnF % Rl 3 SR Gl s
5 | 2% 4} Zo] nglo] lele) giAste] Zvlgtel uh
3 | " o Ztasha, = % 19 &5 TC 140 Hls) TC 6
£ 1 o7 srle] Wagtel] wels el 237} Holx|=
0 L
3 2 sjEle] dedlo] S71sed no] 2me} T ApolA|n
e | dse g
£
=
or b USSR 3 A A=
40 60 80 100 120 140 160 180 N ol wl ok
Heater Temperature [°C] ?;ﬁhﬂ%ﬂ TC loﬂﬂ T 67]}7\}94 °7]T El
A o] AFFelAM dHAH 2 2834 5
28 3, 88 exol HE 91 107 Torrs] AFFoW AR whe SR 5
Fig. 3. Thermoelectric voltage as a function of
heater temperature. 20— (4.03 mVimW) i
.-o-- TC5 (3.87 mV/ImW)
200 | —~ TC 4 (3.65 mV/mW)
N g —o . TC 3 (3.49 mV/imW) e
2. 9¥-29 W E —=— TC2(3.38 mV/mW) <
Grpagrle] FUAGE JlpAoE JgAHe x| § |7 10T COMINY =
4 %ol wlHR) oled WAS 4Q)SE v = 3
ok ::nf- 100 |
3
Ex V' 3 50
o714 B QAwEr)e] 29hgelm, Vi 3E9 % 10 20 30 a0 50 0
JEAIgtolw &t n=(JE/E)/(4V/V)elet Input Power [mW]
(a)
21 i 400
1.995 ~ 1,999 —e— TC 6 (6.38 mV/mW)
o TC 5 (5.97 mV/mW)
20F -~ Een . [P ; -V ;gggg;; mx;mm B
0T B e o ] —— .27 mV/m >
TSI, £ 300 -—--TCZ(5.09mV;mW)
< Ny : = —o— TC1(4.64 mV. s
] /P $ ( m o
£ 19} - : o %200_ —
: E— 1.970 ~1.999 S
o TC2 1.908 ~ 1.980 2
18t :_ :_gi g 100
—& TC5
—a-TCB
Yoo 10 ‘ . 0 y . ' ' ,
! 05 . 1.5 0 25
0 10 20 30 40 50 60
Input Voltage [V] Input Power [mW]
a8 4. dEAskel ok gk (b)
Fig. 4. n-index as a function of input voltage. )
a3 5. d¥HAYGe wE P3RS} (@) I7F A
B9 & 2 Azt 4 d&k = . . .
slEle] 25d mE A _ 3} d&Ao] gl ol Fig. 5. Output voltage as a function of input powe

A AN AFERr]e] Zeiske s

(702)

r:(a)in air, (b)in a vacuum.



20014 108 EFILEEH

Ao 27t 38 5@ 2 2™ 5l vehigdel 28
59| 7187} & 39 slHAy Wl wig dAlse
12t wigle] w|(4V/4P)EA Ag=Ee Ay 44
EE %171—? 2 AFFolA ZA7F oF 309 v/l ~4.03
} 2k 464 mV/mW~6.38 mv/mvsdch.

® 1—% Fzghchd TC 1914 TC 608 245 g4
Zol zradlez QA= dHErE TC 194
TC 602 g oA, rlololzall Ao it
JH g WAde] TC 194 TC 628 g zhox|
2 TC 19 ¥]siA TC 628 2% diFel 23 d<&
Aol ZojEA Hrl wEld TC 69 At 3HS=r}
TC 18t} & ke 7Wrk 28z A3Felde 371
of 23t d|e]e] d&le] AAF] ZhAasE] Wil A
FZolAe At 7HErl FrIEeIMY A A=
Rk o] ZA viebgdch

4, AAG

AWy AAAFE 43| Ysix TC 65 A
3k 547 mve] HHEE slelo kst SHAY
o] 2182 wE QAsA fxeA & F, 2 oh2- 3H
o FEEE AYE A AFNe EHAYge] A
e EEAgke) oF 37%7HA] AHashed] Hele A7
S ZAsle] a¥ 6o Vel ST dAAPE
oF 8 ms2A] wl¢ 2R kg viehiigich

==

=

/yg.o

EaY

o

<
i

oW
o Q9
oo

[
<

L
=]
S

~-200
~-300
-400 0

Output Voltage [mV]

20 40 60 80

Time [ms]

a2l 6. AlZtel WM EEAS
Fig. 6. Output voltage as a function of time.

100

E 19 gl TC 69 3Je1e] Fo] 20 m=A Al
3, 3le]e] Holx Al A} a2 TC 69 3]E
7} dPAe] 71 HFsle] Ald 22 AAAFE

ey
ni

(703)

% 38% SD#E # 10 % 33

5. 71% x| wpE sk A=

a3 7& 27)2e4 TC 29 71:} 25 w2 At
Zrexga oF -6x10° w-aW' - Kok 7l &
=7t PSS dAge A JY 2=t 18
A 3w 22 APt AL AT Akl &
= 2polr}t Zasle] dA=Ee Agk 7he=rb gk

Voltage Response [mV/mW]
N oW B w w8 e
(-] o N > » [--] o

»
o
v
it

—a, )

280 290 300 310
Substrate Temperature [K]

N
>

270 20 3%
a2l 7. 7] 2 wE "y ASE
Fig. 7. Voltage response as a function of substrate
temperature.

6. SLF-AF Ao}

FRDC(fast reversed DC) &
Az Foled oR dE4E
3 AEE Ak
g%z} 01 ppmoldsl AR EF 4%"] WA KST
003 FRDC £=2-% <143}y, £¥e| KEITHLEY 182
nano-volt meters Al QlEATe Falgol] ul
2 pE-2E W3k xS FRDC W2 A% A5
et AaAdst "i ;li?ﬂ%?} 721V 25 Al A
A5} S a}e] 40 Hz~10 kpe] Fab
QoA &A3 g Hgly|el aH-AHF AY ¢ A&
Mg g 19 8a) 2 2% 8l 27 hepiste

Aehs expHglE oF +041~+085 ppmelSlL,
AFHs exHs ok +015~+1.16 ppmelgick A
o WSyt wie A4IFeRE AMH
7] YA E ZF-AF HEexsle] W7l 1 ppme]
slojof g}, wabd o] PES ALZFoR AH-E]

EF-AF HBL

BHXJI 3k ATl 9

J

EEO

of 8 oApEAE AT GLeS & AUk
2F-AF A WPeA WAL INAAE X

b QAR Qolife BE 22900 23
A s 02 Sk o R, B ATl



73%oll TH-AF Mgt HIeAE 23 9ol bl
t} 40 HzS) AFol| Al & £276~=1,377 ppme] ¥
o2 Jeplgleh TC 14 TC 602 242 A
b W e st Fksla gled), o)y TC 144 TC 6
27 Z4E dxwr|e] e Ryt zelAA A
so] glewg ey} ZAE Ggske] HHolxy] wiE
ol & TC 69 7% ¥ 60ll4 & < ko] 44
A7) oF 8 ms®) A e FR I 9l7] wiEel 125
Hzol3te]l AFalolire slEle] A ¥Fo= Ast
Aghko A7} =24 vehdny®

50 Hz~10 ko) 2t Fsleolds FRDC wWhyell
o3 A HEke e} ¥} A WIS
ehfgdch 10 Ki~1 M2l ZFddelrde ezt oF
+06 ppmelld @ +40.1 ppmoE FrPhe Ade o

(704)

A oy oAy x| 84 HEAE M
e - il ke, ot wFstelde] F wF-AF o
2 — — — — Input rms Voltage : 1V }_—____.
5| Ae] gale) AR 34 2 Fuy YoEs
EE T R ol g Zlelet,
Fa e
a ol-— - = —— — — —
ge oy
§§ G O @ 1400 T v T rr— -
> 3‘:’ i —— TC 1 [+-0.77 ppm] FR Input rms Voitage : 2.0 V
% O TC 2 [+/- 0.56 ppm; P S e
oQ - TC 3{+/— 0.84 g:m; y 1200 f— =
Q 22— —~ ~v-- TC 4[+/- 0.47 ppm] k7 \\
< —=- TC 5 [+-0.85 ppm] 5 =, 1000 r— —— = e TCc3[ T 1
—O- TC 6 [+-0.41 ppm) = E_
-3 s NAUTS T && 800
te+ 1e+2 1e+3 1e+4 1e+d 8 3
Frequency [Hz] '>o'§ 600
(a) £ 400
— _ < 200
2 — Input rms Current : 5 mA 1_ —_—— 0 2 =
5 1e+l 1e+2 1e+3 1e+d 1e+5 1e+6 1e+7
E’ . Frequency [Hz]
£
£g a8 9. Fueel e wR-AR A wEes
g3 Fig. 9. AC-DC voltage transfer difference as a
= £ .
3 g . m function of frequency.
QE- <0 TC2[+-1.12 ppm] H
3 [=] —v— TC 3 [+/- 0.30 ppm]
- TC4[+-0.15
< - TC!SI[:+/-0.35 2223 v. 2 8
—O- TC 6 [+- 1.16 ppm]
Tl tez e fed  ess 2 AFede A AH|E wFY 44 8
Frequency [Hz]
o F712 $8eb] Aa wE-AF A 2 AR A
A% 243t shaah Sk ARlE 0a vl
a8 8. Fgd mE FF-AF HIALA (@AY, WE olEsle] NiCr slejet zz-oFad dxse
IO . . T RS NON Wudel gle), Qdge] AL
Fig. 8. AC-DC transfer difference as a function of N - o1 -
frequency : (a) voltage, (b) current. A Azl "ol 8] AAH= NON gaas]
9ol EolA slo) SRS Az @AESH
o Adwe) AE HPAsde AeaglY 7lE TC 16 TC 6714 B 6718 AAlskalek
40 Hz~1 Mbe) Fai wglold Aazigtel 20 Vel Augly)e) 18- WANA TC 6] 3iE A

Hol 714 Ao}z nol 1918 A& @& vhehiAl

Tk ZEAgte] AR At AFYae ek
)% 2 2EFe] AY e TC 6o] giAo]

7V zto} oF 403 mv/mW 2 oF 638 mV/aWEA 7MY 2
Fe vehigly, AdiFel 2% | gl A
o) Mgt Heert F/15 ARk =A ek o
ARGE sEe] daido) I #5373 TC 6% 5743t
of ok 8 psT Ak 7B x| wkE gk AEEE
oF -6x10° v - W' - K'o2A] wlmd 953} 7]2e]
2xd g Ay A5 Jehligdnt

SESR

TC 114 TC 69 A3 FRDC uhyol ogh 27—
5 AG ¥ AF wzkex} = 40 Hz~10 Wze) Fus

Wololld AlEAsE HEAF7 1V 2 5 masl A
3 @HEZ gJHo R ¢de m oF £041~F0.85 ppm



2001 108 EFILZEH

w)

) ok +(15~+1.16 ppmo.EA] A
37l Agtslsdck AaAste] 20
Adubal Abg SAAsRc R AT
o3z 40 Heol AFslelld o £276~*1377
pomaA] S|Ele] dAAsrE 7R AR TC 671 Al
Wk o xe vehiglm, 10 Me~1 MEe] sFstellA
AHEr)el 34 2 FEA dFRzel s
06 ppmell4 oF £401 ppmoE F7)sigch A
Fate] edodolld EF-AF A WHFAE Folr|
e slele dRAdE 2 ke AAE ook
g Zelr}

sl

&

=4}

2L odr iy

ot
!
Ao

rot

[1] F J Wikins et al, “Multi-junction thermal
converter-accurate d.c/ac. transfer instrument,”
Proc. of the IEE, Vol. 112, No. 4, pp. 794~805,
1965.

Barry D. Inglis, “A  method for the
in

[2]
determination of ac-dc transfer errors
thermoelements,” IEEE
Instrumentation and Measurement, Vol. IM-27,
No. 4, pp. 440~444, 1978.
Manfred Klonz, “AC-DC transfer difference of
the PTB multijunction the rmal converter in
the frequency range from 10 Hz to 100 ki’
IEEE Trans. on Instrumentation and Measure-

ment, Vol. IM-36, No. 2, pp. 320~329, 1987.

Trans. on

£31

# 5B HE(E&R)

1999 24 : AREE A7 T S0 (FFAD.
20014 29 : AR o) AxpE 93
Aap. 20019 39 ~EA : APAAASA B AL wkE Al
TA TP A7

= 48 W(EEH) $374% SDiE 5258 2.
WA : AR A AR AR 2

Ql HFel a3 G

1

22}
=

A

=

po

X A A

(703)

%384 SDim % 10 % 35

[4] Manfred Klonz and Thomas Weimann,
thin—film thermal
converter on a silicon chip,” IEEE Trans. on
Instrumentation and Measurement, Vol. 38, No.
2, pp. 336~337, 1959.

AT 5, o] Fo]
SisNy/SiO»/SigNg 24 Aree] A& AA
8}3)), A49, A3=%, pp. 51~59, 19%.

“atule) Azel-0Rd OEAEY 99

“Accurate multijunction

“~E#HA T¥ol

>

(5]

=

(6] ,
v AAEeEeEA, A%A DA, A9,
(7] ao) wep aEW-gFd o

AAEEA] A9E, A4Z,

!

295, 2000.
Manfred Klonz and Thomas
“Increasing the time constant of a thin film

thermal
application,”

18]

Weirmann,
converter for low
frequency IEEE  Trans.
Instrumentation and Measurement, Vol. 40, No.
2, pp. 350~351, 1991.

Manfred Klonz et al, “Measuring themoelectric
effects in thermal converters with a fast
reversed DC,” IEEE Trans. on Instrumentation
and Measurement. Vol. 44, No. 2, pp. 379~382,
199%.

multijunction

on

[9]

[10]
AxErE}x), A7A, #6E, pp. 401-408, 1998
B. D. Inglis, “Standards for AC-DC transfer,”
Metrologia, Vol. 29, pp. 191~199, 1992.

[11]

7
& $f R(EGR) $38% SDiF £33t 2R

) : Atk AR s

Z IF BR(EGR) $38% SDiR 3% 21

AL A | A

) Rl
At —(FGR) 83748 SDiR £23% B8

) - P EFEed P AR RS AT
# 2 B(E&ER) $37% SDif $£25% 2R

) : LR EAsATY AR BER AT



