EEERAREANE BB HBIR 009F 98

529 vlag9 AL AAAY 24

B 0092092
EF 3

Development of a 3.5 mm Coaxial Microcalorimeter for
Microwave Power Standards
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Abstract

RF and microwave power is a basic quantity in electromagnetic metrology which linked directly to major electro-
magnetic quantities such as attenuation, RF voltage, antenna characteristics and field strength. This paper deals with
a power meter and power sensor with associated theory for RF and microwave power measurement. We study the
theory and the key aspects in design of a 3.5 mm coaxial microcalorimeter which works from 50 MHz to 26.5 GHz

as a primary microwave power standard.
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Fig. 1. Relation of electromagnetic measurement quan-
tities.

AYA A A AEET o] 4
UFE AR g gig 54 $271 geksty &
of n=, 54, Y& 7 vt AZ7] dA
Ae ARARAEE SAHT ¢ e ARgdEs
(power meter) 2 A 72 7](power sensor) 5& A
Aste] A zZhEe Baisty 9tk 34 9 oy
ZHAME AAGAHe] Ao SH L ¢ F8
gtk 54l Aol ofgt 1A F7te] w4 Hu 97
(SpiHOVef) g 7N BA A S g dgt 4§
F -rJJrA Z} o] &% 17}9}3:} ] N

2

dEt 1eskd b

=
Itk 3, l %
2
3

e wet o E& -r”)r-r‘)ﬂ
A @Z}ﬂ};ﬁa Z4 9] B9 o] HolAA 71E9 F
g WY E dolA e AxgAge gd 54 52
7t 38 Skt Yk olol wet w= NIST
(National Institute of Science and Technology), &=
NPL(National Physical Laboratory), =< PTB(Physi-
calish-Technische Bundesanstalt) 5 F8= ZHEF
o) & 7} ZHNMI: National Metrology Institute)< AF=-2
AAAY 24 71¢e] 2708 Agst) 9k 1
d 29 2ol 539 2% 50 GHzMA|, =9 ¥
o} 2% 110 GHz7HA AAAAY =45 E 9719
AEFAE Bt A AuAE AT 9
o,

olof dh=r 3 F 35+ Y(Korea Research Institute
of Standards and Science: KRISS)= F A9 3=
NEHHAYOE 15 H 7Tmm ¥ type NS 55,

990

L L
+ + t t
10 2GH 50 GHz 110 GHe

J8 2. 38 NMI AAgHY 947 B4 8%
Fig. 2. Status of RF and microwave power standards
of developed countries.

X-, Ku-, K-, Ka-band®] =933 v|AG A E B4
a1 glom o2 niEoR wA - AYs|R g At
AAE Ao E 55 265 GHzMA, =3
< 40 GHzZMA AARAY IS AT
9;1‘:}[3].

2R ME Ay £40] 712 dEg A
of ety Lotry, 3% ] ME KRISSOIA 7w 5
2135 mm 5 WAGHAE AR npxEte
2 473lM AES ‘;‘é—t—t}.

‘635]]311:} A2 5/\,,]. 7] o Wha A
AN 3 AT B AL RIHL A
£ A%7} %/‘J B2 bt thefsiA 2%
ez "4«]0}717} fHARL

erage power), d /%
Tor AxSHY %@% A g,

I8 32 AYHA AAAGASL ZA 7] (po-
wer meter & power senson) & TAE ASF7E B
th BE 279 R w2t &3 Fu A
e WAt A, 72479 F2 deld met
U3 2ol AA 37HA MFE WreiZith



35 mm $5% v2EFA A AA44AY SAHRE &

o

BREEA S AYe 22N 0N F9L olFA 1T, ¥
e de 4 AgozRE Yae Axzdde 39712
¢ & gtk

212 BHC} Z+X| 7|(Thermocouple Sensor)

A A7 = Av2H 24719 vste Azt
s el theh ZErt JUHLR & ‘Qa Kabt s
Ao vj#Ete de AYE 29 }—E

g AMHY 9t olF 549 HE
(a) AMI2E A7 AR} Ao o] Fef o3t ¥
(a) Thermistor sensor type S WAEE A 2As)E 9 BEAd 7)ue
FER g Ay ZA] fEdly A&
tinuous Wave: CW)ol A 5-¥ B33
ST FA0] 7HsEhH wEA FAHL
o] 7k stth

Atgto)o} 7] ¥(sapphire substrate)el] SATIE £A
350 QO AHAE FY V1H el SRR

TSR WALE Y & Ao MulaE 7R 7
(b) SAT 2A71%, tholoT 7‘;2]7]33 Hte] W& Fag oM 58 WAL A5 &

A
T =
(b) Thermocouple sensor or diode sensor type AS vherdch o gk 8 R Lo disteE A
18 3. WA A2 Pl Hale Ede HIE GEHY LE 5
Fig. 3. Photographs of a typical power meter and sen- 4e Bt
sor.

2-1-1 MD|AE] ZEX] 7| (Thermistor Sensor)
goloe Az F& Figd AR AAg

EZUE(bolometer) = %0 wal #7148 54 A8 230 A@AO R AHLEQ O T wE

3 18

A Ade] Wisle 5L 7M. BERnEdgE A 7)E FER ol8) AT 540 $5F tol e
T ER AeH, E57} 2ol we} Ago) = T A7 AL Q) ol Ee Ag-HF
7¥ake 22kl nlE H(barretter) 9 L x ol Tolg o) EQL AR 7hs G A AE o)
wheh Ao} ZaakE 2akQ) A v A8 (thermistor) 7} £-0) % square-law %"3% 1}, ‘1’333 o) HH
dRoltk 53] Au2E7 A2E MulAH ul$E oSS tho|o & WA VFT g o3
&) 735 de ThA W (de substituted power)o] 2E ) square-law 573 0] ﬁ o ALHA e F90] A
o AzbA Q) AMEEY vk gitEog Aul 711, o] transition region®] 2k 3tH, 4& H<tol
28 MEEE A AL 3 HujaE e 259 o Fobw Y Ay ¥ Aol wigde A
EIEE 2017 Y5t FFE L& BAS AMula A ggog go7kA "k olo) o3 79 o}

[e]

HE FAHY otk Belx) 3] Z(Wheatstone bridge ol
circuit)] YRELORE FAH Aol A= YA o g;;q/m /nmg;om ol o E A7) A%t
9 de Aol Qrteol FYAYE FA T 9, 9 544 XWJM H A FHd

oo wl=| ¢} Mzt o] Hul 2B gAtEo} B 2 A A -70 dBm7}
A Bze] 8L AEATh 48 74X7]19 B A ZAg 01 g ‘3}8011 71 5 A 2E
A HEE dAl JAE AASAF ALEE dc AR 7)) Wste] ZE7F obF 2om yhe & K

=2 HHeel F4o] $5HES AU dhol

991



BEHEHAPERGE F20E HIK 2009F 98

el. e2
Pl o > —

(sG]

Leveling loop

Thermostat

Microcalorimeter

|
|
"LM_: fa :
l

Power |
| bridge {OWM - —
Vi Ve

38 4 AAWAY 23 Axd 74
Fig. 4. A block diagram of a power measurement system.
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Fig. 5. 3.5 mm coaxial microcalorimeter.
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system.



KoM, LF 21598 21359 37 280 43 A%
E7F &2 calibrator F9] FHE AHLSTE QAT
A3 G EE7|NAM Yo 7148 A71e 49
A2 Fogo 719 gt S M F4 pvel
D2 Y ZA40] 7b53 NVMeR S3st90m,
L2 o8t E S5ty Aol 97 Ao 2 »
UEEoE XS F93at

19 102 20 GHzS AARAY it wE A
g F27)% ANEY 28 A olwje] A 1Y
L& H3E Btk J¥ 1008 Y A7t 2%
Biﬁ].o_g_ ok 4 mK o]g}.\i L]-E}-LH_T_ o)

I8 10p)elA & & g%l Dli%%}zﬂoﬂ—t—z
A7F F9 1 kHzS LF7F 98 % Fol 2k 2 mW e 20
GHz®] RF9} 1 kHz®] LE7} 3 A7 7h4 0 2 43 ¢
A=l om, ojuf A HF7)9 F8 AL ok 463
pVE A ZE7)) TEdls F %}aﬂ.oq A2} g}
A Z7H 1 pW o2 S48 EAL AT 1"
10(c)= SAHEANA S 7| AH g Hol=1l LF
Az A Hgst A A RFS LFQ YAF A
Ao e Wstel] wel A5 T4 Py A5
7S ukEaly 9tk RF o) Ud &9 A
(e)Z LF el vt 23 AW (e,)2 HIE 4 (4)
o o] A ZA MY AEEEE st
ol o= WY BE7|(MALHEANY EA Agolx
ATELL 0962 A=

- &
7e gel (4)
N.Z&d &
2 =R E AxnAdY 71 23 472 A

35 mm 5 vlAgHA NLH AxodE SHEE &9

He nAGHA 54 AAFY 53 de] 2 F8
A 7)gol datd getEod S HEE )
W 35 mm £ WAEHA AARAE 24
AN 2" ] 20 GHzlA Y &4 238 HAT

B oazda AddE € Ag A2 AA 7e
g2 xﬂ°1 &, &4 NEY Aol 7le & &
24 mm £53 2 40 GHz °|4e =338 vh
&7 9] *.474134 8ol HEHo] ArabddE F7t 3
Z 3o A 71498 Reltk

FH AR oy

123

[1] A. Fantom, Radiofrequency & Microwave Power
Measurement, Peter Peregrinus Ltd., England, 1990.

[2] M. Kinoshita, "Survey of microwave power stan-
dard", AIST Bulletin of Metrology, vol. 4, no. 3,
2006.

[3] T. W. Kang, N. S. Chung, R. Honigbaum, J. Ru-
haak, and U. Stumper, "K- and Ka-band waveguide
microcalorimeters for microwave power standards",
IEEE Trans. Instrum. Meas., vol. 46, no. 6, pp.
1247-1250, Dec. 1997.

[4] Agilent Technologies, Fundamentals of RF and
Microwave Power Measurements(Part 1, 2, 3, 4),
Application Note 1449, 2003.

[5] D. Janik et al., "CCEM key comparison CCEM.

RF-K10.CL(GT/RF 99-2) power in 50 ohm coaxial

lines, frequency: 50 MHz to 26 GHz", in Proc.

27th CPEM, London, UK., pp. 246-247, Jun. 2004,

L. Brunetti, L. Oberto, M. Sellone, and E. T.

Vremera, "Comparison among coaxial microcalo-

[6

—_

rimeter models", IEEE Trans. Instrum. Meas., vol.
58, no. 4, pp. 1141-1145, Apr. 2009.

995



BEBEEBERGE B2 5 B9 2009598

19953 24: AE
3 (F3HAh
19983 29: d=8r|ed A7)

9 AAF s (FAAD
2002 24: = AN
2 AAZE (FEEAD
=f : 20023 249 ~2005 39: LGAA7)
&9 2AAEATS: Addrd
2005 49 ~EA: $FEEAGETY AAIGAE AY
g
T ANFOH AR SHERAY, U2 F)

87 AREs

1978 2€: Mgy AxF e
3 (F8Ah

1980d 84: ¥=Ar|&d A7)
2 AAF e (F8H4Ah

- 20009 29 #AFFHR)ed A7)
2 AAF e} (F3A

1981‘4 10% @A dFEEHE

996

T W o4

19883 29: ABUsy AL
& (FAD

1990d 29: £}ty AAA
71383 (F84Ah

2001 29 3 Iheta A2
71583 (A

19909 2€ ~&A: dFEFHEA

Zdz}JMIEi a4 AMeF

(F R0l AA= ﬁ@ﬁﬁ%‘ S, AY, SAR SHEZ
B ¥%) EMC 23 %




