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Development of accurate measurement techniques for broadband terahertz pulse
power
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100 GHz 3 THz

We have developed a highly-sensitive absolute power meter for broadband
terahertz (THz) measurements. A broadband absorber which is crucial for sensing THz power was
designed and implemented in the calorimeter. The calorimeter has achieved quantitative measurements
even at several dozen nanowatt levels in the frequency range from 100 GHz to 3 THz or more at room
temperature. This study enables reliable measurement of broadband THz power, and can accelerate the
development of spectroscopy and imaging technology using THz pulse waves.
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Source of uncertainty Type Probability distribution Uncertainty contribution (%)

NGI disk MF117 disk MF117 pyramid

Absorber B Rectangular 25.3 7.5 2.4
Themmal equivalence B Rectangular 0.4 0.4 1.3
Uniformity B Rectangular 0.2 0.2 0.2
DC measurement B Rectangular 0.1 0.1 0.1
Random A Normal 2.0 1.9 1.5
Combined standard uncertainty 25.4 7.8 3.1
Expanded uncertainty (k=2) 50.8 156 6.2
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Source of uncertainty Type  Probability distribution ~ Transmittance

0.5 0.1 0.01 0.001
Uncertainty contribution (%)

Reference standard B Normmal 24 24 24 24
Linearity B Rectangular 0.7 23 27 5.5
Stability (background measurement) B Rectangular 1.2 1.2 1.2 1.2
Stability (sample measurement) B Rectangular 1.2 1.2 1.2 1.2
Sample alignment B Rectangular 0.3 0.3 03 0.3
Sample uniformity B Rectangular 0.3 03 03 0.3
Random A Normal 0.8 0.8 13 3.1
Relative standard uncertainty (%) 32 38 42 7.0
Relative expanded uncertainty, k= 2 (%) 6.4 7.6 84 14.0

Tida et al., J Infrared Milli Terahz Waves (2018) 39, 120-129

PLEOFER, 0.1 THz 250 2 U EEE 2 & TSR T 7~V 8T — O E&HlE A2 ZIL L
7o ZHICE ST, TERKENKEETH - 72220 B — 2R RD — X — & O [ HHR E S AT HE &
R0 NU—HEDOEESE B L ST LI LT, ¥R, 1 THz LLF O JE R #5E
BICB T 2BEREEZREE L2 &3, 5% ORBENPYIFF S N5 E R EREE T 7~ L
VeV THOFERLICKELSBRTH2LOTH D,

5. ERRERIE
MEsssm ) (Br e 1)

(D Hitoshi Iida, Moto Kinoshita, Kuniaki Amemiya and Yuya Tojima, “Terahertz Power
Calibration Using Absolute Reference Calorimeter,” JEEJ Trans. Electr. Electron.
FEng., 2019, in press, &i#eh

@ A =& AT WE HWE. 77Vt R — OB RE, L —Y—iF%E,
47-1. 2019, pp. 37-41, A

3 Hitoshi lida, Moto Kinoshita and Kuniaki Amemiya, “Accurate Measurement of Absolute
Terahertz Power Using Broadband Calorimeter,” J. Infrared Milli. Terahz. Waves, 39,
2018, pp. 409-421, DOI 10.1007/s10762-018-0477-3, # &

@ Hitoshi Iida and Moto Kinoshita, “Amplitude Calibration in Terahertz Time-Domain
Spectroscopy Using Attenuation Standards,” J. Infrared Milli. Terahz. Waves, 39,
2018, pp. 120-129, DOI 10.1007/s10762-017-0440-8, Zie

(® Hitoshi Iida, Moto Kinoshita and Kuniaki Amemiya, “Calibration of a Terahertz
Attenuator by a DC Power Substitution Method,” IEEE Trans. Instrum. Meas., 66, 2017,
pp. 1586-1591, DOI 10.1109/TIM. 2016. 2637498, Z#t

©® HH CE . SRET T~V VEART —% oY — a2 7 | 55-3,2017, pp. 31-37,
A e

(k) Gr1amh)

O i\ CE, AT K WE . kS GR. T IVYEANT —oEERHE - KOE
I ORRE, FHIRT 7~V RN AN & RS 182 ZE S 38 Mg, 2019
@ Hitoshi Iida, Moto Kinoshita, Kuniaki Amemiya and Yuya Tojima, “Absolute terahertz
power measurement of tens of nanowatts using a highly—sensitive calorimeter at room

temperature,” Conference on Precision Electromagnetic Measurements, 2018

i CE, BRET T LYY~ OB, 52t Y &T I Fam—F
fiis WY L, 2018

i 2, AT E RS AR WE . T I YEONTY —EERICHS
PESETAN G HIZERT  FHAL - 2047 =7 in AR, 2018

i R, SV - T IV AT —OREERRE RN, ERUEa RIS, 2018
Hitoshi Iida and Moto Kinoshita, “Broadband Absorber for a Terahertz Calorimeter,”
427 Int. Conf. IRMMW-THz, 2017

R {EFE, KT RHIRT T~ WIRIZEE T oM. 5 64 BISH B Y2 E S
TR, 2017

AT . & BH OBE. T LY ENU — ORI & R, 2R
WRT T~ R EAN & FEZEBRIA S 182 LB 31 EIffgE4s. 2017

Moto Kinoshita, “Precise power measurements of electromagnetic waves including
microwave, millimeter—wave and terahertz-wave,” Emerging Scientist Workshop 2017,
Selected oral presentation, 2017

Moto Kinoshita, “Precise power measurements of electromagnetic waves including

® Q@ v ® ©

©

®



6@@@

>

(1)t
W5

microwave, millimeter—wave and terahertz-wave,” Emerging Scientist Workshop 2017
poster presentation, P-14, 2017

B R, T IV OREERH, (k) AFJREESE - EEENIR S 5 2 [FIFF5E
PEEHAMT R =, 2017

S 1ﬁ5‘€ AT BB E, B BE. SV - T IR T —OREEE
B, BAESRETS 7T o7 - RIEPFREMER S, 2017

AT FE BRE (SRR, B i E Bl WE AR B OBE. I VEBXWY
T T~ ORT G BREAFHIIIIES . 2016

Hitoshi Tida, Moto Kinoshita and Kuniaki Amemiya, “Study on Calibration of Terahertz
Attenuator,” Conference on Precision Electromagnetic Measurements, 2016

Feor R
SERA KT K

o —< K4 : (KINOSHITA, Moto)

AT B TERE R4« [ESTHFSEBRFE 15 N\ PE S AT S A J T
R4 - BRI ERF FE R Y

Tk - EATAFgEE

WHEE RS (8 41) 1 00415671

) Wrget 11
T 1E R4 - BM B2
o —<FK4 : (KURODA, Ryunosuke)

XEMFEIZ L AL, FEE O AR EBEICBWTEMT 5 HOTT, D78, HFFEO IR T DT
SOV, E OB %/x HLOTIERL . EOMIERRICET 2 AMeETIE, MFEEEANCRBRSNET,



