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THz Radio Communication

Recently, THz wave has attracted attention as a
new tool for high capacity radio communication
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Alternative lines and
backup lines for
emergency

Instantaneous wireless
data transfer
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Frequency allocation of radio
communication
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Precise frequency measurement of
CW-THz wave is required

-

However, techniques of absolute frequency
measurement of CW-THz wave are still immature!
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THz-comb-referenced frequency
measurement

I\/Ieasured CW-THz wave Fl'eq . doma| N
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Ref) S. Yokoyama et al, Opt. Express 16, 13052-13061 (2008).
T. Yasui et al. Opt. Express 17, 17034-17043 (2009).
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Determination of m and sign of f,..

Measured

CW-THz wave
PC-THz comb

m-order mode
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Measurement of f,.;

and fbeatl

‘ 1:beatl - beatz‘
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Measurement of f

m =

repl rep2 ‘

rep2

and fbeatz

. Assumption : f;,, is sufficiently stable I
f. during measurements of f, ., and f,;» ]
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For example

CW-THz source
(UTC-PD)

- fast frequency
fluctuation

- large frequency
fluctuation
(mode hopping)

Present talk

Real-time determination of the fast or
largely fluctuating CW-THz frequency using
dual PC-THz combs .
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Real-time determination of CW-THz frequency

Laser 1
(PC-THz comb 1)

A PC-THz comb 1
m-order mode

Measured
CW-THz wave

PC-THz comb 1
(m+1)-order mode

THz
Freq

(m+1)f

repl

m(frepl - frepZ)

= fbeatl - fbeatZ

parallel measurement
using dual PC-THz
combs !
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Instantaneous frequency measurement usin

tm | Hilbert transformation
Z(®) Ref) H. Flser et al, Appl. Phys. Lett. 99, 121111 (2011).
CLo t) . Z(t) = F(t) + iG(t)
F(t) Re .
2(t): analytic signal  F(e): MU G0z, oI NS
o(t) = arg[Z (1)] = tanl[%} f o 1,00
F(t) 27 dt
. /" Hilbert g} |
< \/ transform “ | |

Temporal waveform of f, .,

Time

Instantaneous frequency of f,
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Experimental setup

Test source

Frequency
synthesizer

standard v

Active frequency
multiplier chain

(multiplication factor=6)

PC-THz
combl, 2

(AMC-10-R0000)

CW-THz wave

C B8 > (75-110GHz, +4dBm@100GHz)

Stability < 2*10-11
Accuracy : 5*¥10-11

Control system of
mode-locked frequency
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A=1550nm, At=56fs

fbeatl Laser 2
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Real-time determination of f,,
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Frequency error with respect to a
various integration number

Measurement time [ms]

0.0001 0.001 0.01 0.1 1 10 100
1000 \ I \ \ \

The comb mode
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The comb mode
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Comparison of accuracy between Hilbert

transformation and frequency counter
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Real-time monitoring of CW-THz wave (D
(Frequency fluctuation = 0.1 THz =100 Hz)
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Real-time monitoring of CWQTHZ wave
(Frequency fluctuation = 0.1THz + 200MHz)
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A high potential for real time monitdring of
large fluctuation such as mode hopping Iin
CW-THz sources!
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Experimental setup

Test source

Frequency | __| clock| Rb frequency | cloek
synthesizer standard
Active frequency Stability < 2*10-11
multiplier chain Accuracy : 5*¥10-11
(multiplication factor=6) M
(AMC-10-R0000) / My Laser 1

CW-THz wave
(75-110GHz, +4dBm@100GH?z)
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Real-time determination of -, '
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Real-time monitoring of CW-THz wave
(Frequency fluctuation = 0.1THz + 200MHz)
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Experimental setup

Test source

Frequency | clock | Rb frequency | clock
synthesizer standard
Active frequency Stability < 2*1011 Laser
multiplier chain Accuracy : 5*10-11 fp=250,000,000Hz@Freerun
(multiplication factor=6) A=1550nm, At=56fs

(AMC-10-R0000)
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Real-time determination of f,,
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Real-time monitoring of CW-THz wave
(Frequency fluctuation = 0.1THz + 500MHZz)
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Summary

Real-time absolute frequency measurement
of the fast or largely fluctuating CW-THz
wave using dual PC-THz combs

(1) Frequency accuracy

e 2.2X1019 at a sampling rate of 10 kHz
« 1.5%x1071% at a sampling rate of 10 Hz

(2) Possible to determine f,, at lower SNR (~10)

(3) Avallable for large change of f;,, across the
comb mode
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Real-time determination of fTHZ
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