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A Measurement Method Using a Modulated Probe Array for Phase of
Electromagnetic Field

Toru MIZUKAMI', Qiang CHEN', and Kunio SAWAYA'

T Electrical and Communication Engineering, Graduate School of Engineering, Tohoku University
Aramaki Aza Aoba 6-6-05, Aoba-ku, Sendai, 980-8579, Japan
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Abstract A simultaneous measurement method using a parallel modulated probe array was proposed to measure

the electromagnetic radiation rapidly. The performance of the system using this method was demonstrated by the

measurement time and some experimental results such as the radiation pattern and the antenna efficiency by our

group. However, the phase measurement is not possible by using this system because of its structure. In this

report, a phase measurement method using modulated probe array is proposed and some results of preliminarily

experiments are demonstrated.

Key words phase measurement, modulation, array antenna, probe.
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ITEM PERFORMANCE
Radius of semicircular arch 1.03 m
Frequency range 0.8 ~ 2.5 GHz
Frequency step of local frequency > 2 MHz
Measurement time for spherical scan | 16 sec.
Repeatability of measurement < 0.3dB

[S21 | between horizontal antenna < -30 dB

and vertical antenna
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Table 2 OOOO0O0O
ITEM PERFORMANCE

2.5 GHz
9.99, 10.005 MHz
2.499975 GHz

Frequency of RF signal

Frequency of LO signal

Frequency of down converting signal

Amplitude of RF signal 0 dBm
Input voltage of LO signal Vop—p =3V
Amplitude of down converting signal | 0 dBm
Center frequency of receiving span 10.01 MHz
Receiving span 40 kHz
Num. of sampling points 1024

Aquisition time 12.7875 msec.
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Table 3 O00000O0O00O00O0OCOOOO0OOCOOOOOOO

item performance
Frequency of RF signal 2.5 GHz
Frequency of LO signal 6.875, 12.5 kHz
Amplitude of RF signal 0 dBm

Input voltage of LO signal Vp—p =4V
Center frequency of receiving span | 2.5 GHz
Receiving span 80 kHz

Num. of sampling points 1024
Aquisition time 6.4 msec.

5. O 0O O

RFOOO 25 GHz0000000000000000020
goooooooooooooooobooooooooboo

o0oooooooooIFOoOoO LooooooOoooon
goboooooooboo0oobO RFOOOODOOOODDOO

— 5 —



IF1*

IF2*

Amplitude [dBm]|
AN
3

-120

AN AL oA AL
249999 25 250001 250002

Frequency [GHZ]

Figure 14 00000000000 O0O0O0OOO0OOCOOOOOGOOOO
ooooooo

~ Experimental value

NG PSa

J'e

w
[)]
o
LI B B R B

--Theoretical value

o O T TP R R A PR
0O 20 40 60 80 100 120 140 160 180
Difference of propagation distance Ad [mm]

Figure 15 O00000000O0O0OOOOOCOCOOOOOOOOOO
oooooooooooo

00o000b000oO00bO0o0OoORFOOODOODOOODO
Jo0bo0oboobobooobuooboobooobooboo

godobOooooOooooboooboboooooooon
000000000oooooooooo £20°0000000
000000000000 oO0o0obooobooOoOoooaoon
Jd0oDbO0o0o0ooOooOoooooooboooooa

00000 0o0oo0ooooooooooobooboooooa
O00000O0O0O0ORFODODDOODODODODOODOD
ooobobooobobooobobuoooboboooboboo
goboboobobooooboboooboooboboooboo
gooboooboooobobo0ooboooboooooboo
goobooooooooooao

0o0ooooOo 1voooobobboooooooooooooo
JoobOooooooobobOooOoobooooboooa

References

[1] Q. Chen, Y. Komukai, and K. Sawaya, ”SAR Investigation
of Array Antennas for Mobile Handsets,” IEICE Transac-
tions on Communications, vol. E90-B, no. 6, pp. 1354-1356,
2007.

[2] OOOOO0OO0r’20000000000000000000DOO
jo0o0—0o00odooobDOoooooooooooo—0
200600 000000000000000B-1-1860

[3] OOOOODORFO0 MIMOODOOOOOOOODOOOO
000000000 BEROO”02006 0000000000

[4]

[6]

(9]

0o00oooooB-1-2120

P. O. Iversen, et al, ”Real-Time Spherical Near-Field An-
tenna Test Facility for Personal Communications Applica-
tions”, IEEE AP2000 Conference, April 2001.

P. O. Iversen, Ph. Garreau, and Dennis Burrell, “Real-Time
Spherical Near-Field Handset Antenna Measurements,”
IEEE Antennas and Propagation Magazine, vol. 43, no. 3,
pp- 90-94, June 2001.

Q. Chen and K. Sawaya, ”Modulated Scattering Technique
Based Method For Measuring Electromagnetic Field Simul-
taneously,” 2004 Korea-Japan AP/EMC/EMT Joint Con-
ference Proceedings, P-EMC-14, pp. 161-164, 2004.

Q. Chen, K. Sawaya, T. Habu, and R. Hasumi, ” Simultane-
ous Electromagnetic Measurement Using a Parallel Modu-
lated Probe Array,” IEEE Transactions on Electromagnetic
Compatibility, vol. 49, no. 2, pp. 263-269, 2007.
goo,00,0000,“0000000O00O0O0gOoOod
gooooOooooo, 0o00000oooooog, Mar. 2007.
Bolomey, et al, ” Rapid near-field antenna testing via arrays
of modulated scattering probes”, IEEE Trans. Antenas and
Propagat., Vol.36, No. 6, pp. 804-814, June 1988.



