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Summary

DSRC (Dedicated Short Range Communication), which is a communication system for high-speed transportation,
uses microwave of the 5.8 GHz band and has been used as ETC (Electronic Toll Collection) for the public since 2001.
In the near future the DSRC is expected to expand into various private fields. Under such circumstances, the wave
absorber which adjusts the electromagnetic environment and secures the reliability of communications will be applied
to various places in many forms.

We have developed wave absorbing panels for the canopy of tollgates on the expressway which are installed all over
the country. Many kinds of the wave absorbers are necessary for various installing situations (e.g. curved surfaces,
small and complicated places).

This report describes the development of a thin sheet type wave absorber suitable for these situations. Our sheet type
wave absorber designed by transmission line theory and for use under the circularly polarized wave realizes absorption
performance which meets ETC specifications by JHRI (Japan Highway Public Corporation Research Institute) at only
1.9 mm in thickness. Furthermore, it is very flexible and easy to cut into any size or shape, so it can be used for any
purpose. We expect that our sheet-type wave absorber will contribute to the early realization of the DSRC system.
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Fig. 1 An image of the DSRC system (Extracted from the
Ministry of Public Management, House Affairs,
Posts and Telecommunications homepage)
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Tablel Required performance for the ETC
electromagnetic wave absorption sheet (5.8 GHz
band/a TE and a TM polarized wave or a circularly
polarized wave incidence properties)
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Fig. 2 Schematic illustration of the one layer type
electromagnetic wave absorber (A case of TM
polarized wave incidence)
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Fig. 3 Equivalent circuit of the one layer type
electromagnetic wave absorber
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Fig. 4 Schematic diagram of the development process of
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Fig. 5 Schematic illustration of the S parameter method
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Fig. 6 The change of the material constant due to the
change in the amount of magnetic loss material (5.8
GHz)
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Table 2 Correlation between the amount of magnetic loss
material and the material constants
58GHz0000000OOOOODOOOODOO

goooboo
oooo ooo oooo
ooooo W = 0.0288] volJ O+ 1.3455 R?=0.999
ooooo u” = 0.0628 volO [1J 0.5383 R?*=1.000
ooood € = 0.2460 volO [H 4.0272 R?=0.829
ooood €” = 0.2139 volO 1] 8.077 R?=0.808

oooooooboooooooOoOoOoOoOoTEDTMODDODOO
coooboooooobOOobooooooOoboooooo
Fig.80c ODOODDODODOOOCOOCCODODO
ocoooooOoOoOreorMooooooooooogH
OO TYPE-BOOOOOODOOOOOOOOOOOOOO
ooobooooooooooooobooooooooon
ooboooooooTEOTMOODOOOOOOOOD
O00JHOOOOO0OO0O0O0O0O000000000

0730

1.9
q O
5 =
E 18 g
8 H
= 5
S O

4 1.7

L «e0-- 0000 MO0 dBOI
50 b o 1
—o— [0 000000 mmd
60 M | I L L ! — 1.6

37 38 39 40 41 42 43
0000000 vol (D
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the return loss and the optimal thickness of the wave
absorber (frequency 5.8 GHz / incident angle 0 deg.)
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Fig. 8 A design example of the sheet type wave absorber
(oblique incidence characteristic/frequency 5.8
GHz/sheet thickness 1.88 mm)
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Fig. 9 Photograph and schematic illustration of the

measurement system of the arch method
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Fig.10 Return loss properties of the prototype (frequency
characteristic/incident angle 10 deg.)
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Fig.11 Return loss properties of the prototype (for linear
polarized wave/frequency 5.8 GHz)
0000000000000 0oo /5.8GHzO

coooooobooooboooOoooOoobooooooono
ooooooooooboooooooobooboono

O
410000000

coobooooooocoooooobobooooooono
coboooooooboocoooooOooobooobooooo
ooooooOooOoOoOoO0Fg1400000OD0O0ODODOO
gooooooooOoOoOOOO0O0ORg140000000O
Oooooooobooooooooosscoboooon
goooOom0dBOOOOOOOOOOOOODOOOOH
OO0 TYPE-BOOOOOOOOOOOOOOOOODOOOO
coooocoboooooon

4200000
O0000o0o0opDoooooogoooog ETCOO
gboooooHObOOooOOooooobooobooooo

0750

0
¢ 18mmOOMIOOOMHI
.5 |
——18mmIO0 M 000
]
O -10 — —JHO O TYPE-B
)
o
H
O -15
O
O
O
20 e o o o * o
Ms
-25
-30
0 10 20 30 40 50 60
gooOde m
0
¢ 19mmO0MIO0O00OOd
.5 —
——19mm 000000
] || —
O -10 JHO O TYPE-B
)
o
H
O -15
O
O
O  —
20 e o .Ws
* L 2
-25
-30
0 10 20 30 40 50 60
gooOde

Fig.12 Return loss properties of the prototype for circularly
polarized wave
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Fig.13 Schematic illustration of the sheet type wave
absorber
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Fig.14 Return loss properties and oblique incidence of the
mass-produced sheet type wave absorber (frequency
5.8 GHz /circularly-polarized wave / thickness 1.9
mm / number of sample 5)
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Fig.15 Bending radius of sheet type wave absorber
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Table 4 Tensile strength of the sheet type wave absorber
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0000N/m20 Avg. 0O N/m*0 | JHO O 0O 0 N/m?0

000000Nmm2 0 0000Nmm*0|JH 0000 N/mm?0
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830 | 821 | 895 | 895 8.25 02000

4220000000
JHOOOODOOO0O0O0O0O0o0O0O00 10.o0mmO00000
000000Fel5000000000000000DOO
gooboboooo1iommO0OOoOoooOobOoooogon
goobobobooooooobobooooooogo
gooogoogoogo

42300000
goooooooopoooooooooooooooJH
0oooooJIsKe21000ooooooooooon
0000000o000o0o00dTable40000O0OOJH
oooooo2Nmm?0000000000000000O
goooobooboooooooo

424000

oooJiIsKe2s3spoopoooooooooooooo
000000000000 A0O0OO0OO0OOooooooooo
O0OO0OTable50000000JHOOOOOOOO0OOO
gobooooooooo

4250000
000oo0d0oooooOooogJHoOoDooooooo

Table 5 Hardness of the sheet type wave absorber
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Table 6 Water absorption of the sheet type wave absorber
oo0oooooooooooo

Dooooo Ag000 | JHODOODO
011 | on | o015 0.12 0200

ogoo oo

gobbooooobobooobobbooooboboo
gobboooboooboboobboobo

gobobooooobobobooobboooooboboo
oDoOooooOooDoOoOgETCOOODSRCODOOOO
ooo0o0s5.8GHzOOOODOODOOOJHOOOOO

0760



ETC/DSRCOOO0O0O0O0OOOODOODOOO

TYPE-BOOOOOOOOOOOOOOOOO 1.9mmO0O
goboobooboobboobooboobboob
ooooooooooojHoooooooooboboooo
goboboboboboboboboobooobooon
oooooooooobSrRcOOOOOoOOoOOOO
goboobooboobboobooboobboob
gobooobooobooobooobo

oono
coobooooooocoooooooobocooooono
0000000000000 00000®OO0OD0O0D0
oooooboboooooobooooboboooooo

good

(1) DooOITSO00000D000000O0DO0oOoOon
oooooo.2002.

(20 DODODOOOETCOOOOOOO . Ver.1.00 00/10/
170 . 2000.

(3 D0DO00O0O0D0O00000000000O019970

(4 DODODOODODOO0O0O0O00O000O0000000
0D0O0O0O0oo19980

(b) DODDOODOODODOOOODODDOODOOODOOOOOOO
oOoo00oOooooooo,0EMCJ-102. 20010p.85-90.

(6) Kurihara, H. et al. An Improvement of the Environment
for ETC Systems by Using Circularly-Polarized Wave
Absorber. 0 80 ITSO O OO . 2000.

(7) Measuring the dielectric constant of solids with the HP
8510 network analyzer. Product Note 8510-3.
HEWLETT PACKARDOODOOOOO .

(8) A.M. Nicolson, G. F. Ross. Measurement of the Intrinsic
Properties of Materials by Time-Domain Techniques.
IEEE Transactions on Instrumentation and
Measurement. Vol. IM-19, No.4, 1970, p.377-382.

o770

goooooooooooobooo
gooooobooooooobooooooo
ooobooooooobooonoo
ooooooooobo

ooooo0oooooooon
oooo0oo0ooo0o0oooooooooa
oooooooooooooa
oooooo

goooooooooooboo
oooooIrsooooo
ITSsboooooooon

oooooooooooon
oooooooooo
000o00000000000000000

gooboooooooooooo
goboooooooobooooooooooooooo
O

goooooooooon

oooo0ooooooooon
oo0oo0o0000000000000000000
0

ooooo0oboO0ooo0o0obooooooa

ooobooooooobooono
goobooooooobooooooobooo
gooooooooooooooooooog
poooopoogooo



