Cost-effective RF Module for Millimeter-wave Wireless System
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Abstract

This paper proposes a hew concept for cost-effective RF modules which can drastically reduce
the cost of millimeter-wave wireless communication systems. This RF module has no millimeter-
wave terminals because the necessary MMICs and a small flat antenna are contained in one package.
This enables a non-contact, high-frequency shipping test; greatly reduces the person-hours required
to perform the shipping test; and may reduce the device cost. The most distinctive feature of this
module is that engineers who have some knowledge of RF technologies for an IF band of up to 3 GHz
can use it to easily and inexpensively construct millimeter-wave wireless systems without using
high-level millimeter-wave technologies or expensive millimeter-wave measuring instruments. This
will sharply reduce the cost of a system. A recently completed prototype of the millimeter-wave RF
module provided superior measurement results in an indoor transmission test. The bit error rate

0 BEROwithin a 5-meter radius was 10 or less for a 59.5 GHz data transmission with 8-phase
modulation and a transmission speed of 156 Mbps. The RF module can therefore be used in
millimeter-wave wireless systems.
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Fig.1-Proposed millimeter-wave wireless module.
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Fig.2-Developed RF-module.

171



0000000000000000000000000
oooooof®
0000000000000000000000000
505GHz 000000000000
ORFOODOODOOO0OOOO0OOO0OOO0OO0O0000
RFOOODOOOOMMICOODOOOOOMOOOOO
40dBI 00000000 MOOOOOn20d0?0DO
MMICO O [ Gain[ 15.5 dB1J 0 0 O O O [IJ Antenna
GainD O dBIM O OO0 O0O0ORFIOODOOODODN
0000035dBmO00000000000000OO0
0D00000595GHZ000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000Q000000
ORFOODOOO0OO0O0OO0O0O0O0O0O0O0O0OO00O0000

gooooooooo

C oooort
oooo 2880 gopgo s gsio

-4 dBO 15.5 dB

0
o— 180° 80| X
Fooo |MYE HYB. % RFUDOO
1.9 GHzO 59.5 GHz[C
3.5dBmQO
LoD OO o

_______________ 57.6 GHzO
' , 5dBmO
I ! O

I I

I I

I I

I I

i vcor 15.5dB0 oo O
128.8 GHzO o | vcono

' 8dBm g

O30RFOODOOOOOOOODOOOOOO
Fig.3-Block diagram of RF module.
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Fig.4-Setup for measurement of received power vs. IF-input power.
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Fig.5-Measured received-power vs. IF-input power.
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Fig.6-Setup for indoor wireless data transmission experiment.

gboboooooboooboboooobobobooboo
oboobooooboobooboobobob

0000000000000 000000000Do0Onon
O0D0OORFODDOODODOOVCOOOODODOOODODO
0000000000000 MmePSKMOOOOOO
156MbpsD 0000 0000000000000 0000
0000000000000 0000000000veon
00000 Wiltron68095BO 0 000 O0OOOOO
000000000000000000059.5GHzOO
000000098 dBc/HEZ 100 kHz off-carrierd O O O O
ORFOODOOOOODOOODODOOODDOOODD
0oQ00000000o00oooo00oooooooon
000000000 OmO000OOOOOODOOOO0O0
O0D0D0MMBEROOODDODOOOOOOOODOO
gooooogoveoooooOooooooooooo
0000000000000 0D00000000O000

ooooooon

0000000000000000000000000
ORFOODODOOOOOOOOOOOOOOODODOOD
D0000D00ORFOOOOOOOB95GHzO 0000
00015552 MbpsOOOOOLANOOODODODODOOO
0000OmOO0D000D000MmM10°00MO00ono
D000000D00000ORFOIODOOOOOOOODO

FUJITSU.51, 3, (05,2000)

—D40DEI

3 m|

H =

g 3

B~ |

-6005

0 o

0O o

P =

1000 -80
i
i)
[ b
1]
lig
i}
]
& o 105
% 1]
i}
Signal gen.O
a
Error free 4
| | | |
0 2 4 6 8 10

RFOOOO0OO0O0O00O0O0O00OmOO

g-700000000
Fig.7-Measured received RF-power and BER vs. distance from the
point just under the RF-module.
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