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Abstract - A 125Gbps 60GHz-band full duplex wireless 
Gigabit Ethernet link has been developed. Direct ASK 
modulation and demodulation scheme is adopted for the 
60GHz-band transceiver. CPW MMIC’s and planar filters are 
flip-chip mounted in TX and RX LTCC MCM’s. The wireless 
Gigabit Ethernet link has a function to convert an optical fiber 
link to a wireless link seamlessly combining a LOG&-band 
transceiver with a lOOOBase-SX optical in/out module. The size 
is 159x97x44mm3. 

I. INTRODUCTlON 

Demands for high-speed multimedia data communica- 
tions, such us a huge data tile transmission and real-time 
video streaming, are markedly increasing, so that the 
wireless transmission with IGbps and beyond data rate 1s 
very attractive. 1.25Gbps Gigabit Ethernet networks using 
optical fibers and UTP cables are becoming to be widely 
used, however, the speed of conventional wireless LAN 
systems (IEEESOl.llb, lla etc.) is limited to less than 
IOOMbps. A very wide unlicensed 60GHz-band (S9-66GHz 
in Japan) is suitable for ultra high speed wireless 
communications with Gbps class of data rate. An S400 
(400Mbps) wireless 1394 adapter was demonstrated for the 
first time by the authors [l]. An MMIC chipset for 1Gbps 
wireless links was reported [2]. However, low-cost high- 
producible module technologies are required for 
commercial use of 60GHz-band systems. We have 
proposed low-cost multi-chip module (MCM) concept 
based on the multilayer Low-Temperature Co-Fired 
Ceramic (LTCC) technologies [3], and fabricated 60GHz- 
band Coplanar Waveguide (CPW) MMlC’s, planar filters 
and MCM’s for 5OOMbps and 1.25Gbps transmissions [4]- 
[El. In this paper we demonstrate a compact wireless 
Gigabit Ethernet link for the first time utilizing these 
technologies. 

Il. WIRELESS Gn%!%r ETHERNET LINK CONFIGURATION 

Wireless Gigabit Ethernet link has a function of a media 
converter to connect a fiber link to a till duplex wireless 
link seamlessly with 1.25Gbps data rate. Fig.1 shows the 
wreless Gigabit Ethernet link contiguration. The data input 
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Fig. 1 Wireless Gig&n Ethernet link configuration. 

and output interface is a IOOOBase-SX optical transceiver 
module. The transmitting data from the optical module is 
input to the millimeter-wave transmitter after the waveform 
reshaping through the clock and data recovery circuit 
(CDR). The received data from the millimeter-wave 
receiver is input to the optical transmitter after the 
waveform reshaping through the CDR. The direct ASK 
modulation and demodulation scheme is adopted for the 
millimeter-wave transceiver because of a simple contigu- 
ration with high data rate. The transmitter consists of a 
30GHz band oscillator, a 30 to 60GHz hand frequency 
doubler, an ASK modulator, a bandpass filter and a power 
amplifier. Higher than 1.5Gbps ASK modulation can be 
realized using a Traveling Wave Switch (TWSW) with low 
insertion loss and high isolation [9]. The modulator has a 
high speed data driver consisting of an FET pull down 
circuit to cnnvwt CDR output signal level (O.EVp-p) to the 
on/off (-l.SV/OV) level for the switch. For the oscillator, a 
free running one with the phase noise of about -EOdBc/Hz 
at 1MHz off-carrier can be used, however, a DRO is 
adopted to meet with the permitted frequency tolerance of 
500ppm for the unlicensed 60GHz-hand in Japan. The 
receiver consists of a low noise amplifier, a bandpass filter, 
a demodulator (detector) and a post limiting amplifier for 
the output signal to be converted to the pseudo ECL 
(PECL) level. A pair of separate carrier frequency of t7 and 
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Fig 2 Millimeter-wave transceiver module stmct~re. 

B about 3GHz apart is adopted for the duplex link in order 
to attain the isolation between the transmitter and receiver. 
Alarms for millimeter-wave loss of slgnal (MMW LOS) 
and for optical loss of signal (Opt LOS) are indicated using 
LEDs. 

III. TRANSCEIVER MODULE TECHNOLOGY 

The features of our millimeter-wave transceiver module 
shown in Fig. 2 with high productivity are 
(a) Coplanar MMIC’s and planar filters. 
(b) Flip-chip mounted multilayer LTCC MCM. 
(c) AntennalMCMiPWB 3D compact transceiver module 

using Ball Grid Array (BGA) connection. 

MMIC’s are based on 0.15~ AlGaAs/InGaAs hetero- 
junction FET (HJFET) technologies. Flip-chip bandpass 
filters are planar dielectric waveguide type with CPW input 
and output ports in the alumina substrate [7], [B]. The 
MMIC and filter chips are mounted in LTCC packages by 
the therm+compression flip-chip bonding using stud bumps 
wtth high reliability. The transmitter and receiver MCM’s 
are mounted on printed wiring boards (PWB’s) by BGA 
assembling. A 30GHz-band oscillator is mounted on the 
transmitter board. Flat array antennas are placed on the 
transmitter and receiver MCM’s. 60GHz-band signal is fed 
to the antenna through a coupling slot in the MCM. The 
transmitter and receiver boards are set on a base-band 
circuit board consisting of an optical transceiver, CDR’s 
and power supply circuits. 

MM10 were designed to have wider responses than the 
required bandwidth from 59 to 64GHz. A doubler chip 
shows higher than OdB conversion gain. A modulator chip 
has higher than 4dB gain. A 2-stage power amplifier chip 

lexhibits 12dB. linear gain and 14dBm saturated output 
‘power. A 3-stage low noise amplifier chip shows higher 
than 18dB gain. A demodulator chip has higher than 1OmV 
output for an input power of higher than -3OdBm. The chip 
size of all MMIC’s is 2.5x1.15mm2. Fig. 3 shows fabricated 
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Fig. 3 Transmitter and receiver MCM’s photograph. 

Fig.4 Internal view of wireless Gigabit Ethernet transceiver. 

transmitter and receiver MCM’s. The sizes are 
27.9~12.6~1.6mm’ and 29.2x12.6x1.6mm3, respectively. 
A completed wireless Gigabit Ethernet transceiver before 
attaching antennas is shown in Fig. 4. 

IV. TRANSCEIVER MODULE PERFORMANCE 

Fig. 5 shows frequency responses for the transmitter 
output power. 30GHz-band OdBm CW signal is input to the 
doubler chip in the transmitter MCM by an RF probe. The 
peak output power for the ASK modulated 60GHz-band 
signal is plotted versus frequency. Fig. 5 (a) is for fi of 
60.3GHz and (b) is for f2 of 63.13GHz. The frequency 
response is reflecting that of the filter in the transmitter 
MCM, and is effective for reducing the bandwidth of ASK 
modulated 60GHz-band signal. The output powers are 
10.4dBm and 8.7dBm at ft and fz, respectively. 

The receiver performance is shown in Fig. 6. The bit 
error rate (BER) is plotted against the received power for 
the ft carrier at 1.25Gbps data rate. The minimum received 
power for less than 10~9 BER is -l6dBm. The eye pattern at 
43dBm receiver power is also shown in Fig 6. Good eye 
opening can be seen. 
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Fig. 5 Frequency response of peak outpur power for TX MCM. 
(a) t-l of 60.3GHz, (b) f2 of 63.13GHz. 

V. WRELESS GIGABIT ETHERNET LINK PERFORMANCE 

Fig. 7 shows a wireless Gigabit Ethernet link photograph. 
As short range use within IOm, 6x8 array antennas with 10” 
beam width and 20dBi gain are assembled. 27dBi high gain 
antennas can also be assembled for longer range. The size is 
159x97x44mm3 and the weight is 300g. The eye pattern of 
the optical transceiver output (after O/E conversion) for 
1.25Gbps received signal at error free transmission is 
shown in Fig. 8. Fig. 9 shows thb transmitter output 
spectrum for fl with 1.25Gbps data signal input from a 
Gigabit Ethernet board in a PC server. The occupied 
bandwidth defined as 99% power occupancy is 1.6GHz. As 
high as 1.23Gbps TCP IP throughput has been achieved at 
7m wireless transmission, which is the same as that for 

1.25Gbps 

-55 -50 
Received zer (&I) 

-35 

Fig. 6 Bit error rate performance and eye pattern for receiver. 

Fig. 7 Wireless Gigabit Ethernet link photograph. 

the transmission through directly connected optical fiber. 
Performance for the wireless Gigabit Ethernet link is 
summarized in TABLE I, which is conformed to the 
technical regulation for the 60GHz unlicensed band in 
Japan. 

The wireless Gigabit Ethernet link has advantages over 
the fiber link, such as instantaneous installation and 
transparency through the wall except for that made with the 
metal, suitable for the mass commercial use for the 
streaming and fast down loading of high definition video 
tiles, especially, to movable terminals for trains and cars. 

VI. C0NCLUSl0N 

A 1.25Gbps 60GHz.band full duplex wireless Gigabit 
Ethernet link has been developed. Direct ASK modulation 
and demodulation scheme is adopted for the 60GHz-band 
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Fig. 8 Eye pattern for opbcal transceiver output converted From 
1.25Gbps demodulated signal of60G&-band receiver. 
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Fig. 9 Transmitter output spechum for 1.25Gbps data input. 
(Center : 60.3GHz, Span : 5GHz) 

TABLE I 
WIRELESS GIG.@UT ETHERNET LWK PERFORMANCE 

Carrier Frequency 60.3 .-- ---.. 
Output Power 10.4 
Occupied Bandwidth 1.6 I 
Antenna Beam Width IO0 
Modulation ASK(PCM) 
Data Rate 1.25Gbps Full Duplex 

IBase-SX 

ymx97mmx44mm 1 

transcewer. A compact transceiv and planar filters, 
multilayer LTCC MCM’s, and antenna/MCM/PWB 3D 
compact structure. The wireless Gigabit Ethernet link has a 
function to COCW& an optical fiber link to a wireless link 
seamlessly combining a 60GHz-band transceiver with a 
1000 Base-SX optical in/out module. High TCP IP 
throughput of I .23Gbps has been proven. 
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