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Abstract: Test results for a 10-Gbps prototype demonstrator working at 71~76 GHz frequency band with a 2-bit/s/Hz spectral 
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achieve up to 20 Gbps with a full 10-GHz bandwidth of the allocated commercial bands (71~76 GHz and 81~86 GHz).
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1  Introduction

The use of the E-band (71~76 GHz/81~86 GHz) for 
commercial purposes has attracted a lot of interests 
because it is possible to achieve a multi-Gbps data 
�	��
 �
 ����
�����{
�Q�
����
	
 ������
�����	���

scheme[1,2]. The high working frequency provides an 
increasing absolute bandwidth and therefore, growing 
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the 60-GHz band, the atmospheric attenuation at these 
frequencies is very low, which enables long-distance 
data links[3]. 

Currently, many point-to-point commercial wireless 
links in the millimeter-wave spectrum have been 

reported. However, they were implemented with 
either low-order modulation BPSK/QPSK schemes 
over multi-GHz bandwidths or high-order 2048/4096 
QAM (Quadrature Amplitude Modulation) schemes 
in narrow bandwidths (e.g., 50 MHz). As a result, 
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s/Hz or limited speed up to several Gbit/s. Recently, 
several E-band systems were reported. The CSIRO 
group reported a 6-Gbit/s combined data rate over a 
250 m outdoor path using 8PSK (eight Phase-Shift 
Keying) modulation with a 2.4-bit/s/Hz spectral 
efficiency[4]. Another group in Korea presented an 
eight-channel point-to-point broadband wireless 
communication system with 16QAM[5].
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In this paper, we report a 10-Gbps millimeter-wave 
point-to-point link working at 71~76 GHz frequency 
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16QAM, we achieved 2 bit/s/Hz efficiency over the 
entire 5-GHz bandwidth. The same approach can be 
used to achieve up to 20 Gbit/s with a full 10-GHz 
bandwidth of the allocated commercial bands (71~76 
GHz and 81~86 GHz).

2  System architecture

A simplified block diagram of the E-band wireless 
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wideband mm-wave transmitter and receiver sections, 
and a high-directivity horn antenna. The transmitter 
and receiver signals are corresponded using a 
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The transmitter consists of two digital modulators, 
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modulator generates 16QAM signals with a symbol 

rate of 1.25 Gs/s and an oversampling ratio of 3. Two 
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signal in the E-band spectrum of 71~76 GHz. As for 
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downconverters downconvert each channel signal to 
the baseband. Then, these signals are sampled by the 
����������
=�@
��Q������
	�
�������
��
���
?��=

���
�����	�
��	����
	�
��������{��
 ���
	
�����

digital stream.

3  Analog IF modules
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commercial available, the continuous bandwidth of 
��	����	�
�������
�����	�
������
��
�������
��
��
�
�|��
�

�����
��
�����Q�
���
��������
���������
	
���_�����

?�����
*


'��� 
��	��	�
��
���
������



A low-cost 10-Gbit/s millimeter-wave wireless link working at E-band 111

���	�
 �������	��
 ��������{��
 ��������
 ��

	�������
=�
 ���
 ��	�������
 �����
 ��
��������{��
N 
high-speed channels (with a bandwidth of BW0 each) 
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BW = 
N ·BW0, where BW is the continuous bandwidth of the 
signal processing. 

At the receiver side, the input binary data is 
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 N  identical channels with 
bandwidth BW0. Theoretically, a narrower bandwidth 
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complicated system, and a higher modulation 
scheme. In this implementation, as a tradeoff between 
component cost and system performance, two 

channels and a bandwidth of 2.25 GHz are chosen.
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baseband signal ranges from 10 dBm to 0 dBm, and 
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selected to work at high oscillation frequency because 
the harmonics were far away from the operating 
frequency. 
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Considering the frequency conversion loss and 
passive device loss (e.g., low-pass filter, band-pass 
filter, and power divider), at least three amplifier 
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the first two amplifier stages are realized as a low-
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while the microstrip transmission line circuits were 
fabricated using multilayer RO4350B material with 
a dielectric constant of 3.65. Benefiting from high 
reliability and a simple design, the transmission 
line structure is used to realize the filter and power 
divider/combiner. 
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bandwidth of the power divider/combiner is 100% over 
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the fraction bandwidth of the lower passband filter 
and upper passband filter are 66.7% and 40%, 
respectively. The fraction bandwidth for the lower 
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avoid interference between the two channels, the 
passband filter needs a harmonic suppression of at 

least 20 dB[6]. 

4  Millimeter-wave mmic modules
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gate-length PHEMT technology from UMS (United 
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the proposed E-band transmitter circuit consists of 
a doubler, a two-stage LO buffer amplifier, and a 
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suppression can be achieved by the differential IQ input. 
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transmitter chip. It has a size of 2.5 × 2.5 mm2.
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The proposed E-band receiver circuit consists of 
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fabricated receiver chip. It has a size of 2×2.5 mm2.
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In order to transmit and receive higher-order 
modulation signals (such as 16QAM) with a low 
BER (Bit Error Rate), an LO with low phase noise 
characteristics is required. However, pure signal 
generation in the mm-wave bands realized directly by 
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As an alternative solution, using lower-frequency 
oscillators related with frequency multipliers to obtain 
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The added phase noise by the frequency doubler itself 

is theoretically 6 dB, and the clock generation scheme 
is used in this design.

To facilitate the proceeding measurements, the T/R 
modules were packaged using a COB (Chip-on-
Board) method to provide a WR-12 waveguide port 
for further antenna connection.

5  Experimental results
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generated from two 10-Gbit/s Ethernet cards installed 
on two desktop PCs. The Ethernet cards are connected 
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Signals are generated and received on the two 
PCs directly. Hence, this test is for bidirectional 
transmissions. The data rate is measured for TCP 
traffic. The TCP throughput is measured using 
the Iperf command. Each Ethernet packet contains 
1 460 B of TCP data but has a total length of 1 538 B 
owing to TCP, IPv4, MAC, and PHY headers and 
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10-Gbit/s Ethernet is 10×1 460/1 538 = 9.49 Gbit/s.

A complete system test (loopback through 
antennas) is conducted in an office environment. 
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Each Ethernet card is installed on a PC and is 
connected to the optical interface on the baseband 
board. Two Ethernet cards talk to each other through 
the E-band system. Since the system is designed for 
a backhaul system where multipath signals are much 
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performance of the system will be underestimated. In 
the test, a measured SNR above 23 dB was obtained. 
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9.4 Gbit/s over the air, which demonstrates a good 
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complete system.

6  Conclusion

In this study, a low-cost 10-Gbps E-band wireless link 
with 2.4-bit·s 1·Hz 1 spectral efficiency was built and 
tested indoors. The system achieved up to 20 G/bit/s 

when the full 10-GHz bandwidth was used. 
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