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Abstract:

The optical technology offers advantageous new approaches for the transmission of microwave, high speed signals. The optical fiber signal transmission has a very .
loss (0,2 dB/km) and a very wide bandwidth. It is capable to transmit any kind of modulation format. Its properties can be well utilized mainly in mobile networks bo
for outdoor and indoor systems. The workshop presents an overview of these new methods in the framework of invited talks presented by experts in the field.

In the program several new approaches will be presented which offer more advantageous transmission properties. Complete systems will be reported like coherent
optical transmission, routing high-speed packet switched signals, distribution system with both wireless and wireline nodes, combined wireless-optical indoor systen
Some other presentations will cover new results on components for advanced systems. The speakers come from four continents: America, Europe, Asia and Australic
Their achievements are complementary.
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Outline
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- Introduction

- InP HBT as high-speed photo-detector

- InP HBT optoelectronic mixer

- Optically injection-locked self-oscillating optoelectronic
mixer (OIL-SOM) based on InP HBT

- Summary



Millimeter-wave wireless networks 7¥\
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High-speed
Wireless LAN
(WLAN)

Wireless Broadband Networt

- \Wireless Personal ﬁ

- Wide bandwidth =\ Area Network (WPAN)

- High transmission loss
(4~15dB/km at 60GHz)

- Frequency re-use
- Directivity
- Unlicensed band (59-64GHz)




RoF systems TS @

» Radio-on-Fiber (RoF) systems
Building
uildin - Ultra-wide bandwidth

= - Effective linkage with optical networks
- - Low transmission loss
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Optical millimeter-wave
transmission

Antenna Base Station

Central Office

» Advantages
- Straight-forward architecture
- Simple receiver

» Disadvantages
- Chromatic dispersion
- High-speed optical modulators and photo-detectors



Remote up-conversion system PATA
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|
Central Office s T
Antenna Base Station

» Advantages
- Chromatic dispersion immunity
- Not expensive optical modulators and photo-detectors

» Disadvantage
- Complex receiver
=» System on Chip approach?



High-speed InP transistors M
for RoF System

Central Office

InP HEMT or HBT

» Can detect 1.5 um light
> MMIC compatible
> Can perform multiple functions InP HEMT or HBT ICs

\

i Optoelectronic mixer (PD + mixer)

- Optically injection-locked self-oscillating O/E mixer
(PD + phase-locked oscillator + mixer)

\ o




High-speed InP Transistors JN\
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InP HEMT InP HBT
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Optical
illumination (Fabricated by NTT Photonics Laboratories, Japan)

Semi-insulating InP substrate

IEEE Trans. MTT. Jan. 2005



Photo-detection
Characteristics of InP HBT
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HBT optoelectronic mixer
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1.25Gbps data Tx. in 60GHz band #V\
using O/E mixer |

CENTRAL OFFICE BASE STATION

Lensed:
10km fiber-optic link ~ fiber |

1.25Gb/s
215.1 PRBS 60GHz
NRZ data link
(Vpp=2V) MOBILE TERMINAL

|

I | Sampling |
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Transmission results M
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1.25Gbps eye-diagram
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HBT optoelectronic mixer
with optical LO

- Optical LO distribution
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60GHz bi-directional link
based on HBT

CENTRAL OFFICE BASE STATION
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60GHz downlink Transmission

HBT
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Signal
Analyzer




Downlink transmission results M
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60GHz uplink transmission
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Uplink transmission results N\
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Optically injection-locked OSC PATA
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- Use 24 harmonic for 60GHz applications

I
I
I
CENTRAL OFFICE ! 10dB .
|j— = === (; ikt : coupler |
1 30.2105GHz | : S ;
| — l | :\
I A A | . )| I
| - . B I
I I I A P :
' ' g/
I A : : I
; O | L BPF @ 30GHz _ _,
I_ PEECEI_LS)_ _: 30.21GHz HBT oscillator
= Phase noise T v
I .50 , 0 .30 | 2fLO
8 Free—running =
o, 00 — Injection—locked T 401
© S 504
w - —
GCJ D 601
7 k3]
© D -70
N O L L
10000 100000 1000000  1E7 60.419 60.420 60.421 60.422 60.423
Frequency offset [Hz] Frequency [GHZz]




Optically injection-locked
self-oscillating O/E mixer
BASE STATION
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60GHz downlink using OIL-SOM N\
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Downlink transmission results M
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MMIC OIL-SOM
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CMOS compatible O/E mixer #V\
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- Si photodiode fabricated by standard 130nm CMOS process

Downlink signal

Central office Antenna base station evaluation
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Summary

4

S High-speed InP transistors (HEMT, HBT) are

useful for RoF systems
- Photo-detectors

- Optoelectronic mixer
- Optically injection-locked self-oscillating O/E mixer
=» More power systems with HBT/HEMT MMIC

=» Possibility for high-speed Si circuits
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