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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 l
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 system
Some other presentations will cover new results on components for advanced systems. The speakers come from four continents: America, Europe, Asia and Australia
Their achievements are complementary. 
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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



High-speed
Wireless LAN
(WLAN)

Wireless Personal
Area Network (WPAN)

Service Provider

Wireless Broadband  Networks

Millimeter-wave wireless networks

- Wide bandwidth
- High transmission loss

(4~15dB/km at 60GHz)
- Frequency re-use
- Directivity
- Unlicensed band (59-64GHz)
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► Radio-on-Fiber (RoF) systems
- Ultra-wide bandwidth
- Effective linkage with optical networks
- Low transmission loss 



Optical millimeter-wave 
transmission
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► Advantages
- Straight-forward architecture 
- Simple receiver

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



Remote up-conversion system

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

► Disadvantage
- Complex receiver 

System on Chip approach?
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High-speed InP transistors 
for RoF System
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InP HEMT or HBT
► Can detect 1.5 µm light
► MMIC compatible 
► Can perform multiple functions

- Optoelectronic mixer (PD + mixer)

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

InP HEMT or HBT ICs



i-In0.65Ga0.35 As 100Å channel

i-In0.53Ga0.47 As 100Å sub-channel

i-In0.52Al0.48As 3000Å buffer

Semi Insulating InP substrate

i-In0.4Al0.6 As 40Å spacer

i-In0.4Al0.6 As 120Å barrier

Si-δ doping
5.8×1012cm-2

0.9µm 2µm

Passivation
n+-In0.53Ga0.47 As 200Å capping

InP HEMT

High-speed InP Transistors

Optical
illumination

InP HBT

300nm n--InGaAs collector

50nm p+-InGaAs base

InP emitter

Semi-insulating InP substrate

Optical
illumination

(Fabricated by NTT Photonics Laboratories, Japan)

n+-InGaAs sub-collector

IEEE Trans. MTT. Jan. 2005



Photo-detection 
Characteristics of InP HBT

300nm n--InGaAs collector

50nm p+-InGaAs base

InP emitter

Semi-insulating InP substrate

Optical
illumination

n+-InGaAs sub-collector
1E8 1E9 1E10

-5

0

5

10

15

20

25

30

35

 
 

Optical modulation frequency [Hz]

Ph
ot

ot
ra

ns
is

to
r i

nt
er

na
l g

ai
n 

[d
B]

Optical fT
= 63GHz

Tr-mode
PD-mode

Gint



16.5 17.0 17.5

-80

-60

-40

-20

0

Frequency [GHz]

D
et

ec
te

d 
Po

w
er

 [d
B

m
]

ƒLO

ƒLO + ƒIFƒLO - ƒIF

- Photodetector + Frequency mixer
→ Optoelectronic mixer

Optical IF   
ƒIF=500MHz

RF
ƒLO ± ƒIF

LO
ƒLO=17GHz

InP 
HBT

HBT optoelectronic mixer



DFB
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10km fiber-optic link
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622Mbps
1.25Gbps

1.25Gbps eye-diagram

Transmission results

- Gigabit data transmission in 60GHz
- LO required in BS



Amp.

HBT O/E mixer

Optical fiber

CENTRAL OFFICE BASE STATION

- Optical LO distribution
- Elimination of LO in base stations

60GHz
LO

HBT optoelectronic mixer 
with optical LO

λIF

ƒIF=500MHz

Optical
IF

λLO

60GHzOptical
LO



InP HBT
O/E up/down mixer
with optical LO  
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IEEE PTL, Dec, 2005

60GHz bi-directional link
based on HBT
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After demodulation

Eye diagram
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- EVM=4.53%
- 16 QAM transmission is possible

EVM

Downlink transmission results

16QAM constellation
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Uplink transmission results

Optical LO power to InP HPT [dBm]
Er

ro
r V

ec
to

r M
ag

ni
tu

de
 (E

V
M

), 
[%

]

EVM

- EVM=4.67% 
- 16 QAM transmission is possible

After demodulation

Eye diagram

16QAM constellation
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Optically injection-locked OSC

λLO

30.2105GHz

Optical LO

EDFA

10dB
coupler

BPF @ 30GHz

HBT
IB

VCE

30.21GHz HBT oscillator

CENTRAL OFFICE

- Use 2nd harmonic for 60GHz applications
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60GHz downlink using OIL-SOM
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- EVM=4.74% corresponding to 26.5dB SNR
(Error-free transmission)

- Insensitive link performance over optical LO power

Downlink transmission results
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λIF
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IEEE PTL, Nov, 2005

- One chip base station is possible!

- Much wider locking range 
(3MHz → 1.4GHz at Popt=2dBm)



CMOS compatible O/E mixer
- Si photodiode fabricated by standard 130nm CMOS process

16QAM constellation Eye diagram

-EVM = 6% 
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Summary

► 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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