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Abstract

T/R switch utilizing well established optical fiber communication technology 

has been developed in order to use Synergy of Optical Communication and 

Ranging System. 

The switch utilize the optical fiber circulator concept, and enlarge the clear 

aperture from 10μm to 2.2mm in order to handle the high power laser pulse. 

The switch can handle the ps to ns-pulse, 10kw peak power, 1MHz pulse 

repetition rate laser and operate in C-band wavelength range. 

We describe the configuration, operation principle, and evaluation data such 

as insertion loss, and T/R isolation characteristics vs. beam size.

The switch will be used in eye-safe laser ranging and long distance optical 

communication.
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Introduction
The National Institute of Information and Communications Technology(NICT) 
has been in development of optical space communication measurement 
control evaluation ｓｙｓｔｅｍ1. In the system, technical synergy of optical 
communication and laser ranging is very important. In order to increase system 
reliability, operability, and also to decrease development cost 
Especially applying well established  optical fiber  communication technology is 
one of  the  key issues.  In the system we use the C-band laser oscillator(ITU 
grid wavelength laser diode), EDFA, mode locked 30ps fiber laser oscillator, 
beam combiner, high speed fiber optical switch, fiber voltage controlled 
attenuator, wave length selector, and so on. These devices and instruments are 
off the shelf products. Thy are very reliable ,cost effective ,and short delivery 
term.
To develop the system the T/R switch has a very important roll. But the switch 
can not  get from the commercial products. Because of the systems power 
handling capability ,conventional fiber circulator has very small clear aperture 
(fiber core diameter is about 10μm）and  limited to about a few hundred mill 
watts.
But the conventional fiber circulator concept is very attractive for its simplicity 
and does not require any electrical control circuit.
Large clear aperture sized 2.2mm circulator for open space application has 
been developed and evaluated the performance which satisfy the system 
requirements of the T/R switch .
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Optical communication and laser ranging system block diagram

Ｍ＝×１５

Ｍ＝×５

beam expander
for beacon laser

beacon 
laser

λ４＝９８４ｎｍ

beam 
divergence

monitor

beam 
divergence
controlor

Ｔ/Ｒ－ＳＷ

（Circulator）

λCOM + λclock + λRANG ＋ λ４

ＤＷＤＭ
Coupler

ＰＰＭ
Comm．Sig

λCOM

ＰＰＭ
Clock sig

λclock

ＥＤＦＡ－１
λCOM＋λclock

λCOM＝１５５０．１２ｎｍ

λclock＝１５４０．５６ｎｍ

Mode lock Laser
&EDFA for Ranging

λRANG.＝１５５８ｎｍ
（３０ｐｓ、２ｋｗ、１ＭＨｚ）

Beam splitter 
For Sｔａｒｔ pulse

９９：１

High Speed
Optical SW

VOA
For ＡＧＣ

Optic
Tunable

Filter

START Pulse
Detector

STOP Pulse
Detector

SNSPD

λRANG.＝１５５８ｎｍ

PBC Fiber 
collimator

Fiber 
collimator

Optical
Band Pass
Filter

Port 1 Port 2

Port3

:Single Mode Fiber connector or Sleeve FC type

Fig.-1 optical communication and laser ranging block diagram
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Optical fiber communication  devices and instrument

In the system we use the optical communication devises and instruments as shown below.
Most of these devices and instruments are off the shelf items.

1,ＤＷＤＭ
Coupler

λCOM＋λclock
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３,High Speed
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７,Mode lock Laser & EDFA for Ranging

λRANG.＝１５５８ｎｍ
※Frequency and PRF are customized
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T/R Switch  configuration and its working principle
Permanent 
Magnet

Fig.2  T/R Switch  configuration

Fig.3  T/R Switch  working principal
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T/R Switch  specifications and dimensions
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T/R Switch  evaluation setup

① Ｉｎｅｒｓｅｒｔｉｏｎ ｌｏｓｓ ｍｅａｒｓｕｒｅｍｅｎｔ setup

When measuring the Port 1  ⇒ Port 2  Insertion loss,  w1(w) and w2(w) are measured by the power meter shown in fig-4.
When measuring the port 1⇒ Port 2 ⇒ Port 3  Insertion loss, w1(w) and w3(w) by the power meter shown in fig-5.

1.5μmCW Laser 

Port 1
Port 2

Port 3

Ag coated flat Mirror

Fig-5 Port 1  ⇒ Port 2 ⇒Port 3  Insertion loss measurement  setup
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Beam divergence at 1/e2:1.1mrad

Fig-4 Port 1  ⇒ Port 2  Insertion loss measurement  setup
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T/R Switch  evaluation setup

② Isolation ｍｅａｒｓｕｒｅｍｅｎｔ setup
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Fig-7 InGaAs detector calibration chart

Fig-6  Isolation measurement setup
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T/R Switch  evaluation result

We have evaluated two T/R Switch. Evaluated performances are
insertion loss from Port 1 to Port 2 ,  Port 2 to Port 3 ,
and Port 3 isolation from Port 1 to Port 2 path. Result is shown table-1.

Table-1 Insertion Loss and Isolation Result

Sample 1

Port 1 Input
W1(mw)

Port 2 Output
W2(mw)

Insertion
Loss(dB)

Port 3 Output
voltage(mv)

Port 2 Output
voltage(mv)

Isolation(dB)

10.05 9.08 0.44

2 3000 31.8Port 2 Input
W2(mw)

Port 3 Output
W3(mw)

Insertion
Loss(dB)

7.87 7.14 0.4

Sample 2

Port 1 Input
W1(mw)

Port 2 Output
W2(mw)

Insertion
Loss(dB)

Port 3 Output
voltage(mv)

Port 2 Output
voltage(mv)

Isolation(dB)

10.05 9.04 0.46

1 3000 34.8Port 2 Input
W2(mw)

Port 3 Output
W3(mw)

Insertion
Loss(dB)

8.17 7.42 0.4
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Conclusion

Optical communication and laser ranging system under development by the National 
Institute of Information and Communication Technology  has bee descried as the back 
ground of the T/R switch development.
Technical synergy of optical fiber communication and laser ranging has been shown 
such as  optical fiber ,  well established optical fiber ｄｅｖｉｃｅｓ, optical Amplifiers.  
The large diameter telescope was used for transmitting the communication signals and 
laser ranging. Even though they are all c-band wave lengths, we will be distinguish the 
signals by the highly established DWDM technology. We will verify this point using the 
system which are now under developing.
As the best example of the synergy, we reported T/R Switch configuration, working 
principle, ｓｐｅｃｉｆｉｃａｔｉｏｎｓ, and evaluation results. Working principle is the very similar 
to that of optical fiber circulator, but we developed open space circulator (T/R Switch) 
which has 2.2mm clear aperture which is about 200 times larger than that of Optical 
fiber circulator. It means the newly developed T/R Switch can handle more than 40 
thousand times higher laser power than that of fiber circulator.
The newly developed T/R Switch will be used in the various eye safe laser ranging 
application such as satellite laser ranging, security and defense fields because of its 
simplicity , reliable ,and cost effective. 
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