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The 10Gbit/s Ethernet Passive Optical Network (10G-EPON) system is actively being 
developed in order to satisfy the future bandwidth demand of broadband subscribers. In a 
market like Japan where currently 1Gbit/s EPON (1G-EPON) has been widely deployed, 
10G-EPON Optical Line Terminals (OLTs) equipped with 1G and 10G dual-rate burst mode 
optical receiver are preferred. We have developed a burst mode optical transceiver that 
incorporates not only the dual-rate burst mode receiver, but also both 1G and 10G transmitters 
in one package, and have also confirmed  excellent characteristics.

1. Introduction
In recent years, Fiber-To-The-Home (FTTH) has 

spread rapidly in Japan. The number of FTTH sub-
scribers surpassed 17 million in the end of 2009,1) and 
many subscribers have easy access to the maximum 
of 1 Gbit/s bandwidth from their premises. The in-
creasing demand for broader bandwidth of the access 
network continues along with the emergence of the 
multi-channel TV broadcasting, high-definition video 
sharing site, network services for digital appliances, 
and other new broadband services. The Institute of 
Electrical and Electronics Engineers (IEEE) has re-
sponded to such a demand quickly and has complet-
ed2) the standardization of the IEEE 802.3 av in Sep-
tember 2009, which specifies the physical layer for 
10G-EPON networks.

One of the remarkable features of the IEEE 802.3 av 
is that it refers to the coexistence with the 1G-EPON 
system, which has already been widely deployed. A 
new optical budget class called 10GBASE-PR30 has 
been established for 10G downstream so that the 10G-
EPON Optical Network Units (ONUs) can coexist on 
a single Optical Distribution Network (ODN) with 1G-
EPON ONUs, as shown in Fig. 1. In addition, 1G and 
10G Dual-Rate operation of the OLT has been de-
scribed in the IEEE 802.3 av. This enables the opera-
tors to introduce 10G-EPON system gradually without 
installing a dedicated ODN for it or replacing all the 
1G ONUs with 10G ONU. Table 1 shows the baseline 
optical interface specifications of 10GBASE-PR30 for 
OLT.2)

In the present study, our development of the optical 
transceiver, which plays a key role in the 10G-EPON 
Dual-Rate OLTs, is presented.

2. Transceiver architecture
Figure 2 shows the block diagram of the developed 

optical transceiver. It consists of three main blocks, 
namely the dual-rate burst-mode optical receiver, the 
10G optical transmitter, and the 1G optical transmitter. 
In the case where 10G-EPON system is introduced 
over existing 1G-EPON system, both 1G and 10G opti-
cal signals are transmitted from subscriber side to the 
central office. The 10G ONU’s transmitter wavelength 
of 1270 nm (allowance: 1260 - 1280 nm) falls within 
the range of 1260 - 1360 nm, which is the transmitter 
wavelength specification for 1G ONU. Therefore, the 
optical transceiver for 10G-EPON OLT has to receive 
the optical signals at both data rates. The optical re-
ceiver in our optical transceiver distributes the output 
signal from APD-TIA (Avalanche Photodiode and 
Transimpedance Amplifier) to the separated 1G and 
10G limiting amplifiers to realize the dual-rate receiv-
ing.

The transmitter part of the optical transceiver is 
equipped with two independent optical transmitters 
for each data rate. A 1490 nm laser diode (LD) is used 
for 1G and a 1577 nm electro-absorption modulator in-
tegrated laser diode (EML) is used for 10G to transmit 
the downstream signals for 1G ONU and 10G ONU at 
the same time.

The appearance of the optical transceiver is shown 
in Fig. 3. The optical transceiver is hot pluggable so 
that the system maintenance, such as adding optical 
ports, is possible without interrupting the services to 
the subscribers.

3. Transceiver design

3.1  Dual-rate burst-mode optical receiver

In order to achieve the receiver sensitivity specified 
in the IEEE standard for 1G and 10G, an APD-TIA with 
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low noise characteristic at both frequency ranges has 
been applied. As shown in Fig. 4, the TIA shows an 
ideal input referred noise characteristic of less than 7 
pA/ Hz  from low frequency up to 10GHz. Figure 5 
shows the optical input power versus electrical output 
amplitude characteristic of the APD-TIA. For the wide 

input power dynamic range, the TIA is designed to 
have gradual gain saturation as the input power in-
creases. This ensures that the TIA gives sufficient sig-
nal amplitude to the limiting amplifiers even when the 
optical signal with large power and low extinction ratio 
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Fig. 2. Optical transceiver block diagram.

Item Specification Unit

Transmission rate 10.3125 ± 30 ppm Gbit/s

Transmitter 
wavelength

1575~1580 nm

Transmitter 
output power

+ 2~ + 5 dBm

Extinction ratio 
(min)

6 dB

Channel insertion 
loss (max)

29 dB

Receiver 
sensitivity (max)

- 28 dBm

Receiver settling 
time (max)

800 ns

Bit error rate (max) 10 - 3 -

Receiver minimum 
overload

- 6 dBm

Forward error 
correction

Mandatory -

Table 1. Optical interface specification 
of 10GBASE-PR30 for OLT.
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Fig. 1. PON optical access systems.

Panel 1. Abbreviations, Acronyms, and Terms.

PON–Passive Optical Network
OLT–Optical Line Terminal
ONU–Optical Network Unit
ODN–Optical Distribution Network, the transmis-

sion line between OLT and ONU consists of opti-
cal fiber and splitter.

APD-TIA–Optical receiver module which integrates 
APD (Avalanche Photodiode) and TIA (Transim-
pedance Amplifier).

EML– Electro-absorption Modulator integrated 
Laser diode

EA Driver– Integrated circuit which drives Electro-
Absorption (EA) modulator

Preamble Length– Bit sequence placed at the be-
ginning of a burst signal for 
receiver threshold and timing 
recovery.

WDM– Wavelength Division Multiplexing
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is applied. The APD-TIA amplifies from DC to 10 GHz 
frequency component and is AC-coupled to the limit-
ing amplifiers. We have been successfully able to elim-
inate the reset signal, which initializes the receiver 
threshold at the burst interval by careful optimization 
and combination of the optical receiver design de-
scribed above.

3.2  10G optical transmitter

At the 10G optical transmitter, the electrical input 
signal fed through the card-edge connector is reshaped 
by a clock and data recovery (CDR), and is given to 
the electro-absorption modulator (EA) driver whose 

output drives the EML to obtain the intensity-modulat-
ed 1577 nm optical signal. 10GBASE-PR30 requires a 
high optical output power of + 2 to + 5 dBm for the 10G 
transmitter as it defines a channel loss of 29 dB, which 
is considered equivalent to that of the existing ODN 
for 1G-EPON. The temperature of the EML is con-
trolled by the thermoelectric cooler (TEC) so that its 
output, power, and waveform is stable, regardless of 
the change of the ambient temperature.

 
3.3  1G optical transmitter

Following the commonly used design of the existing 
1G-EPON optical transceivers, our optical transceiver 
does not incorporate a signal conditioning circuit with 
CDR for the transmitting path. The 1G electrical input 
signal is connected to the LD driver and drives the 
1490 nm direct modulation LD. An AC coupled differ-
ential line is used between the LD driver and the LD to 
prevent the excitation of the common mode noise, 
which could degrade the receiver sensitivity.

3.4  Mechanical design

Figure 6 shows the internal structure of our optical 
transceiver. The APD-TIA and the receiver circuits are 
shielded and separated from the optical transmitters 
to minimize the cross-talk penalty of the receiver sen-
sitivity. For the same purpose, the power and the 
ground planes for the transmitter and the receiver are 
separated from each other on the printed circuit board 
(PCB).

The size of the optical transceiver is 48.0 (W) ¥ 12.5 
(H) ¥ 68.6 (D) mm, excluding projection portion.

4. Optical transceiver characteristics
Figure 7 and 8 show the bit error rate (BER) charac-

teristics of the dual-rate optical receiver. The receiver 
sensitivity of - 29.9 dBm @10-3 was obtained for 10G 
burst-mode receiving while - 32.8 dBm @10-12 was ob-
tained for 1G burst-mode receiving. The length of the 
burst preamble was set to 400 ns for both 1G and 10G frequency (GHz)
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Fig. 4. Noise characteristic of TIA.
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Fig. 6. Internal structure.

Fig. 3. Optical transceiver appearance.
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amplitude characteristics of APD-TIA.
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BER measurements. We confirmed that the sensitivity 
penalty induced by the transmitter cross-talk was as 
low as 0.3 dB at 10G receiving.

The transmitter waveforms are shown in Fig. 9. 
From 1G and 10G transmitters, we observed an excel-

lent eye opening that satisfied the transmitter eye 
masks defined in IEEE standard.

Table 2 summarizes the typical characteristics of 
the optical transceiver, which satisfied the IEEE 802.3 
av specifications.

5. Conclusion
We have developed an optical transceiver for 10G-

EPON dual-rate OLT and have confirmed good optical 
transmitting and receiving characteristics. The dual-
rate optical burst receiving technology that we have 
demonstrated is expected to contribute to the smooth 
introduction of the 10G-EPON system by enabling the 
coexistence of the 1G-EPON ONU and 10G-EPON 
ONU.

We are planning for the size reduction of the optical 
transceiver by applying a bidirectional optical sub-as-
sembly that will integrate not only all the optical com-
ponents but also  the WDM filter into single small 
package.
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Item 10G 1G

Tx Power + 3.0 dBm + 4.8 dBm

Extinction ratio 10 dB 10.7 dB

Receiver sensitivity - 29.9 dBm @10-3 - 32.8 dBm @10-12

Receiver minimum 
overload

> - 6 dBm @10-3 > - 6 dBm @10-3

Power consumption 3.7 W (Typ)

Table 2. Optical transceiver typical characteristics.
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Fig. 7. Bit error rate characteristics (10G burst).
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Fig. 8. Bit error rate characteristics (1G burst).
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Fig.9. Optical transmitter waveforms.


