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Abstract Summary 

We demonstrate a fully engineered 100 Gb/s CFP 

coherent transceiver enabled by power-optimized digital 

signal processing. We confirmed stable real-time SMF 

transmission up to 840 km with 1/3 power dissipation 

compared with a 5×7 MSA transceiver.  

Introduction 

Challenges of lower power consumption of digital 

coherent technology attract more attention in order to 

expand its application to metro access networks and 

WDM links between data centers. In these applications, 

it is desirable to implement a digital coherent transceiver 

in pluggable form factor that has been standardized for 

client interface [1] [2]. In order to realize the pluggable 

digital coherent transceiver, as well as miniaturization of 

the optical devices, drastic power reduction of the DSP 

ASIC is required [3].   

 In this paper, we demonstrate the performance of a 

newly prototyped low-power DSP ASIC, an InP DP- IQ 

modulator module, and a compact integrated coherent 

receiver (ICR) module which have been successfully 

packaged in a pluggable form factor module. By using 

these CFP-transceiver devices, real-time and stable 100 

Gb/s DP-QPSK transmission over 70 to 840 km SMF 

has been confirmed. 
 

Low-power DSP ASIC 

Fig. 1 shows the block diagram of the low-power DSP-

ASIC. In addition to the conventional ADC/DSP cores 

[4], this device includes DACs to output the 28/32G × 

4ch analog waveforms, a framer to accommodate 100GE 

signal into OTU4 frame, and a spectral shaping filter that 

realizes spectrally efficient Nyquist pulse. The 31 × 31 

mm
2
 BGA-package occupies less than 30% footprint as 

compared to a combination of a DSP (37.5 × 37.5 mm
2
) 

and an OTN-framer (42.5 × 42.5 mm
2
) ASICs available 

today. The latest CMOS process technology has made 

single-chip implementation of 150-million-gates feasible. 

  Functional     optimization   with    regard    to     

power consumption has been realized with selectable 

FEC and CD compensation options to cope with their 

trade-offs on performance that requires computational 

complexity. Fig. 2 shows possible combinations of 

functions in the newly-prototyped DSP ASIC. Client 

signal types and the use of Nyquist filtering are also 

selectable, and by choosing the optimum functional 

combination for power and performance, the single DSP 

ASIC can be used in different types of applications, 

spanning from short-range of 100 km or less to long-

distance of more than 2,000 km.   

 

InP DP-IQ Modulator 

In order to shrink the footprint, we employed an InP-

based modulator in the transceiver. Fig. 3 shows the 

configuration of our InP modulator module. The two 

nested Mach-Zehnder modulators (MZMs) for the 

orthogonal polarizations are integrated in one chip. The 

chip is equipped with four pairs of differential RF 

electrodes, four pairs of phase shifters for child MZMs 

and two pairs of phase shifter for parent MZMs.An off-

chip polarization multiplexer is used to combine the two 

outputs from the chip.  

 The fabricated modulator module is shown in Fig. 

4(a). The size of the module body is 12 mm × 39 mm × 

6.5 mm excluding the nodes and tabs. The module has 

surface mounted type (SMT) interfaces for RF drive and 

Fig. 1. Block diagram of the low-power DSP 
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Fig. 2.   Selectable functional matrix of the DSP 

 

Table 1 Specification of low-power DSP ASIC 

 Items Specification
Modulation format DP-QPSK

Nyquist filter ON / OFF
Signal bit-rate

(Selectable)
127.2 Gb/s (OTU4V mode)
111.8 Gb/s (OTU4 mode)

Chromatic dispersion compensation +/-55,000 ps/nm
Net coding gain 11 dB (SD-FEC +  E-FEC)

Dispersion estimation time 17 msec
Polarization tracking speed 50 KHz

Frequency offset compensation +/- 5 GHz
Client signal (Selectable) 100GbE CAUI / OTU4 OTL4.10 

p/2

p/2

In

XI

XQ

YI

YQ

PMF

SMF

Out

Fig. 3. Configuration of InP DP-IQ Modulator module 

 



flexible printed circuit (FPC) interfaces for DC control. 

The DC extinction characteristic is shown in Fig. 4(b). 

The DC Vpi is around 1.9 V with a bias voltage of less 

than 10 V, corresponding to a Vpi of less than 2.5 V for 

32 Gbaud. The DC extinction ratios are better than 20 

dB. 
 

Integrated Coherent Receiver (ICR) 

We employed a recently developed compact integrated 

coherent receiver (ICR) [6], which is compliant with the 

second generation OIF implementation agreement [7]. In 

order to make the ICR compact, we employed hybrid 

integration of a PLC-based Dual Polarization Optical 

Hybrid (DPOH), a 4ch Twin-PIN PD array, and 4ch 

TIAs. We also incorporated a variable optical attenuator 

(VOA) to control the optical intensity of the signal light 

in the PLC-based DPOH. 

 The assembly structure of PD arrays and DPOH is 

illustrated in Fig. 5. 4ch PD subcarriers are directly 

attached to PLC with micro lens arrays. High speed 

traces are drawn from the top of the sub-carrier, and are 

wire-bonded to the TIAs with the shortest distance. In 

order to prevent optical crosstalk due to reflection, the 

PD array, micro lens array, and the PLC are placed in 

“off-axis” configuration.  

 Receiver performance of the ICR is shown in Fig. 6. 

By activating the VOA in high input power region, a 

wide input dynamic range of -20 dBm to 0 dBm was 

realized. The size of the ICR module is 16 mm × 30 mm 

× 5 mm. 

 

Digital coherent CFP transceiver 

We have developed a CFP coherent transceiver which 

includes our DSP, InP modulator module, ICR and micro 

iTLA (Integrable Tunable Laser Assembly). The CFP 

module form factor is the most compact 100GE client 

interface currently in commercial use, and is very widely 

installed in data-communication networks. Therefore, if 

the digital coherent transceiver is also implemented in 

CFP size, the area coverage of the existing network 

interface host card can be upgraded dramatically. 

 The configuration and internal photo of our digital 

coherent CFP transceiver are shown in Fig. 7. Optical 

devices including a micro iTLA, an ICR and an InP 

modulator are mounted with a DSP and a control circuit 

into the CFP form factor. The micro iTLA was 

developed to fit the CFP form factor, featuring a DFB 

array-type LD [8]. The optical output of the micro iTLA 

is split into two using an external polarization 

maintaining splitter for transmitter and receiver local 

sources.  

 The CFP transceiver is operable at dual rate of OTU4 

(111.8 Gbps) and OTU4V (127.2 Gbps), and hence 

optimization of power is possible depending on 

applications from a short distance to the long distance in 

one module. 

 

(a)                                        (b) 

Fig. 4. (a) Photograph of the InP modulator module and 

(b) DC extinction characteristic 
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Fig. 5. Assembly structure of the PD array and the 

DPOH. (a) Side View and (b) Top View 

 

10

12

14

16

18

20

-25 -20 -15 -10 -5 0 5

Signal Power [dBm]

Q
-v

al
u

e 
[d

B
]

PLO = +13 dBm

Fig. 6. Receiving performance of compact ICR 

 

SD-

FEC

Modulator

Controller MDIO
interface

TX Output
(Optical)

Integrated
Receiver

10

10

10 Gbps x 10

Rx Input
(Optical)

OTU4/100GE

DAC

ADC

Modulator
Drivers

Coherent 

DSP

T
u

n
a
b

le

L
a
s
e
r

F
ra

m
e
r

InP DP-IQ

MDIO: Management Data Input/Output

 InP DP-IQ Modulator

Low-power DSP ASICμiTLA Gen2 ICR

Fig. 7. Configuration of 100 Gb/s digital coherent CFP 

transceiver 

 



 Real-time transmission performance 

Fig. 8 shows transmitted optical waveforms and the real-

time received constellations. The constellations were 

taken for an OSNR of 30dB (0.1nm resolution) in the 

back-to-back connection, and were captured by the 

monitor memory in the DSP. 

 Next, we measured the transmission performance of 

coherent CFP transceiver for OTU4 G-FEC mode, 

OTU4 E-FEC mode, and OTU4V SD-FEC+E-FEC 

mode [9], whose DSP-core power-consumptions relative 

to the previous OTU4V SD-FEC implementation [4] 

were measured as 0.30, 0.35, and 0.45, respectively. 

Single channel transmission characteristics at 1,556.56 

nm were tested over a standard SMF link having an 

EDFA every 70 km span. The experiment was carried 

out without Nyquist filtering. 

 The measured OSNR tolerances in three modes were 

shown in Fig. 9. In OTU4 G-FEC mode, we performed a 

70 km SMF transmission, indicating no transmission 

penalty with respect to the back-to-back condition. In the 

case of OTU4 E-FEC mode, post-FEC error-free 

transmission over 560 km was confirmed at the OSNR 

about 15 dB. With OTU4V SD-FEC+E-FEC mode, the 

post-FEC error free transmission was obtained at the 

OSNR of about 13.4dB after 840 km transmission, 

where the distance was limited by the availability of 

fiber. Slight OSNR penalty was observed after the 560 

km and 840 km transmissions. These penalties are 

ascribed to the interplay between local LD phase noise 

and electrical chromatic dispersion compensation [10], 

which also occurs with a transmitter employing Lithium 

Niobate (LN) modulator.  

 The CFP transceiver power in OTU4V SD-FEC+E-

FEC mode was about 32 W. This power was about 1/3 of 

the actual power of the current 5 × 7 inch MSA 

transceiver. It was achieved by significant power 

reduction of the DSP and the modulator/driver, sharing 

of one light source, and improving the efficiency of the 

DC-DC converter associated with power reduction of 

these components.  

 For short-range transmission without the use of 

optical amplifiers, the receiver sensitivity is an important 

characteristic. Fig. 10 shows the result of receiver 

sensitivity measurement in a 70 km transmission without 

optical amplification.  

 

In G-FEC mode, error-free operation was achieved at the 

received optical power of -27dBm.  
 

Conclusions 

We demonstrated a CFP coherent transceiver enabled by 

a newly-prototyped DSP ASIC that allows power-

optimization by selectable functional combinations. The 

demonstrated technique opens the door to wider 

application for digital coherent transmission. 
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Fig. 8. (a) Transmitted optical waveform and (b) real-

time received constellation of OTU4V (127.2 Gbps)  

signal 

 

Fig. 9. Real-time measured post-FEC BER vs. 

OSNR (0.1 nm bandwidth) for three FEC mode 

Fig. 10 Received optical power vs. BER over 70km 

transmission. 
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