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Abstract We reported a high-performance 2ch EML array on a wide bandwidth sub-mount: Capable of 

dual high-speed modulation, demonstrating 3 dB bandwidths of > 67 GHz and low TDECQ values of 

≤1.75 dB for 112 GBaud PAM4.

Introduction 

The EML is widely used in optical transceivers 

with a CWDM grid for 2 km data centre links, 

thanks to their high bandwidth and power-

efficient modulation. The data transmission 

capacity per wavelength has reached 224 Gbps 

and beyond [1-3]. However, adopting multiple 

technologies has been considered along with 

EMLs, such as silicon photonics modulators for ≤ 

500 m and digital coherent for ≤ 40 km [4-7]. For 

short-distance links, an optical fibre array is 

employed to eliminate WDM couplers for lower-

cost transceivers, and silicon photonics matches 

it well despite its relatively narrower modulation 

bandwidth. For longer distances of ≤ 40 km, 

multiplexing wavelength (i.e., CWDM) causes 

serious chromatic dispersion, so the adoption of 

the coherent technique.  

Arraying Electro-Absorption (EA) modulator in 

a single chip could provide advantages in 

addition to the EML's superior modulation 

bandwidth. One is an easier optical coupling to 

the optical fibre array. Also, using high-speed 

EML array provides a higher data rate per lane, 

resulting in a smaller fibre count. Another is that 

it facilitates the new application as Intensity 

Modulation-Direct Detection (IM-DD) Polarization 

Division Multiplexing (PDM) using a single chip 

for long-distance links [8-10]. Using few-mode 

fibre with PDM is also expected to increase data 

transmission capacity without expanding 

wavelength bandwidth [11]. 

Arrayed EMLs have been proposed for 100 

GbE TOSA [12] and PSM4 links [13, 14]. 

However, arrayed EML with a high-mesa EA 

modulator, known as a high-speed and low Vpp 

device [1], has not been demonstrated yet. In 

addition to this, the difficulty of the RF signal 

connection to arrayed EA modulator requires a 

unique assembling technique to access middle 

lanes [13, 15], which impedes the implementation 

of arrayed EMLs. In this report, we demonstrate 

a 2ch EML array with a high-mesa EA modulator 

on a wideband sub-mount using a conventional 

wire bonding technique. The combination of 2ch 

EML array and lateral input sub-mount [16] 

realizes significant high bandwidth multi-lane 

driving. We believe this configuration contributes  
Fig. 1: 2ch EML on high-speed sub-mount. 

 

 

 
Fig. 2: Cross-sectional view of EA modulator [1] 
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Fig. 3: Spectrum characteristics of 2ch EML array. 
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to the penetration of EMLs into more 

comprehensive applications.  

Device Configuration 

As the DFB-LD locates on the rear side of the 

EML chip, RF input to the EA modulator needs to 

route to the side of the EML chip as long as the 

wire bonding technique is used. It leads to 

difficulty accessing the EA modulator in the 

middle of the chip for three or more channel 

EMLs. To avoid this problem, we introduced a 

2ch EML configuration with high bandwidth AlN 

sub-mount concept proposed in the previous 

report, as shown in Figs. 1 and 2. The mounted 

2ch EML array consists of Buried-

Heterostructure (BH) DFB-LDs operating at 

1310-nm wavelength, high-mesa EA modulators, 

and Spot Size Converter (SSC). Anodes (top side 

of EML) of two EA modulators are electrically 

separated within the chip, allowing independent 

drive of modulators. If necessary, two DFB-LDs 

could be replaced with a DFB-LD and a 1:2 Multi-

Mode Interferometer (MMI). For example, a PDM 

scheme prefers well-matched wavelengths for 

each polarization to separate the transmitted 

signal at the receiver [10]. 

Evaluation Result 

Then, a 2ch EML array on the sub-mount was 

evaluated. A 256 GSa/s Arbitrary Waveform 

Generator (AWG) generated an SSPRQ 112 

Gbaud PAM4 signal. The generated signal was 

amplified using a 67 GHz bandwidth linear 

amplifier, so an output voltage swing of 1.0 Vpp 

was obtained. The DFB-LD current was 80 mA. 

EML temperature was fixed at 55 °C. Fig. 3 

shows the spectrum characteristics. The lasing 

wavelengths were 1311.48 nm for CH1 and 

1311.32 nm for CH2, respectively. Changes in 

the output power and lasing wavelength between 

single and dual laser operation were negligibly 

low values of 0.2 dB and 0.02 nm, respectively. 

Fig. 4 (a) shows the small-signal responses. Both 

channels have a bandwidth of 67 GHz or higher 

(equipment limitation), indicating that the 2ch 

EML array on the designed sub-mount has 

sufficient bandwidth for 112 GBaud PAM4 

modulation. The crosstalk from CH1 to CH2 is 

shown in Fig. 4 (b). Here, DFB-LD currents of 80 

mA were applied, and the optimum bias voltages 

for PAM4 modulation were also applied to the EA 

modulators. Then, an electrical input signal was 

input to CH1, and the optical output of CH2 was 

evaluated. The amount of crosstalk was better 

than 20 dB up to 67 GHz. Fig. 5 shows optical 

eye diagrams for the 112 GBaud PAM4. The 

EMLs were not driven simultaneously because 

multiple electrical input signals were not available 

due to the convenience of the measurement 

equipment. The output signal was processed by 

a 56 GHz 4th order Bessel-Thomson filter 

followed by a 5-tap FFE to calculate the TDECQ. 

The target SER of 4.85E-3 was used.  Estimated 

  
(a)  Small signal response                                                     (b) Cross-talk from CH1 to CH2 

Fig. 4: Frequency characteristics of 2ch EML array 

 

 
(a) Electric eye                               (b) optical eye CH1                     (c) optical eye CH2 

Fig. 5: Eye diagrams at 112 GBaud PAM4 
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TDECQ values of CH1 and CH2 were 1.74 dB 

and 1.75 dB, respectively. The extinction ratio 

was higher than 4.5 dB.  

Transmission Test 

Next, a transmission test was conducted. The 

fibres used were 2 km and 10 km standard SMF. 

No major degradation of the optical eyes was 

observed after 2 km and 10 km as shown in Fig. 

6. TDECQ values were slightly lower than back-

to-back after transmission, as shown in Fig. 7, 

which is attributed to a positive alpha parameter 

of the EA modulator and negative dispersion by 

the optical fibre. The increase of noise for 10 km 

in Fig. 6 (b) and (d) is due to fibre transmission 

loss, e.g., insufficient input power for the 

sampling oscilloscope.  

Discussion 

The evaluated 2ch EML array on the designed 

sub-mount showed superior performance for 112 

GBaud PAM4. A pair of these devices realize a 

four-lane transmitter supporting PSM4, though 

we need an active alignment for optical coupling. 

However, the assembling process is much 

simpler than four 1ch EML configurations. The 

superiority of the 2ch EML array would be 

significant for future applications. We believe 

EMLs could operate at a higher Baud-rate (i.e., > 

200 Gbaud PAM4) and transmit more data per 

lane, thus reducing fibre counts. For example, 1.6 

Tbps could be achieved with a pair of 2ch EML 

arrays with four fibre, although it has not been 

confirmed yet due to measurement equipment 

inconvenience. Regarding transmission test 

results, it is natural that the chromatic dispersion 

penalty of single-wavelength transmission is low 

near 1310 nm wavelength. The non-WDM IM-DD 

system demonstration, suitable for > 2 km links 

[8-11], requires multiple transmitters at the same 

wavelength; a 2ch EML array is promising for 

such a system. In that case, two EA modulators 

could share a single DFB-LD by adding a 1:2 MMI 

as a power splitter.  

Conclusion 

We report a high-performance 2ch EML array 

with high-mesa EA modulator and its assembling 

technique. A 2ch EML was assembled on a sub-

mount using a wire bonding technique. A 3 dB 

bandwidth of > 67 GHz and low crosstalk lower 

than 20 dB were achieved. The TDECQ values at 

112 GBaud PAM4 signals were 1.74 dB and 1.75 

dB, respectively. The extinction ratio was > 4.5 

dB. No clear degradation of the optical eye was 

obtained after 2 km and 10 km transmission. 
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