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Abstract We report InP-based coherent transmitter PICs with hybrid integrated SiGe drivers operating 

at 100GBd, 32QAM back-to-back (1 Tb/wave capable),  and at 100GBd, 16QAM over 1400km. Coherent 

Tx (Rx) PICs with hybrid integrated drivers (amplifiers) operate at 66GBd, 64QAM over 200km.

Introduction 

Practical (commercial) optical system-on-chip 

(SOC) photonic integrated circuits (PICs) have 

progressed from 10 × 10 Gb/s per channel on-

off-keying operation in 20041 to the current 

6 × 200 Gb/s coherent widely-tunable PICs 

which operate at 33 GBd × 16QAM2-4. Earlier this 

year, we demonstrated research results for the 

scaling of the widely tunable InP-based coherent 

SOC PIC platform to 88 GBd × 16QAM, capable 

of > 700Gb/s capacity per wave for an 80 km link 

between a probed TxPIC and an RxPIC hybrid 

integrated with a SiGe transimpedance amplifier 

(TIA)5. In this paper, we present further scaling of 

the multi-channel TxPIC platform to 

100 GBd × 32QAM (1 Tb/s per wave capable) 

with a hybrid integrated BiCMOS SiGe modulator 

driver (MZMD). We further show 1400 km trans-

mission for 100 GBd × 16QAM operation 

(800 Gb/s per wave capable) of these integrated 

TxPIC assemblies. Lastly we demonstrate a 

200 km link from an integrated TxPIC assembly 

to an integrated RxPIC assembly with 

66 GBd × 64QAM modulation (792 Gb/s per 

wave capable). These results represent a 500% 

improvement in capacity per wave capable from 

the best commercial SOC PICs2, approach the 

performance of LiNbO3
6, and to the best of our 

knowledge exceed the best reported discrete InP 

modulators7 by operating at 100 GBd × 32QAM 

(1 Tb/s per wave capable). 

Architecture 

The schematics of the 2-channel TxPIC and 

 

Fig 2: (a) MZM DC power transfer functions vs. the push-pull voltage on one arm about the bias voltage, normalized per pol-
channel. (b) Normailized C-band responsivity of all photodiodes on the integrated receiver assembly. 
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Fig. 1: Schematics of the hybrid integrated assemblies for 
the 2-ch InP-Based TxPIC + 2-ch SiGe MZMD (top), and 
the 2-ch InP-Based RxPIC + 2-ch SiGe TIA (bottom). TM 
light is rotated via external optics and propagated TE on 
the PIC. 
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RxPIC assemblies are depicted in Fig. 1. The 

TxPIC consists of a 2-channel dual-polarization 

PIC, hybrid integrated with a MZMD. Each chan-

nel on the PIC comprises a widely-tunable laser 

(WTL), allowing continuous tuning over the ex-

tended C-band (4.8 THz). The performance of 

the WTLs integrated on these PICs has been re-

ported previously5.  The output from each laser is 

fed into two nested Mach-Zehnder modulators 

(MZM) in IQ configuration for dual-pol operation. 

The TxPIC is mounted onto a carrier, containing 

RF routing connections, and is hybrid integrated 

with a 2-channel MZMD, which monolithically in-

tegrates 8 high-speed streams.  The MZMD, fab-

ricated in 180nm SiGe BiCMOS, is based on a 

3-stage amplifier with built-in equalizer to provide 

linear gain for the transmit signal.  Figure 2(a) de-

picts the normalized transfer function of both 

MZMs (DC operation) for each pol-channel of the 

TxPIC assembly.  The extinction ratio for all 8 

MZMs is above 30 dB and Vπ = 1.7V.  The meas-

ured electro-optic (EO) response of the entire hy-

brid integrated 2-channel TxPIC + MZMD 

assembly is plotted in Fig. 3 (blue curve). Both 

the MZMD and MZM are designed for a 

bandwidth of 50 GHz, allowing for the generation 

of data signals up to 100 GBd. 

 The InP-based 2-channel RxPIC is hybrid in-

tegrated to a TIA and has two inputs for TE and 

TM polarization as shown in Fig. 1. The incoming 

signal is coupled into the PIC by external optics, 

which also align the polarization to all-TE on the 

PIC. 1×2 MMIs are used to split the signal into 

two 90° optical hybrids for each channel and mix 

the signal light from an independent WTL local 

oscillator per channel. High-speed photodiodes 

receive the 4 components of each 90° optical hy-

brid, corresponding to the TE and TM data 

streams2,4. The RxPIC is mounted on a carrier 

with a two-channel high-speed TIA that monolith-

ically integrates 8 high-speed streams. The TIA, 

fabricated in 180 nm SiGe BiCMOS, is based on 

a 3-stage amplifier with built-in signal equalizer to 

provide high linear gain for the received signal. 

Figure 2(b) shows the measured responsivity of 

all 16 photodiodes of the integrated RxPIC as-

sembly. The opto-electronic (OE) response of the 

integrated RxPIC + TIA assembly is plotted in 

Fig. 3 (red curve). Both photodiodes and TIA are 

designed for a bandwidth of > 40 GHz, 

supporting symbol rates up to 88 GBd.5 

Measurement setup 
The performance of the 2-channel integrated 
TxPIC and RxPIC assemblies is evaluated by 
generating and transmitting data signals at vari-
ous formats and symbol rates. A digital-to-analog 
converter (DAC) is used to generate the input sig-
nals for the TxPIC assembly, while the RxPIC as-
sembly is connected to a real-time oscilloscope 
to record and process the data via offline digital 
signal processing (DSP). The SiGe electronics 
for the TxPIC and RxPIC assemblies are con-
tacted via microwave probes, which limits one to 
measuring one polarization a time. Figure 4 
shows the layout of the optical transmission sys-
tem. The data signal from the TxPIC assembly is 
amplified with an EDFA and muxed with the 
transmission link, carrying 10 loading channels, 
each 15 GBd DP-QPSK. Each link span consists 
of 100 km SMF-28 fiber together with a hybrid 
Raman amplifier.  The signal is then demuxed 
from the link, filtered, amplified with an EDFA, 
and received either with the integrated RxPIC as-
sembly or a commercial reference receiver. 

Figure 5(a) shows the optical spectrum of a 
66 GBd × 64QAM signal from the TxPIC assem-
bly before 200 km propagation. Root-raised co-
sine filtering is used, and digital pre-emphasis is 
not required at this symbol rate given the flat EO 
response of the MZMD + PIC. Figure 5(b) shows 
the Tx spectrum for a 100 GBd × 16QAM signal 
before 1400 km transmission, where digital pre-

  
Fig. 3: EO response of the integrated 2-channel                  
TxPIC + MZMD assembly (blue) and OE response of the 
integrated 2-channel RxPIC + TIA assembly (red). 

  

Fig 4: Schematic of the optical transmission system for the integrated 2-channel TxPIC + MZMD assembly and the integrated 

2-channel RxPIC + TIA assembly.  The hybrid Raman amplifier is repeated every 100km. 
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emphasis is used to overcome the frequency roll-
off of the receiver. The 100 Gbd × 16QAM spec-
trum spans ≈ 0.9 nm in spectral width. 

Results 

Figure 6 shows the constellations of the received 

data signals after transmission. In Fig. 6(a) the 

66 GBd × 64QAM signal from both polarizations 

of a Tx channel are transmitted over 200 km of 

fiber and received with a single polarization of the 

RxPIC assembly. The Q2-factor of the received 

signal was above 6 dB for both polarizations (bit 

error rate < 2.3e-2). With a total data throughput 

of 792 Gb/s (data + overhead), a dual-pol system 

utilizing a previously demonstrated SD-FEC6 can 

achieve a net data throughput over 600 Gb/s per 

wavelength with high spectral efficiency. Addi-

tionally, 100 GBd × 16QAM signals generated 

with the integrated TxPIC assembly are transmit-

ted over a distance of 1400 km to a reference re-

ceiver. Figure 6(b) shows the constellations of 

the received signal, which achieve Q2 > 6 dB, en-

abling over 600 Gb/s net data throughput per 

wavelength for much longer distances than 

66 GBd × 64QAM.   

To further demonstrate the performance of the 

TxPIC assembly, 100 GBd × 32QAM signals 

were transmitted to the reference receiver in a 

back-to-back configuration, with constellations 

shown in Fig. 7. With a total data rate capability 

of 1 Tb/s on a single wavelength, and a Q2-factor 

above 6.2 dB, the use of an SD-FEC6 with 25% 

overhead allows for 800 Gb/s per wavelength on 

an integrated InP platform. 

Conclusions 
We have reported up to 1 Tb/s, 100 GBd × 
32QAM back-to-back and 100 GBd × 16QAM 
over 1400 km fiber operation of an integrated 
2-CH transmitter PIC + MZMD assembly with a 
reference receiver. Moreover we have demon-
strated Tx and Rx InP PIC integrated 2-CH 
assemblies closing a 200 km fiber link under 
66 GBd × 64QAM operation. We believe these 
are the highest data-rate and highest data capac-
ity coherent PIC results realized to date and 
demonstrate the viability and utility of 100 GBd 
operation for integrated multichannel InP-based 
PIC and SiGe electronics assemblies. 
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Fig. 6: Received constellations of the integrated 
2-channel TxPIC + MZMD assembly (a) 66Gbd, 64QAM 
over 200km to an integrated 2-channel RxPIC + TIA 
assembly (b) 100Gbd, 16QAM over 1400km to a 
reference receiver. 
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Fig. 5: High resolution optical spectra of the data signals 
from the integrated TxPIC assembly before propagation 
for (a) 66 GBd, 64QAM and (b) 100Gbd, 16QAM.  

(b)(a) 100GBd, 16QAM66GBd, 64QAM
2-Ch TxPIC + MZMD Assembly

 
Fig. 7: Constellations of the received 100 GBd, 32QAM 
signal from the TxPIC assembly to a reference receiver 
in back-to-back configuration.  
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