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I. INTRODUCTION

Recently, optical interconnect technology is receiving a great 
amount of research attention as it can overcome the limitation 
of electrical interconnects. High-speed monolithic optical 
receivers have been reported with various types of 
photodetectors and on-chip electrical equalizers [1, 2]. We 
present a CMOS optical receiver having a 850-nm CMOS 
avalanche photodetector along with underdamped 
transimpedance amplifier (TIA) that can operate up to 12.5-
Gb/s operation. 

II. DESCRIPTION. 

Fig. 1 shows a block diagram of our optical receiver. Fig. 
1(a) shows a simplified block diagram of our optical receiver. 
It is composed of a CMOS-avalanche photodetector (APD) 
with a dummy PD, a shunt-feedback TIA with DC-balancing 
buffer, and an output buffer with 50-Ω load. The dummy PD 
provides symmetric capacitive load to the differential TIA 
input. The photo-detection bandwidth of our CMOS-APD is 
limited by the transit time of slow diffusive photocurrents. This 
leads to the bandwidth limit of the optical receiver even with a 
high-speed TIA. To compensate this, we use an underdamped 
TIA which can be realized by decreasing the core-amplifier 
bandwidth of shunt-feedback TIA. Photo-generated currents 
generate TIA differential output with a DC offset which can 
cause decision threshold problem. To eliminate this problem, a 
DC-balancing buffer is added. 

III. CHIP IMPLEMENTAION AND RESULTS

Fig. 2 shows the micro photograph of the fabricated optical 
receiver in 65-nm CMOS technology. The core size is 0.24 × 
0.1 mm2, and the power consumption of the electronic circuit 
excluding output buffer is about 13.7 mW with 1.2-V supply 

voltage. With the optical receiver, 12.5-Gb/s optical data are 
successfully detected. Fig. 4 shows the measured BER 
performance and the inset in Fig. 4 shows the measured eye 
diagram for 12.5-Gb/s optical data with −2-dBm incident 
optical power. 
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Fig. 2. Microphotograph of the fabricated optical receiver.

Fig. 3. Measured BER performance and eye diagram of transmitted 
12.5-Gb/s data.
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Fig. 1. Block diagram of the optical receiver.
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 850‐nm CMOS fully integrated optical receiver demonstration

 Bandwidth enhancement by under‐damped TIA

 Successful 12.5‐Gb/s operation with BER of  10‐12 at ‐2 dBm incident optical power

CMOS Optical Receiver Measurement Results

Conclusion

Realization of OEIC using standard Si technology

 850‐nm Si PD + Electronic Circuits

(Ref. Intel, 2006)

 Copper‐based electrical interconnect  Interconnect bottleneck !

 Optical interconnect

• Realization in a cost‐effective manner

• Integration with existing systems

• Compatibility with Si technology

 Silicon Photonics !

• Compensation of bandwidth limitation of Si PDs

10 Gb/s JSTQE 2011 12.5 Gb/s OE 2014 12.5 Gb/s OE 2012

<Spatially‐modulated photodetector > <Equalizer>

 SM PD: Decreasing diffusion current Speed ↑

Low responsivity

 Equalizer: Electrical enhancement of bandwidth

Additional power and area

 Bandwidth enhancement by Underdamped TIA
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ftr: 5 GHz

Cj (junction capacitance): 45 fF

Rs(N‐well series resistance): 90 Ω

 Standard 65‐nm CMOS technology (Samsung)

 On‐chip CMOS‐compatible avalanche photodetector (APD)

• P+/N‐well junction PD without slow diffusion currents

• Active area (10 µm x 10 µm): RC time constant reduction

 Under‐damped transimpedance amplifier (TIA) for BW enhancement

 DC‐balancing buffer: fT doubler structure

Introduction & Previous Works

<CMOS‐APD modeling> <TIA Schematic>
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<AC response> <BER performance & eye diagram>

<Chip photograph>

<Measurement setup>

10’ JSSC 11’ JSSC 12’ JQE 14’ OE This work

Technology 130‐nm CMOS 180‐nm CMOS 130‐nm CMOS 130‐nm CMOS 65‐nm CMOS

Structure
SM‐PD + TIA + EQ

+LA

SM‐PD + TIA + LA 
(9 passive 
inductors)

APD + TIA + EQ + 
LA

SM‐APD + TIA + EQ
+ LA

APD + TIA

Data rate 8.5 Gb/s 10 Gb/s 10 Gb/s 12.5 Gb/s 12.5 Gb/s

Sensitivity ‐3.2 dBm (10‐12) ‐6 dBm (10‐11) ‐4 dBm (10‐12) 0 dBm (10‐12) ‐2 dBm (10‐12)

Supply voltage 1.5 V
1.8 V (Circuit)
14.2 V (PD)

1.2 V (Circuit)
10.5 V (PD)

1.3 V (Circuit)
10.5 V (PD)

1.2 V (Circuit)
10.6 V (PD)

Power
(Excluding output buffer)

47 mW 118 mW 66.8 mW 72.4 mW
13.7 mW

(without LA)

Chip area 0.1 mm2 0.76 mm2 0.26 mm2 0.26 mm2 0.024 mm2

4.5 GHz

6 GHz

<Simultaion Results>
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