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A Monolithically Integrated 25-Gb/s Optical Receiver 
Based on Photonic BiCMOS Technology 
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Abstract— A high performance 25-Gb/s optical receiver having a 
Ge PD and BiCMOS electronics is monolithically realized with 
the photonic BiCMOS technology. Receiver design optimization 
is done in the standard Si IC design environment using an 
equivalent circuit model for the Ge PD. The integrated receiver 
achieves sensitivity of −10-dBm at 10−12 BER for 25-Gb/s PRBS 
231−1 data and consumes 37 mW. 

Keywords-Si photonics, integrated optical receiver, Ge 
photodetector; transimpedance amplifier; 

I.  INTRODUCTION 

The interface bandwidth requirements for various chip-to-
chip, board-to-board, and system-to-system interconnects are 
continuously increasing, and optical interconnect solutions 
based on Si Photonics technology are expected to play a key 
role for satisfying these requirements. In particular, optical 
receivers composed of 1.3/1.55-μm Ge photodetectors (PDs) 
monolithically integrated with Si electronics have many 
advantages since, without any extrinsic electrical connections 
between PD and receiver electronics, they can provide better 
performance and smaller footprint in a more cost-effective way 
[1, 2]. Furthermore, once accurate equivalent circuit models for 
Ge PDs are available, the entire optical receiver can be 
designed in the standard Si IC design environment allowing 
very efficient design optimization. In this paper, we present a 
high-performance monolithic 25-Gb/s optical receiver 
containing a Ge PD and BiCMOS electronics realized in IHP’s 
photonic BiCMOS technology, which provides various high-
performance photonic devices along with 0.25-μm SiGe 
BiCMOS electronics on a single Si platform [3]. 

II.  OPTICAL RECEIVER

Fig. 1 shows the schematic diagram of our optical receiver. 
It includes a waveguide Ge PD with a grating coupler, a 
transimpedance amplifier (TIA), a single-to-differential buffer 
(SDB), a post amplifier (PA), and an output buffer (OB). The 
TIA has the regulated cascode configuration and SDB converts 
single-ended TIA output signals into fully differential signals. 
PA has the active feedback configuration that enhances the 
gain-bandwidth product. OB provides 50-Ω impedance 
matching to measurement instruments. Fig. 2(a) shows the 
structure of the waveguide Ge PD, which is the first generation 
device among Ge PDs developed for IHP’s photonic BiCMOS 
technology. It has responsivity of 0.6 A/W and bandwidth of 
30 GHz [4]. 

Fig. 2(b) shows its equivalent circuit model. The model 
contains two current sources, each of which represents 
transport of photodetected carriers undergoing drift and 
diffusion, respectively. Using two current sources provides 
much more accurate modeling of Ge PD photodetection 
frequency responses [5, 6]. The model also contains passive 
elements representing junction capacitance (CJ), junction 
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Fig. 3. Simulated photo-detection frequency response for the Ge PD, TIA,
and the entire optical receiver. 
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Fig. 2. (a) Cross section and (b) equivalent circuit model of the Ge PD. 

Bias

Bias Bias Bias Bias

Ge PD

TIA Single-to-Differential Buffer Post Amplifier Output Buffer

Fig. 1. Schematic diagram of the fabricated optical receiver. 
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resistance (RJ), series resistance (Rs) and parasitic capacitance 
(Cpara). The bottom table in Fig. 2(b) shows the extracted 
numerical values for each circuit element at 1-V reverse bias 
voltage. f3dB_drift and f3dB_diff respectively represent 3-dB 
bandwidth for drift and diffusion of photo-generated carriers, 
and Adrift and Adiff the portion of photogenerated carriers that 
undergo drift and diffusion [5].  

Fig. 3 shows the simulated frequency responses for Ge PD, 
TIA, and the entire optical receiver. 48-dBΩ transimpedance 
gain and 20-GHz 3-dB bandwidth are achieved for Ge PD plus 
TIA. With 18-dB voltage gain and 23-GHz 3-dB bandwidth for 
PA, the entire optical receiver has transimpedance gain of 67 
dBΩ and 3-dB bandwidth of 17 GHz.  

III. MEASUREMENT RESULTS 

The Fig. 4(a) shows the microphotograph of the fabricated 
optical receiver. The receiver consumes 37 mW with 2.5-V 
supply. 1550-nm PRBS 231−1 25-Gb/s optical data are 
generated with a tunable laser and an electro-optic modulator 
and injected into the receiver through a lensed fiber and the on-
chip grating coupler. The receiver output voltages are probed 
on-chip. Fig. 4(b) shows the measured BER performances at 
various incident optical powers with the Ge PD biased at -1V. 
The optical power shown in the figure represents the power 
delivered into the Ge PD after the grating coupler. The 
measured receiver sensitivity is −10 dBm at BER of 10−12. The 
inset of the Fig. 4(b) shows measured eye diagram at incident 
optical power of −10 dBm. Table I shows the performance 
comparison of our optical receiver with previously reported 25-

Gb/s monolithically integrated optical receivers with Ge PD. 
As shown in the Table I, our optical receiver achieves high 
sensitivity of −10 dBm for 10−12 BER with small energy 
efficiency of 1.5-pJ/bit. 

IV. CONCLUSION 

A 25-Gb/s monolithic optical receiver is realized with 
IHP’s photonic BiCMOS technology. An accurate Ge PD 
model provides efficient design optimization and results in 
high performance. Our receiver achieves sensitivity of −10 
dBm at 10−12 BER for 25-Gb/s 231−1 PRBS input with energy 
efficiency of 1.5 pJ/bit.  
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Table I. Performance comparison of the reported 25-Gb/s optical receivers 
monolithically integrated Ge PD 

 

[1] [2] [7] This work

Technology
Photonic 
BiCMOS

130 nm 
SOI CMOS

90 nm 
CMOS

Photonic 
BiCMOS

Gain (dBΩ) 71 67 ‐ 67

Data rate (Gb/s) 25 25 25 25

BER 10‐3 10‐12 10‐12 10‐12

Sensitivity (dBm) ‐15 ‐6 ‐6 ‐10

Power (mW) 57 48 ‐ 37

Efficiency (pJ/bit) 2.28 1.92 ‐ 1.5
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Fig. 4. (a) Microphotograph of the fabricated optical receiver monolithically 
integrated with Ge PD and (b) Measured BER performance versus incident 
optical power. Inset shows the measured 25-Gb/s eye diagram. 
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 1550-nm fully integrated optical receiver with Ge PD in Photonic BiCMOS technology 
 Performance optimization with accurate circuit model of Ge PD 
 Successful 25-Gb/s optical data detection with BER of   10-12 at incident optical power of -10 dBm 

Monolithic Optical Receiver Measurement Results 

Conclusion 

Realization of EPIC using Photonic BiCMOS technology 
 1550-nm Ge PD + Electronic Circuits 

(Ref. Intel, 2006) 

 Copper-based electrical interconnect  Interconnect bottleneck ! 
 Optical interconnect 

• Realization in a cost-effective manner 
• Easy Integration 
• Compatibility with Si foundry service 

               Silicon Photonics ! 

• IHP’s Photonic BiCMOS Technology 

<Ge Photodetector on local SOI> <BiCMOS technology> 

 Electronic circuits 
• 0.25-μm BiCMOS technology 
• HBT & CMOS on bulk Si 

 Ge Photodetector 
• Realization on local SOI for photonic components 

 Photonic BiCMOS Technology (IHP) 
 Monolithically integrated Ge photodetector (PD) 

• Waveguide structure  
• 0.6-A/W responsivity and 30-GHz bandwidth 

 Accurate equivalent circuit model of the Ge PD including 2 current sources 
 Regulated cascode TIA & active feedback post amplifier (PA) 

Introduction & Photonic BiCMOS Technology 

<BER performance & eye diagram> 

<Chip photograph> 

(Ref. SPIE 2015)

<Cross section and equivalent circuit model of the Ge PD> 
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 Successful PRBS31 25-Gb/s optical data detection 
• -10-dBm sensitivity for 10-12 of BER 

 1.5-pJ/bit energy efficiency for 25-Gb/s operation 
 Simulated & Measured eye diagrams are well matched. 

<Performance comparison> 

‘12 JSSC ‘13 OFC ‘14 OFC This work

Technology 130 nm 
SOI CMOS

90 nm 
CMOS

Photonic 
BiCMOS

Photonic 
BiCMOS

Gain (dBΩ) 67 - 71 67

Data rate (Gb/s) 25 25 25 25

BER 10-12 10-12 10-3 10-12

Sensitivity (dBm) -6 -6 -15 -10

Power (mW) 48 - 57 37

Efficiency (pJ/bit) 1.92 - 2.28 1.5
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