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50 GHz p-i-n Photodiode

1. http://www.fen.bilkent.edu.tr/~ozbay/Papers/34-99apl-ozbaypin.pdf
2. Electronics Letters, Oct, 1994, pp 1796
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InP–InGaAs Single HBT Technology for Photoreceiver OEIC’s at 40 Gb/s

1. Huber, IEEE Journal. Light Wave Tech. Vol 18, July 2000, 992
2. Razavi, Design of Integrated Circuits for optical communications
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Metal-Semiconductor-Metal (MSM) Photo detector
• Formation of two schottky contacts on a undoped semiconductor layer, either single or interdigitated

SiO2

Interdigitated Au Contact

1000 • - PECVD – doping level 1015

1000 • - Finger width and spacing – 2 µm each

Photosensitive area – 50 %
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Energy Band Diagram of MSM detector under Bias

• Adjacent metal/ semiconductor/ metal interfaces are schottky barriers, which serve as two back to back diodes
• When Bias is applied across fingers, one junction becomes FB and other RB
• Photo generated electron-hole pairs in the bulk are swept away by the electric field 
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Bandwidth Calculation
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Working Principle of pin diode

• Photons with an energy greater than or equal to the bandgap energy Eg, generates e-h pairs which 
act as photocurrent carriers

• Wavelength corresponding to Eg is the cut off wavelength which is upper limit of wavelength 
range
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Photodiode Pulse Response
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Simple Receiver Circuit
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Wide Bandwidth Preamplifier Circuits

Distributed Circuit Lumped Circuit

High Input Impedance Low Input Impedance

Transimpedance Amplifier

Common Emitter Stage Common Emitter With
Darligton

Common Emitter
With Cascode

Buffer in 
Feedback Loop

Common Base Input Output Buffer Inductive Peaking

Huber, Dieter
InP/InGaAs single hetero-junction bipolar transistors for integrated photoreceivers operating at 40 Gb/s and beyond
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Common Base HBT Based Preamplifier Circuit

11.5 Vpin
photodiode
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Tognod Vanisri, IEEE J. Solid State Circuits, Vol 30, June 1995, pp-677

Cf=2 pf
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First pass Amplifier (CS)
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Example1

1. Lee, Design of CMOS RF ICs, pp 155
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Second pass Cascode Amplifier (CS)
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1. Lee, Design of CMOS RF ICs, pp 155
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32 bit 8 Channel Bidirectional OEIC1

1. D.V. Plant, “256-Channel Bidirectional optical interconnect using VCSELs and Photodiodes 
on CMOS, IEEE J. Lightwave Technologies, Vol.19, No. 8, August 2001

Channel 1
In (Elect.)

hí hí

256 Bits
In / Out (optical)

256 x 256 pixel OEIC
(8 channels)

32 32

Channel 
Enable(8)

8+2

+
Mode 

Selection (2)

Out (Elect.)

Receiver 
Circuit

VCSEL
Driver
Circuit

4:1 MUXhí

D FF

hí

Out 
(Elect)

In (Elect)

Mode 
Select

CLK

Single Pixel

In 
(Optical)

Out 
(Optical)

Photo
diode

VCSEL

1. Electrical to optical
2. Optical to electrical
3. Optical to electrical to Optical
4. Optical to electrical to Optical with 

synchronization using D FFs

Modes of Operation


