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Outline

• Motivation 
– Overview of optical receiver 
– Design goal

• Transimpedance Amplifier (TIA)
• Conventional Approaches
• Proposed Approaches
• Measurement results
• Conclusions
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What is Optical Receiver?

Low-Power Optical Input Data

Noise Corrupted Data

Boosted Data and Clock

PREAMP AGC,LA DECISION

Clock
Extraction

Gain,
Offset

Control

DEMUX
(TIA)

Retimed Data & Clock
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Overview of  Optical Rx Design

PREAMP AGC,LA DECISION

Clock
Extraction

Gain,
Offset

Control

DEMUX
(TIA)

The sensitivity of Rx
 - Low level of Dynamic range

Wide  Bandwidth
Low Noise amplifier is required!!

60~80dB

1) providing dc level restoration
2) conversion of the single ended output
    from preAmp. to a differential signal

provide the proper signal level to CDR

20~40dB

Clock Extraction
           &
Data Recovery

~10Gb/s
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Design Goal

• Gain range : 60~80dB  (1kΩΩΩΩ ~ 10kΩΩΩΩ)

• Wide bandwidth

• Low Noise

• CMOS implementation

• Fully Differential Preamplifier
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Outline

• Motivation
• Transimpedance Amplifier (TIA) 

– Why TIA? 
– Noise Source
– TIA Noise & Design Solution

• Conventional Approaches
• Proposed Approaches
• Measurement results
• Conclusions
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Why Transimpedance amp.? 
• Transimpedance front-end
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Noise Source (1/5)

• Shot Noise
• Thermal Noise
• Frequency Dependent Noise
• Digital noise through same substrate 
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Noise Source (2/5)

• Shot noise
– Due to the random variations
– The ultimate limiting factor 
– Power spectral density :

– Rms noise current :

BWrms qIBWqIi τ/22 =⋅=

]/[2)( 2 HzAqIfSshot =
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Noise Source (3/5)

• Thermal Noise
– Due to the kinetic energy of charged particles
– Power spectral density :

– noise current :

]/[4)( 2 HzA
R
kTfSthermal =

R
kTin
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Noise Source (4/5)

• Frequency Dependent Noise
– Flicker noise (1/f noise )
– dependent upon the choice of materials, the 

processing purity
– @ f=fcorner : 

Flicker noise = White noise in the device
– Negligible with the broadband receivers.
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Noise Source (4/5)

• Digital noise
– Through same substrate of System On Chip
– Switching noise
– Signal induced noise

) ) ) ) ))))    ))))    ) ) ) ) ))))    ))))    Digital
Analog

Noise
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TIA Noise & Design Solution
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Outline

• Motivation
• Transimpedance Amplifier (TIA) 
• Conventional Approaches 

– Wide dynamic techniques 
– Wide bandwidth techniques  

• Shunt peaking 
• Common gate input stage

• Proposed Approaches
• Measurement results
• Conclusions
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Wide dynamic range technique

• Adaptive Transimpedance
– Increased dynamic range 
– H. Khorramabadi ISSCC’95

• A 1.06Gb/s, -31dBm to 0dBm BiCMOS optical 
preamplifier featuring adaptive transimpedance

– K. Phang ISSCC’01
• A 1V 1mW CMOS Front-End with On-Chip Dynamic 

Gate Biasing for a 75Mb/s Optical Receiver

-A

RF
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Wide bandwidth techniques(1/3)

• Shunt peaking
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Wide bandwidth techniques(2/3)
• Shunt peaking

– Add zero 
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Wide bandwidth techniques(3/3)
• L-implementation : 

– (a) Spiral inductors
– (b) Active inductors

•(a) J. Savoj et al., “A 10Gb/s CMOS Clock and Data Recovery Circuit with Frequency 
Detection”, ISSCC’01

•(b) E. Säckinger et al., “A 3-GHz 32-dB CMOS Limiting Amplifier for SONET OC-Receivers”
ISSCC’00
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Common-Gate Input stage

-A

Cin

RF

Vout

CPD

BW A+1
RF (CPD+Cin)2

1Cin

M1

p gm1

CPD+Cin2
1



Jaeseo Lee, Gigabit Optical Interface IC Design 20SSSSSSSS LLLL
Semiconductor System LabSemiconductor System LabSemiconductor System LabSemiconductor System Lab

Regulated-Cascode Input stage 
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Outline

• Motivation
• Transimpedance Amplifier (TIA) 
• Conventional Approaches 
• Proposed Approaches
• Measurement results
• Conclusions
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Proposed Structure(1/3)
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Proposed Structure(2/3)

• Fully Differential configuration 
• Regulated Cascode input stage

– No need of the matching capacitor at the 
differential input stage due to PD 

– Bandwidth Enhancement Technique 
• Wide swing technique

– Conventional loads are replaced with Vth
compensation loads.
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CPDPD
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Proposed Structure(3/3)
• Shunt peaking technique
• Low Noise technique

– Regulated Cascode:  
• Increasing gm which makes low noise 

characteristic
– Substrate Bias Effects on the drain current

• Buffer replaced with cascoded stage
– Amplifier ability (~20dBΩΩΩΩ differential) with DC 

level shifting
– Low power consumption with high gain 

characteristic
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Outline
• Motivation
• Transimpedance Amplifier (TIA) 
• Conventional Approaches 
• Proposed Approaches
• Measurement results 

– Chip Microphotograph
– Gain, Bandwidth, Crosstalk & Noise current
– Digital Noise 
– Multichip Oxide Process Chip  
– Test boards
– Eye diagrams 

• Conclusions



Jaeseo Lee, Gigabit Optical Interface IC Design 27SSSSSSSS LLLL
Semiconductor System LabSemiconductor System LabSemiconductor System LabSemiconductor System Lab

Chip microphotograph

4ch-TIA

VCO

• 0.25µµµµm Standard CMOS
• 1poly 5metal
• Retrograde twin well
• 2mm x 2mm
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Gain & Bandwidth
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Crosstalk 
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Noise Current
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Digital noise test board 

Vctrl

• 4-Layer PCB
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Digital noise through same substrate

4ch-TIA

VCO

 

Output at Vctrl=1.2V

Process:
Retrograde twin well
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Multichip on Oxide (MCO) Process
TO Layer

P-type Silicon Substrate
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GaAs PIN, CMOS TIA
and CMOS VCO
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Wire BondingChip MountingAu-plating

Metal Evaporation Anodization & Oxidation Silicon
Substrate

TO Layer

Rs
5.29 ohms

Ls
22.5 nH
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MCO Chip microphotograph

PD

Planar
Inductor

TIA

VCO

 OPS
Substrate
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Eye-diagram – 1.25Gbps

20mV/div
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Eye-diagram – 1.022Gbps

20mV/div
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Eye-diagram – 622Mbps

20mV/div
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Eye-diagram – 155Mbps

20mV/div
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Performance summary

80dBΩΩΩΩ (differential)Transimpedance Gain

0.13µµµµANoise current

74dBΩΩΩΩ (single-ended)

0.13 x 0.16 mm2 (active area of TIA)
5 x 5 mm2 (MCM chip)

0.25µµµµm standard CMOSTechnology

Die area

200 mVp-pMax output voltage swing 
(single-ended)

1pFPhotodiode capacitance

670MHzBandwidth(3dB)

27mWPower consumption

2.5VSupply voltage
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Conclusion

• Approach to One-chip Solution for Optical 
Receiver with Digital Noise Free 

• Design and implementation of gigabit 
0.25mm CMOS transimpedance amplifier for 
optical receiver application

• Verification through measurements


