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Context: 
Thermonuclear fusion (ITER)e o uc ea us o ( )

Robotics for maintenance tasks (MGy dose 
levels, 25°C<T<150°C) : e.g. divertor region

Fiber-optic umbilical link between reactor and 
control roomcontrol room

Radiation effects on fiber-optic components 
(VCSELs )(VCSELs, …)

Radiation tolerant transmit and receive Divertor testelectronics Divertor test
platform



Context:
Optical communication linkOpt ca co u cat o
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SiGe HBT model:
Base current and SRH recombination

Assumptions: 
Bulk recombination in the base can be neglected

ase cu e t a d S eco b at o

Bulk recombination in the base can be neglected
Collector-base reverse leakage current can be neglected 
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SiGe HBT model:
Base current and Ideality factor nase cu e t a d dea ty acto

n
B CI I∝

Good ideality factor: Not so good ideality 
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SiGe HBT model:
Current gain degradation for increasing TIDCu e t ga deg adat o o c eas g

n=1

n=0.5



SiGe HBT model:
Relative increase in base currente at e c ease base cu e t
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SiGe HBT model:
SPICE implementationS C p e e tat o

• 2 negative exponentials

o Initial degradation

o In-situ recovery
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VCSEL driver:
Situation and historyS tuat o a d sto y

Discrete Si BJT driver presented in IEEE 
T N S i 2002

Sensor Signals

Trans. Nuc. Sci. 2002 

Discrete SiGe HBT (BFP640) VCSEL
TTL driver
/PWModulator Discrete SiGe HBT (BFP640) VCSEL 

driver presented in IEEE Trans. Nuc. Sci. 
2006

/PWModulator

Driver

0.7µm CMOS VCSEL driver presented in 
IEEE Trans Nuc Sci 2007

Driver

12 mA IEEE Trans. Nuc. Sci. 2007

Here: integration in a 0.35µm  SiGe 
0 mA

12 mA

g µ
BiCMOS technology0 mA

850 nm VCSEL
Optical Fibre



VCSEL driver:
Circuit schematicC cu t sc e at c



VCSEL driver:
DC response to gamma irradiationC espo se to ga a ad at o
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VCSEL driver:
IC in DIL40 packageC 0 pac age



VCSEL driver:
Irradiation experiment overviewad at o e pe e t o e e

Irradiation of driver and separate 
d idevice

up to 600 kGy
in-situ DC measurementsin-situ DC measurements

Irradiation up to 100 kGyIrradiation up to 100 kGy
Circuit grounded
Dynamic measurements y
before and after irradiation

Irradiation up to 1.6 Mgy
Circuit grounded
Dynamic measurements 
before and after irradiation



VCSEL driver
Dynamic measurements after 100 kGyy a c easu e e ts a te 00 Gy

155 Mbps, 27-1 PRBS

Before irradiation After 100 kGyy



VCSEL driver:
Dynamic measurements after 1.6 MGyy a c easu e e ts a te 6 Gy

622 Mbps, 27-1 PRBS



Outline

Context

SiGe HBT modelSiGe HBT model

T itt i it VCSEL d iTransmitter circuit: VCSEL driver

Receiver circuits: transimpedance and post-amplifier

Summary and conclusions



Context
Optical communication linkOpt ca co u cat o



Transimpedance amplifier
Circuit schematicC cu t sc e at c



Transimpedance amplifier
Design equationses g equat o s

Gain:
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Transimpedance amplifier
AC-behaviorC be a o



Transimpedance amplifier
Noise-behavioro se be a o

Input current sensitivity:Input current sensitivity:
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Transimpedance amplifier
Signal + noise transient behaviorS g a o se t a s e t be a o

1 Gbps, 27-1 PRBS, id = 30µA

Before irradiation After 200 kGyo o te 00 Gy



Cherry-Hooper amplifier
Circuit schematicC cu t sc e at c

Cherry-Hooper amplifier =

transconductance stage 
Q1Q1

followed by

transimpedance stage
Q2 with feedback via Q3 

and Rfand  Rf



Cherry-Hooper amplifier
Design equationses g equat o s

Gain:
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Transimpedance amplifier
AC-behaviorC be a o



Transimpedance + Cherry Hooper amplifier
Signal + noise transient behaviorS g a o se t a s e t be a o

1 Gbps, 27-1 PRBS, id = 30µA

Before irradiation After 200 kGyo o te 00 Gy



Layout of receiver circuit
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Summary and conclusions

We measured and modeled the radiation induced gain 
d d ti f th SiG HBT i 0 35 BiCMOS t h ldegradation for the SiGe HBT in a 0.35µm BiCMOS technology

Assessement of an integrated 0.4µm SiGe HBT VCSEL driverAssessement of an integrated 0.4µm SiGe HBT VCSEL driver
Static results up to 600kGy: less than 0.2% degradation in amplitude of 
the modulation current
Dynamic results up to 1.6 MGy: no significant degradation in the eye 
diagram of the output signal at 622Mbps

Design of integrated receiver circuits
3kΩ, 1GHz transimpedance amplifier
20dB, 5GHz Cherry-Hooper amplifier

Promising results for optical communication in harsh radiationPromising results for optical communication in harsh radiation 
environments like ITER
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