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Context:
Thermonuclear fusion (ITER)

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

Fiber-optic umbilical link between reactor and
control room

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

Radiation tolerant transmit and receive
electronics
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Optical communication link

transmitter




Outline

® Context

® SiGe HBT model

® [ransmitter circuit: VCSEL driver

® Receiver circuits: transimpedance and post-amplifier

® Summary and conclusions




SiGe HBT model:
Base current and SRH recombination

Assumptions:
& Bulk recombination in the base can be neglected
& Collector-base reverse leakage current can be neglected

Collector current Base current
Ve
\V4

I, e" —1

Electron injection Hole injection Recombination
from the emitter from the base In the EB space
charge region




SiGe HBT model.
Base current and Ideality factor n

oc |1
C

® Good ideality factor: ® Not so good ideality
n->1 factor: n=0.5

IB

forward hole injection SRH recombination
current dominant current dominant

(independent of TID) (dependent on TID)
Ve TIDT

< - -




SiGe HBT model:
Current gain degradation for increasing TID

— ) kGy
- = =50 kGy
== 200 KGY




SiIGe HBT model:
Relative Increase In base current

IB(D)_IB(O) —

15(0)

Definition: Xs(D)=

Observation:




SiGe HBT model:
SPICE implementation

€ measurement
== model

o Initial degradation

o In-situ recovery
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Sensor Signals

}

TTL driver
/PWModulator

}

Driver

VCSEL driver:
Situation and history

® Discrete Si BJT driver presented in IEEE
Trans. Nuc. Sci. 2002

® Discrete SiGe HBT (BFP640) VCSEL
driver presented in IEEE Trans. Nuc. Sci.
2006

® 0.7um CMOS VCSEL driver presented in
IEEE Trans. Nuc. Sci. 2007

® Here: integration in a 0.35um SiGe
BICMOS technology

850 nm VCSEL

Optical Fibre




VCSEL driver:
Circult schematic

VCSEL SZ/V

D




VCSEL driver:
DC response to gamma irradiation

€ measurement
- gimulation

Dose [kGy]



VCSEL driver:
IC in DIL40 package




VCSEL driver:
Irradiation experiment overview

® Irradiation of driver and separate

device —

% up to 600 kGy <l
% in-situ DC measurements | A |

ol

® [rradiation up to 100 kGy
& Circuit grounded
& Dynamic measurements
before and after irradiation

® [rradiation up to 1.6 Mgy
% Circuit grounded
& Dynamic measurements
before and after irradiation




VCSEL driver
Dynamic measurements after 100 kGy

155 Mbps, 27-1 PRBS

Before irradiation After 100 kGy
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transmitter




Transimpedance amplifier
Circult schematic




Transimpedance amplifier
Design equations

® Gain:

R, =2R. =4kQ

® Bandwidth:

BW, , = LRZH = 1GHz
27Cy, (R UR)

® Noise:

E:ZkTAf.[L+L+L+r%}
R R R R

® Stability of the loop!




Transimpedance amplifier
AC-behavior
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Transimpedance amplifier
Noise-behavior

Input current sensitivity:

-k -k
N (o) N
L) L)

-
N =9
z

- 10-1.8-107
3-10°

= 6uA

-
N
:

o
z

Integrated output noise voltage [mV]
(o)) —i

© o o o
NN

10° 10°
Frequency [MHz]




Transimpedance amplifier
Signal + noise transient behavior

1 Gbps, 27-1 PRBS, iy = 30pA

Before irradiation After 200 kGy

Output voltage [mV]

Time [ns] - . Time [ns]




Cherry-Hooper amplifier =
& transconductance stage
- Q1
followed by

% transimpedance stage

- Q2 with feedback via Q3
and R

Cherry-Hooper amplifier
Circult schematic




® Gain:

R
=g R 1+ |=15
A-auR {1+ ]

® Bandwidth:

1
BW = M — SGHz
27C,, R

® Stability!

Cherry-Hooper amplifier
Design equations




Transimpedance amplifier
AC-behavior
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Transimpedance + Cherry Hooper amplifier
Signal + noise transient behavior

1 Gbps, 27-1 PRBS, iy = 30pA

Before irradiation After 200 kGy

Output voltage [mV]

Time [ns] Time [ns]
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Summary and conclusions

® \Ve measured and modeled the radiation induced gain
degradation for the SiGe HBT in a 0.35um BiCMOS technology

® Assessement of an integrated 0.4um 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

& 3kQ, 1GHz transimpedance amplifier
& 20dB, 5GHz Cherry-Hooper amplifier

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







