Radiation hardness studies of a 130 nm Silicon Germanium
B1ICMOS technology with a dedicated ASIC
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MOTIVATION SiGe working group goals
» S-LHC increased luminosity implies replacement full » Radiation hardness studies of several SiGe BiCMOS technologies
Inner Detector and LAr readout electronics (IBM, IHP)
» Candidate technologies for analog part: »Find a technology that meets ATLAS Upgrade requirements
» Main option: Deep-Sub-Micron CMOS —> Main SiGe option: 130 nm IBM 8WL technology
» Alternative: SiGe BICMOS technologies »Design and test FE analogue TC for Si Tracker and LAr calorimeter

that meets the specs with reduced power consumption

130 nm IBM SWL TEST PROGRAM

oy . » Designed and fabricated: testing in
= Silicon Tracker readout test chip (SGST) brogress (to be prosented on TWEPPOI[1]

= 4_channel prototype LAr readout Chlp (LAPAS) » ASICs simulations already reported on
TWEPPOS|2]

= Dedicated TC for technology radiation hardness studies (SiGBIT)

The SiGBiT SWL ASIC

=40 S1Ge bipolar transistors (18 differential pairs):

8wl Test Structure  NPN and Resistor Inventory

NPN SiGe bipolar transisotrs  (120um emitter width)
Count  Pair Single Type  Emitter(urr Nstripe SWIL SiGe HBT
HP 20 2
HB 20 g D-SiGe Base n Emitter
HP 8 \
HB 8
HP 1
HP 4

p - Raised Extrinsic Base

»Radiation hardness assurance: P

» Gamma irradiations (in test)  » Proton irradiations (in progress)
» ELDRS studies (in progress) » NEUTRON IRRADIATIONS

Implanted n” Sub Collector

I p - Substrate 40-80 Q-C

RESISTORS

COUNT PAIR SINGLE TYPE L(um) W (um) RES I ~ 3 ym Deep Trench
X PP 35 6 2k

X RP 30 3 23k

X RR 30 3 17k

NEUTRON IRRADIATIONS

» TRIGA reactor (JSI, Ljubljana)

» Fluences: 2x1073, 2x10'4, 6x10%4, I1x10"°
and 5x10" n, /cm™

®» Devices mounted on bare S1 boards to o
minimize samples activation

" Good synergy with 8RF 130nm CMOS technology
" 8RF CMOS test structure included (CERN)
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» Transistors with floating terminals
during irradiation —E—————|—

" Cd shielding to reduce effect of thermal
neutrons | BASED  FLOATING
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» Damage on devices linear with neutron Fluence (a_fom?)
T B : fluence as GXpCCth (G.C. Messenger et al)[3] 1
I ®HB-20x02 . )
Y HP-20x02 » Final gains above 50 at target values
, HB-08x01 : : : : : Cr e s :
08 T HP0Ra01 » High damage at the highest fluence, » Observed in previous neutron irrads with “spare” test chips
206 *HP-OIXOL | Hut  far beyond maximum fluence » Smaller variability than obtained in previous experiments
04 expected in Si Tracker and LAr (~7x10!4 » Increased variability for smaller emitter geometries
. y cm2) » Possible fluence dependence
| » > Similar degradation for all geometries » Influence of low probable nuclear interactions under study
T . _ : S
E 51?1; o )1015 10l and transistor types » Worst-case transistor final gain still above 50 at target fluence
cq
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Conclusions:
Devices remain at reasonable performances at the maximum radiation levels

expected 1n the Si tracker and the LAr calorimeter

Variability on results still to be understood (dependence with area), although

transistors’ gain still above 50 at the target fluences vol 46, Issue 6, pp. 1038-1044, 1958




