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Radiation tolerant integrated circuits
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Problem statement

Current radhard systems are inadequate
Leap beyond...

Feasible with...

2.10"6 n/'cm?
107 ion/cm?
60 MeVem?/mg

...current technology

...current limits
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* Radiation tolerant ICs developed in our group

* Collaborations with CERN
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Research activities in radiation tolerance
since 2004

* Modelling of radiation effects in semiconductor devices
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* Design of radiation tolerant ICs
- System architectures
- Circuit topologies
- Device-level
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Radiation-Hardening-by-Design

System-level RHBD

Selection of robust structures
> >

Circuit-level RHBD

Techniques for mitigating radiation effects

3 S

Transistor-level RHBD
Enclosed-layout, guarding ring
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Optical radar or LIDAR
Distance measurement via time-of-flight
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MGy tolerant VCSEL driver

120

e With feedback:

o Current drops

100 P :

[IEEE TNS- 2010]

by 10%
after 3.5 MGy

60
« Without feedback: §
o Current drops
by 90% :
after 10 kGy ok

20

Relative on-current through the VCSEL [%)]

80 RRRRBAAARA

- With feedback

= = = = Without feedback

107" 10
TID [MGy]

KU LEUVEN
Paul Leroux — 10/09/2014

S

Biasing

Normalized amplitude[%

ldiode —— Cin tot

Cdeooup

[IOP JINST-2012]

Paul Leroux — 10/09/2014

Radiation tolerant TIA (up to 4 Mgy)
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Single-loop first order AX TDC:
Time integration and error feedback
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3 order 1-1-1 MASH AX-TDC:
Multi-stage Error Feedback:
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3" order 1-1-1 MASH AYX TDC:
Measurement results

* Resolution: 5.6 ps
* Number of bits: 11
* Power: 1.7 mW

* Range: 20 ns

e Area: 0.11mm?

* 130nm CMOS :
* Radhard: 5MGy (10.5ps)

[ISScc-2011]
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Conventional bandgap reference:
Radiation assessment

Rref B= Rref
R2’ - R

Vg =A-Vegq1+B:(Veg g1~ Vegq2): WwWhere A=

Voltage (mV)
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Radhard bandgap reference:
DBLC circuit concept

DBLC = Dynamic Base-current Leakage Compensation
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Radhard bandgap reference:
Measurement before irradiation
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Voltage (mV)
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*Flicker noise
*Thermal noise
*Aging
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High-Q robust relaxation oscillator
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Relaxation Oscillator:
More detailed schematic

Control logic : : sC Feedbacl]_‘
[}
A E

Oscillator
core
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High-Q robust relaxation oscillator:
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Most relevant collaborations
/ KU Leuven \

MICAS
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‘Europractice

Available resources (IMEC)
KU Leuven
AdvISe ﬁ

. y—|rrad|at|on
» Neutron source

/

Chip bonding and

packaging

Focused ion beam

Thick-film fabrication line

ESAMAT laboratory:
Agilent E8257D PSG
Analog Signal Generator
Tektronix DPO72004B
20GHz Oscilloscope,
50GS/s, 4 ch, 200M
Europtest PN9000 Phase
Noise measurement

- J
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e Collaborations with CERN
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Collaborations with CERN
PLL for clocking TDCs

* Collaboration with Jorgen Christiansen (CERN PH-ESE-ME)
* TDC previously developed by Lukas Perktold

- 5 ps resolution
- IBM 130 nm CMOS
* Migration to TSMC 65 nm CMOS
* Need for accurate time reference PLL
- KU Leuven PhD student Jeffrey Prinzie
* Applications:
- Low resolution (~1ns): CMS and ATLAS muon detectors

- High resolution (10ps — 100ps): ALICE TOF, CMS HPS, ATLAS
FP420, LHCb Torch, Totem, Fast forward detectors, etc.

- Non HEP: Laser ranging, Radar, On chip instrumentation, Imaging
systems ( PET, 3D imaging), etc.
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Collaborations with CERN
Front-end for VFAT3 readout of GEM detectors

* Collaboration with Paul Aspell (CERN PH-ESE-ME)
* PhD-student: Mieczyslaw Dabrowski

VFAT3 |
. —r
o Trig. |—1—%
Unit |——%
——
[~
SRAM I o SRAM II
1024x128 > mxite j
Chip 1 | | 1
Front-end || p, sRAMIComrol  EC BC S
(128 channels) || (e 1 Data

Formatter
Control Logic
1 Tnterface to E-port
Registers

EPort ||

A a7

Slow Control

.
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Collaborations with CERN
Front-end for VFAT3 readout of GEM detectors

1
1 channel (out of 128) analog 1 digital
1
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— — Unit
! 60ns | Shaping tithe I
25ns - 200ns
Signal from the detector Pre-amp Shapin network Constant Fraction
(+ and - charge) Discriminator

KU LEUVEN
Paul Leroux — 10/09/2014

Collaborations with CERN:
MC ITN proposal RADSAFE-SAGA

* Initiators: CERN (Markus Brugger) and Univ. Monpellier Il
* KU Leuven role: Design of radiation hardened ASICs

SPACE AVIATION
Satellites, E;igz?vl'\lslc Planes,
—
Space Station, ISR // COMPLEX Drones,
. COMPONENTS APPLICATIONS ) )
Missions, & PARTS High-Altitude
Flights,
RELIABIILITY
Cars, RESEARCH & Medical,
i DEVELOPMENT .
Trains, WITH Industrial,
INDUSTRY TESTING
Communication, FACILITIES Research,
&
METHODS
GROUND ACCELERATORS
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Further possible collaborations with CERN:
SRAM-based radiation detector
* Bit upsets in SRAM memory allows to measure (charged)
particle flux
* Custom ASIC to improve sensitivity, replace older SRAM
modules
32 Mbit 32 Mbit 32 Mbit
: SRAM SRAM SRAM
-
A L
G | ]
FPGA .
[ | Anti-
Quartz T DC | Latchup
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CMS (associate) membership

* Why?
- Access and share information with other partners, interesting
for the PhD students working with CMS

- New and challenging and interesting collaborations, joint
PhD’s

- RD53 group and work on pixel detector front-end

- Grow network in the community

e How?
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