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Quick outline

History (past — now - future)
Readout architectures

Electronics reguired for different detectors
= Pixels, strips, calorimeter , ,

Electronics technologies

= [ntegrated circuits, Interconnect, links, power.
CONVersion

Our major problem: Radiation tolerance



Past

Electronics has been one of the major ingredients to
develop modern HEP rlf,,)rlrlrnr*rm:
= Improved perfermance: Pasition, Amplitude, Time;, etc.

= |Lower noise
= Higher channel counts
= Higherintegration: I€ integration, Iow: power:

= Higherreadoutrates

= Sophisticated/high rate trigger systems

= High'reliability

= Radiation tolerance

s DAQ s also electronics, butnot any more“home made™
At affordable cost
«  Extensive electronics engineering expertise requiredin:

HEP community.




Now (the LHC experiments)

Radiation “tolerant™ Eront-End electronics

(cavern, muon, calerimeter):
»  0.7um - 0.35um CMOS/BICMOS ASIC's
= Qualified COTS

Radiation hard FE electronics (trackers)
= 0.25um CMOS (Qualified standard commercial)
= 0.8um DMILL BiCMOS (specialized technology, phased out).

Optical links

Custem TTC (Timing, Trigger and Control distribution)
Custem analog (CMS tracker)

Custom digital (GOL serializer, ATLAS tracker)
Commercial digital

Power:
= Rad'tol/hardlinear regulators
= Rad'tol'power supplies (cavern, calorimeters)

FPGA'S for fast and sophisticated trigger systems ,« 2
FPGA’s/DSP/CPU/s for: DAQ! interfaces A P S %
Critical integration of electronics, detectors, ' YRR
mechanics, cooling

= Required material for cables, coolingan unpleasant “surprise”.
A significant firaction of the cost and R&D needed
to develop these experiments is In the electronics




Future HEP: electronics

Better resolution -> More channels-> Higher integration ->

.ow: mass trackers -> Minimize cables, cooling, Services -> Low: power ->
and: efficient

Acquire more data at higher rate -> High density, high speed data transport
-> and

Hostile radiation environment ->
High reliability, - >
LOW error: rates ->

High speed flexible data processing ->
(assumed offi detector)

|large andicomplicated systems -> Well designed systems and critical sub-
system integration -> Extensive ;

/

At affordable cost in'a world-wide distributed community.

Electronics technologies for this must come firom commercial market, but
significant efforts required to adapt this to our environment: Radiation, low
mass, mixed signal, integration, etc.



Global architecture 1

Global front-end/readout

architecture has major effects on e

electronics

= Architecture in fact determined by s
electronics capabilities/limitations :%

Triggered: Global event selection

with'local data buffering (and D ——

processing) to minimize readout

data

= Data bufferingiin hostile environment

m Specific local processing (trigger
towers, , , loss of flexibility ?) T

s (Local data sparcification/zero-
Suppression)

= Complicated front-end systems
= “Moderate” number of links |
High rate experiments (LHCb,
ATLAS, CMS, ) |

Calorimeter,
Muan, Pile-Up

MUK

Zero-suppression

MEP
Farmatting
Inl;rfac:e

ECS éystem




Architecture II

Trigger less: Minimal local processing, highi speed datal transpori
= Send out all™“raw” data ASAP.

Synchronously for easy. pipelined event processing
Sparcified /zero-suppressed with time tag to minimize data (links)

= Simple high speed front-ends.
= llarge number(" >10K) of data (eptical) links

= Flexible data processing in Counting! house using latest.commercial
FPGA's/IDSP/CPU/PC (No radiation)

= Moderate rate'experiments (LHCb upgrade, CLIC/ILC, , )

Simple discriminator or

LHCb Upgrade Complex DSP
Trigger

Derandomising :

Front-end Rate control

Back-end
buffer " Input buffer Output buffer
! Lero 10GB Ethernet
suppressf (W0 L T |77 to DAQ



Pixel detectors

Pixell detectors are our IC technology: drivers as high
integration level vital ALICE

N
Better resolution -> Smaller pixels, Higher integration " ,

Binary versus analog (TO1)) readout. ,
Smaller pixels -> Smaller capacitance -> Better S/N ->
smaller analog power

Limited by pixel'to pixel capacitance : By
More pixels, Higher rates (radiation), more features,, -> - ""v.a;.;,, g
More logic per: pixel > Higher integration,
Low power digital required

Materialiin today;s pixel detectors are determined by cabling,
power: distribution, cooling, , , sensors, ASICs

Complicatedi digital pixels:

Full custom -> Synthesized high density standard cells

Pixel grouping

Minimum DFF available
in default CERN
Standard Cell 130nm

A85 Minimum DFF available
ina commercial
Standard Cell 65nm
library




Hybrid Pixels

Decoupled ASIC and detector technology.
= Standard highrdensity. ASIC technology,
m Dedicated sensor: technologies (Si, 3D, Diamond, , )
High' cost of bump bonding ASIC and detector
m Multiple technolegies under evaluation in HEP

m Bonding technics from 3D IC technologies will hopefully
bring improvements on this (more on 3D later)

Material: Thinning ASIC to 50/— 100um

s Delicate combination withrbump'bonding
High radiation level and high rate applications:
“Llimited™ by bump bonding, material, cost

T (T I

FE-14

ATLAS FEI4 50 x 250um

sensor chip (e.g. silicon)

high resistivity n-type silicon

p-type ‘ .
silicon layer aluminium layer

single pixel
read-out cell

P

........



Monolithic Pixels

Aim: Lower cost, Higher resolution, Lower mass

Diffusion based : Charge collection (~100ns)
= Epi(epitaxial layer), DEPFEIF (internal gate)
= Relatively low rate and'low radiation

Drift based: SOI (KEK), LePix bulk triple well' (CERN),

ml  “HV“ bias|critical
m  Can pessibly:work inf LHC environment:

Simple pixel cells (few transistors)
= Significant boundary circuits needed.
= SOI: Digital cells in pixel, Cross talk problems

HEP needs 100% fill factor
Stitching te make “large” pixel'modules

Challenges: Radiation tolerance, Speed,
Rates: on-chip/in-pixel buffering/processing,
technology: dependence.

Mimosa, Strasbourg

SOI Pixel Detector Radiation
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Pixel photon detector

Integration ofi a pixel detector in a —
photon tube: Hybrid Photon Detector

= Electrostatic acceleration and fiocusing; of;
photon-electrons on pixel detector.
Single photon detection in' LHCH' RICH

= Very low noise

= Same pixel chip'asiused in classica
detector: in Alice

Integration in vacuums noen trivial (bake
out, vacuum tightness, out gassing, etc.)

Many: potential applications

VACUUM

III

pixel

using HEP' pixel chips in'HPD'S,
MCP, ,




Building pixel systems

Building low. mass hermetic pixel ek
detectors from relatively: small pixel | -
modules/assemblesifar from obvious

= 100% coverage, Small assemblies,
Modules, Power, cooling, readout, ,

|'adders, modules, edgeless detectors, ,

Euture:

= Stitching| (to: make very large pixel ASIC’s)

=[SV (Through Silicon Via’s) to have

abuteable pixel assemblies ?
TSVs are “surprisingly” difficult

= Micro channelicooling ?

'z
Fig. 3 TSV invented by Willilam Shockley, US
P: #3044,909 filed on October 23, 1958 and

12



Strip detectors

High resolution tracking over: large SUrfaces ...
(Pixels impractical and too expensive)

Ladders, long strips, short strips, strixels 59

CMS and ATLAS upgrades: Binary. s

ALICE: Amplitude information < >

= Analogpower decreases when going to 130/90 nm.
65 nm may not give significant gain:

= Digital'power gets dominating so use of modern
technologies gives lower power.

ADC per channel'in future ? e S I g

e e R R
= Very low power 8/6bit SARADC or TOT. : [ ji 3 % - ;fi fifi ,.) b
I ; e g e WA )
Connection between FE chip and/detector: S - ::} e L
I ¥ r on i wen ) wy y
Wire bonding or tap or bump:? L L e Tl
Integration in stave/rod or petals ? ATLAS Stave
Powering:
R3 latency (3us -'-'p L1 I.11.Fn|:l|r and Event EIuHEf
= CMS DC/DC

s ATLASSerial power or DC/DC

AR L L RE=A-
WA LoLar
Al
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Combining pixel/strip trigger

CMS track trigger

= At HL-LLHC first level trigger saturates
(if readout limited to' 100KHz)

= Include tracker Pt information in trigger
Send track information for tracks with high Pt.

= Sufficient Pt resolution, short latency, bandwidth , ,
= Double layer modules with correlation

Strips — strips Iin outer part

Strips — strixels /pixels in inner part (to get Z)

Critical: Low mass as not to destroy tracker resolution: Low
power, high interconnectivity,

= Critical interconnect technology and module assembly

Cooling

14



Full DSP approach

The world is going|digital: ADC plus powerful DSP processingcan be integrated in front-end chip.

= Digttal shaping, baselne restorer, pulse detection, zero-suppression, time tagging, clustering, pulse parameter
extraction, compression, buffering, link/DAQ interface

Very low power ADC's extensively developed by industry over: the last years.
= (Can be bought from specialized IP'companies (do'not developiourselves ifinot required)

DSP processing can be done at low'power: modernitechnology, plus power optimized architecture
and design.

Reqguiredintegration possible with- modernitechnologies

Example: S-ALTRO prototype: 16 channels, ~1W, 130nm CMOS
= Nosignificant crosstalk from digital te analog
= Power dominated by home designed ADC (~60%)

Realistic future aim: 64 channels, 12/10bits, ~ 1.
= Applications: TPC, GEM, Micromegas, calorimeters, ,
= Pulsed power can reduce power considerable in certain applications (e.g. ILC/CLIC)

ACQUISITION CHANNEL (xN)

Zero Data 40
Supression Format I '

DIGITAL SIGNAL CONDITIONER

COMMON Config. 4
CONTROL and Status s
- ger
LOGIC Registers

LO L1
BD CTRL (acquisition) (readout)

I:l Runs with Sampling Clock
[ Runs with Readout Clock

15



Calorimetry

Llarge dynamic range: Low, power, 40MHz 14/16 bit ADC’s now. available as standard
multichannel chips and as IC€ IP's.

= Good alternative to custom made multi range analog memories

= Our usual problem: Radiation tolerance. COTS versus modified IP’s
Particle flow: Many: channels (108), lower resolution per channel,
Low power critical (power pulsing in ILC/CLIC)

s CALICE (ILC)I currently:.using multi-gain multilevel analog memories (low: power, low, cost)

= Multichannel ADC/DSP seems promising for this in the future (R&D cost).
Parallel' high speed' optical’links now: makes it viable to perform direct ADC infront-end
and send all raw data to off-detector processing for “classical™ calorimeters.

= Allows very flexible FPGA based calorimeter trigger systems

= Original CMS Ecal architecture, but abandoned because offcost/implementation of the ~100k links.

SPIROC,
Omega iy In2P3 Low gain
CALICE Preamplifier

Wilkinson
ADC

Preamplifier

]
4-bit threshold o
DAGC output adjustment /
i
Common to the 36 | 10-bit DAG U2 [T measurement
channels I 300ns/5 us

80 ps

HOLD
IN ( High gain o Conversion

16



Timing detectors

High channel count, very high time resolution: (~10ps)
detectors become feasible with modern micro
electronics andi novel detectors

TOE and RICH detectors based on MCP, S|PM
MRPC or MAPMI;
= Examples: Torchfor LHCb upgrade, FP420, HPS

Fast ADC's: 55GHz, 8 bit, 2W
= How'to deal with the massive data flow'and power?

Fast analog memories: 1 — 10GHz Sampling, <iGHz
bandwidth

= Highitime resolution withi software pulse: fitting| torknown reference pulse
= Muliple; chips available! infcommunity: PSI, LAL, Hawaii - Chicago,
s Limited number of channels, mited: memory, power, external ADC

TDC with Constant fraction or TOT time walk
compensation (ALICE TOEF) .

= ~ps IDCs feasible in-modern IC technologies
Very high'speed' circuits now possible with'limited
power, but reguires fast detectors

Segmented Anodes

1. Vallerga

Single Threshold
Multiple Threshelds
Constant fraction
Pulse sampling

—
%
=
=
o
B
=2
o
@
@
<
@
=
=

Sampling: 40 GS/s
Analog bandwidth: 1.5 GHz

40 60 80
Number of photoelectrons

J.-F. Genat et al., arXiv:0810.5590 (2008)

o
S. Ritt, PSI

“Time stretcher” GHz — MHz

Single Photon
16-averaged
Sampling: 18 GS/s

"= 3.2 ym pore MCP
¢ / =6 ym pore MCP

J. Milnes, J. Howoth,
Photek

300.0p 400.0p
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NA62 GTK

300um x: 300um! pixel detector with ~200ps resolution (ASIC:

75ps)

3istations (10 ASIC’s, 1 pixel sensor) with very: high particle
rate: ~1GHz

Time walk compensation with 1O (or CED)

High'radiation' levels (secondary: beam goes straight trough)
Demonstrated in' beamitest with 130nm prototype

= Final 40:x 45 pixel array’ ASIC/detector. planned for: 2012
Pixel detectors with this kind ofi time resolution caniopen; up
new. applications of pixel detectors in HEP, medical, material
science, bio chemistry, , ,
What determines ultimate time resolution with silicon pixel:?

= Signal variation across pixel, signal/noise, Signal
generation in silicon itself (e.g. 3D detectors)

= Pixel ASICs andrequirements for “low power”

o time resolution [ps]

w
n
=

w
=
=3

N
o
=3

200

a
8




Digital Photon counting

Digital Silicon Photomuiltiplier Detector

Single photon counting with SPAD/GAPD
array with'integrated electronics petector © Readout

= Use of “standard” IC technology h -
SPAD bias only:needs a few volts

= Optimization ofi SPAD cell took significant = =
efforts and many. trials |

Dark count rates, cross talk, detection NN
efficiency;, , \ ! .
Photon counting, High time resolution
= 32 x 60um micro-cells/pixels
= Up to 80% fill factor DLS et
= Integrated TDC, readout, configuration, ,

Enormous effort in' development

= Foundry (NXP 180nm) and user (Philips medica
originally: part of'same large company.

= Aimed!at applications with very highisystem
costs (medical scanners)

= Investment that will'be very: hard to find in HEP.
for such a monolithic detector-chip

“Open” to let HEP use their technology

PH detector seminar:
https://indico.cern.ch/conferenceDisplay.py?confld=149010

to readout

T. Frach, Philips
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On-detector power distribution
istributing low, voltage power: in large experiments,

without local power conversion, impractical/impossible
= \oltage drops -> power: loss —> large cables -> material

Modern technologies use lower supply voltages: 5V, 3.3, Nee—
2.5, 1.2, 1.0V (down side of: new: low: power: technologies) ):))

= Upgrades: Assume same total power (as more channels) the power
supply currents will increase and!power: |0ss in cables increases with 12

A
|
= Local power conversion becomes a must. _
= Power conversion must occur: invery difficult environment: Radiation +

magnetic field + minimal power dissipation/+ minimal mass:

DC/DC: Inductive (module), Capacitive (on-chip)
=  Highinput voltage (low: cable currents), high efficiency.
= IC technologies that cani stand high'voltage are not radiation tolerant
Compromise: Medium voltage (10v) but stilll problematic

s CERN/develops Inductive andicapacitive DC/DC conversions

Radiation' tolerance of technology: a critical issue!(two: promising
technologies: used)

Shieldingl and appropriate EMC handling: critical but - havebeen I : AW
successfully:verified onisilicon; strip: detector modules X

Serialipowering: Distribute current andigenerate locally
voltage. Tested by ATLAS SCT. ' Annealng

= Grounding and fault isolation delicate
Power pulsing: significant gain
possible for certain experiments
(ILC/CLIC)

20



Optical links
Information types :

Readout, Trigger, Timing, Slow contral,
= Past/current: Separate links
= Future: Merge all in one bidirectional optical link

Must: be high speed and highly reliable

= Redundancy in critical cases

e e e o = = =

Radiation problems: e
. : z : CLK
| Laser deterloratlon Hizee=Siifir Reference/PLL
=  PIN receiver deterioration R

= Induced multi bit error signals in PIN by particles. Use of extensive
forward error correction.

s SEU’s in electronics circuits

Versatile /' GBI link project
= Identify and qualify appropriate Lasers and PINs

= On-detector rad hard chip set:
Laser driver, Pre-amplifier, interface chip (GBTX), control chip.

= Off-detector: Commercial Opto and FPGA's

Parallel links for high data rates

= Custom array transmitters/serializers (ATLAS)
= Fiber ribbons

= Commercial array. receivers (optical engines)
= FPGA deserializers

¥ad

¥3s

||
NDITD
ON3/¥DS  ¥2sa/o3a

S1I0d — 340} 53Q/43S + S4auBi|y —aseyd

Control Logic Configuration

GBT-SCA 3 JTAG 12CSlave 12C Master




CMOS photonics

I10/1s becoming) critical bottleneck for high end — —

multi-core CPU'S servers 5]==_=|_ —
(CPU <—> Memory)

Now: High speed electrical serial connections
Future: Hybrid optical chips/links
Has been demonstrated

Dream: Integrating; opto; electronics ini(oni3D) (Sophisticated 3D packaging)
Integrated circuits

= On-chip optical modulators, waveguides and
receivers (laser source problematic in: Si)

= Available when 2.
Electrical links are still more cost efficient
(power) for short connections

Dream for HEP: Each Front-end chip has an
optical output. Many.challenges

g

>
o |
0
0 |
[

= Radiation

= Access to technology St ]

= Cost of technology —

= Design complexity of such mixed technology M. Ritter, IBM, TWEPP2010
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Off detector

FPGA's: East, flexible , , , The perfect devices for -
HEP when no/limited’ radiation. Dual star ;

CPU’'s/DSP: Mainly for DAQ! interfaces backplane
Mixing| EPGA's, DSP, CPU’s on'one module
Redundant

= CGanlgive very high performance and very flexible modules PS .
but implies a huge investment in firmware (( FPGA, DSP, bl 4
CPU, operating/system, , ,)

Crate based
= Not (slow) shared parallel’ bus(e.g. VME)

= Switch'fabric: Multiple high'speed serial links on'backplane
to centralized switch/controller:
(High speed |l ANien backplane)

= Power, cooling, front-panel, standardization but flexible, hot
swap, reliable, affordable

= ATCA, uTCA, VXS (VME withrextra serial link connector)iare
major. candidatestfor HEP.

= AlCA and UTCA gets increasing interest by HEP community
(UTCA for physicsistandardization)

= [rigger systems, DAQ interfaces
Plugged into computer: PCle, ,

= Canin certain'cases skip crates (e.g. link to front-ends)
= Poses a challenge to keep up with changing PC's




IC technology for HEP

Critical to'make required front-end systems

What we want:
= Highiintegration level
This exists (e.g. 22nm) but hard for us to access because of problems below.
Tihe most sophisticated technologies may not even be technically appropriate for us.
= Appropriate for mixed analog/digital designs
= Radiation tolerance: >100Mrad
Non trivial and requires significant effort to find 'and gualify technology.
Use special design approachesi(@nd specialllibraries).
Rad hard IC's may: have very strict export restrictions.

= Affordable access

Sophisticated technologies have very highimasks costs but is relatively: cheap to produceiin very large
guantities (exactly' the opposite of what we need)

We may. even not be allowed'access ,as too small a client.
Regular MPW runs vital to share mask: costs for prototypes and small scale production

= Easy to use for relatively: small HEPIC design groups
Modern technologies and tools get more and more complicated

= Extensive librariesand IP
I[P blocks often exists, but may: be unusable to us because of radiation (& “too” expensive)

Our community has a tendency. to make all our selves (limited funding in R&D'phase, manpower
available, must keep students occupied, ,)

= Available for long time ( +10years)
This may not be the case for certain technology nodes (select strong nodes, bet on the right company)

24



ke IC technology

= Use easily: accessible, cheap and mature technologies
(e.g. AMS). Life time ?, rad tol ?, Limited integration)

m [lhe community gets together (e.g. via'CERN) touse one
“modern” technology: from'a strong technology: node,
radiation qualify this'and get/develop: required libraries
and tools.

LHC: 250nm|CMOS|(IBM)

LHC phase 1 upgrades: 130nm CMOS (IBM)
LHC Phase 2 upgrades: 65nm EMOS

Skipping every second node because of long HEP project schedules and
limited resources to import/qualify technology.

= Join withisimilar communities (e.g. EU Europractice)

= (Specialized technologies: "HV" for DC/DC, monolithic
pixel, EMOS photonics, ?)

L .earning how. to' use these technologies
n HEP/CERN community

Trainingisessions in use of technology and related tools
Micro Electronics User group
Micro' electronics User exchange (yearly 2 day event)

m Euro-practice has extensive training program on tools
and technologies

N of wafers produced

N of chips per MPW

1200

1000 1+

Production summary

u N of wafers produced

= N of projects in production

800

@
=3
S

B
1=}
S

N
=}
S

| =il Iil

Y 1999 Y 2000 Y 2001 Y 2002 Y 2003 Y 2004

o

250nm CMOS

MPWs statistics

= N chips
= N Institutes

25
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AR
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>
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Next IC technology for HEP

65nmi seems to be a promising/realistic technology. for
future long term HEP developments (e.g. LHC phase 2)
s Well established ~10 year old technology.

= Confirmed to be a strong node
Extensively used for many: long term components (Industrial;
Automotive, Space, etc.)
= Affordable
Small MPW: submissions: 50— 100k'CHE
Dedicated engineering run: ~2 X 130nm = ~1M CHE

—@— N60x360 |}
IIII —0— N60Xx480 I

= Still'uses classical “SiO;“as gate insulator [ ] | = oo
= Excellent radiation characteristics --llIII|I.-"‘IIII.IIIIIIII.II“II“-.III

To be finalized 65nm PMOS Vt shift

= Appropriate Libraries & tools for HEP institutes 'I||.llIIIIIl.lIIIIIIl’IIIIIIIl
= AR

= Frame contract (team up with Euro-practice)
Access conditions: MPW, production

Do we need and can we afford/manage more modern

. lr‘ ‘
IC technologies ? l ||||§"!i

T

Edgeless transistor (ELT)
Used in 250nm CMOS

r—_-

A"

I,!!I:I!!:lllll!!I'llll!i iIIIIIIII
=SB eonl JEUII

» l!!;g;j?illln §§!II |
a &?5||||III||||||||Ili!liiiE!

1.E-11
. .

130nm NMOS leakage 26




IC tech from CERN

250nm, 130nm, (90nm) and 65nm coming
s 250mnm: workhorse for all' rad hard circuits in

T SR ) [t
current LHC experiments ae e ﬁ%
iffis iz 4 s B
= 150nm: LHC phase 1 upgrades =T RO
= 65nm; LHC phase 2 upgrades,. B BT
CERN supplies/organizes: H ;Eg]ﬂ E
= Jllechnoloegy: selection and rad qualification . i
= Frame contract and MPW. access izt '[
= Design kit, Libraries
= HEP users: ~50'world wide institutes

= 5day training, 7. courses, 70 Engineers

Virtuoso
Analog Block Creation

LLLLLLL

7\

""""""
‘‘‘‘‘‘
—-_'_————_-_____
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3D IC technologies

Dreaming about the perfect 3D IC technology:
= Affordable, Accessible, Reliable, High yield, ,
= Mixing technologies (Analog, digital, sensor)

Several HEP Institutes teamed together to get
access to Chartered/ Tiezzaron process

= Chipshave been in the pipeline for several years

= Verylow yield

=[SV Technology have now; been modified

= \We may: still need to wait for thisito. mature

Will*3D 1€ become: available (torus) ?

= Before IC technology hits a technology wall (10nm'?)
Why use 3D 'in 130nm when one cani“easily“ migrate/to 90/65nm ?
Yieldlis a major. problem

= Oneobvious candidate: Stacking of memory. chips
This is more 3D'packaging as only: coarse T'SVs needed at boundary.
Memory chips'have redundancies

Detector
eg. CZT

Gold studs

50um analogueASIC

SLID Bonds
Thick digital ASIC -
—
paul Seller (RAL) [N @ 2
ery small

Sensor I 100um
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3D technologies

Traditional Planar Transistor 22 nm Tri-Gate Transistor

3D is fashion, but be careful with confusion
between different 3D’s

= 3D transistors (Intel 22nm technology)

10 be capable of continuing Moore’s law without

excessive transistor leakage.
= (Contrels current: flow from} /4 sides ofi transistor

ul  37% speed'improvement from previous technology: (32nm) or halfi
power at same speed

m|  Expected| toiscale’downito <10nm
\We can not get access or afford this for many years

Alternative: Fully’'depleted SOI (Silicon On Insulator)

s 3D IC’s i —
Multiple active layers connected with (small) TSV /ﬂ r.-.‘m Al o o

= 3D packaging/integration B

Stacking chips on top' ofieach other using: R < sz S

= Wine bonding
m  Bump bonding
=[SV 4 bump! bonding

s 3D detectors

SNTC)M-Si stack 3D
(Leti)

S electrodes
n-active edge ‘ 29




Large design effort required to design complicated!system
on' chip implementations

= lLarge and well integrated design team
Intel makesithe! office floor plan equal to the chip; floor: plan

= Significantdesign time
= Significantfunding
= Any small mistake makes the;design fall

= Efficient use offmodern high level (digital)
and low: level (analog full'custom) design tools

But these tools are'complicated
Example: FEI4 collaborative effort
= Large mixed signal pixel‘chip (19 x 20 mm)

= Developed in collaborationacross multiple institutes (~5)
spread acroess the world

= Used dedicated tools to'monitor/control status.and'changes of:
each block

= Handling radiation effects and SEU.
= Successfully'madefirst prototype and only. few:minor
corrections reguiredifor final chip.
Things will' get more complicated for future complex:chips in
65nm: We put a whole “experiment” on a single chip

Column: ~128 PR’s




SEU

Radiation induced SEU’s is a major. worry. in our front-end chips
= New technologies get more sensitive (and we get multi bit errors)

Different types of data must be protected differently:
= Hit data (loss of;single hit;, or noise hit)
= Data flow control (System: synchronization)
= Configuration (chipfmalfunctionuntil reconfigured)
= PLL etc

Appropriate design methodologies reguired (TMR; Hamming)
Design, test, fault injection, designverification, production testing, etc.
SEU’s priovoked by backgroundiradiation'now becomes visible™ inrhigh complexity highravailability

commercial applications
= Cosmic’s, Radioactive isetopes (e:g. from materials used in electronics packaging)
= Automotive, Tielecom and networkiinfrastructure, Computer servers (e.g. centralized banking/ reservation
SUSE)
= [hey also start to apply special technigues to resolve this and some tools start to appear.

Proton et 1t
F. Faccio Photon (54, ) L Hleavy Mg
Node
x stroke 0}
the
particle
Silicon

GND GND

Small dansity of 2-h Larga density of s-n
oairs pairs




COTS

Use COTS (Commercial Of The shelves) where ever possible
(wWhen no radiation )

In radiation environments

= Radiation qualification (TID, SEL, SEU) of a component IS a significant
workload
Predictionsifrom similar circuits can be misleading

= Difficult to assure that circuits purchased later will'have same radiation
tolerance (change of process, different fab. , second sourcing, etc.)

= Mill/Space gualified components will'often be hard to get or too
expensive (hermetic packaging and qualification)
= FPGA's: Many HEP applications would like to'use FPGA's/in moderate

radiation’ environments
Many modern FPGA can work in modest radiation (TID: 10k — 100krad)
Single event latchup has been seen to be OK in several modern FPGA families

Single events upsetsiis the major worry for: reliable functioning

= Antifuse: Normal SEU protection schemes (TMR, Hamming coding, etc.) can be used
(cannot be reprogrammed)

= Flash: Normal SEU schemesicanibe used (do not reprogram when radiation' is present)

= SRAM: SEU is @ major issue but tools improving onithis is appearing. Partial reprogramming

Special space qualified FPGA’s exist but are very expensive and have strict export

restrictions
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Synergy.

HEP: electronics/detectors can/could have
good synergy with several domains

s Medical: Scanners, Xray.

s Material science: Synchrotron Xray: detectors
= Home security: Scanners, detectors

= Space: rad tolerant electronics

s [Military]

In practice the synergy: on electronics is to

a large extent limited to exchange ofi
InNformation and experience.
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Summary.

Ever increasing integration of detector andlits electronics

= Pixels, strips, calorimeter, muon, ,
Use oft modern' IC, interconnect, opto and power: conversion technologies vital tobuilt
significantly;improved HEP experiments.

Modern technologies are expensive to get access to and design with but offers
unique opportunities andfallows cheap'large scale production.

Our community; must profit from available technologies the best possible:
s Use commony/shared technologies when possible
= Exchange of experience across groups: TWEPP, FEE, NSS, MUX

= We can “never” afford using the latest IC technologies
Only: when*usingcommercial IC's but they:do ™ notlike™ ourradiation’ environment

Assure sufficient electronics engineering expertise in'HEP is\ital.

Building/complex electronics systems across S0 many groups requires efficient use: of
modern simulation and verification tools at all'levels (system, sub-system, links,
module, ASIC, analogi front-end') and efficient communication and coordination.

Certain basic technologies/functions are needed by:all HEP‘experiments/sub-
detectors and'is better made as common' efforts

= IC technology qualification, libraries, IP’s, Tools

= Radiation hard'optical links

= Radiation hard'and magnetic field tolerant Power conversion

| Other ?

If you want to know' more on electronics for HEP then come to TWEPP 2012



