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Highly segmented detectors
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N=1 N=9

Benefits:
Position Resolution
—  pixel pitch ~ 1/AN
Energy resolution:
—  Cper ~ UN
noise & J—  lpark — /N
— rate/pixel ~ 1/N
(pulse shaping time ~ N)

— signal confined to ~ 1 pixel
Faster charge collection

“Small pixel” effect

— improve energy resolution in
semiconductor detectors with
poor hole transport

Drawbacks:

Electronics channel count
— cost— N
— power ~ N

Interconnect density
— density ~ N




Applications

— particle physics — synchrotron radiation studies
e tracking * protein crystallography
e particle ID * EXAFS
— medical and biological imaging * X-ray microscopy
* PET front ends — surveillance
* nuclear medicine — industrial inspection
* neutron scattering — astrophysics
» electron microscopy . gamma
e X-ray

* optical



STAR Time Projection Chamber

Outer Field Cage

OQuter sector
6.2 x 19.5 mm? pad

3940 pads
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TPC for the PHENIX experiment

P%lx TPC/HBD Conceptual Design BROOKHAUEN

(PHENIX + STAR)

Csl Readout Plane

T

GEM, [tMega

I

TPC Readout Plane

Readout Pads
AR ~1cm
@ ~2 mm

C Woody STAR Workshop on FutursPhysit



Nuclear medicine

Intra-operative probes Bone mineral densitometer solid-state gamma camera

* 3072 pixels
» 192 front-end ASICs
» 1.3M events/second
» average FWHM 3.8% at 122keV

\ *16 pixels 3 x 7 x 3 mm?3

« 2 front-end ASICs
* DEXA (Dual Energy X-ray
Absorptimetry)

—. handheld detector

* 256 pixels 1 x 1 x 3 mm?3
* 16 front-end ASICs

P. O’Connor et al., Proc. SPIE annual meeting, Seattle, WA, USA, 2002



Silicon sensor for EXAFS spectroscopy

* 384 pixels
«1x1x0.25 mm Si pad detector
* rate > 10 MHz/cm?
e «8.2 mW/chan
« FWHM < 300eV, noise < 28 e
e preamps + digital integrated on-chip

/I

sensor

G. De Geronimo et al., Proc. PIXEL2002 International Workshop, Carmel, CA, 2002




Protein crystallography detector

Sensor Ry Wire bond . . .
\\ T et « silicon hybrid pixel
R |
\,\ | High density flexble * 200 x 200 um
| capton int t _
capion Interconnec " 4 M total plxels
« 100 ns shaping

* < 100 e noise
* 0.16 m? total detector area
* 40 Mpix/s readout



ATLAS pixel detector

. 108 hybrid pixels

. pixel size ~ 400 x 50 um

«  2m?silicon

o 50 uWipixel

« 1% X, per layer

*  Noise, threshold dispersion < 200 e-

«  25ns timing precision

. 50 Mrad , 105 n/cm? radiation tolerance

Farticle Track

e size: 21.4 mm x 67.8 mm; 16 ICs

Pixel Diode )
(Typical) & 46080 PbSn-solder bumps; pitch: 50
Hm
LEGEE E G l s 4 thin film metal layers: Ti:W/Cu - 3
. Hum ep.-Cu
Pixel Readout . . Figure 6: PbSn bumps after reflow (pitch 50 pm, diam.
Unit Cell s 5 dielectric layers: photo-BCB, 5 pm 25um)

(Typical) thick, 25 um vias

Temperature Power/DCS Optical
sensor flex cable ;, fibres

Module
Controller Chip

Pixel Readout

Optical
Integrated Circuit

package
Readout Buf fers
and Control Cireuitry Indium Bump
for Bonding
(Typical)

. b
' Front-end

Capacitors chips

K. Einsweiler, LBNL




DEPFET array for XEUS X-ray satellite

* active pixels on high
resistivity silicon

« on-detector FET amplifier
* matrix readout

eenergy resolution/ readout
time tradeoff

L. Struder, MPI Munich
H. Wermes, Bonn
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Vertex detector for STAR

H. Wieman, LBNL

« monolithic active pixel sensor
» standard CMOS fabrication

* pixel size ~ 20 x 20 pum

* 90 million pixels

* 40 um thick chips

n+ pixel circuitry

f.....m_

P- \lel p- wc“

'@\ el

pltd?{ldl layer

& —=|

char d particle :

i p++ substrate

<€ >

G. Deptuch, LEPSI 20 pm
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Large Synoptic Survey Telescope

* 8.4 m primary mirror

« 55 cm, 3 Gpix focal plane

* hybrid pixel sensor, optical & NIR
«10 x 10 x 100 um pixels

* 5 e-readout noise

* 1.5 Gp/s readout rate

10um
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Pixel density

Doubling every 5 months I
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Power density

1.E+03 — » On-detector power density
1.E+02 . R / Forced liquid cooling required is limited by Cooling
g ::E:g; \:\ — --0.1 Wiem2 capability.
T 1E01 | U T oo e - - -
.E 1 E02 - L s) 10W/em2 « Electronics for high-density
S 1 E03 - AN detector must be extremely
e / sl low power.
S 1.E05- umto NS
n? 1.E-06 - corr?/t:cr:i‘l)n .\'.\"'.
1.E07 NN
1.E-08 | | | —

1.E-02 1.E+00 1.E+02 1.E+04 1.E+06 1.E+0

Pixel density (pix/cn¥)
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Optimized noise vs. power

(N-MOSFET optimized at each power level and shaping time)

Shaping
1000 time:
— 10 ns
—30
-~ — 100
) 300 Note:
n
— 1000 |d(In N)
E 100 - — 3000 ‘d(InP)S(M
)
L
@)
Z
10 | |
10 100 1000 10000
Power (u\W)
Cd = 1pF
0.25 um CMOS
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Scaling impact on the noise/power tradeoff

technology node (um)

1000

100 ~

Noise (rms e-)

10
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Power, mW

10

100 1000 10000
Power (mW)
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0.09

100 ~

Noise for 100 pW power

Power for 100 e” noise

I'4

1

0.8

05 035 025 0.18 0.13 0.09

Lmin, pm

» Scaled technologies offer improved noise
per unit of power, due to better g,,/C, ratio.

 More amplifier bandwidth per unit of power.

* Because of diminishing supply voltage,
dynamic range may begin to decline with the
0.25 micron CMOS generation.

Cdet 1pF
t, 50 ns
10° o
o o
(@)
c
[
nd
Q
S
a
c
>
A
10°
01 1
M. Feature Size, um
power 35%/gen

5 0 P O'Connor and G. De Geronimo
noise 12%/gen Prospects for charge sensitive amplifiers in scaled CMOS
NIM A480, 713 (Mar. 2002)
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Detector — FE Interconnect choices

* board-to-backplane
— easy to test, repair
— large boards possible
— connector pins are failure points
— coarse pitch and high capacitance (> 1pF)
» standard SMT package soldered to board (QFP or BGA)
— easy to test, difficult to repair
— capacitance down to 0.2 pF for small packages
— board area limited by reflow oven capacity

« wirebonded chip-on-board
— difficult to test, assemble, and repair
— board area limited by wirebonder
— fragile
— low capacitance (0.1 pF)
* bump-bonded flip-chip
— can match pixels with pitch from ~30 — 1000 um
— difficult to test, assemble, and repair
— circuitry has to fit in same area as pixel

* monolithic detector/electronics

— interconnect is created as part of the detector
fabrication process

— ultra-low capacitance (few fF)

e s o= [ e B e B e
R TR B A

“waRRE”
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Packaging density example — PHENIX TPC

TPC readout plane with
readout IC’s
~ 41,000 pads

Array of 125 pads
0.2 x 1.0 cm each
5x 5 cm overall

wod Q00T
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Packaging density

Gl

Connection density (pins/cm'z)

1E+6

1E+5

1E+4

1E+3

1E+2

1E+1

1E+0

hybrid technology

/7/\// o PGA
11 X QFP
e : = ’ ' A BGA1.27mm
—m- FBGA 1.0mm
- .+ e R s Y
Jd" —x— UBGA 0.8mm
—e— COB
chip-on-board
—_ Hybrid 50 um
— - -I- = ——— Hybrid 25um
——— Hybrid 10um
~—+ Hybrid 150um
surface mount
T I
10 100 1000 10000

Package pins
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Vth INTERMATIOMNAL MEETIHG ON

l_‘_n'gm ED EECI‘HOHICS

for High Energy, Muclear, Medical, and Space Applications

June 30th to July 3rd, 2003
Snowmass Yillage, Colorado
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FEE2003: David Frank, IBM

CMOS Technology
for the Next 10 Years

David J. Frank

IBM Watson Research Center
Yorktown Heights, NY 10598, U.S.A.

Yer 2001 | 2003 | 2005 | 2007 | 2010 | 2013 | 2016
DRAN % ptch o) 1w | 1w | @ | e | e | = | =
DRAM geneaton 5tM | 16 | 26 | 46 | ss | we | ec
MPU transistorsicrip gTM_| 1M | 24aM | M | 77 | 1556 | aoes
Local clock (52) i7 | 31 | 82 | a7 | 115 | 183 | =
Humbsr wiing levels 8 8 o |10 [ 1o | n il
Tokal e length (kmicri | 41 | 58 | o1 | m2 | 161 | =7 | s
Inierlayer <. pemizvly 33 | 23 | 28 | 25 | 21 | 18 | 18
:}g’l:f:&"%ﬂ;]""" = &5 %5 2 25 18 12 g
Highpert logcEOTnm) | 1218 [ 1118 | 0813 | 06-11 | 0508 | 0408 |0405
High-pert. VDD (V) i2 | 10 | 08 | o7 |06 | o5 | os
High-per. Power (W) 0 | 1= | 0 | e | 28 | 2 | 2w
T e w | [ 5 |2 | 2 | & |
Lowepovwer logic EOT o) | 2024 | 1620 | 1218 [ 1014 | 0812 |07-11_|0&10
[ Lowponer vD0 1) 12 | 11 | 10 | o8 |08 | o7 | o6
Low-poer Power (W) 24 | 28 | 32 | 35 | a0 | 20 | 20

Industry agreed-upon targets for future technology.
Typically, everyone tries to beat these targets.

QUTLINE

1. CMOS Technology Overview
= |TRS projections
2. Future Technology Directions
= \etal gates
= Strained Si
= High-k gate dielectrics
= Ultra-thin SOI
= Double-gate FETs (FInFETs)
3. Scaling Limitations
= Device tolerances
= Power dissipation
4. Conclusions

State-of-the-art bulk CMOS technology

Gate Stack Gate Dielectric

- Poly-silicon - Very thin (1-2nm): improve current drive,
- Dual workfunction reduce SCE

- Low sheet resistance - Si oxy/nitride: reduce tunneling,

- Sub-lithographic decrease EOT, block boron diffusion

Dielectric
Spacer

Shallow Trench Isolation | | Source/Drain Channel Doping
Litho-limited dimensions - Deep implant to - Retrograde to improve SCE

_ Thickness indep. of size lower resistance - Super-halo to counter Vy

- Lower capacitance - Shallow extension  rolloff

- Reduced thermal budget to reduce SCE - Shallow to reduce junction
capacitance

[H-S. P. Wong, et al, Proc. IEEE, 87, p.537, 1999 and S-F. Huang, et al, IEDM Tech. Dig., p237, 2001]
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FEE2003: David F

Using strain to increase mobility
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Relaxed L
SHGS \E ~200meV
L

Ay valleys

1000

Effective Electron Mobilty (emA*sec)

@
=]
=]

@
=]
=]

B
=]
=]

200

Tensile-Strained
Sion SizxGex

A9

s
Strained 17

AEg~140meV
HH

A, valleys

>+30meV N
% E,
180meV T
Relaxed 8lg 78803 Jpstrained si
“

N

H ~165meV ~140meV

HH, LH Ev

Strain-induced band splitting reduces carrier-phonon
scattering and increases electron & hole mobilities in

strained Si

ELECTRONS
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Dielectric Mater|al

A simple double-gate device

Fin Gate Pad
Source )
Pad \' Gate Line

Drain a

Poly-Si

Crystal-Si

Gate leakage reduction with HfO,

this work
K Rim, EP. Gusey, €. DEmic, QP Ll Lol 10| .

et al,. 2002 Symp. VLST
Technol., Digest p.12.
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FEE2003: John Cressler, GA Tech

Assessing SiGe HBT Technology

For Front-end Electronics

= Conventional Shallow and Deep Trench Isolation + CMOS BEOL
» Unconditionally Stable UHV/CVD SiGe Epitaxial Base

* Improved f; at Low J.

Applications « 100% Si Fabrication Compatibility 60 AL ]
John D. Cressler Si BJT
777 i g N, ot ooy N, > coloctor =t SlGecontrol . Iaain |
‘& ) Aflanta, GA 30332-0250 USA / - A—4 SiGe LN1 el \‘ \
¥ 2 cres 2ce.gatech edu e -S| /-‘ / 7 L ‘;‘.' " |
WD , 2, "o B ¥ 40 SiGeLN2 L \
T Z //,//,/, Z T} S Y
7 Shallow Trench ; Oxide 2 — - YLl -
///’ G AT / g ™ ///// o efts" (]
5 L a7 \ |
2 n 20 _azh 4 Ag=0.5x20x2um? \
§ p- L s VCB=1V
G R 0 1l L 1ol R
eorgia
i i i 1 10 100
SiGe BICMOS Evolution < Tech
Sehaol of Electical ang Compates Engirasring IC (m A)
= weuryia
+ Best-of-Breed CMOS Comes Along for the Ride! .
. . - Tech
* Enables System-on-a-Chip Integration LOW Frequency NOISe S — ﬂ

| Parameter ‘ First | Second | Third |
Wg e (um) 0.42 0.18 0.12
peak 100 200 400
Va (V) 65 120 > 150
BVego (V) 33 25 1.7 SiGe HBT
BVcgo (V) 105 7.5 55
+ peak fr (GHz) 47 120 207
Peﬂ-k fmax (GHz) 65 100 285
min. NFy;, (dB) 0.8 0.4 <03
Parameter First | First | Second | Second | Third | Third .
nFET | pFET | oFET | pFET | nFET | pFET Si CMOS
—> L (pem) 0.36 0.36 0.14 0.15 0.092 | 0.092
Vpp (V) 33 33 1.8 1.8 L5 15 Note:
Tox (MM T.8 7.8 4.2 4.2 22 7 not strained Si!
Vrym (mV) 580 | -550 326 -415 250 210 _— . .
o (uAJum) | 468 | 231 | 600 243 500 | 210 not strained SiGe!

Join N Cressler A3

16

* Significant Improvement Over Si BJT at Fixed Bias Current
* Much Better Than CMOS or llI-V

10-13
10-19 -

10-20

10-21

10-22 -
10-23 -

Sip (A2/Hz)

10-24 -
10-25 L

\1‘4\ Veg=0V

T T T T
SIBT  A=05x2.5um? Ig=250pA (1=0.2mA /pum?)_

“"b SiGe Control

10-26
10

10?  10°
Frequency (Hz)

10!

K, I¢
Go=—

A P
Sub-kHz

Corner Frequencies
Possible
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Radiation Results

FEE2003: John Cressler, GA Tech

Georgia
Tech

Schoolof Electical and Compater Enginasing

Maximum Current Gain

Ie, 16 (A)

* Multi-Mrad Total Dose Hardness (with no intentional hardening!)

* Radiation Hardness Due to Epitaxial Base Structure (not Ge)
- thin emitter-base spacer + heavily doped extrinsic base + very thin base

10— 200
L= S Wt
e 150 [ 0 50107 piem? o ]
T !
10—6 | == sxi0" ple i § _— - "
G 100 sk /({;M” m{,“ 11
10—0 | Forward-mode _| - y,% 4 ‘h
8HP VgtV
jo L AFDgnsz'?.sunF | 50 ;%,: W LLLT) N :Hp ]
10—12 PR I TN P NI I B Y 0_0”. | 1 \.fuuu\ M
0.2 0.4 0.6 0.8 1.0 12 0.1 1.0 10 50
Vee (V) J; (mAJm?)
63 MeV protons
* SiGe Performance Improves With Cooling (good news)
- current gain and output resistance (Early Voltage) increases with cooling
- frequency response / noise improve with cooling
- abrupt, heavily doped epitaxial base controls freeze-out
Temperature (K)
300 200 150 125 100 n
F I I I I I I E an IIIII\I T T ||||II| T T T TTrrT
F -] | Ac=0.7x194 tec=2.3ps (B5K) |
r ./' ] § Veg=10V tec=3.2ps [300K)
- . . 4 c 60 |- .,.""‘g .
L /./ SiGe HBT 1 % K I a.\
£ I/ fs] L]
L » a o | / 0000
100 £ 1 2% & Q
C @ r r \
F fra NP 1
F A " . E .r. 0.0 O‘.
L —i SI‘B_‘J;I" : 2 20 '.f 0'0, 300K D{ -
— ] o
10 P T I I I 0 il ol Lo
2 4 6 ] 0 12 14 1 10 100
1000T (K™ Collector Current (mA)

» SiGe Is Clearly Capable of Operation Down to the Helium-T Regime
- base doping is above Mott transition — minimal base freeze-out
- more work needed to flesh out the HeT design/operation space

1100 T T TTTITT T IIIIIIII T IIIIIII| T T IIIIII|
| SiGe HBT ("emitter-cap”) ]
880 C AE=1.4):d.4y1m2 584K ]
™ Veg=0.0V ]
£ L 35K ]
& 660 - .
= r 77K 7 15t Generation
a = 1 SiGe HBTs
E 440 - .
o L 142K -
220 -
B 300K ]
0 ;"’ﬁ{“l 1 IIIIIIII 1 IIIIIII| 1 IIIIIII| \
1078 10°° 107 107 1072
N Collector Current (A)
S ueurgra
Tech
u m m a ry School of Electical and Computes Enginestng &

SiGe HBT BiCMOS Technology:

* The SiGe HBT is the First Practical Bandgap Engineered Device in Si

+ SiGe Combines llI-V Device Performance at Si Cost (and CMOS for SoC)

« Compared to an Identically Constructed Si BJT, SiGe HBTs Offer Better:

- B e VA e BVA B fT s fma:r( + 1+ Nme

+ There Is Still Room for Lots of Performance Improvement (f; > 300 GHz)
Radiation Effects:

» Total Dose Hardness to Multi-Mrad Levels Without Hardening!

» No EDLRS; No Bias Effects; Minimal Displacement Effects

« Analog and RF Circuits Not Degraded By Total Dose Exposure

+ SEU Is Clearly a Concern, But Mitigation Steps Appear Promising

Operation at Cryogenic Temperatures:
+ Device Properties Improve Down to 77K!
» Operation at Helium Temperatures Is Feasible

—) SiGe Technology is Here to Stay!
... Great Potential For Front-end Electronics! .
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FEE2003: Marcus French, RAL

Read-out electronics for
a Linear Collider CCD
Vertex Detector

Microelectronics Group

Column Parallel Read-out (CPR) IC

Drive buslines

® Electronics only at the ends of the ladders;

® Bump-bonded assembly between thinned CPCCD
and readout chip;

Burrp bonds
(hidden)

Readout IC

Driver IC ® Readout chip does all the data processing:

# Amplifier and ADC for each CCD column
# Hit cluster finding

# Data sparsification

# Memory and IO interface

Annulus block

® CPCCD is driven with high frequency, low voltage
Sicing joint i clocks (~50MHz, ~2V);

", ® Low inductance layout for clock delivery.

5
Scales (mm)

Column Parallel CCD structure

D<H=

Conventional CCD:
outputs at corners

Readout time = NxM / Clock Freq

SEREEEHE

Column Parallel CCD:
outputs along one side

Readout time = N / Clock Freq

input bump-bond pads

In CPR-1:

voltage amplifiers

® Voltage amplifiers — for source fellower outputs

charge amplifiers
from the CPCCD

250 x 5-bit flash
converters

® Charge amplifiers — for the direct connections to
the CPCCD output nodes

® Amplifier gain in both cases: 100 mV for 2000 e-
signal

® Noise below 100 e- RMS (simulated)

Direct connection and charge amplifier have many

memory block
shift registers

| output multiplexing I

advantages:

#® Eliminate source followers in the CCD;

® Reduce total power to = 1 mW/channel, no active
components in the CCD;

® Programmable decay time constant (baseline

restoration).

power{control/output bump-bond pads



FEE2003: A. Rivettl, INFN Torino

10 mm

[ preamp

A 64-channel Mixed-Signal ASIC for Preamp Analog memory | i
the Read-Out of Silicon Drift Detectors [ ] | LA — : F= i

1 " Control uni
* Gain : 26 counts/fC (36 mV/fC) D T 3 T , S = I

* Noise : 2 counts (480 ¢") | == 1 | | CMOS 0.25um

1 ADC matrix

— e ST ___m—

* ADC resolution : 9.3 bit @ 2 MS’s, 8.1 bit (@ 4 MS's
* Non-linearity : < 0.9%

» Power consumption/ch : 4 mW (acq.) — 10 mW (conv.)

LA LI R

v Chip size : 7x6 mm?
Technology : CMOS 0.25 um

+ less than 10% noise degradation at 30 Mrads

a0
Call muember

Also discussed by G. Mazza at

NSS rms ( noise + cell variation )
(paper N18-4) 00
3.50
[—

—|—\’REF 3.00

R o .

IIIEIISIL

™ VRER 150 LA AN m 1 ;
L EL S ELEE ELEL L S NAVEVAINYVIME NINTEAW /

GN\lbj 8C 4C ic < (o] 0:50 / \/
I -
EECRLRERe _ __
— RMS noise+analogue cell variation 2
Seg]}aen‘red DAC u-_'i'rh 8 bits n_min DAC counts

(2.73mV - 460 ¢") 26



FEE2003: V. Re, Pavia

Ionizing Radiation Effects

on the Analog Parameters
of 2 0.18 um CMOS Technology

Noise voltage spectrum: PMOS

Noise voltage spectrum: NMOS

——Before irradiation

—— Before irradiation
=300 kGy

__ ——300 kGy

K=3.8x1024] K;=3.9x1025]

NMOS
W/L=2000/0.5
In =0.25 U.A

PMOS
W/L=200/0.7

£
£
-
L]
2 4
@ TN
& =
|
-
= %
2 =
4

w
@
2
7

Noise voltage spectrum

Ip=0.25pA before irradiation 7

[ 0.18 um technology K,=32-1077 C¥m? 1 I 0.18 pm technology K,=33 1077 Cm? |

before irradiation

“worst-case™ bias

I “worst-case™ bias
1 Lol




FEE2003: A. Marchioro, CERN

‘ Can HEP atford private MPW

runs in the future ?

Beyond 4 micron ASICs

A. Marchioro / CERN-EP
Snowmass, July 2003

Where 1s industry going

mISSCC 2002
OIssSCC 2003

)

mMRE
O W afer cos:
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FEE2003: R. Yarema, Fermilab

ASIC Fabrication Trends and

Mask Costs for Engineering Runs at MOSIS

MOSIS Engineering Run Cost
$800,000
$700,000
$600,000
$500,000 — - $470,000-
$400,000
$300,000 +— - ———
$200,000
$200,000
§130,000
599,000
50 T - -
Aligent 0.5 TSMC 0.35 TSMC 0.25 TSMC 0.18 IBM 0.13
Engineering Run Wafer Cost/mm2
$0.60
5050 $0.49
$0.40
$0.30
$0:20

0.20

. $0.15
A $041
Ny J .
$0.00 A T r T
Higent 0.5 TSMC 0.35 TSMC 0.25 TSMC 0.18 IBM 0.13

$700,000
$600,000 $580000
$500,000
$400,000 $400,000
$300,000
$200,000 $150,000
90,000
$100,000 000 § .
w LV ‘ , ,
Aligent 0.5 TSMC 0.35 TSMC 0.25 TSMC 0.18 BM0.13
Processes

* Increased mask cost is significant.
* Increased cost per square mm is offset by
higher layout density.

» According to MOSIS the 0.25 pm and 0.18 um
processes are expected to be available as
engineering runs for the next 5 years.

» According to MOSIS, mask cost does not
decrease much over process lifetime.
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“TRDs for the 3" millennium”

IT Workshop on advanced Transition Radiation Detectors

for accelerator and space applications

International Advisory
Commities

W L. Cherry (Lovisiana)
B. Dolgashein (Moscow)
. Fabjan (CERIN

E. Lihelstneyer (Aachen)
L. Ihuller (Chicagao)

P. Newsld (BHL)

E. O°Brien (BIL)

A Fomaniouk (Woscow/CERN)
F. Sauli (CERI)

& Wacchi ( Trieste)

J. Wa'vra (SLACY

J. Woessels (IWHinster)

E-mnail:  trd2003¢0ha nfh it
Iifbae +30 050 5442470

Web:  httpfeeanee bainfh it-trd 2003

Organizing Comnitiee

. Favuzzl

. Fogli

P. Fusco

M. Giglietto

Il M. Mazziotta
& Raing

P. Spinelli

Conference Secretariat

Bari, Italy, September 4-7, 2003
Hotel Riva del Sole

LI Brigida
F. Gargano
F. Giordano
F. Loparco
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TRD2003: N. Rando, ESA

Detector type: T.. AEfwhm) | Count rate
TES(Wo-Cu) 20 mE 4 eV = 1kH=x
MNTD - Bolomweter S0 okl 5-7eV =1 kH=z
H 1 H SIJ (Ta-Al 300k 10 eV = 100 kH
Space Science applications of e Tl X AL
cryogenic detectors S rrarmles. 100 = 1200 rak H& = 1kH=
@ 6 keV
.

XEUS will provide a major leap forward in capability:

XEUS main instruments

Large field-of-view
maging spectrometer:
Senuconductor based
(e.g. DEPFET array)

High energy resolution
maging spectrometers:
Cryogenic (STT-based
and/or bolometer array)

€Sd

TRD 2003 — Septemberz003.

= llzs= T 411

70 x 70 mm?

0.1 - 30 kel

50 eV FWHM @ 1 keV
75 pm position reselution
70 ps tinung resolution
QE > 90% for E > 280 ¢V
T,=280K

7 x 7 mny?

0.05 - TkeV. 0.5 - 15 keV
3 6V (goal 1 eV) @ 1 keV
150 pm position resolution
1 pis timing resolution

10 kHz/pixel

20-90 mE. 15-30 mE

D-SCIA, Science Payloads &
Advanced Concepts Office

Fage 33

30 m? of collecting area (fully grown), 6 m? (zero growth) at 1 kel/
3 m? at 8 ke and 1000 cm? at 20 keV

Imaging resolution with a goal at 1 keV/ of 2" HEW (Half Energy
Width)

A limiting sensitivity of 4 1018 erg cm2 s — about 250 times
deeper than XMM-Newton

Spectral resolution with a goal of 1 gV at 1 ke (specification 2
ev)

Broadhand coverage between 0.05 and 30 kgV

A field of view of 5 arc minutes

Growing importance of cryogenics in Space Science and
remarkable technological progress over last 20 yr.,

Large number of future astrophysics / fundamental physics
missions hased on cryogenic instrumentation

Key role played hy cryogenic detector technology
XEUS as study case and example of emerging trends.
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FEE2003: V. Lindenstruth, KIP Heidelberg

Fast on-detector integrated signal processing: PasS |
. . * NMOS-input CS-preamp
status and perspectives (Readout electronics « CR-RC, 30 ns shaper
for the ALICE TRD) « ENC 210 + 25 e/pF
» dynamic range 165 fC
: ::4212rgilr|\i’ﬁlr|]ioc;1h§\rg](§'lss ||||"||IIII |::l“|"tiI z“;"/:/” * programmable test pulse generator

« differential output

¥

& peak data rate: 17.8 TB/s | gy @t

PRt it , =
® 64224 MCMs prentiten B s it s £ « 11 mW/chan
# computing time: € ps { : %E i o 1 * AMS 0.35 um CMOS
5 % TRAP (= _= « 200 um channel pitch
= 17 KR
§E ; = - g =
%7 iy ¥ z T
AL Y = () VREFN
= / WOnmn s
e ; LR A MMV}
Vself-bias ® l l Al N
p 7]
g ADC+PreAMP on same MCM . N o
Yy TYvyY P
1.0 T AP Sl e | ) I I
0.9 ; % % | === CODE of ADC I 1 VCMFB
I . ] ———Diff. Input Signal ] . - =
é 08 F i(_ — _|E M| A
g Fain 1 : ] )
e T : ’ ! .
o8 o \ { o o -
25 : 1 | | I
W < o ¢ - . } .
S 22 e it B° ans | | > T
= 04 ; T i i |
Q 3 T T T
5T ospk T e s 1 [ e )|
= 02 ud]
01 Ii | Preamplifier P-Z T-bridge Fully- differential
0ol fod ! i Second order shaper ~ Second order shaper ) VREFP
0.0 1,00 2,0u 3.0u 4,0u 5,00 6,01 j

-

Time, ps —

frrap=120 MHz

Non-Inverting stage

—®Vout+
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FEE2003: V. Lindenstruth, KIP Heidelberg

TRAP:
» 240 MHz clock
* 21 10b cyclic ADCs (12 clock latency)

* 10MSa/s, 7.5mW per ADC
* 0.07 mm?

Preamp. Shaper Amp. Tracklet Processor TRAP
AMS 0,35 pm UMC 0,18 pm

E ! Tracklet Tracklet o dlgltal filter:
il Pre| = 9 g q
! T ceemiind « nonlinearity correction
Ll T  dynamic pedestal subtraction
[_. _ _ e gain adjustment
bl i  programmable tail cancellation filter (2 exp.)
[ store RAW _data untit L1a_| » crosstalk suppression filter
» tracklet preprocessor
detectar charge ADC dig. filter fit trackets Readout = Chal’ge accumulator
6 layers sensitive 10 Bits (pedestal . @L1A tree o cluster Chal’ge threshold
1200000 preamplifier 10 MHz tail corr .) compress & 270 GB/sec 2 g
Channels Shaper preprocess ship RAW = Centel‘-Of-graVIty calculation
data data

» event buffer for raw data

Q Preprocessor « processor
* quad RISC CPU

reprocessor . .
prep _ - shared data memory, separate instruction memory
filter position || o) reters » four RISC CPU’s, 4kB quad-port SRAM

SN Ll [zl il s|ElsH o |20 « fast 32b multiplier in ALU

=T 7] o|.-l = W, Llz|= o |2 - ) -

c= | [elB)5|E|E| |8 51518 |2 | 5elE] || 2 « 4-tracklet candidate fitting

Z=. bl F=y Pl 73 3 6 . o|2]s E’- o alc S-E -

2 LERIERLE =R [20] 121=]8] |5 [eels] || & « data compression

. S B EE R sl |7 5e]l8 =0 5

% < S e R Elel2( |2 ] BEfE]][E =

Ze | S E E HE R s5|e =

Wg?oL N EREEE 2 e1glall: AN EN

* ~ 6M transistors
preprocessor + crosstalk caused by capacitive coupling e UMC 0.18um CMOS
) o ofthe cathode pads

# determines parameter of a straigt line fit ¢ gjmulation: 4 tracklets /MCM is accurate
4 generic VHDL design # all parameters are programmable
# running at 10 MHz (as ADCs) + all modules include bypass logic
* re_duced noise durlng_ acql_.usltlon phase # event buffer can be wiritten by CPUs
4 fails caused by slow ions in gas ampl. 1o perform selftests

i BOYSchreider Uraversly qf Heichlberg
| Rt Businge fov Pyeics 8
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FEE2003: V. Lindenstruth, KIP Heidelberg
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Nuclear Science Symposium

Q IE E E Medical Imaging Conference

13th International Workshop on Room-Temperature

HUCLEAR & I
mm ASMA SCIENCES  Semiconductor X- and Gamma-Ray Detectors

sLEE Symposium on Nuclear Power Systems

x o,
October 19-25,2003 » Doubletree Hotel -- Hayden Complex < Portland,Oregon, UL5.A,

4 multi-day conferences

1200 contributions (oral & poster)
7 workshops

7 short courses

Industrial exhibit (40 companies)
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NSS2003: M. Volpert, CEA-LETI, Grenoble

ULTRA FINE PITCH HYBRIDIZATION OF
— LARGE IMAGING DETECTORS

M.Fendler, M.Volpert, F.Marion, L.Mathieu, J.-M. Debono, P.Castelein, C.Louis

CEA-DRT-LETVDOPT - CEA/GRE
17,rue des Martyrs — 38054 GRENOBLE Cedex 9 - FRANCE

CEA / LETI
Optronic Dept. / Infrared Labs

Letk oOptronic Dept. ! Infrared Labs (LIR) 1
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NSS2003: M. Volpert, CEA-LETI, Grenoble

Hybridization Process

PROCESS FLOW CHART

Readout Circuit
Micro-bumping

Bondn A
Bonding

.t
!

»
-
.

-
»
.
.
-
™
-
-
.
L]

P d

Under-filling

wy

Thinning
AR Coating
(Lift Off)
On Wafer
Testing
(Low Temp)

Dicing

Wafer-scale hybridization

Indium bumps, 15um pitch,

underfill

Test before dicing

Ageing & temp cycling:
«90°C, 15 days
+1000 cycles, room
temperature 2 77K
*“11 out of 15 assemblies
had 99.8% pixels
operability”

Production 2005




NSS2003: C. Gillot, CEA-LETI, Grenoble

Assessment of advanced Anisotropic
Conductive Films for Flip-Chip

Interconnectlon based on Z-axis conductors

I Flip-chip : Structured Z-axis ACF

LETI Z-axis ACF

Chip

Substrate . ' ' '

Figure 1 : Cross-sec l Y'I; )-Cli 1 l nding a) micro-balls, b) ACF
contaimmg conduchiv 1 ‘I l nd c) Z-a -\(T

Advantages : lower temperature processing, no
underfilling process, no need of bumps on pads,
pitch down to 20 ym, low contact resistance

1) structuring silicon substrate 2) polymer spreading and
photo- lithographic patterning

SRS R L1

3) electroplating inserts growth 4) ACF film removal from the
substrate




NSS2003: C. Gillot, CEA-LETI, Grenoble

Pixel map

©C 000

0

o

130 pm 330 pm

Figure 8: Xpadl input pad on the left and the 1 mm thick CdTe detector on
the right 1 Pt 24

Substrate
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