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Highly segmented detectors

Benefits:
• Position Resolution

– pixel pitch ~ 1/√N
• Energy resolution:

– CDET ~ 1/N
– IDARK ~ 1/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
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• Electronics channel count
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Applications

– particle physics
• tracking
• particle ID

– medical and biological imaging
• PET front ends
• nuclear medicine
• neutron scattering
• electron microscopy

– synchrotron radiation studies
• protein crystallography
• EXAFS
• X-ray microscopy

– surveillance
– industrial inspection
– astrophysics

• gamma
• X-ray
• optical
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STAR Time Projection Chamber
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TPC for the PHENIX experiment
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Nuclear medicine

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

•16 pixels 3 x 7 x 3 mm3

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

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

• handheld detector
• 256 pixels 1 x 1 x 3 mm3

• 16 front-end ASICs
P. O’Connor et al., Proc. SPIE annual meeting, Seattle, WA, USA, 2002
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Silicon sensor for EXAFS spectroscopy

• 384 pixels
• 1 x 1 x 0.25 mm Si pad detector
• rate > 10 MHz/cm2

• 8.2 mW/chan
• FWHM < 300eV, noise < 28 e-

• preamps + digital integrated on-chip

sample

sensor

G. De Geronimo et al., Proc. PIXEL2002 International Workshop, Carmel, CA, 2002
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Protein crystallography detector
• silicon hybrid pixel
• 200 x 200 µm 
• 4 M total pixels
• 100 ns shaping
• < 100 e- noise
• 0.16 m2 total detector area
• 40 Mpix/s readout

Ch. Brönnimann, SLS
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ATLAS pixel detector 
• 108 hybrid pixels
• pixel size ~ 400 x 50 µm
• 2 m2 silicon
• 50 µW/pixel
• 1% X0 per layer
• Noise, threshold dispersion < 200 e-

• 25 ns timing precision
• 50 Mrad , 1015 n/cm2 radiation tolerance

K. Einsweiler, LBNL
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DEPFET array for XEUS X-ray satellite

• active pixels on high 
resistivity silicon
• on-detector FET amplifier
• matrix readout
•energy resolution/ readout 
time tradeoff

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

• monolithic active pixel sensor
• standard CMOS fabrication
• pixel size ~ 20 x 20 µm
• 90 million pixels
• 40 µm thick chips

H. Wieman, LBNL G. Deptuch, LEPSI

2 cm

20 µm
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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 µm pixels
• 5 e- readout noise
• 1.5 Gp/s readout rate

10µm
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Pixel density
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Power density

• On-detector power density 
is limited by cooling 
capability.

• Electronics for high-density 
detector must be extremely 
low power.

Limit of 
natural 

convection 
with 10° C 
temp. rise

Forced liquid cooling required



15

Optimized noise vs. power
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Scaling impact on the noise/power tradeoff
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Prospects for charge sensitive amplifiers in scaled CMOS
NIM A480, 713 (Mar. 2002)
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• Scaled technologies offer improved noise 
per unit of power, due to better gm/Cgs 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.
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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 µm
– 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)
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Packaging density example – PHENIX TPC

TPC readout plane with 
readout IC’s
~ 41,000 pads
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Packaging density
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FEE2003: David Frank, IBM
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FEE2003: David Frank, IBM
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FEE2003: John Cressler, GA Tech
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FEE2003: John Cressler, GA Tech
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FEE2003: Marcus French, RAL
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FEE2003: A. Rivetti, INFN Torino

Also discussed by G. Mazza at 
NSS
(paper N18-4)
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FEE2003: V. Re, Pavia

KF=3.8x10-24J KF=3.9x10-25J



28

FEE2003: A. Marchioro, CERN
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FEE2003: R. Yarema, Fermilab
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TRD2003: N. Rando, ESA
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FEE2003: V. Lindenstruth, KIP Heidelberg
PASA: 

• NMOS-input CS-preamp
• CR-RC4, 30 ns shaper
• ENC 210 + 25 e-/pF
• dynamic range 165 fC
• programmable test pulse generator
• differential output
• 11 mW/chan
• AMS 0.35 um CMOS
• 200 um channel pitch

Fast on-detector integrated signal processing: 
status and perspectives (Readout electronics 
for the ALICE TRD)
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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 mm2

• digital filter:
• nonlinearity correction
• dynamic pedestal subtraction
• gain adjustment
• programmable tail cancellation filter (2 exp.)
• crosstalk suppression filter

• tracklet preprocessor
• charge accumulator
• cluster charge threshold
• center-of-gravity calculation

• event buffer for raw data

• processor
• quad RISC CPU
• shared data memory, separate instruction memory
• four RISC CPU’s, 4kB quad-port SRAM
• fast 32b multiplier in ALU 
• 4-tracklet candidate fitting
• data compression

• ~ 6M transistors
• UMC 0.18um CMOS
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FEE2003: V. Lindenstruth, KIP Heidelberg



35

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
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NSS2003: M. Volpert, CEA-LETI, Grenoble
Wafer-scale hybridization
Indium bumps, 15um pitch, 
underfill
Test before dicing
Ageing & temp cycling:

•90°C, 15 days
•1000 cycles, room 
temperature 77K
•“11 out of 15 assemblies 
had 99.8% pixels 
operability”

Production 2005
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NSS2003: C. Gillot, CEA-LETI, Grenoble
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NSS2003: C. Gillot, CEA-LETI, Grenoble


