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Introduction of MAPS technology
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decoupled charge sensing and signal transfer (improved radiation tolerance, 
random access, etc.), small pitch (high tracking precision), low amount of 
material, fast readout, moderate price, SoC, etc. 

MAPS advantages:
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Introduction of MAPS technology

 

The first prototypes, made of small arays of a few thousands of pixels, demonstrated the 
viability of the technology and its high tracking performances. As a natural consequence, the 
first real scale prototype was fabricated and now tested.  Following, the attention is focussed 
on readout strategies adapted to specific experimental conditions.

for more details 
and see poster exposition
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Where MAPS are, and plans for use at Vx ST A RST A R

0.6 µm CMOS process with 14 µm epitaxial layer,
4 matrices of 510 × 512 pixels read-out in parallel; pixel: 17 × 17 µm2, diodes: P1 - 9.6 pm2, 
P2 - 24.0 pm2, control logic and all pads aligned along one side, 

results:
Noise mean ENC: 20.74 e-

Single pixel S/N mean: 22.73
detection efficiency e: 99.3%
spatial resolution s: 1.7 µm
pixel-pixel gain nonuiformity ~3%
macro-scale  gain nonuniformity: ~0.2%
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Courtesy H.Wieman LBNL

2

Where MAPS are, and plans for use at Vx ST A RST A R
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Where MAPS are, and plans for use at Vx ST A RST A R

MIMOSA - STAR chip

CHIP under development - submission of 
small prototype (2×64×128) in TSMC 
0.25 µm (8 µm epi-layer) in July 2004

subdivision in 10 groups of 64 × 640 
pixels read-out in parallel with 
multiplexed outputs, 

each group splitted in 2 sub-groups of 
32 columns (to gain in speed),

active area: 19.2 × 19.2 mm2, 
readout part: 1.5-1.7 × 19.2 mm2,
chip dimensions: 19.2 × 19.2 mm2, 

clocks: pixel level - slow (power + 
noise); chip processing level - fast 
(small total integration time <5ms),

continuous frame analogue readout 
option: single fast (100 MHz multiplexed 
output) or 10 slow parallel outputs,

JTAG remote control (bias + tests).
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Where MAPS are, and plans for use at Vx ST A RST A R

MIMOSA - STAR chip architecture

New STAR VxD is an interesting and important 
experience for both MAPS technology and 
engineered detector design.
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How far to fulfil FLC requirements (,σ,...)

radiation hardness

σ tracking performances

R 0

1 1
τ= + κ Φ

τ τneutron irradiations

ionising irradiations

tests up to 
1013 n1MeVeq/cm2

fluences up to 1012 n1MeVeq/cm2 are 
still acceptable (2 orders of 
magnitude above FLC 
requirements=109 n1MeVeq/cm2/year)

tests up to 
a few 100 krads

doses up to this level acceptable above 
FLC requirements 50 krad/year, exact 
sources of performance losses under 
investigation (diode size and placements 
of transistors are important parameters)

impact point spatial resolution

material budget

σsp =2-2.5 µm for 3 bits encoding, εtr close to 100%, 

double hits distinguishable down to 30 µm distance. 

the goal of X/X0=~0.1%/layer achievable in thinning to 50 µm,
recent achievement: thinning to 15 µm for backside exposition

for low energy β detection.
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How far to fulfil FLC requirements (,σ,...)

MIMOSA technology options

Original MAPS implementations use the epitaxial layer as a sensitive volume. Alternatively, 
non-epitaxial, intrinsically lightly doped substrates, typical for RF CMOS, can also be used.

Expanding market of commercial visible light imagers entails equal development of 
dedicated fabrication processes. Those become available for wide public - MIMOSA IX
submitted for fabrication using such a dedicated process...

SUCCESSOR II- developed within Sucima coll.
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 readout speed

How far to fulfil FLC requirements (,σ,...)

determination of the readout speed

Beamstrahlung (TESLA):

according to simulations one may expect:

N|90°≈5e±/cm2/BX @ 500 GeV and RL1=15mm

deducing occupancy one finds ≈3-5% in 100 µs (mclust ≈5)

tL1-L2 ≈ 25-50 µs (R&D running)

tL3-L5 ≈ 100 up to 200 µs (achieveable with current state of MAPS development)

Machine time structure cold and warm LC

L3-L5

multiple readout during beam-on (train) interval with on-line signal 
processing  and result data transfer,
multiple sampling of signals during beam-on (train) time onto on-pixel 
capacitors and readout in between trains.

L1-L2 fast, column || on line data processing with hit/cluster selection.

warm LC
integration over single train and data transfer in between trains, 
possible data processing with hit/cluster seletion for data reduction.
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Rdout stategies for warm & cold FLC 

readout of L3-L5 for cold LC

for L1&L2 development of fast parallely 
processing µcircuits is necessary ! 
or more cells and faster scan?

TRAIN ~1ms
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rep. rate 4...5 Hz, BX/train 2820...4886, BX sep. 337...176 ns 
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on detector data sparsification is optional

• Multiple scans of the whole detector with sampling data on pixel at the required speed 
(~200 µs) during the beam-on interval and then read the samples out when the beam is off. 
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Rdout stategies for warm & cold FLC 

readout for warm LC

TRAIN ~267ns

"WARM LC": 
rep. rate 100...150 Hz, BX/train 192, BX length 267 ns 

 dead time ~6.6...10 ms⇒
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• only two on pixel memory cells (for beginning and end of integration levels) are required,
can be fitted with pixel designs MIMOSA VI, VII, VIII and IX,

• integration over 192 BX within one train, 

on detector data sparsification is optional
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Rdout stategies for warm & cold FLC 

Similar to FAPS from RAL but...

readout of L3-L5 for cold LC

• use of auto reverse bias system fo charge colecting diode, 
• only NMOST AC-coupled amplifier, 
• coupling of each memory cell to separate SF transistor, 
charge division and no gain loosing.
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Development of fast rdout circuits

MIMOSA VI features
performances of 
chip designed

noise ENC: ~20 e-, conversion gain: 6.5 nA/e-

pixel dispersions: ~120 e-

discriminator performances
τ1 ns τ2 ns τ3 ns τ4 ns noise inp.ref. offset inp. ref. power

90 15 45 30 ~85 µVrms negligible ~200 µW
75 12.5 62.5 25 ~100 µVrms ~400 µV ~200 µW
60 15 45 30 ~100 µVrms ~900 µV ~200 µW

MIMOSA VI pixel and 
discriminator tests summary

single pixel 55Fe spectrum

MIMOSA VI

MVI designed in coll. with 
CEA/DAPNIA.

MIMOSA VI - first tested device, integrating 
on-pixel voltage mode memory cells, column 
|| readout, and discrimination stages.

main features:
• mixed 0.35 µm process with 4 µm 
epitaxial layer,
• array of 128 rows × 30 columns 
read in || with CDS +signal 
discrimination (total 25 µs)
•AC coupled on-pixel voltage 
amplifier + CDS, 
• conversion gain 
~6.5 nA/e-,

pitch 28 × 28 µm2

pixel + basic 
processing 
needs power
typically 3-5 × 
100 µW 
/col./rd cycle
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Development of fast rdout circuits

MIMOSA VII

MIMOSA VII - MAPS device 
integrating pixel with charge sensitive 
element similar to DEPFET, but all 
processing electronics integrated on 
the same circuit!

Tests under 
preparation.

main features:
• mixed 0.35 µm process w/o 
epitaxial layer,
• array of 64 rows × 16 columns 
read in || with CDS (total 20 µs)
• photoFET CSE, 
• conversion gain ~500 pA/e-,

pitch 25 × 25 µm2
photoFET possibility 
of ganging outputs for 
preselection of zones 
for readout
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Development of fast rdout circuits

MIMOSA VIII

MVIII designed in coll. with 
CEA/DAPNIA.

Tests under 
preparation.

MIMOSA VII

main features:
• digital 0.25 µm process with 
8 µm epitaxial layer,
• array of 128 rows × 32 columns 
read in || with CDS + signal 
discrimination (total 20 µs)
• only NMOS transistors + 
n-well/p-epi diodes, 
• DC and AC coupled on-pixel 
voltage amplifiers + CDS,
• conversion gain 30-60 µV/e- and 
150 µV/e-,

ex. AC-coupled pixel with clamped CDS

pitch 25 × 25 µm2
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Conclusions + future R&D

MAPS technology proved for high performance 
charged particle tracking,

MAPS Know-How close to satisfy warm LC,

Tests of the second generation  detectors 
M6/M7/M8/M9 will help to chose working-horse for 
future development - including fast and intelligent 
detector (more advanced pixel arch. than class. 3T),

R&D necessary for L1 & L2 of cold LC (prototyping 
and testing - but there are candidates),

... and for external layers of cold LC,

STAR VxD pioneering the use of MAPS,

Other experiments e.g. CBM @ GSI (rad. hardness + 
readout speed more agressive) are joining,

Be prepared to face surprises, e.g. beam 
pick-up noise, etc.


