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Partially depleted XFAB SOI 

process:

AMS HV-CMOS vs. XFAB SOI-CMOS

HV / HR CMOS processes:

• Electronics (partially) shielded from substrate 

by well structure

• Large fill factor 

 short drift distance

 high radiation hardness

• Large sensor capacitance + crosstalk

(Large well, several well junctions)

• Electronics isolated from substrate by BOX 

• Free adjustment of charge collecting electrode size

 No „competing wells“

 Expect high geographical efficiency

• Double wells in transistor body + particular geometry

 No back-gate effect and high rad. hard. expected

 Full CMOS logic

• Full depletion possible

mip

[T. Hemperek et al.: http://dx.doi.org/10.1016/j.nima.2015.02.052]
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• XFAB Trench SOI 0.18 µm CMOS low-power 1.8/5.0V

• P-type bulk, 4 metal layers

• Wafer size: 8“

• Relatively high handling wafer resistivity: 
• 100 Ω cm CZ

• 1 kΩ cm possible

• Currently no back-processing

 HV applied from front side

• Size: 5 x 2 mm²

• 3T cell readout

XTB01

25 x 25 μm2

50 x 50 μm2

50 x 50 μm2

Transistors for testing

100 x 100 μm2

Designed by T. Hemperek, T. Kisisita and H. Krüger

[T. Hemperek et al.: http://dx.doi.org/10.1016/j.nima.2015.02.052]

Tested by M. Backhaus, S. Fernandez-Perez, T. Hemperek, T. Kisisita and H. Krüger
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XTB01: output pulse shape analysis R/O
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• Std. correlated double sampling of 3T cell

 Spectral resolution limited due to leakage current

 Collected Charge only observable

• Implemented analysis of charge collection wave form

 Extract additionally the signal rise-time
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XTB01: 55Fe calibration
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Charge Collection Time vs Collected Charge

 By increasing the bias voltage the amount of slow collected hits gets reduced

 By increasing the bias voltage the collected charge of the hits with fast charge 

collection increases

90Sr  -30V  at 0°C 90Sr  -140V  at 0°C

XTB01: Hit timing - unirradiated
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 The spectra of the hits collected faster fit to a Landau

 Collected charge increases with bias voltage 

]
-

Collected charge [e
0 2000 4000 6000 8000 10000 12000 14000 16000

N
u

m
b

e
r 

o
f 

E
n

tr
ie

s

0

50

100

150

200

250

Collected Charge - Fast hits

Fast hits entries: 3146

-
LanGau fit MPV: 2165.92 e

Collected Charge - Fast hits

]
-

Collected charge [e
0 2000 4000 6000 8000 10000 12000 14000 16000

N
u

m
b

e
r 

o
f 

E
n

tr
ie

s

0

20

40

60

80

100

120

140

Collected Charge - Fast hits

Fast hits entries: 2555

-
LanGau fit MPV: 2715.22 e

Collected Charge - Fast hits
90Sr  -60V  at 0°C 90Sr  -120V  at 0°C

XTB01: 90Sr Spectra fast hits - unirradiated

23/02/2016 M. Backhaus - Trento Workshop 2016 7



0

50

100

150

200

250

Charge Collection Time vs Collected Charge

]
-

Collected charge [e
0 2000 4000 6000 8000 10000 12000 14000 16000

C
h

a
rg

e
 C

o
ll
e

c
ti
o

n
 T

im
e
 [

s
]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
-6

10´
Total entries: 9072

Fast entries: 5134

Slow entries: 3938

Charge Collection Time vs Collected Charge

0

50

100

150

200

250

300

Charge Collection Time vs Collected Charge

]
-

Collected charge [e
0 2000 4000 6000 8000 10000 12000 14000 16000

C
h

a
rg

e
 C

o
ll
e

c
ti
o

n
 T

im
e
 [

s
]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
-6

10´
Total entries: 9631

Fast entries: 9610

Slow entries:   21

Charge Collection Time vs Collected Charge
90Sr  -30V  at -30°C 90Sr  -140V  at -30°C

XTB01: Hit timing – neutron irradiated 

Slow hits with small charge have disappeared

 No cut in Charge Collection Time applied
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XTB01: 90Sr Spectra fast hits - neutron 

irradiated

The spectra without cut fit very well to a Landau

 Performed a bias voltage scan
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• Sample at 5 x 1013 neq/cm2 collects more charge than sample at 1 x 1013 neq/cm2 at same 

conditions.

 Acceptor removal. See contribution of Igor Mandic.

• Measured resistivity is 82 Ωcm on the unirradiated sample.

Bias voltage scan result
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• SPS North Area H6 120GeV π+

• AIDA SBM FE-I4 telescope

• 6 FE-I4 planes with 50 x 250 μm2 pixel

• Every second plane is rotated by 

90° resolution improvement

• Bias voltage scan

• Reconstruction using Judith-framework

• DUT is aligned for each run

• Single pixel readout (50 x 50 μm2) with DRS4

 no charge calibration with 55Fe

XFAB

analog out

XFAB 

reset

Telescope

trigger

Coincidence!

Test Beam Measurements
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Signal Landau

Gaussian noise

• Noise is defined as all readout not identified as a hit (fit with a Gaussian)

• Signal: all identified hits using the algorithm on the previous slide (fit with a Landau)

• Signal-to-noise (SNR): 22   (XTB01  Pixel readout 3T cell)

Test Beam Results – Signal and Noise

120V @ 22C
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• Cut on the hit detection time (t0)

 [500ns-700ns]

• t0 cut removes almost all hits with a residual of 

larger than 100µm

• Spatial Resolution:

~15µm

Test Beam Results – Spatial Resolution
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• Efficiency is computed vs position in strip of 20µm
• Fit with Gaussian smeared box to the distributions
• The width of the Gaussian 

 telescope resolution: 8 µm

• n-well is not square (14µm x 10.5µm), so we 
expect the x-direction to be wider

Test Beam Results – Projected Efficiency
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Test Beam Results – Efficiency Correction

A correction factor needs to be computed for pixel efficiency measurements of a single 

50 µm x 50 µm pixel.

• Simulate a pixel of 50x50 µm with full efficiency.

• Smear the box with a gaussian of the telescope resolution (8 µm).

• Compute the efficiency for a 50 µm x 50 µm box in the plane 

 Simulated pixel was 100% efficient.

 Correction factor.

• Uncertainty estimated shifting the 

box by 1 µm.

Pixel Area Truth 

Efficiency

Correction 

Factor

80 % 0.8675 1.15     ± 0.024

20 % 0.9882 1.012   ± 0.006
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• DUT is aligned run by run

• Efficiency is computed for the 

central 20% and central 80% 

of the pixel (with the t0 cut).

• Correction factor applied.

• Pixel is consistent with 

100% efficiency for a 

bias voltage larger than 90V.

Test Beam Results – Efficiency vs. Bias Voltage
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• AMS 180 nm high voltage process, 

10 Ωcm – 20 Ωcm.

• Limited logic implementation in sensor:

• CSA + Discriminator

• Adjustable sub-pixel output pulse 

(for AC coupled signal to FE)

• CSA output of single pixel can be monitored.

HVCMOS V4

+

125 μm

3
3
 μ

m

Readout Chip (FE-I4)

Smart Sensor

(HV2FEI4)

Sensor pixel 

dimensions
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HVCMOS V4 – Pulse Shape Analysis

• CSA amplifier output of single pixel

• Record individual waveforms

• Analyze pulse shape (no fit):

 Maximum amplitude

 propto charge

 Kink in Wave form

Time of particle penetration (t0)

 Slope at half maximum

or slope at 200ns after t0
 ~charge collection speed
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Unirradiated, -80V, Test Beam

3.5 x 1013 p/cm2 (24 GeV), -80V, Test Beam
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HVCMOS V4 – Test Beam Results

• Different hit classifications visible. 

• Amplifier and charge collection influence needs to be understood.

• Test beam data reconstruction  so far only analysis of spectra.

3.5 x 1013 p/cm2 (24 GeV), -80V, Test Beam
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HVCMOS V4 – Test Beam Results

• Spectrum looks reasonable.

• Less clear for unirradiated sample and lower bias voltage.

3.5 x 1013 p/cm2 (24 GeV), -80V, Test Beam
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HVCMOS V4 – Test Beam Results

• Very preliminarily extracted the 

depletion depths from the 

test beam data 

(no reconstruction).

• Each point calibrated with 55Fe.

Calibration to be understood in 

more detail.

• Resistivity between 10 Ωcm and 

20 Ωcm measured.

• Improvement with more 

reasonable cuts and 

reconstruction (track 

information) expected.

Work in progress
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Conclusion & Outlook

• Different approaches towards a Depleted Monolithic Active Pixel Sensor under 

study:
AMS HV-CMOS, LFoundry HR-CMOS, XFAB SOI-CMOS, TowerJazz epi-CMOS.

• Measurement of charge collection properties using radioactive sources, test 

beam, and eTCT.

• Very promising results on XFAB SOI:
• Tolerance to 700 Mrad TID proven earlier.

• Sensor XTB01 stands 200V, XTB02 (process adjustments) has Vbd > 300 V

• Good signals observed after 5x1013 neq/cm2, charge detection proven until 5x1014 neq/cm2

• Compatible with 100% efficiency before irradiation.

• Initial Acceptor Removal observed.

• More interesting results in the talk by Igor Mandic.

• AMS HV-CMOS V4 results being analyzed:
• Wave form parameter extraction to be finalized

 Improved spectra and results.

 Reconstruction of test beam data.

• Intense Investigation program on TowerJazz epi-CMOS started profiting from this 

experience

 Results expected in near future.
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Possible application: ATLAS ITk
Layout:

• New all silicon Inner Tracker in 

development for ATLAS in HL-LHC

• Layout in discussion, likely 4-6 pixel 

layers, 6-4 strip layers

Pixel Requirements:
• 25 ns time resolution

• Triggered readout

• Contribution to track trigger

• Inner Layers (< 6 cm) 
• Occupancy: 10 MHz/mm2

• TID: 1 Grad

• NIEL: 2x1016neq/cm2

• Area: 0.8 m2 of silicon

 Challenges radiation driven  hybrid

• Outer Layers (<26 cm)
• Occupancy: 1 MHz/mm2

• TID: 50 Mrad

• NIEL: 1x1015neq/cm2

• Area: 10.8 to 20.8 m2 of silicon

 Price + Production Schedule crucial 

Challenges  Industrial, monolithic

 Investigate Depleted Monolithic Active Pixel Sensors as option for ITk outer pixel layers
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Work in progress Work in progress

Work in progress Work in progress
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