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I. INTRODUCTION

The CLIC vertex detector requirements comprise among
others the spatial resolution of 3 µm, the time resolution 5 ns
and a low material budget of 100 µm. One of the promising
detector technology that is able to fulfil this specification
is Silicon-On-Insulator (SOI) CMOS. SOI CMOS allows to
design the monolithic pixel detector with fast, low-power
electronics [1]. In the presented project the Japanese 200 nm
Double SOI Fully-Depleted Low-Leakage technology was
used. The pixel detector CLIPS (CLIc Pixel Soi) targeting to
CLIC vertex detector specifications was designed, simulated
and send to fabrication. In parallel, the detailed electronics
and sensor simulations were performed using Hspice, TCAD
and Allpix2 [2] environments. The simulations provide not
only the information about predicted CLIPS performance, but
also a general resolution limitations of similar planar pixel
detectors.

II. CHIP DESIGN AND SIMULATIONS OF CLIPS CHIP
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Fig. 1. The scheme of the CLIPS readout electronic.

The general conception of CLIPS in-pixel circuitry is shown
in Fig. 1. The time-of-arrival (ToA) and charge information are
stored on pixel in analogue form.

A pixel input stage is done using the common source archi-
tecture, with non-resistive feedback loop, therefore the voltage
on the output of the pre-amplifier is proportional to gathered
charge. This voltage is then stored on CA capacitance.

To get the ToA information, a discriminator followed by
the timing block was introduced, so the voltage across the CT

capacitance corresponds to particle arrival time. Both analogue
signals can be read out through the source followers, which

one half is located on pixel and second one (common for all
pixel in a column) is located on the end of the column.

The amount of charge gathered by each pixel corresponds
to the voltage rise on the output of the pre-amplifier. Since the
sensor needs to be thinned down to 100 µm or even less, the
pre-amplifier have to be sensitive for the very small charges
(less than 1 fC). Its response in the function of injected charge
is shown in the Fig. 2). It is linear up to 0.8 fC and then
starts to saturate slowly. Having high gain together with the
small noise is important to obtain as much charge sharing as
possible, because this determines the spatial resolution.
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Fig. 2. Output signal of a preamplifier in function of injected charge.
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Fig. 3. ToA voltage in function of real hit time. Out Time corresponds
to output of source follower and Pix Time is voltage on CT capacitance
according to Fig. 1. Ext means the simulation after parasitic extraction.



Regarding the time resolution, the simulation result showing
the voltage stored on CT (Pix Time) and the voltage on
the output of source follower (Out Time) in the function
of hit time are presented in the Fig. 3. One should notice
that since the active time can be adjust, the absolute timing
resolution will differ for different settings, but referring to the
simulation results it should not exceed 1 % of the active time.
For the active window of about 160 ns (CLIC specifications)
the foreseen resolution is on the level of few nanoseconds.

III. SENSOR SIMULATIONS

Among with the design the simulations of the sensor module
were performed in TCAD and Allpix2. The Allpix2 is a Geant-
4 based detector simulation framework for silicon tracker
and vertex detectors. Two parametrized models of sensor
geometries were created for the CLIPS-like structure: 2D
and 3D. A set of simulations were performed for different
pixel pitches, sensor thickness, sensing implants sizes, sensor
thickness. An example 2D structure with electrostatic potential
distribution is shown in Fig. 4.

x [um]
20 40 600

y 
[u

m
]

0

20

40

60

80

100

0.5

-2.6

-5.8

-8.9

-12.2

-15.3

-18.5

El
ec

tr
os

ta
ti

c 
po

te
nt

ia
l [

V
]

Fig. 4. The 2-D simulation of electrostatic potential in CLIPS structure.

Moreover, the response for the minimum ionizing particle
(MIP) crossing the detector volume was simulated for different
parameters. The Fig. 5 shows the integrated charge on each
pixel for different initial MIP positions for 100 µm wafer
thickness and 20 µm pixel size. The simulation results show
that the sensing electrode size does not have any major
influence on the charge sharing. In addition, for presented
conditions the measurable charge sharing is expected from hits
located up to ∼6 µm far from the pixel edge, which is already
enough to fulfil 3 µm spatial resolution requirement.

IV. SPATIAL RESOLUTION LIMITATIONS

The Allpix2 framework was used to study the general
limitations of the planar silicon sensors spatial resolution. A
number of simulations including a signal generation, propaga-
tion and digitalization, as well as hit clusterization and position
reconstruction were performed to extract the overall tendency.
The final results of the resolution of fully depleted sensors
for two resistivities (1 and 10 kΩcm), different readout noise

Fig. 5. The charge sharing between neighbouring pixels for different sensing
diodes sizes (wBPW - Burried(P)Well).

levels and also different sensor thicknesses are shown in Fig.
6.

Fig. 6. The simulation of a spatial resolution versus signal to noise ratio
(SNR).

V. CONCLUSION

In this contribution the CLIPS detector design and simula-
tion were presented. This monolithic pixel detector designed
in SOI CMOS technology is targeting on CLIC vertex detector
specifications: 3 µm spatial resolution, 5 ns time resolution
and 100 µm wafer thickness. The simulations of detector
parameters as pixel capacitance, charge sharing or spatial
resolutions were made in TCAD and Allpix2. In addition, the
Allpix2 simulations allows to give an overall impression about
planar detectors spatial resolution limits.
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