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I. INTRODUCTION

A high-precision position measurement is required for ver-
tex detector at future CLIC accelerator with an accuracy of
about 3 µm. To limit multiple scattering, such measurements
have to be done using very low detector material thickness.
Monolithic silicon detectors fit very well to these requirements,
because of their potential for fine segmentation and possibility
to thickness reduction. The monolithic pixel detector designed
in Lapis 0.2 µm Silicon-On-Insulator (SOI) CMOS technology
[1] was fabricated and tested. The preliminary test-beam re-
sults show that the presented prototype has a potential to fulfil
the spatial resolution requirements for CLIC vertex detector.

II. GENERAL SYSTEM OVERVIEW

The prototype was designed on FZ(n) wafer of 500 µm
thickness. The tested matrix contains two sub-matrices each
containing 8× 36 pixels of size 30 µm× 30 µm. There are two
different pixel architectures: the first one is based on source
follower (SF) [2] and the second one on charge preamplifier
(CPA) [3] with two different sensing diode sizes.

Fig. 1. The photography of SOI prototype in Timepix-3 telescope.

The SOI detector depicted in Fig. 1 was tested in summer
2016 in the SPS H6 beam line at CERN. A high-resolution
telescope based on Timepix3 pixel sensors provided a refer-
ence measurement during the beam tests [4]. A pion beam
with an energy of 120GeV was used.

III. ANALYSIS FLOW

The first step in the data analysis was to calculate the pixel’s
pedestal and noise. Pixel noise was measured for around 110 e

for SF and 130 e for CPA and the signal to noise ratio (SNR)
at full depletion is above 350 for SF and 250 for CPA. To
identify hits in the detector, cluster reconstruction was then
performed. The Two Seed Method (TSM) was used for this
purpose. If the pixel signal exceeds n-times the pixel noise,
it is taken as a seed of the cluster. The multiplication n is
called the seed threshold hseed. After finding a seed pixel the
algorithm searches for neighbour pixels exceeding the second
threshold where thseed ≥ thneighbour. If a new neighbour pixel
satisfying this condition is found, the algorithm repeats the
search around this neighbour. All found pixels build a cluster.

IV. MEASUREMENT RESULTS

Fig. 2. The signal (MPV) versus the square root of the bias voltage for three
different pixel architectures. The depletion voltage is reached when the signal
saturates.

Knowing the energy spectrum of minimum ionizing parti-
cles for different back bias voltages one can find the depletion
voltage of the detector. The signal is taken as a MPV of a
Landau fit to the energy spectrum of the particles. The signal
as a function of the square root of the back bias voltage from
the test-beam data is presented in Fig. 2. From the obtained
results it may be concluded that the full depletion in the tested
SOI prototype is achieved at around 70V of back bias voltage.

A. Efficiency
The efficiency of the DUT (Device Under Test) is defined

with the respect telescope tracks. The efficinecy is calculated



as a ratio of correlated DUT hits to all telescope tracks since
the hit is taken as a correlated when it is in the proper
time window and space distance accoriding to the track. The
average efficiency was calculated for each matrix separately
and the final results are given below:

eCPA0 = 97.98% (CPA small sensing diode) (1)
eCPA1 = 99.37% (CPA large sensing diode) (2)
eSF = 96.80% (source followers) (3)

In Fig. 3 the efficiency in function of back bias voltage is
presented. The result that the efficiency does not reach 100%
can be explained by the dead time of the readout (reset phase
in the rolling shutter mode). The difference between matrices
is being studied.
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Fig. 3. The efficiency versus back bias voltage for different matrix types.

B. Spatial resolution
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Fig. 4. The redisuum distribution for Y coordinate for 130V back bias
voltage. The σmeas is 2.60 ± 0.03 µm that corresponds to 1.66 µm spatial
resolution after excluding telescope accuracy.

Before the spatial resolution estimation the alignment and
η-correction were applied [5]. In X direction the measured
spatial resolution was worse then in Y direction, approximately
by 1 µm. The reason for that was identified as cross-talk effects
due to non-symmetrical matrix layout. For that reason only
the Y direction results are presented, since they are more
conclusive. In the Fig. 4 the residuum distribution and its fit
are presented. The residuum is a difference between telescope
track position and hit position reconstructed by tested SOI

prototype. The fitted function is a sum of two Gaussian:

F(x) = Ae
−(x−µ)2

2σ2meas +Be
−(x−µ)2

2σ2del . The second Gaussian with
σdel covers tails of the distribution coming probably from
the delta electrons. Nevertheless, the issuse of the residuum
tails is under investigation and as the estimation for detector
spatial resolution the σmeas of the inner Gaussian is taken. The
telescope resolution at DUT position was around σtel = 2µm.
In order to estimate the final resolution the σtel has to be taken
into account according to an equation:

σSOI =
√
σ2

meas − σ2
tel (4)

In Fig. 5 the resolution versus back bias voltage is presented.
In practice, above the full depletion each matrix has a spatial
resolution below 2 µm at 30 µm× 30 µm pixel pitch. It has
to be noticed, that for low back bias voltages (around 7V,
that corresponds to depletion thickness of about 100 µm) the
spatial resolution of charge preamplifiers is still about 3 µm
which fulfils the CLIC vertex detector requirements.
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Fig. 5. The spatial resolution in Y versus back bias voltage.

V. CONCLUSION

The SOI monolithic pixel detector prototype was measured
in the beam tests in SPS H6 at CERN in 2016. The mea-
surements were focused on spatial resolution and efficiency.
The tested system was a prototype for the future SOI detector
targeting the CLIC requirements. A spatial resolution of 2 µm
is measured after full depletion for each matrix type. The
combined efficiency of tested detector and its readout system
is found to be 99.37% for the best matrix type.
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