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The physics program of the CBM experiment trans-
lates into stringent constraints on its Micro-Vertex Detec-
tor (MVD). CMOS sensors, which are granular and thin
enough, are developed since several years to adapt them to
the high hit rate expected. An important step was achieved
in 2010 with a high-resistivity CMOS process, which was
investigated with two sensors.

The first full-scale sensor featuring fast readout with in-
tegrated zero suppression, called MIMOSA-26 [1], was
manufactured in 2008/2009 in a 0.35 µm CMOS tech-
nology based on a standard, low-resistivity epitaxial layer.
More recently, high-resistivity epitaxial layers became
available, reducing the thermal diffusion of the signal
charges, for the benefit of the SNR and thus the radiation
tolerance. MIMOSA-26 was re-fabricated with a 400 Ω·cm
resistivity, 10, 15 or 20 µm thick, epitaxial layer. Labora-
tory measurements were performed by illuminating these
sensors with 55Fe and 106Ru sources [2]. The SNR ob-
tained with the high-resistivity epitaxial layer (∼ 35-40)
was about twice higher than with the standard one (∼ 20).

Sensors were tested with a ∼ 100 GeV particle beam
at the CERN-SPS. The results are summarised in Fig. 1.
The detection efficiency remains close to 100 % for high
discriminator threshold values, indicating that even after a
potential increase of the noise, consecutive e.g. to irradia-
tion, a threshold value should still be found with a detection
efficiency well above 99% and an affordable fake hit rate.

The sensitivity to non-ionising radiation was investi-
gated for a fluence of 1013 neq/cm2. The sensor perfor-
mances were measured at the CERN-SPS for a temperature
of 0◦C (see Fig. 1). A threshold of 5-6 mV allows keeping
the fake hit rate below 10−4 with a detection efficiency of
nearly 100 %.

In order to optimise the detection performances of the
sensor in this new, high-resistivity process, a dedicated pro-
totype was manufactured in spring 2010. By sub-dividing
the sensitive area in sub-arrays, each equipped with differ-
ent pixels, alternative amplification schemes were investi-
gated as well as a larger pitch (20.7 µm instead of 18.4)
and enclosed transistor designs. The sensor detection per-
formances were assessed in the laboratory and with a test
beam as already mentioned for MIMOSA-26.

Beam tests were in particular performed at a tempera-
ture of +30◦C with pixels featuring a 20.7 µm pitch read
out in 125 µs, irradiated with 1 MeV neutrons (fluence of
3·1012 neq/cm2) and 10 keV X-Rays (150 kRad). A de-
tection efficiency of 99.8 % was still observed for a 5 mV
threshold, with a fake hit rate well below 10−4. One may
derive from these results that for typical CBM-MVD run-

Figure 1: MIMOSA-26 beam test results for a 15 µm thick
high-resistivity epitaxy. The detection efficiency (black),
fake hit rate (blue) and spatial resolution (red) are shown
as function of the discriminator threshold. They are dis-
played at 20◦C before irradiation (full lines) and after an
equivalent dose of 1013 neq/cm2 at 0◦C (dashed lines).

ning conditions (20-40 µs integration time and negative op-
erating temperature), a substantially larger irradiation level
would still be affordable. This study is under way.

The next step of the development will consist in moving
from the coarse 0.35 µm technology used up to now to a
substantially smaller feature size, i.e. 0.18 µm. This trans-
lation is expected to benefit several aspects of the sensor,
in particular the ionising radiation tolerance. A first pro-
totype (MIMOSA-27) was fabricated in such a technology
in 2010. Its tests at the CERN-SPS are foreseen in spring
2011.
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