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The Silicon Tracking System (STS) in the upcoming heavy-ion CBM experiment is tailored for an
unprecedented 10 MHz beam-target interaction rate. A unique integration strategy was employed
to maintain a material budget within 2 - 8% 𝑋0 while ensuring ample granularity, spatial precision,
and timing accuracy. The readout electronics sit external to the sensitive volume, connected to
double-sided double-metal silicon sensors through ultra-thin micro cables. Each double-sided
silicon strip sensor is connected to two Front-End Boards (FEBs), featuring eight custom-designed
STS-XYTER ASICs (SMX) per FEB. Post-assembly, rigorous quality control tests, including
time and amplitude calibration of all module ASICs, ensure reliable performance, operational
refinement, and accurate data interpretation. Operating at room temperature to -20 °C (coolant)
and -10 °C (effective), FEBs undergo mechanical stress due to temperature fluctuations. The
burn-in test exposes modules to varying temperatures and power cycles, identifying weaknesses
and evaluating the robustness of electronics and module functionality. Post-testing, modules are
affixed to carbon fiber ladders, hosting up to 10 modules each, and undergo further assessments
to verify sustained functionality and performance. This study outlines the status and outcomes
of tests on the modules and ladders of the STS detector’s series production, providing valuable
insights into its development and performance capabilities.
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1. Introduction

The future Compressed Baryonic Matter (CBM) experiment intends to explore the QCD phase
diagram in the region of

√
𝑆𝑁𝑁 = 2 − 5𝐺𝑒𝑉 using nucleus-nucleus collisions [1]. Measure-

ments will be performed at reaction rates up to 10 MHz to achieve the precision required on
rare observables [2]. The Silicon Tracking System (STS) is the primary tracking detector of the
CBM experiment and the second detector after the interaction point. It consists of 876 double-
sided, double-metal microstrip modules. Each sensor is connected through a stack of low-mass
microcables to two Front-End Boards (FEBs), as illustrated in Figure 1. Each FEB contains eight
custom-designed STS-XYTER ASICs [3]. Once the module is fully assembled, a 2.7 mm thick
cooling shelf is adhered with STYCAST between the FEBs. This step is crucial to ensure proper
cooling of the FEB, given that the average power dissipation per FEB is approximately 11 W. The
readout electronics are placed outside the sensitive volume to maintain a low material budget while
achieving high granularity and spatial and timing precision [4].

(a) (b)

Figure 1: STS module (a) Schematics of the STS detector sensor, (b) Photo of an STS module before and
after the shielding layers are soldered

2. Module Qualification Test

The STS module series production started in September 2023. In February 2025, 42% of the
modules were produced, and 32% had successfully passed the qualification tests. After assembly,
a module is installed on a carrier to minimize mechanical intervention during the qualification
test. The qualification test characterizes the module, evaluates its performance, and assesses its
quality [5]. It comprises three different tests: reverse bias voltage scan to characterize the sensor
current-voltage relation (IV); calibration and evaluation of the electrical performance, where the
functionalities of the module are checked, the analog front-end measuring circuits are calibrated, the
Equivalent Noise Charge (ENC) is measured, and the channel connectivity is determined. A thermal
stress test is performed to ensure that functional failures do not arise due to thermal conditions at
the beginning of the operation in the final STS.

2.1 Reverse bias voltage scan

The IV scan measures the bias current through the sensor as a function of applied voltage. It
ensures that the leakage current does not sharply increase and remains stable within the expected
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range, which is essential for successful performance throughout its lifetime. This measurement
can be compared with an earlier electrical inspection of the bare sensors, where the breakdown
voltage was determined. Based on the reached breakdown voltage, the sensor was assigned a grade
that, together with the particle flux expected during operation, determines its position in the final
detector. In this test, the high voltage of the module is increased in small steps while the leakage
current is measured. Figure 2 shows the IV measurement for six of the 26 modules of the first three
ladders built. The sensors are biased up to the projected End-of-Life (EOL) conditions, determined
by their assigned grade, represented by straight dotted lines and A, B, or C depending on the grade.
Breakdowns have been the only reason modules failed the qualification test.

Figure 2: Typical reverse bias
voltage scan of a STS module

2.2 Calibration and electrical performance

In the electrical performance test, the module’s ADC is calibrated, the ENC is measured, and
the broken channels are identified. An energy calibration is done to adjust the dynamic range of
each channel’s ADCs. In an S-curve scan, shown in Figure 3b, pulses are injected with gradually
increasing amplitudes. The response of each discriminator determines the effective threshold and
gain for each detector channel. Figure 3a compares the channels’ threshold distribution before and
after calibration: the spread is reduced by up to 10 times [5]. The derivative of the S-curve represents
the ENC value in units of the internal pulse generator. Figure 4 shows a typical noise measurement
for a module as a function of channel number. The blue and red lines represent the ENC for the
p-side and n-side, respectively. The green line indicates the expected ENC for each channel, while
the yellow line corresponds to the ENC contribution from the ASICs alone. Channels with higher
noise levels are the z-strips, whereas those with very low ENC, below the yellow line, are identified
as broken. The expected ENC [5] is calculated based on the total capacitance of the module related
to sensor size, microcable length, and an additional factor associated with the ASICs. Strips with
a double metalization layer display an additional capacitance of 17 𝑝𝐹 per strip. Broken channels
are identified because of their low capacitance.

2.3 Thermal stress test

The thermal stress test involves thermal cycling to evaluate the performance and reliability
of the components and the thermal interface, with multiple power-ups that simulate real detector
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(a) (b)

Figure 3: Module calibration - (a) Comparison of the ADC threshold distribution before (a) and after (b)
charge calibration, (b) S-curve generated for five discriminators of a channel [5]

Figure 4: Typical example of noise measurement for a central module of a ladder type 12

operation to ensure that no functional failures occur due to thermal stress at the beginning of the
operations in the final STS. The module is mounted on a cooling plate connected to a Lauda chiller
within a climatic chamber for this test. The temperature of the chiller is cycled from 15°C to -20°C
and in the chamber from 20°C to -15°C. Three thermal cycles are executed to simulate the operating
conditions of STS, with one power cycle at a high temperature and five at a low temperature. To
replicate the STS running scenario, the test performs ∼ 10% of the power start-ups during thermal
cycles. Continuous nitrogen gas flows inside the module enclosure to control humidity and avoid
condensation. During the test, the current consumption of the FEB power domains at operating
temperatures is monitored to check the temperatures and operating potential of the ASICs during
thermal cycles.

3. Ladder Qualification Test

Successfully qualified modules are mounted on a carbon fiber ladder [6] as shown in Figures 5.
After assembly, the ladders undergo a test procedure, mainly derived from the module qualification
test. The first three of the ladder series have been tested so far. For the test, ladders are placed
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in a test box that can accommodate ladders of different sizes, is light-tight and EMI-protected,
contains all operating interfaces (LV, HV, data readout, and cooling), and also includes a slit for
measurements with radioactive sources. Following the module protocol, an IV measurement is
performed for each module in the ladder, then the ASICs are configured and operated. The ENC
performance is measured for each module standalone, with all modules simultaneously powered,
biased, and configured.

(a)

(b)

Figure 5: STS ladder assembly - (a) Schematics of the assembly sequence of the STS ladders, (b) A fully
assembled ladder with 10 STS modules

Figure 6: ENC values measured for each module of the first three ladders

Figure 6 directly compares the qualification test results performed on the bare modules and
the modules mounted on the ladders. The noise levels reproduce within ±10% the results from the
module test. The number of broken channels increases only minimally by the assembly process. In
addition, the module response was studied with a collimated 90Sr/Y radioactive source. Figure 7a
shows the channel rate distribution for one module: the two maxima indicate the source location on
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the n- and p-sides of the sensor. Figure 7b shows the reconstructed 2D hit map distribution of the
source spot on the sensor.
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(b)

Figure 7: Results for the measurements with the 90Sr/Y radioactive source on module M3DL1T1001121A2
(a) Charge distribution, (b) 2D hit map.

4. Summary

The STS detector has started its series production of modules and ladders. The module
qualification test is essential to ensure reliable performance, accurately analyze the collected data
in the final detector, and exclude potential weaknesses under realistic operating thermal stress
conditions. The ladder test verifies that the module’s functionality and performance are maintained
and no mutual interference or cross-talk is introduced among the modules.
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