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The Compressed Baryonic Matter (CBM) experiment & the Silicon Tracking System (STS)

The CBM experiment:
• QCD phase-diagram at moderate
temperature and high density.

• Au + Au @ 2-11 AGeV (SIS100) at
105-107 interactions/s.

• Fast self-triggering electronics and
time-stamped readout.

• High speed data processing and ac-
quisition system.

• 4D event reconstruction and fast se-
lection algorithms.
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STS requirements:
• High e�ciency.
• Tracking up to 1000 charged particles/collision.
• Radiation hardness: 1014 1MeV neq/cm

2.
• Low mass: material budget per station in the
range 0.3− 1.5% X0.

STS features:
• 8 tracking stations inside 1 T �eld.
• Double-sided Si micro-strip sensors ∼300 µm
thickness and 7.5◦ stereo-angle between front
and back side strips.

The STS Readout chain
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Block diagram of the STS Readout chain

Front End Board
(FEB)

Part of a functional module, where
2 FEB with custom designed ASIC
are connected via microcables to a
Si sensor.
• Every FEB contains 8 STS-
XYTER ASICs for reading out
1024 channels.

• Provides digitized hits.
• Located close to the Si sensors.

Read out Board
(ROB)

• Data aggregation from several
ASICs.

• Optical readout interface.
• Control and clock distribution.
• Based on CERN GBTx and Ver-
satile Link components.

• Located inside STS box.
→ Limited space.
→ Radiation hardness.

Common Readout Interface
(CRI)

CBM DAQ layer with common
hardware platform.
• FPGA based.
• Timing and control interfaces.
• Data preprocessing.
First Level Event Selection
(FLES)
• Time slice building & full event
reconstruction.
• Online event selection.

The STS-XYTERv2 test setup at GSI

STS-XYTER → STS + X,Y coordinates + Time and Energy Resolution
Low power, self-triggering ASIC dedicated for reading out the double-sided Si sensors.
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STS-XYTER functional blocks.

STS-XYTER features:
• 128 readout channels + 2 test
channels.

• Time resolution: ∼5 ns.
• 14 bit time stamp.
• 5 bit �ash ADC/channel.
• 15 fC dynamic range.
• Radiation hard layout.
• Digital backend compatible
with the CERN GBTx data
concentrator.

Prototype STS-XYTERv2 FEB controlled via dedicated protocol backend in Kintex7-
FPGA board. Flexible and modular platform for ASIC and sensor testing, software
and �rmware development.

STS-XYTERv2 on FEB

2 ERNI 
connectors

(128 ch)

KEL40
connector

Kintex 7
FPGA

gDPB-FMC
mezzanine

AFCK

To Control PC 
over IPBus

STS-XYTER v2
- 1 Clock signal,
- 1 Down link, 
- up to 5 Up-links

AMC FMC Carrier Kintex as prototype DPB. 
FPGA based board implementing the
STS-XYTER-DPB Protocol backend

ADC tests
Calibration:
Development and test procedures to evaluate and calibrate in-channel ADCs.
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0 5 10 15 20 25 30

T
hr

 [a
m

p_
ca

l u
ni

ts
]

0

50

100

150

200

250

ADC calibrated

ADCs linearity for 128 channels.

Features:
-Internal pulse generator (range up to 15 fC)
-Global registers sets ADCs range.
-Every ADC has 31 discriminators with ad-
justable individual threshold (8 bit).

Table 1: Deviation across discriminators in all channels.

Bef[fC] Aft[fC]
holes 0.08 0.02
elect 0.09 0.02

Sensor readout & Equivalent Noise Charge (ENC):

Example of a signal from 241Am source,
readout with a 4×6 cm2 sensor and the
STS-XYTERv2 ASIC.
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Am_241 spectrum

Noise as function of the detector HV
measured in a module with 4×6 cm2

sensor, connected via 25 cm microcable to
the STS-XYTERv2.
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STS-XYTER 
prototype FEB 25 cm micro-cable 4x6 cm2  sensor

FAST discriminator tests
Calibration:
The calibration procedure is similar to the one implemented for the ADCs. Every
channel possesses a FAST discriminator with adjustable individual threshold (6 bit).
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Pulse amplitude [amp_cal_units]
0 10 20 30 40 50 60

N
um

be
r 

of
 c

ou
nt

s

0

20

40

60

80

100

FAST-disc calib
=0.04 fC / 0.03 fCh+/e-σ

FAST disc. S-curves for 128 channels before and after calibration.

Time-walk and ENC vs load capacitance:

Measured FAST discriminator time walk
as function of the signal amplitude.
Reference signals set to 100 mV ∼ 10 fC
with 1 kHz frequency.
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Using a phantom board, where a set of
low leakage capacitors were placed, the
contribution to the noise was estimated
for di�erent load capacitances.

0 5 10 15 20 25 30 35 40 45
0

250

500

750

1000

1250

1500

1750

2000

2250

FAST(C) = 43.9C + 584

ENC_vs_Capacitance

FAST_disc Linear (FAST_disc )
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ADC(C) = 27.0C + 539


