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COOLING STRUCTURE STS metrics:

>1 790 000 channels

>14 000 ASICs

1752 FEBs

600 ROBs, 78 DPB s

MUCH
STS

double–sided, micro-strip, 1024 

channels per side, 7.5◦stereo angle, 

58 µm pitch, lengths 20 - 120 mm, 

300 µm thickness,



STS Detector Module

SMX chip

Parameter Value

Process 180 nm CMOS 

MM/RF

Chip area 10.0 mm  6.75 mm

Channel number 128 + 2 test

ADC bits 5

Input charge 

frequency
max. 500 kHz

Power 

Consumption:

Uninitialized

Initialized

0.6 – 1.2 W/chip

1.023 W/chip @ Id=2 

mA

8 mW/channel

Offset spread

of fast channel

1.12 mV rms / 0.015 

fC rms

(after correction)

Offset spread

of ADC [fC]

0.09 (before 

correction) [39] 

0.02 (after correction)

Gain

Fast shaper (STS)

Slow shaper (STS)

73 mV/fC

32.7 mV/fC

Gain spread: 

Fast shaper

Slow shaper

0.8 %

0.5 % (after 

calibration)

Slow shaper peaking 

time [ns]
90 / 180 / 262 / 332

Yield

>91% 

(146 ASICs tested on 

PCBs)



128 channels - time (3.125 ns) & amplitude digitization (5-bit) SMX 2.1 Chip architecture

Back-end:

- control via synthesized reg & AFE DICE cells

- 9.41 – 47 Mhit/s/ASIC data BW

- dedicated protocol

- throttling, diagnostic features

- link loopback (multi-level)

- 64-bit e-fuse for traceability

0-12 fC electrons & holes (STS)

gain switching & trimming

250 khit/s rate (pulsed reset)

80-280 ns shaping time (slow path)

time-walk corrected offline

continuous-time ADC + peak det.

P=8.5-10 mW/channel (incl. logic)



Schematic of the CSA amplifier and PSC circuit



The DPB/CRI boards are responsible for:
* communication with GBTx ASICs via 4.8 Gb/s optical link

* reference clock receive and its delivery to the FEE

* providing communication with Experiment Control System

* control command and responses to and from FEE

* time-deterministic fast control commands to the FEE

* concentration or aggregation of data delivered by the FEE 

ASICs (SMX2.1 in case of STS, or MUCH, Spadic in case of 

TRD)

* transmission of the aggregated data to DAQ via 10 Gb/s 

optical link (DPB) or PCIe (CRI).

CBM DAQ systemSTS detector case

General CBM DAQ structure



Measurements: Analog waveforms

Slow shaper (STS mode)

Fast shaper (STS mode)

Charge-sensitive amplifier

Electrons

Holes

Cfb=600fF

Cfb=100fF
9.2 mV/fC

1.6 mV/fC



Measurements: selectable peaking times

and fast reset

• CSA fast reset (baseline recovery). Reset procedure takes 
some time (150ns + 250ns) 

• Reset itself causes dead time for shortest peaking times 
(e.g. pulses, which would be injected in this time frame will be lost).

Selectable peaking time

Optimization towards varying dominant noise contributors.

Optimization towards varying dominant noise contributors.



CSA reset for baseline recovery

Holes Electrons

400ns (adjustable by ext. res)

200ns

Reset activated Reset activated

SHfast

SHSlow

CSA

SHfast

SHSlow

CSA

Transients of opposite

Polarity (no threat)
Transients of same polarity

as a signal (potential threat)

0.64 fC

May trigger timestamp for lower

Shfast thresholds

But will not trigger hit.

Qin=4.7 fC

- Fast reset does not always help

- Intrinsic dead time decreases double pulse performance but helps withstanding

long pulse trains (with the same AFE conditions) 

- Modification for final ASIC: shortening both trigger time and reset time



Measurements – in-channel 5-bit ADC

ADC VREF Tempco

ADC LinearityADC s-curves after calibration

Fast comparator offset calibration

σ =0.75 mV (vs. 12.3 mV before calibration)

ADC VREF Radiation

Offset spread after trimming

1.12 mV / 0.015fC / 93 e-

Slope spread: 0.8%

after correction



Measurements – noise performance

External C0G capacitors

+3pF offset (PCB)

Channel Setup with sensor

280 e- rms @ 0pF 

(no wirebonds)

Best noise for two 

shortest peaking times



System Noise Studies

Courtesy: Anton Lymanets

Best performance: floating HV power supply + grounded HV cable shield

• The difference between the best and the worst case is ca. 200 e.

• Noise performance of 1200 e is achievable.



Measurements – noise performance with 

sensor



Throttling

Simulation with realistic beam intensity fluctuation. The average event rate ∝beam intensity;

Beam intensity resolution is 20us. The event rates obey Poisson process during each 20us.

Courtesy: Xin Gao, FAIR

“Stop” strategy:  stop accepting new hits, drain the ASIC channel FIFOs, then restart accepting hits. 
“Clear” strategy : clear the ASIC channel FIFOs, then re-enable data taking as soon as 

possible. 



Back-end, data path



ESD protection - temperature
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ESD protection - radiation
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Analog channels failure
LVDS:

Handling and bonding

does not cause problems

Courtesy: Ralf Kapell



LDOs development at SCL Chandigarh

Output noise (100kHz to 100MHz)  < 70µV RMS 

Final size: 5.7mm x 6.2mm

Two versions: 1.8V/1.6A and 1.2V/1.6A

4 external parts (2 Rs, 2 Caps) 

Proton irradiation campaign successful

after 10kGy change Vout < 15 mV even at 20kGy.

FEB-8 architecture



Manufacturing / Yield

» Encapsulant issue: 

– SMX2.1 with existing dam&fill solution cannot withstand +40°C.

( Polytec UV DC 2257, hardness 73 )

– SMX2.1 with Dymax 9001-E-v3.1 (hardness D43) is still operational at 83°C+.

– Irradiation tests of new encapsulant are in progress.



Testability

» Pogo-probe pads -> testing without wire-bonding OR wafer prober DURING ASSEMBLY

» Multiple potentials available on pads -> faster wafer-level testing

» Global ADC input -> faster calibration

C. Simons, R. Visinka, M. Dogan, A. Rodriguez-Rodriguez, J. Lehnert, and R. Kapell, Assembly of modules for mSTS applying complete quality assurance, CBM Progress Report 2018

N. Sukhov, D. Dementev, M. Dogan, A. Kolozhvari, A. Rodriguez Rodriguez, C. J. Schmidt, M. Shitenkow, C. Simons, R. Visinka, and Yu. Murin Development of bonding quality control for assembly of 

the silicon microstrip sensor modules

Testing of the FEB8 after the wire bonding of ASIC-rows.



March 2019 mini CBM

Lab test with source

Courtesy:

Norbert Hermann, Ajit Kumar, J.M. Heuser

http://www.agh.edu.pl/


- STS-XYTER2.1 was fabricated and thoroughly tested as a read-out of 

silicon micro-strip sensors + micro-cables and GEM detectors. 128 

channels, self-triggering, time (3.125 ns), amplitude (5-bit) digitizing in 

each channel.

- STS-XYTER2.2 Engineering Design Review will be held on 15.11.2019

- Submission targeted at end of December 2019 (production release in June 2020)

Some of the changes:
- Diagnostic: more potentials added for on-chip monitoring (all VDDs)

- Layout: reduce risk of short during bonding of digital power

- Analog: implement diode-based ESD protection of the inputs

- Analog: fast reset modification: improved timing – full reset only for typical charge -> 

reduction of intrinsic dead time

- Digital: fix read-back of 5 registers

Summary



Very recent results: 34th CBM Collaboration Meeting, Kolkata 2019,  CBM Progress Report 2018
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