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Silicon Tracking System of the CBM experiment

core detector for rare probes of compressed nuclear matter in high-rate heavy-ion collisions
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» CBM looks for rare probes and higher-order fluctuations

» Unprecedented beam-target interaction rate of 10 MHz

» Challenges for tracker:

Silicon Tracking System

» < 700 tracks in aperture /interaction, high granularity

> low momenta — low material budget (2 — 8% Xo)

> Ap=1-—2% (evt. in B=1T)

> spatial (< 30 um) + timing (< 5ns) + amplitude (15fC/5bit) in free-streaming mode
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nXYTER: ASIC that measures time and amplitude

» nXYTER was a dedicated ASIC for (ToF and Imaging) neutron detectors

> one of applications: double-sided Silicon micro-strip detector
(coupled to a Gadolinium neutron-converter layer)

Available online at www.sciencedirect.com e
.;:; < S . D t msmuu:gs
&METHOI
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Nuclear Instruments and Methods in Physics Research A 568 (2006) 301-308 —_—
wwvw.clsevier.com/locate/nima

N-XYTER, a CMOS read-out ASIC for high resolution time and
amplitude measurements on high rate multi-channel
counting mode neutron detectors

A.S. Brogna®, S. Buzzetti®*, W. Dabrowski®, T. Fiutowski®, B. Gebauer®, M. Klein®,
C.J. Schmidt?, H.K. Soltveit?, R. Szczygiel®, U. Trunk®
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nXYTER: ASIC that measures time and amplitude

» nXYTER was a dedicated ASIC for (ToF and Imaging) neutron detectors
» one of applications: double-sided Silicon micro-strip detector
(coupled to a Gadolinium neutron-converter layer)
> two paths after CSA: slow (amplitude) and fast (time)
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Fig. 1. Block diagram of a single channel of the realized ASIC.
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YTER, a CMOS read-out ASIC for high resolution time and
amplitude measurements on high rate multi-channel
counting mode neutron detectors

rogna’, S. Buzzetti®*, W. Dabrowski®, T. Fiutowski®, B. Gebauer®, M. Klein?,
Fie. 2. Diagram lstrain th main sgnls inside the ASIC C.J. Schmidt’, H.K. Soltveit‘, R. Szczygiel*", U. Trunk

» Analogue memory, external ADC required
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Latest Generation: STS-MUCH-XYTER v2.2

Features of the ASIC:
> Low-power, self triggering AISC

128 Channels + 2 test channels ~ : RRUTL T LT DU |

LT T

| 4
» Time resolution < 5ns
» Provides digitized hits with:

> 5 bit energy resolution
» 14 bit time stamp

Linearity range up to 15 fC (100 fC)
Flash ADC + digital buffer integrated in ASIC

K. Kasinski et al Nucl.Instrum.Meth.A 908 (2018) ‘
Current status:

vy

wire bonding pads
pogo-probe pads

» ASIC production yield 98.5%-99.0%, chip cable yield 96%
» production: ~ 4000 available for series module production

» 360 dies per wafer, 100 wafers produced
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Amplitude measurement with SMX flash ADC

VRef T
VRef P

INPUT

5-bit flash ADC (Analog-to-Digital Converter)

» 1 ADC/channel
DIGITIZED

OUTPUT 5-bit resolution

>

g :> > 2N 1 comparators

= > Up to 15 fC (100 fc) in STS (MUCH) mode
>
>

Trimming circuit with 8-bit resolution

~
~

: =~ Diagnostic counter for each discriminator
R

COMPARATORS

VRef N
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DSDM silicon micro-strip sensors

1/cr2

» Double sided n-type silicon sensors (XY

» Thickness 320 ym +15 pim
» Pitch size 58 um for both sides
> 62mm x 22mm, 42mm, 62 mm or 124 mm
» Strip coupling capacitance (n) 14.1 + 0.1 pF/cm
interstrip capacitance 0.37 £+ 0.01 pF/cm o
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positioning): 1024 strips each side, p-side tilted
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Nominal length of N-side cables LNSB 28,40

. . 4
Ultra-thin r/o micro cables 420 e
. . . 1ol
» FEE connected via micro-cable lines (64 Bond pad
lines/cable) °g / 0
é 8 N-side shielding L
ASIC micro-cable sensor Fr % =
14.8-49cm 2:4:6:12¢m ©
i —
r
shield “bias ling 5]
,signallmes
g - Length of N-side shielding layer = LNSB-4,2+10,0+28,4 = LNSB+34.2|
=
E
P a—— /' Read-out lines are protected w/ shielding layers
lé R+ = S—
#4‘@ Zone of Teenal ' Name of type cable
readout channels electrical ecnologicalzone

it test
with staggered input pads ~ Long work zone

> 2 x 1024 ch./sensor: stack of 32 micro cables per
module, 8 sub types

» Length from 160 mm to 495 mm

Test element for

US-bondin,
N Bond area to ASIC
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FEB mechanical and electrical features

stand-off to avoid short circuits
( while soldering the
shielding to the pads Test power board:

ZIF connector Pin provides connection to the

cooling fin
potential

SUMIDA cable
for LV (3V 2.5V)

solder stop mask pads to maintain distance to aluminum cooling fin

» Data lines 4 clock: 40 or 100 lines » Ground interfaces through PCB to cooling fin
(FEB8-2/FEB8.5) > service connector for testing
» HV decoupling w/ capacitors » permanent soldering at the edge to the flat
» ZIF connector for data cable LV cable + coax. HV cable
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Powering and grounding of the STS FEE

LV/HV channels and voltage stabilization

Schematics of FEB-8 v3+:
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» AC coupling capacitors for FEB operation at bias potential

» Two low voltage lines with 1.2V and 1.8V are powering ASICs

» Custom low-noise LDOs are used for stabilization of the voltage

» Return path circuit for HV and GND implemented on a FEB since v3
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Powering and grounding of the STS FEE

return path circuit

» Dedicated circuit with discrete components:
> filters HV potential
> stabilization of the floating HV potential
> between module sides (crucial for noise performance)
»> to the GND point (important for synchronization)

R4
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» Optimisation of the values of the components followed
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Return path circuit: from concept to implementation

» Few iterations of design and prototyping:

» Return path circuit is a part of the current FEB8 design
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Composition and assembly of the detector module

» STS detector modules are produced in the assembly centres in GSI and KIT
» highly integrated objects: extensive testing at each step
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Composition and assembly of the detector module

» STS detector modules are produced in the assembly centres in GSI and KIT
» highly integrated objects: extensive testing at each step

» Successful pre-series production for the E16 J-PARC experiment
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Calibration procedures for the SMX ASIC

Calibrated ADC

Non calibrated ADC

Disc. Number (Digital Output)

Threshold (Analog Input)

How to calibrate the flash ADC?

» Performing a threshold scan for every discriminator

(31 disc/channel).

» Finding the middle point (50%) in the discriminator response

for a fix injected charge

m.teklishyn@gsi.de

» To develop a calibration procedure for the ADC and FAST
discriminator that allows to achieve:

> linear behavior
» homogeneous response among all channels
> absolute charge calibration

» Uses the internal test charge generation

» Should be fast, accurate, reproducible and scalable to series
production

Normalized counts

T1 T 2 Threshold
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Example of ASIC calibration

unique for each ASIC and calibration range

Non-calibrated Calibrated = .
2 T T T s I}
- g F T T a
5140 S 140f- 3 1
Nen calteates ADC E i Caltrated ADC 2 200) 128 chamnsie |
120 R 120F~ 4 g
E §
100 - 100 ﬁ 150}
H E -4
st At AL R L 3 vs  F g
F 5 100
60 - 60) a
40 4 40 5ol
20 3 200 1
E k]
| L 5 0 s 0 E3 30
100 T50 B 250 50 100 50 00 250 ADG value
Calibration pulse ampltudo [LSE] Calibration pulse amplitude (LSB]

» Calibration ensures linearity and reduces the spread among the channels up to 10 times
» Cross-checked using external pulse generator and 2*! Am source
» Procedure established for module production/ setup operation

> Stable over time (Long run stability tests)
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Example of ASIC calibration

threshold equalisation

» Calibration of the measuring circuits on

each ASIC is one of the first steps

during the evaluation of the module

performance after assembly

>

Verification of the calibration
algorithms and circuits as in
previous versions

ADC linearity achieved in the
measuring range

Spread among channels reduced
10 times after calibration

Homogeneous performance for
both polarities

ROC trestoia o]
EH
H

g

T T T
Module 01Tr_d_non_calibrated

T T T T T
ADC_The dist module 01Tr_4_non_callp

s o s e +
6000 8000 10000 12000 14000 16000 18000 20000 22000
ADG threshold fe-

Before calibration
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ADG threshoid (6]
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I i i I |
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Space, time and energy with DSDM MS detectors

i
896 1024
Channel number

| |
8000 10000 12000 14000 76000 18000
ADC thresnold [e-]
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SMX slow path gain after the calibration

» After the charge calibration the output in ADC-units is proportional to the injected charge

» Linear calibration » Non-linear calibration possible

> Constant gain across dynamic range: > fine resolution at lower amplitudes?

@ 2 — . i H .
8 ADC. gain module 01Tr_3| & e VRef_N = 27 (@90 pulses, range: 40, iterations: 25)
323001 n-side ° i 2 7
£ » pside 3 A “psie L § ®=_  ADC_Thrfamp_cal]=-9.0*ADC_val+57
g E om16 3 3 _-_AD C_Thr[amp_cal]=-3.0*ADC_val+30
r i fow [
] o=t 2 H
ol ]
i
“l
10
r 50¢ i it 20|
P
T SN R N | | t
128 256 384 512 640 768 896 1024 2000 2100 7200 9% 50 ] T 20 ) 30 o 5
(a) Channel number (b) ADC gain [e/LSB] Pulse ampitude [amp_cal _units]
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Noise measurement in the SMX ASIC

> Equivalent Noise Charge (ENC) derived from an S-curves scan in every channel,
where the discriminator response is evaluated in a pulse amplitude scan

gdUU
§350
3
£ . . . . .
2300 . » The response function of each discriminators in a
250 e b e ] i ; channel are fitted with erfc.
200 B I { ] > 1 represents the effective discriminator

150 NURIUUDY ISUUUURON ISR : threshold
: : » o represents the ENC value in units of the
internal pulse generator

" I DO ;
T

150 200 250
Pulse amplitude [amp_cal_units]
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Overall noise performance

Low noise (~ dark rate) is essential for the free-streaming detector operation

5 2500 -
[¢] - ENC module £16-102_PA
g F —hae
[~ v broken ch
2000 SV oncparsensor e
F Z-strip e
1500 - !
Y Broken channels
1000 = 7777
B - B L B Ak g g M ) A
SE | v M 124,
o I
0 128 2 384 512 640 768 896 1024
Channel number
e, pF o PF e
ENC = | Lensor * 1.02 — + L, <038 —| - 25 — 4350 ¢
sensor pm p oF
—_— 5

sensor

microcable

Z-strip: 17 pF extra from the double metal routing

I.Panasenko, PhD thesis

» Lower noise of the broken channels used for QA purposes
Space, time and energy with DSDM MS detectors
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Signal in the detector: test with °Sc

Noisy Channels

Source *°Sr/Y £
* Beta-emitter E SOURCE
* electron with spectrum larger than 1 MeV e

» placed at the center of the sensor w

_ | combined spectrum 10°

beta from Y-90

I 1 | | I
200 400 600 \aan 1000

yield (au)

90Sp/y  Silicon sensor

Module carrier Microcables FEBs
( . Cluster: Charge vs Channels
~, [ Te=e"T il
0.0 T .
o o R 2 Experimental setup

» Data taken with CBM GBTx-based DAQ chain

[ Viadimir Sidorenko Oct 2 TWEPP2023 |
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Signal in the detector: test with ! Am

» Ultimate test of the detector amplitude response

» Cross-check of the detector calibration

a 10
n C
mS 9 f 2Am gamma spectra
X E —e— Data
JOR ] - - - Continuum background
S = x Photopeak 59.5 keV
£ 7E —— Global Fit
3 e
o =
© E
6
51 .Y
4F
5E
E 4 N
2E- il
S ’—’J/ N N _‘\
1 r o D
0 5 10 15 20 25 30

ADC value
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» Studies and experience are summarised in the paper submitted to NIM:

Functional characterization of modules for the
Silicon Tracking System of the CBM experiment
A. Rodriguez Rodriguez**, O. Maragoto Rodriguez*, J. Lehnert®,

A. Toia™, M. Teklishyn®, A. Lymanets®, D. Rodriguez Garcés®,
J. L Heuser?, C. J. Schmidt*

“GSI Helmholtzzentrum fiir
Schwerionenforschung GmbH, Planckstr. 1, Darmstadt, 64291, Germany
bGoethe Universitit, Maz-von-Laue-! 1, Frankfurt am Main, 60438, Germany
“Institute for Nuclear Research, Prospekt Nauky 47, Kyiv, 03680, Ukraine
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mSTS: functional full-scale detector prototype

———
—,
capton + PLA insulation

sl

\

» Ultimate test of the detector performance in the
fully integrated system

> Two tracking stations (layers) 12 x 12cm? and - o
18 x 18 cm? arranged by 4 units P ———

V=

[ 7

.
N
\

~
[/
» Commissioning of the assembling and testing t

procedures to be used in series production

» Hit/track reconstruction performance with the
heavy ions in mCBM@SIS18 (GSI, Darmstadt)

m.teklishyn@gsi.de Space, time and energy with DSDM MS detectors October 6, 2023 21/26


mailto:m.teklishyn@gsi.de

mSTS: recent beam-test highlights Dario A. Ramirez Zaldivar at VERTEX 2023

) I {
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- . ’ |
B ! |
£, 8w Il
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] 10 !
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‘ H W “ Unit 1
StsDigi Charge [e] Xfem] av fest
Station 0 Staton 1 Staton0 Staton 1

viem
¥ femy

» Testing the free-streaming data acquisition system; data transport to a high-performance computer farm
» Online track and event reconstruction as well as event selection algorithms
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STS goes to Japan: synergy with E16 experiment

CBM-STS ~,

4

Silicon Sensors
(Hamamatsu)

L b 1
| | E’

Sensor, cables, and
Front-end electronics

Sent to Japan for
performance check

CBM-STS is in the construction phase

Construction and operation methods will be improved by
feedbacks from Japan
Knowledge of constructions and operations and
performance of total system are useful
Experienced PD and student from KEK will join the CBM-
STS construction

Feedback

E16-STS

Sensor, ladder, cable

E16-STS is installed and will be tested in
the next year

E16-STS

Performance will be evaluated in high-rate
counting situation

> 10MHz interaction rate

K. Ozawa @ 42" CBM Collaboration Meeting, September 28 2023
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E16 STS installation, commissioning and tests

» 10 modules are used in the E16 experiment at J-PARC

106 N-sice

.~ i:ffJ(Wq |

L 0 TR TR

L : : SN E165TS f:%w 11 Ww W ey
P el (2. |

= Obtained Profile
Test Chamber

K. Ozawa @ 42" CBM Collaboration Meeting, September 28 2023
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Simulation of PID with STS

AE/Az information for hypernuclei

» The strongest discrimination expected for He/H

» Natural implementation in hypernucleus analysis
» TOF PID only, significant background (left)

» TOF + STS PID combined, almost zero background (right)

> single criteria of AFmedian > 75 ke for 3He, Vp

L X — 3H 6 =1.9 MeV/c?
£ 1 S/B =049 £, =13.0%
5 f
3 P
i “H=Hen'"
5 o,

3.1
m,,, {Her} [GeV/e?|

5M UrQMD AuAu 10A GeV events
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Analysis by louri Vassiliev and Maksym Zyzak for the CBM Collaboration
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Summary, present and future use

System characteristics

>

vV v vyVvVvyy

320 pm thick sensor (=~ 3%0Xo)

AX ~ 58//12 ym or better

FEE up to 0.5 m away

amplitude up to 15fC (100fC) in 31 bin
time At ~ 5ns

self-triggering for each channel

Current status:
» Series production started for CBM STS
» Various pre-series batches under study

P cosmic ray telescope

Applications (present and future):

» Core tracker of the fixed-target future heavy
ion CBM experiment at FAIR

> First tracking layer of E16 at JPARC

» Reaction-product/beam monitor for radiation
treatment

» We are open for new ideas!
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Silicon micro-strip detectors

p-type semiconductor

Strip pitch, P
Implant width,

(typ. 300um;

Well-established, reliable and
cheap (~1$/channel) technology

Pre-amplificrs/
Particle Shapers
Metalisation| s
G A
T
Lsiq
“Bulk,
n-

4 2 0 2 4 6 8 10 12 14

Landau-Vavilov energy-loss distribution
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Backplane, i - type silicon ©

+ Bias Voltage

Space, time and energy with DSDM MS detectors

p-n junction effect
+ bias voltage
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STS assembly sequence and structure

assembled unit

DSDM silicon sensors

ladder

i Ladder assembly
and integration

)
P
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Tracker mechanics
and services

STS mainframe
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STS DAQ chain

GAT links
Copper ~5000 optical

Tibres
Y i m Infiniband
. Dtical fibres
2 o %™ | Event reconstruction
£ Common readout i network (FLES)
8= interface (CRI) JJ
o
Qt :f\ ~200 boards |
p—
e
e g ——— Low-level control + data
time e setup responses System control
status
control control Experimental data
Timing and Fast Experiment
Control (TFC) Control System
system (ECS)

m.teklishyn@gsi.de Space, time and energy with DSDM MS detectors October 6, 2023


mailto:m.teklishyn@gsi.de

Return path circuit

component value optimisation

Slow channel, C3 4 value scan
RLQ =1kQ (Ieft), RLQ =10kQ (right):

o = ) nside,even| ¢ n side, even
g O nside, odd &g 0 nside, odd
<3500, O p side, even £3500, O pside, even
g p side, odd E p side, odd
= 3000 © nside,even 3. o nside, even
’ O nside, odd ’ O nside, odd
p side, even p side, even
2500, p side, odd 2500, p side, odd
2000, = \ 2000,
1500, N 1500,
1000, \XK 1000,

i~

1 10 10 10° 10t
G,z [F]
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10 10° 10° 10
Cyz [nF]
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HV+

HV-

Fast channel, C5 4 value scan
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Return path circuit HE NN, FEBS HV+

component value optimisation 2 J_ J_
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Channel-to-channel noise of the module

» Module ENC derived from S-curves scan, where
the discriminator response is evaluated in a pulse
amplitude scan

» "Higher ENC level in first p-side channels caused
by interconnections via a double metal
(Z channels)
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Noise dependence on the SMX settings

ENC [electrons]
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» ENC levels stable for a large range of settings
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1.2V SCL LDOs current consumption [A]
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