Noise Performance Analysis for the Silicon
Tracking System Detector and Front-End
Electronics

Weronika Zubrzycka, Krzysztof Kasinski

zubrzycka@agh.edu.pl, kasinski@agh.edu.pl

Department of Measurement and Electronics
AGH University of Science and Technology,
Cracow, Poland

XLII-nd IEEE-SPIE Joint Symposium Wilga 2018
2018.06.05

This work was funded by Ministry of Science and Higher Education Poland, from the scientific budget in years 20161-
2019 — a research project in the programme “Diamentowy Grant”.

Diamentowy
Grant



mailto:zubrzycka@agh.edu.pl
mailto:kasinski@agh.edu.pl
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Brief intro: Silicon Tracking System in the CBM experiment.
Motivation.

Sources of noise in a detection system.

Impact of shaping amplifiers and preamplifier on noise.
Noise reduction options.

MiniASIC architecture proposals.

Summary.



CBM experiment, GSI, Darmstadt, Germany

Aim: creation of the highest baryon densities in nucleus-nucleus
F_\IR collisions for the exploration of the properties of the super-
raliyoranproon | de@Nse nuclear matter. Exploration of the QCD phase diagram in

and lon Research

in Europe GmbH the region of very high baryon densities

STS metrics: STS (Silicon Tracking System) detector CBM Transiion
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MUCH (Muon Chamber) detector

Gaseous detector (GEM)
Read-out electronics at the perimeter of the detection
stations (FEB : 8 chips/board) + data concentrator (based
on GBTXx)
multi-line micro-cables-> sensors’ read-out

double—sided, micro-strip sensors,1024 CH/side, 7.5¢ stereo

angle, 58 um strip pitch 4
o 3

J. Heuser, et al., GSI Report 2013-4 Technical Design Report for the CBM Silicon Tracking System (STS), GSI, Darmstadt, 2013.



STS system overview

Read-out electronics | Total ENC: < 1000 e rms in system Sensor and micro-cable
A G H Power: <10 mW / channel

CSA gain: 10 mV/fC e 2,488 % am
SH_slow gain: 35 mV/fC - =

The STS/MUCH-XYTER2 (SMX2): SH_fast gain: 75 mV/fC )

* developed at AGH University Cracow Peaking time (slow path): 90 ns i ’ﬂg% 2

* 10 mm x 6.8 mm, 288 pads Peaking time (fast path): 40 ns ===

* 128 readout channels + 2 test channels =

* Power: 1.1 -1.3 W per chip N e

readout channels

* 5-bit continuous-time ADC + 14-bit Timestamp .:-'!MM "
* Range of operation: 0-15 fC (STS)

* 250 kHit/s/channel (fast reset enabled)
* 9.41-47 Mhit/s/chip

with staggered input pads
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double-sided, micro-strip,
1024 channels per side,
7.5.stereo angle,

58 um pitch,

. lengths 20-120 mm,

300um thickness,

8 * 128-channel ASIC
CSA  SHAPERS

> <=

n-side bias

————3
BACK-END

FEB (Front-end Board):
8 ASICs - read-out of a single side
of 1024 strip sensor ; \ ="K

Rad-hard LDOs (VECC India) e \+ @ > G

AC-coupling of SLVS e-links =

8 ™ 128-channel ASIC

1024 strips

e
BACK-END
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Motivation

AGH ENC vs Cdet
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signal parallei paraliel . - many noise sources in the system;
J_ b SAha)EeL | - can be divided between intrinsic
Q-3(t) (AL A2A) (contributed by the input amplifier itself)
and extrinsic (originating in the sensor and
e biasing network).

S. Rescia, V. Radeka — Detector Signal Processing: Filtering and Signal to Noise Optimization, NSS/MIC 2017 Short Course



Noise sources in the detection system

AGH
read-out ASIC
I_II—IR equivalent noise circuit
sensor cable PCB “1Ceso s — :
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DETECTOR

1. parallel current noise:
» detector leakage current shot noise (1),
e detector bias shunt resistance R,

* |eakage current flowing through transistors in the Electrostatic Discharge (ESD) protection circuit,
* current thermal noise from feedback resistance.

2. series white noise:
* input transistor thermal noise (M1,,),
* various series resistors’ (sensor’s metal strip, cable, interconnect on-chip) thermal noise.

3. series 1/f (or flicker) noise:
* CSAinput transistor flicker (1/f) noise (M1f ).

=0 FE ASIC .
CT = Cdet+ Ccab|e+CESDJﬂp +Cgs1+Cgm+CPCE



Noise at CSA output - detailed considerations

AGH .

all devices forming the core amplifier and its feedback network

contribute to the overall noise,
usually only a few of them have a noticeable impact on the total ENC
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”"CMOS Front-end Electronics for Radiation Sensors”



Noise at CSA output - detailed considerations
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e t;—falling time, related to the CSA
feedback capacitor discharge time
constant

e T, -rising time, related to the CSA
bandwidth (~40 ns for the CSA GBW
~9 GHz) -> the input of the CSA
bandwidth has no strong impact on
the ENC

VO ut

Preferably, the total noise is
limited to the one produced
by the input transistor. The
noise introduced by other
devices can be neglected.




Noise at CSA output - detailed considerations

Series, Voltage Noise => convert to currentby 2 sC#
White series 1/f series noise
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on the CSA transfer function
* The noise spectral density at CSA output is dependent on the

total input capacitance (including detector capacitance),
feedback capacitance and CSA load capacitance.




“ Noise contributors

0-)< \O\N el

Source | Typ. value Used for calc.

Rpins 500 Q- 1.5 MQ | 1.5 M2

Tjet 1-8nA/em 4nA

Igspn | 1-10nA 9nA

IESD}] 1-10nA O9nA

Ry SMQ-30 MQ 20 M

Ry 10.5 Q/em 42 €}

Reapte | 0.635Q/em 12.7 2

Rinter. | 10€2-250Q 150

M 41, Tech. dep. a = 05 ~v = 1,

9,,=0.044 A/V
Figure 1: Components of the current noise. Figure 2: Components of the voltage noise.
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- AkgT  4kgT 2 4 1
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Input transistor flicker noise
14
2 _ f
Ung = CoxWLF

Total noise at shaper’s output:

ENC? = ENC;*+ENC,*+ENC,y,;* - ENC? = 1, A;- in2+rip -2 Ay CpP 4 Aq g Vyg* Cr?

where Ct is the total capacitance connected to CSA input: C, = C, + C;p+ C i + Cpgr,

A, Ajand A, are weighting coefficients for thermal, current and flicker noise respecitvely (depending on the filter type
and order) and T, is the peaking time.



M ]JJ ENC calculations — shaping amplifier’s output

AGH Aw Ayjf A;
CR-RC 0.92 3.69 0.92
CR-RC? 0.85 3.41 0.64
CR-RC3 0.93 3.32 0.52
CR-RC* 1.02 3.27 0.45
CR2-RC 1.03 4.70 1.00
Complex conjugate poles, 3" order 0.85 3.39 0.61
Complex conjugate poles, 5t order 0.96 3.27 0.45

The total noise at shapre’s output containing simplified expressions for each type of noise:

1 4KT
ENC? = A, ——Y

where g and y are parameters of the CSA input transistor:

Ips . . 1 1,1 if
Im =2 f(if), fip) = LY =+
™ ner d \/if+0.5 JiF+ 2 ol
Decisions (ASIC): Decisions (Sensor):
- Minimize Ry, (¥50%) | -  Minimize Al strip resistance

- Remove ESD - Maximize R, (>5Mohm)

Cr’ + AK;Cr” + Aitp[2q(Tger + Isp) +

4kT N 4kT
Rpias  Ryp

ASIC: Weighting coefficients of
filters and peaking time can be
used for multi-dimensional ENC
minimization based on given
conditions.
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Results — EKV model and simulations
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Simulations results — various shapers architectures

* Ry, NOisy,
* ESD attached,
e detector model + shunt bias resistances+ interconnect

* Ry, noisy,
* ESD attached,
* pure capacitance (20 pF),

» detector leakage equal to 0 and 5 nA.

series resistances,
detector Ieakage 5 nA.
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the double-sided sensor used for @LE w $| l@ °T
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Simulations results with LDO — various shapers

AGH

* LDO noise model (VECC LVR),
* Ry noisy,
* ESD attached,

* detector model (detector length 4

cm, cable length 49 cm),
* interconnect series resistances,
e detector leakage 5 nA.

Output Noise Voltage Density vs. Freq
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According to simulation results power
supply lines inside the chip filter the
supply noise to only a small excent,
which is not noticeable in the output
noise level.




Noise sources — SMX2 chip example

AGH
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Noise-related changes:

- Make sure biasing resistance of sensors is enlarged > 5 Mohm
- Minimize series resistance of pad-to-CSA connection (10, 25 Ohm)
- Remove ESD protection and extend power lines



m UJ New channel architecture
(UMC180, mini@sic, run:july 2018)

AGH
Key features:
1.5x1.5 mm - Eliminate PSC (inverting stage): equalize noise for both polarities
6-8 channels - Switchable shaper architectures:
4 single-ended, 4 differential - Complex conjugate poles (3" order)
digital interface for configuration - Improved CR-RC? architecture

Pseudo-differential architecture to reject power supply noise and
digital interference (next slide)
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Channels’ architecture — (pseudo-)differential

RST (applied externally)
AGH ap[ili- externally

CSA replica (scale?)

Shaper architecture: 1. CR-RC?; 2.
Complex conjugate poles 3 order,

switchable

>
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Fully differential folded-cascode operational
amplifier with common mode feedback

shaping amplifie

Polarity selection switch may be implemented at two stages:
1. before the shaping amplifier; 2. after first stage of the

Optionally: adding a digital register generating
noise to check system immunity to substrate
noise induced by digital part switching activity.

PAD
x1

X1

Eliminate power supply
noise (LDOs contribution
quite high!)




Il

* There are multiple contributors to the total noise of a detection system.

e The total preamplifier input related noise (ENC) depends also on the total
input capacitance, peaking time and weighting coefficients (shaping
amplifier transfer function).

* Proper selection of the shaping amplifier architecture and peaking time
value can decrease the total output noise by a few tens of electrons.

 The more severe effect on the total noise can be attributed to the power
supply noise.

 CMRR of the pseudo-differential shaping stage can prove useful in rejecting
power supply & digital —related noise sources at the cost of power|noise
penalty.



Thank you for your attention.
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