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ALIBAVA (A LIverpool, BArcelona and VAlencia) System

is the first compact and portable
system for the characterization of
microstrip semiconductor radiation
detectors.

PLUG&PLAY
works with
Windows,
Linux and

Mac OSX

The Educational Alibava System 2




; sverige |
Island )
(lcseﬂ’ﬂd) {3Negen) \ Poccua
(Russia)
Canada TN -t
5 2. oo WE 0% Y N N\
: ;) Ykpama e T gl AL
— AL o~ ine)y? ! 3aKCTaH e -
“\ ”\ “ (Ukulne) (lgza tan) : r o M(m];‘.y.‘)‘f \:F?
L ;Y —y PN e, LB
i S Turki N
rth ' Qe Dt North (Ttlk'ey;) ™ N3 7 FE “}9"'* (-Q'
ific Atlantic o 5 —r (China) South
2an Sl Lall - ) (A?ghmmn)
Ny Ocean |):J| ("GQ) (Iran) - uul: N
México (Alqem) (leya) {qup ) a, EM' (Palustan) —\b\é o))
; | i e %0 Rt
(Mexico) | l . :";" 2) India "&; l‘ ',',"}S]’
a
4, e e
"y Venezuela N Fell ngem gl (’e‘ﬁﬁf) "
N “"““;b’aom, ________ © SU— ;
S _" Brasil B / Tanzama Indonesia Pa ng
Pen.'l» i ) .
(Peru)‘l"ln/\_fa‘nlo Angola, " {
Bolivia — S/ Y i
UEE Namibia - | F"ad‘ag“ih'? Indian
South IR South ~ 8 y Ocean Australia
Pacific 4 ] Atlantic 3
Ocean / g Ocean o

Developed by
University of Llverpool, CNM-IMB in BArcelona and IFIC in Valencia.

The development was supported by CERN-RD50 to find the technology for the
silicon sensors in the trackers for the HL-LHC.

The system is used by over 30 particle physics institutes in Asia, Europe and USA.
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- Educational Alibava SYstem

DETECTOR board
with micro
positioners to
scan strips with
source and laser
and self trigger

ALIBAVA

EASY - Educational Alibava System

OK
ACTIVITY BO
FOR STUDENTS

Compact CONTROL BOARD with
HV power supply

Educational
Laser EASY it e @) ALIBAVA

TRIGGER INPUT

; DBINPUT ‘@ @ ‘;":) (3.;:) S
o

We have prepared an “educational version”
of it suitable to make experiments with

silicon detectors at the lab.
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E.CONTROL UNIT

——

A control unit, the only object that needs to be plugged into the wall socket.
U Provides de HV for the sensors and measures the sensor current.
U Has a laser system to test the sensors.

U Has the “brain” the controls the whole system according to the commands
from the DAQ software

Dimensions: 169x52x120mm3 (WxHxD)

Front Panel

3 Laser source

.  Wavelength: 980nm.
* 5ns Pulses width

e Optical fibre output.
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Contains the sensor, the
front-end electronics and a
diode to provide a trigger for
the acquisition. It also uses
the Beetle chip self-trigger as
an alternative to the diode.

Back

AAAAAA

Micro-strip
detector

“BEETLE” BT T
ASIC - ;

......

Beetle: Developed
for LHCb

Self-Trigger
output signal ——> |

Diode Trigger output signal
The Educational Alibava System

Diode
for
trigger

r

A

Self-Trigger
<—— output signal
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Diménsion: 82x32x120mm3 (WxHxD). Micro-positioners \
Optical fibre -
socket l F

Radioactive
source

e I

receptacle

Laser position Radioactive source position

Front Panel

With the micropositioners we can
“hit” different channels or positions
between channels with both the
laser and the radioactive source.

Sontr lP )X de Trig

iod
@
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All the parts together.
Connected to the computer via USB 2.0

Optic fibre

. Trigger

LEMO

y

7 7 7

Flat cable Flat cable Trigger LEMO

=
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Educational
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JE DAQ SOFTWARE

Acquisition software
The system includes a specific data
acquisition software and data
analysis tools to demonstrate and
visualize the operating principles of
the silicon strip detector.

£ExXx Educational Alibava System - EASY

Runtypes——————————
(O Calibration Calibrat

14294
0 0:00:04 | O Laser Sync. Laser Sy
3204.3 Hz

[ Running (click to stop) J

N. of triggers

Elapsed time
Rate
Efficiency 100.0 % | O Laser Run Delay |200

@ RS Run Trigge

IMax. no. of events| 100000

] (O Pedestals

[ é Reset ]
| LogData
‘ Reconnect

Signal | Pedestals ] HitMap ] Time ] Event display ] Noise/Common mode ]

@ Spectrum () Raw Data [ ] Time profile | Reset Histogram

X EZT4AY 191712

2 .of entries x10°
) 02 ) 02 0.4

Signal (ADC) x10°

4 | Run Started
17 | Run finished
54 | Events/sample: 100
54 | Run Started
27 | Run finished
27 | Events/sample: 100
27 | Run Started

07/24/2015 - 15:45:4.
07/24/2015 - 15:46:
07/24/2015 - 15:46:
07/24/2015 - 15:46:
07/24/2015 - 15:47:
07/24/2015 - 15:49:
07/24/2015 - 15:49:

S
Run Started
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JE DAQ SOFTWARE

Acquisition software
The system includes a specific data
acquisition software and data
analysis tools to demonstrate and
visualize the operating principles of
the silicon strip detector.

|Max. no. of events| 100000

[ é Reset

Signal | Pedestals | HitMap ] Time ] Event display = Noise/Common mode ]

®e®® Educational Alibava System - EASY

Runtypes—— ———
[ Running (click to stap) ) [o caibration Calibrat
N. of triggers 40838
Elapsed time 0 0:00:13 |O Laser Sync. Laser Sy
Rate 3214.7 Hz
Efficiency 100.0 % | O Laser Run Delay |200

@ RS Run Trigge

(O Pedestals

| LogData

‘ Reconnect

oY 0 W:0Y: O
smPedes‘tals (ADC) Noise (ADC)
525
520
515
510
505
500
495 * L 1 1 1 L L
o 20 40 60 80 100 120 0 20 40 80 B0 100 120
Channel Channel
07/24/2015 - 15:53:44 | Run Started
07/24/2015 - 15:54:16 | Run finished
07/24/2015 - 15:56:56 | Events/sample: 100
07/24/2015 - 15:56:56 | Run Started
07/24/2015 - 15:56:59 | Run finished
07/24/2015 - 15:59:10 | Events/sample: 100
07/24/2015 - 15:59:10 | Run Started

Flun Started
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SEYRSETRE M _ S

xx Educational Alibava System - EASY
Acquisition software [ Puring ek 05 ] (e
The system includes a specific data Elt;“eé’?m o 00021
acquisition software and data| [ =
analysis tools to demonstrate and ‘M*""““"*e“‘*“‘““”""” o 1’
visualize the operating principles of
the silicon strip detector. o T e e T e

(@ Raw Data () Signal
X0: B3.4 YO 564 X1 78 ¥1593 DX -5.46 DY 329 diidy

" t 07/24/2015 - 15:46:54 | Run Started
07/24/2015 - 15:47: Run finished

6:54 |
\ 7:27 |
g 07/24/2015 - 15:49:27 | Events/sample: 100
07/24/2015 - 15:49:27 | Run Started
0:00 |
3:44 |
3:44 |

07/24/2015 - 15:50:00 | Run finished
07/24/2015 - 15:53: Events/sample: 100
% \ 07/24/2015 - 15:53: Run Started
] I

|Run Started
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E DAQ SOFTWARE A

<
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xx Educational Alibava System - EASY
Acquisition software [ Puring ek 05 ] (e
The system includes a specific data E.t;“eé’?m s 90008
acquisition software and data| ==, =
analysis tools to demonstrate and ‘M*""““"*e“‘*“‘S"“”""" o 1’
visualize the operating principles of
the silicon strip detector.

Moise (ADC) Common Mode (ADC)

07/24/2015 - 15:46:17 | Run finished
07/24/2015 - 15:46:54 | Events/sample: 100
07/24/2015 - 15:46:54 | Run Started

0 B0 100 150 200
07/24/2015- 15:37:52 | Run Started

3 07/24/2015 - 15:38:25 | Run finished
07/24/2015 - 15:45:44 | Events/sample: 100

, 07/24/2015 - 15:45:44 | Run Started

] I
|Run Started
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User's manual and

Exercises book

The kit incorporates the user
manual and a specific
exercises book ideal for
introducing the student on
the high energy physics/
particle physics
experiments.

ALIBAVA |

i m
Y- Educational Alibava Syste \

EAS

OK
ACTIVITY BO
FOR STUDENTS
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Signal and Noise

The students will be introduced to the
concepts of pedestals, noise (its
dependence of the noise with the reverse
voltage), cluster size and signal to noise
ratio (SNR). This is an important aspect
from the operational point of view to
distinguish the genuine signals from the
electronics noise.

Mean Noise
350
3.00

%1_:§5HHHHH

150
000 2000 40.00 60.00 80.00 100.00

Reverse voltge (Volts)

Padactale and naica

Cluster size

Micro-s
(back

Diode trigger
trigger modes :

Self trigger
minimum

* Diode mode:

ionising particles
crossing the detector.

« Self trigger: suitable for particles
absorbed in the detector.

Trigger modes
The EASY system includes tow

suitable for

Diode for
trigger e

trip sensor
side)

- Threshold scar

of an individua

channel for the
self trigger

Passage of particles through
matter
The signal formation in the silicon sensor
is due to the ionizing energy loss of the
incident particles. The EASY system allows
studying the collected charge and the
analysis software displays the histogram,
which finally is fitted using a Landau

Strip structure, charge
sharing and position
resolution
The EASY system includes a pulsed
laser to study to structure the
strips. Depending on the point of
incidence of the charge collected
can be shared between adjacent
strips. Students can investigate
the effect of charge sharing in the
position resolution of a strip

detectors.

STRIP NUMBER

Surip 41

-
T T

LASER MODE

Spectrum with Time cut (30 , 60) |

distribution convoluted with a Gaussian.

Charge deposition and pulse

reconstruction of a mip
particle (Sr90)

DIODE TRIGGER MODE

Charge collection, depletion
voltage and electric field
The incident particle creates
electron-hole pairs all along its
pass through the sensor bulk. But
only those pairs created in the
depletion region contribute to the
signal thanks to the electric field,
which drifts them away. Therefore
the signal depends on the size of

the depletion region.

Charge collection

10
o so 100 1s0 200 250

Reverce voltage (Volts)

Increasing of charge collection
with the depletion voltage for a
mip particle (Sr90) in a 300um
strip detector.

DIODE TRIGGER MODE

The Educational Alibava System
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Signal and Noise

The students will be introduced to the
concepts of pedestals, noise (its
dependence of the noise with the reverse
voltage), coherent noise, signal to noise
ratio (SNR). This is an important aspect
from the operational point of view to
distinguish the genuine signals from the
electronics noise.

6.5 ® Chanels 1-128

6 i O Chanesl 40-80
g 5.5
2 % Noise .vs. Ve,
§ 4.5

ALY RRRNY

3.5 ; o 40 60 30 100 120

Reverse bias voltage (V)

The Educational Alibava System

Common mode
T T

I =0.532 0=9.7 [

0 1000 2000 3000 4000 5000
Event number

0 20 40 60 80 100 120
Channel number

16




- ALIBAVA

Passage of particles through

matter

The signal formation in the silicon sensor
is due to the ionizing energy loss of the
incident particles. The EASY system allows
studying the collected charge and the
analysis software displays the histogram,
which finally is fitted using a Landau
distribution convoluted with a Gaussian.

Sr-90

I mode 91.3 sigma 16.0

0 50 100 150 200 250 300
Energy (KeV)

The Educational Alibava System 17



Energy deposition of a gamma, beta and X-ray
sources

B mode 86.4 sigma 12.7 B mode 63.2 sigma 3.1 B mode 72.6 sigma 15.4
2500

DIODE TRIGGER Ezooo SELF TRIGGER SELF TRIGGER

.
.
'S 3000
:
: i 59,5KeV
: :
5 8 ,oKe
:
Z 10

: 8" (mip) H (mip)
P gamma

40 60 8 300
300 Energy (KeV) Energy (KeV)
Energy (KeV)

SELF TRIGGER

30 KeV X-
ray

oooooo
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Charge collection, depletion

voltage and electric field

The incident particle creates
electron-hole pairs all along its
pass through the sensor bulk. But
only those pairs created in the
depletion region contribute to the
signal thanks to the electric field,
which drifts them away. Therefore
the signal depends on the size of
the depletion region.

Charge collection

O 26

x 22

0 50 100 150 200 250
Reverse voltage (Volts)

Increasing of charge collection
with the depletion voltage for a

mip particle (Sr90) in a 300um
strip detector.

DIODE TRIGGER MODE

The Educational Alibava System 19
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Strip structure, charge
sharing and position
resolution
The EASY system includes a pulsed
laser to study to structure the
strips. Depending on the point of
incidence of the charge collected
can be shared between adjacent
strips. Students can investigate
the effect of charge sharing in the
position resolution of a strip

detectors.

Laser

STRIP NUMBER

Laser scan

0 [“Strip 39 Strip 40 Strip 41
e

\
\ “
h
Dy, - - - e
ASASALRE
4 A
3 -
A — f o W
P r e ™ ™ ™ Tl

P 8 33RR3ERFRIATANICANAAGRAREIRARIAERES

-------
micons

LASER MODE
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EASY
Educational Alibava System

The system is a perfect tool to learn about the
signal formation in semiconductor sensors and its
processing.

ldeal for Physics and Engineering students

following courses on radiation detection
iInstrumentation.
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