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Bergen pCT - Design

* Conceptual design

Ref. Universe 2019, 5(5), 128; https://doi.org/10.3390/universe5050128

Beam Sampling

calorimeter

Patient

Tracking
layers

* Extremely high-granularity sampling calorimeter
> for tracking, range and energy-loss measurement

* Technical design (Sampling Calorimeter)

> Planes of ALPIDE pixel detector as active layers and
> aluminum (3.5 mm thick) as absorber
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Bergen pCT - Design

* Conceptual design
Ref. Universe 2019, 5(5), 128; https://doi.org/10.3390/universe5050128

Simulated ion-beam
Beam 3 Sampling shower in digital calorimeter

calorimeter

Patient

Tracking
layers

* Extremely high-granularity sampling calorimeter
> for tracking, range and energy-loss measurement

* Technical design (Sampling Calorimeter)

> Planes of ALPIDE pixel detector as active layers and
> aluminum (3.5 mm thick) as absorber
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ALPIDE - Introduction

ALPIDE - ALice PlIxel Detector
Developed for Inner tracking detector of ALICE experiment at LHC, CERN

(ALICE is Heavy ion physics experiment — Quark-Gluon plasma studies, early stage of universe)
Monolithic Active Pixel Sensor (MAPS) chip

MAPS - image sensor where each picture element (pixel) has

> photo-detector + active amplifier + memory (pixel are pm in size)

Monolithic — sensor and electronics in same silicon

(hybrid: sensor and readout electronics separated)

hybrid monolithic _

* Produced using CMOS technology
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What is CMOS?

* CMOS — Complementary Metal Oxide Semiconductor

e Semiconductor fabrication process uses pairs of n-channel MOSFET (NMOS) and
p-channel MOSFET (PMOS) for logic functions

* CMOS technology is used for fabrication of Integrated Circuits

(Microprocessors, Micro-controllers, memory chips etc.)

- sl - S N vdd
—q|_ PMOS
A—  +—Q
—|[ NMOS
p-substrate
Vss

Cross-section of two transistors in a CMOS _
gate, in an N-well CMOS process CMOS inverter
(High —in —» Low — out
and vice versa)

(MOSFET — Metal Oxide Semiconductor Field Effect Transistor)
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ALPIDE Specifications

* Produced by Tower jazz in 180 nm semiconductor manufacturing process
(180 nm is the least distance between the transistors produced on the Si wafer)

 Dimensions 30mm
> Chip size 15 mm x 30 mm
> Chip thickness 50 pm or 100 pm
> No. of Pixels 512 x 1024 pixels (~ 0.5 M)
> Pixel size ~ 27 pm x 29 pm

ww GT

* In pixel amplification and discrimination and three data registers (1 bit each)
* Global shutter (STROBE), triggered or continuous readout, 1.2 Gbit/s speed link
* Zero suppressed readout: only hit pixels info. processed

 Performance

> Efficiency > 99% for MIPs, Heavy ions
»> Max particle rate 100 MHz / cm?

> Fake-hit rate < 1078 hit/event/pixel

> Spatial resolution  ~ 5 pm

> Power consumption 300 nW/pixel MIPs: Minimum Ionizing Particles

UNIVERSITETET I BERGEN




Department of Physics and Technology www.ift.uib.no 7

ALPIDE — Working Principle

NWELL TRANSISTORS NWELL
DIODE NMOS PMOS DIODE
1
Vst
PWELL GND
,' = Vge
DEEP PWELL / —

/Drift

NWELL PWELL
DEEP /PWELL

Epitaxial Layer P-

N-well diode, p-type epitaxial layer (~25 pm) and substrate

Diode size (2-3 pm) — very small than pixel size — low capacitance — high S/N

Possible to reverse bias (up to -6 V)

Drift e- reaching the collection diode induce a current signal at the input of transistors

Deep PWELL shields NWELL of PMOS transistors
— allows full CMOS circuitry in active area
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ALPIDE — Working Principle

NWELL TRANSISTORS NWELL
DIODE NMQOS PMOS DIODE
1
VRST
PWELL NWELL A/ PWELL GND
," I-—:- VBB
DEEP PWELL DEEP /PWELL v

/Drift

e feDiffusion

N, ~10% cm™
Epitaxial Layer P-

N-well diode, p-type epitaxial layer (~25 pm) and substrate

Diode size (2-3 pm) — very small than pixel size — low capacitance — high S/N

Possible to reverse bias (up to -6 V)

Drift e- reaching the collection diode induce a current signal at the input of transistors

Deep PWELL shields NWELL of PMOS transistors
— allows full CMOS circuitry in active area

>
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ALPIDE — Signal Processing at Single Pixel Level

_____________________________________________ | 5
| Inputstage  VPULSE * | I Pixel analog Front end ! Ix Multi event
: ! ! | buffer
! fese! Cui | , | STROBE
: e T 230aF : | I STATE
! | PIX_IN | ouT_A : >
: ! i ! OUT_D
1 1
! r'y Collection | ! | Hit Storage
A |
Cit~2.5fF @ -6V, diode v G v1.6fF : Latch

- b I | THR i
! —g suE l ! | |
____________________ | R |

PIX_IN OUT A 5-10 us

V4 t~=10ns V-~ s peaking time - -

" J OUT D
AV=Q/C V threshold — —
! t > 100 us J N — STROBE

| >t

* OUT_A: Upon particle hit front-end forms a pulse with 1 to 2 ps peaking time
 OUT_D: Global threshold for discrimination forms binary pulse (OUT_D)
 STATE (Latch): Global shutter (STROBE) latches the discriminated hit in memory
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ALPIDE — Front-End Scheme

VDDA  Nine transistors
J J  List of DAC parameters:
IBIAS IDB
D—d[ mo > E trol pulse shape, threshold etc.
\\csom THR .—ol M7 (control pulse shape, threshold etc.)
3 source D—oO| M4 VRESETP
C
XN o, ] OUT D VRESETD IAUX2
L 4 VCASN —D VCASP IRESET
VCASP :—l e VCASN IDB
D—O| M2 ._Ollt Me +l VPULSEH IBIAS
T ”: M8 VPULSEL ITHR
curfeed] Cout A — VCASN2
M3 -
| _ <3 VCLIP
#KCcurfaed VTEMP

<

GNDA
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ALPIDE — Detailed Block Diagram

Matrix
:’""1'6 """""" Region '.,'Fa}?_;l 'Reg!  IReg!
T N
H Hi I R
HE T
1k W
: : A Analog noono
Pixel Matrix HE R [/
1| = Dig ooy
M e ‘| [N ] 1 1
1| 2 O "y " 1 1 i
1|l 3 Ny
11 L] hy | | |
[} ll I 1 1 H
i " 1 H 1 H
[ T [ I PR | JVNL Y N | L
A T“T A T Analog Refs DACs
L. . Config Pixels
Digital Periphery | 'U’
Pixels Config Region Readout Unit 1 RRU|JRRU RRU
Management 2 3
Efmm 128'24b
T STy TEMP
DAGS GTAL SENSOR
COMFIGa L ADC ADC
Registers | pacs crRL 3 24b*40MHz ADC_CTAL CONTROL >
CMDs T BANDEAR
__b ]
Ccmd Reg | [ sorr_Reser = AN 321 DATA MUX 7
i 5
A

D. .t I P . h II ! 24b*40MHz A
Igl a erlp ery TRIGGER Ffé?n'i';” TRU Top Readout Unit 24040 MMz gusy se BLISY _MON
cMu —| o op Readout Uni AE MBMU BUS‘ft Rl
Cantral h&i%agement susy mon | Management a”agnﬁi'tm'a”
CHIFIDE:D) WET
CHIPID Pads
=< BTUInterlace | 24b
— B0/106 <::| DMU Data Management Unit
wer-Ln

4b 80 MHZ

Reset
300°40 MHz
TGLM{J +GLK4{J

DTU
Data Transmission Unit

— ﬁ Yo
o
s
2
(]

RST_N‘E D>—
POH_DISH -[}—:-
o
NEX]
ctRL[X] '@: <
&
NIX]

oatart) [X] '[g:
paTAl2] [X] '[gj

vh
X

BUSY |Z| [g
DACMONV'Z W=
pacmont [ [-w-{=

HSDATA O N

DCTRL_P
DCTRL_N
MCLK_P
MCLK_N
DCLK_P
DCLK_N

HSDATA_ O P
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ALPIDE — Simplified

30 mm
" ; A:
1024 x 29.24 um = 29941.76 um i
pads over matrix
E L . . L L
=
o
- 5
Tl : o
= i | i
£ ik 1 £
= o -
Soldering pads ¥
Analog DACs ! -
S f i
., |
- . - I
Digital Periphery “‘a\w i
W e o e & @& @ M&" L] e @ e @ é e © & @ @ o @ 5 1.208 mm

* Pixel Matrix (32 readout regions x 16 dcol/region: 512 dcol in total)

* Digital Periphery (several modules and DACs)

> Region Readout Unit (x32), Frame and Readout Management Unit,
Busy Management Unit, Data Formatting, Management and Transmission Unit

> 11b ADC for DAC controls, Temp sensors etc.
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Matrix Readout

1024 pixel columns

|

|

B D B D B D B AMP COMP
0110 OO - 0OLIC BEE\‘ > {}
D80 OF0 - DED OE0 mlf =
e Qg Ulat) Uil Oyt In pixel
S B IR B el r 18l Amplification
g D{:;D D%D D%D D%D Discrimination
D%D D%D D%D D%D 3 hit storage registers (MEB)
= =i - Oi=id Ol
Lo O O L
T T T T

Bias, Readout, Control

Readout pixel state register — priority encoder circuit arranged per double column.

Sequentially provide address only of hit pixels — zero suppression, fast readout

Every clock cycle the hit pixel with the highest priority is readout and then reset,
so that the next one can be treated in the next clock cycle until all hit pixels have been read out.

The readout is controlled at the chip periphery with a signal synchronous with the clock
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ALPIDE — Interface Pads

Two possible connections schemes:

(1) Pads over the matrix and (2) Pads at the periphery

1024 pixels / 3cm

interface pads over  used for wire

matrix bonding on
modules

/

290um

Wo Qe T /s|axid ZT1S

<+«—— pixel matrix

analogue biasing and
digital interface circuitry

| WIZT0
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ALPIDE — Data Acquisition

ALPIDE on
carrier board

Small pads at the periphery
used for bonding
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ALPIDE — Threshold and Noise

How to measure the pixel threshold?

The challenge: The solution: ‘S-Curve scan’
» Measure an analogue property in * Pulsing the pixel input IN using a capacitor C,;: by applying a
absence of analogue outputs voltage step using a switch

* Injected charge: Q;;; = Ci; * (Veuise nigi~Veuse Low)
Puser * Variation of voltage step using on-chip DACs

v b— |n| .
| vzﬂtzi ':wa —{— * Sampling of the digital output HITh, counting how often a pixel

Swilch

fires for a given Q,;

Amplifier/Shaper Discriminator

VRESETD; |

IN :
° . HlT. HITh

i Collection :

i Electrode ;

Threshold

Inner Tracking System | ALICE Week | August 26th, 2019 | Felix Reidt
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ALPIDE — Threshold and Noise

The S-Curve (for single pixel)

Transition zone
Charge Threshold Q,,:

- charge for which the
pixel fires 50% of the time

Thermal Noise @

- Transition zone width / steepness of the

S-Curve

Determination of the parameters:

Firing Probability P of HITb

- Fitting the S-curve function to the data:
> gives threshold and noise

- Numerical derivation + finding the maximum:
threshold only, but simple and fast

Inner Tracking System | ALICE Week | August 26th, 2019 | Felix Reidt

UNIVERSITETET I BERGEN




Department of Physics and Technology www.ift.uib.no 18

ALPIDE — Threshold and Noise

The S-Curve (for single pixel)

15 B :
S I —
Z |- : : : : :
0.8/ | %2/ ndf 0.05406 / 1
- | Prob 0.8162
0.6 = j
o Threshold 99.63 + 0.7949
0.4l | Noise  5.474 0.6222 |
0.2
0‘.,.ii.i.ui »r | L0

0 20 40 60 80 100 120 140 160 180 200 220
Injected charge [electrons]

1 .
P(q) = 5 Erf q—ﬁ?ﬂ

Figure taken from PhD thesis M. Suljic

>
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ALPIDE — Threshold and Noise

Thresholds MAP
E S0 / - #
= &
3
ang JE
= Mean: 64.6 &
g AMS: 11.4 e
300 5 5
ks
&
E
= g Thresholds
g
£
PR NN T SN W [N N S T N SN SO M S AN S I
1000 150 200 250 200 350
Column Thweshald [&]
Noise Map a5
i f
o 140—
LA
‘% 12!:1:— Mean: 5.6 &
= -
» sanl—- RMS: 0Be
@ C
2 [=
o 80—
E -
* EE
= - -
o S0 Noise
B B
= 40—
20—
n: | I I 1 I

=
i
—
=
T
B
%]
th

a0
Caliima Modse [¢]

19



2
ALPIDE - Threshold Tuning

Threshold Tuning 54 alpides .
Before Tuning = po
o t_usnam
25 t_:
511 F wosom
H ik il untuned
H £ zonmon
“"E 250080
j OE E 11..=mlmmc|
Codurmin [pa] &
After Tuning ) = Jﬂ:ﬂer umg, zoomed A
] e R e
511 i 51148 "
~ aug - g
'Ifll: E
a
5
Columin [px] '] {.‘- .. 1023 - g

Calumn [px]

- Adjustment front-end parameters to equilibrate the charge threshold of all chips

Inner Tracking System | ALICE Week | August 26th, 2019 | Felix Reidt
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ALPIDE - Response to Electrons
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Wsr
Tija = 28.74 years

3N\D.546 MeV
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ALPIDE - Response to Alphas and Soft X-rays

- : 3
a00F- Alpha particles . g
= 231 Integral 22
soof- = “F Alpha cluster | '
= . a L | 1 B - —2 229 :—
370E- 1 Ll 28]
360} JP— 15 227
m g N _ = =
E b B . —1 E
340~ " ' 225
330 ;— - 224 ;—
320 23 | | | | !
= L L Rk ¢ B B 56 58 50 522
400 450 500 550 600

0 200 400 600 800 1000
Soft X_ rayS ALPIDE fl\:?g;rsenﬂ::;; 30x1s
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Micro Beam Test

Aim: Study the effect of beam position on cluster size

Test done at Australia Nuclear Science and * Test parameters
Technology Organization (ANSTO) in Australia > Ton beam Helium-4
| / o > Energy 10 MeV (0.1 MeV)
> Beam size 1 pm
> Rate 2 k to 10 k ions/sec
> Trigger freq. (period) 100 kHz (10 ps)
> Bias Voltage OVand-3V

ALPIDE on
carrier board |

ALPIDE inside the vacuum chamber
ALPIDE tilted by ~ 5°

Beam direction shown by Red arrow
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Micro Beam Test

* ALPIDE surface was raster scanned 0000
> Spot size 1 pm 06000
> Area 128 x 128 pm? 00090
> Dwell time 200 ms / spot 0000
> Single pixel size 27 pm x 29 pm o0 000
0000
o0 000
Beam1 Beam?2 Beam3 Beam4 Beam?5
(NPV\_JEI_II)_ DIODE (Np\Terﬁ)L PIoDE 0 000
C k'ﬂ I Vest Dot — beam spot
PWELL NWELL PWELL . . .
T Ves Red arrow — beam spot moving direction
. N\ e 7 Dwell time — the time spent by beam on a dot
l\ / l\ /
— 1T —
Epitaxial Layer P- \/ \/ \/ \/ \/
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Scanned Area
s F
> He4 beam energy 10 MeV e 240 .:m‘
> Beam freq. 10 kHz 220 -
B — 10°
> Dwell time 200 ms/spot sool- 5
> Bias voltage 0V : e
180 — =
2500 160} "
o L B
4':'0:_ 140= A);Im' 520 640 660 680 1
- S v Column
300 =
E / = 107
200 g \ ' B
- \ -~/
100 Scanned area "
. 4.4 x 4.8 pixels (128 x 128 pm?)
T N TN B SR
% 200 400 600 800 1000

Column
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Cluster Size: High LET Micro Beam

Data set selected for few spots

>... —
% 100F- clustermap https://doi.org/10.1016/j.nim.2019.162626
8‘ = Entries 2398
L% 350 Mean 28.74
- | Std Dev 2.967
3001 Constant  390.3+ 10.0
250 || Mean 29.39 + 0.06:
- |iSigma__ 2.309 £0.034:
200
150
100
so- Preliminary
O:l—I_ll_Illlllll_l\ I|II\\‘IIII |||\\\I|IIII
0 5 10 15 20 25 30 35 40 45

50
Cluster Size (no. of pixels)

Possible to record heavy ions with ALPIDE!

LET: Linear Energy Transfer

UNIVERSITETET I BERGEN
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Cluster Size Map

Hehum beam https://doi.org/10.1016/j.nima.2019.162626

- ......... ...... 'E_%.ISS

P
i
I
w
o

;Fn-
-

|

N
[6)]

el
e H 1

!

o

l‘l1-.ﬂ | |
|
5

Avg. Cluster size

....................................................................................

Beam spot position in Y-direction (micrometer)

40 60 80 100 120
Beam spot position in X-direction (micrometer)

Clusters are dependent on the beam position

Clusters are rather constant in vertical bands visible on various X-values
Clusters could be smaller
when the beam is positioned in the vicinity of collection diode than in its periphery

No direct impact on particle tracking: cluster center is used for particle tracking
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Avg. cluster size vs. Event number

Event number — X - position — Irradiation time
43

Event number with an average of 300
40

Cluster size
] T 143
Lh = Lh

[
=

—
Lh

https://doi.org/10.1016/j.nima.2019.162626

AR T A A T SO R R S
50 2000 4000 6000 8000 10000 12000 14000

Event number

[
[l

* Beam moving from left to right, across the columns

* Oscillating pattern:
> Some areas are slightly more sensitive than others due to process variations

> Rise in temperature, chip was in vacuum — cooling required (~ 20° C)

2> Small increase in noise due to irradiation

UNIVERSITETET I BERGEN
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Noise Map: Irradiated ALPIDE

* Scanned two places in ALPIDE:
> 2 kHz beam freq. (at Right) and 10 kHz beam freq. (at Left)

215 https://doi.org/10.1016/j.nima.2019.162626

Y-position of pixel
&

-

195
"

190

a5 1.3 kGy / 130 krad 13 kGy / 1.3 Mrad
(~1 M pCT scans ) (~10 M pCT scans))
180 ] ]

175 640 650

X-position of pixel

* Increase in noise but ALPIDE was working — No serious issues!!

UNIVERSITETET I BERGEN
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ALPIDE Telescope Experiment at HIT, Heidelberg

Aim: Ion tracking, clusters vs. ion energy (LET)

Test setup at Heidelberg Ion-Beam Therapy Center (HIT)

’ lon beam

exit point

Telescope — 3 ALPIDE

Beam energy
(MeV/u)

Collimator Helium @ Proton

, . 50.57 48.12
100.19 | 200.11
. g - 150.11 | 221.06
¥ Al absorber (3.5 mm thick)
. _ " ] v 200.38

ALPIDE sensor 220.5
coupled to DAQ board

y
.
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Beam Alignment

“ Alpide #1 - Alpide #2 '
IIH—1£':|HH—10H.‘4E|IHI0I“‘5“"1:0”I IH—1E:IH—10H.‘-5IHIOIHISMH1‘0HII15;(IU;";1) . IH—15‘IH—10H.‘-5IHIOI‘IIS“II1OII“5)I<;n;r:1, o
Residual X (Max chi2 = 30.0), sector 0
s F T
#1000 — H Mean  -0.0002835
B d Std D 0.01334
. /| * Energy 220.5 MeV/u
sl
E l (FWHM = 10.1 mm)
Sk ' Std. Dev ~ 13 pm * “He rate ~ 80 kHz
oo~ * Time frame 10 ps
- * Collimator 3 mm
—[b_EI = —IEI'.I15I - I—C:.‘IL I —ID.LCIS = f!i = U.-:Z-JSJ - I(:I'l.‘lI = I[Zl.llﬁI = ICI'.E
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Cluster Size vs. Energy Loss in ALPIDE w/o Absorber

For proton and helium in layer3

T I : ? : https://doi.org/10.1016/j.nima.2019.162626
s Preliminary: ke il
'E 20_.l ........................ ........................ O = e R SN UL I B L BRI Nt s e e e e e e e
e : :
bt H
N - 'y
m -
A | |
o (L] ERWCERANE SR ST W RPN SRCH R NPT e i USRS IS TR T e
7 E
=)
(&) E : :
c — : : : : —e— He with Al Degrader :
oE e : : —m— He without Al Degrader | :
2 10_. ........... ‘ H o P [ e B o e e »— Pr with Al Degrader :
— + T —¥— Prwithout Al Degrader | :
5_# .................................................................................................................................................................
= |
O 1 1 1 I 1 1 [ L l 1 1 1 1 I 1 1 1 1 I 1 1 1 L l l 1 1 1 I L 1 1 1 l
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Mean deposited energy (MeV)

* Tracking of He and p beam is possible down to 50 MeV/c w/o absorber
* Cluster size decreases in proportion with LET
* Proton clusters are smaller than Helium as expected
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Detection Efficiency

Efficiency
o
©
(o]

0.985

0.08f

0.975

0.97}

www.ift.uib.no 33

]

’ He ions

T]Il\l\llll\I‘l\llll\llllll\LJ

- DUTO
-~ DUT1
=DLIT2

40 60 80 100 120 140 160 180 200 220

Energy (MeV)
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Detection Efficiency

6 GeV/cm

9%B—"g Efficiency ~ Fake-hit Rate @ Vo=-3V &
Non Irradiated

TTTTTTT

Detection Efficiency (%)

94— — —=a—  Non Irradiated n

= —e— —o—  TID Irradiated, 206 krad
92— —a— —a&—  TID Irradiated, 205 krad

[ —A —2—  TID Irradiated, 462 krad
90— ' —s— TID Irradiated, 509 krad

= —+— NIEL, 1.7e+13 1MeV n__/ cm’

- - —a— NIEL, 1.7e+13 1MeV n_./ cm®
88 [sensitivity Limit A e

[20 Pixels masked N - BT i
86—

0 200 300
Ref. Taken from F. Reidt slides

500
Threshold (e )

=k
o=
=

=y
(=]
0

_c; =
Fake-Hit Rate/Pixel/Event

o

e -
= =
o &
- =

1[}12

‘>). C
s [ 1 P
] i | :
{5 0.00F- _ P
0.985} | +
0.93:— ‘
0975/ \
- ~DUTO
o He ions oo
l:] | | I | | L1 ‘ |l 15 I 11 \llllll\LJ i DUT2
40 60 80 100 120 140 160 180 200 220
Energy (MeV)
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Detection Efficiency

g ! |
— 4“ = %
< 100 [ T T . acor - € é - ) | |
S ol 1058 150.99 _ - [ 1
g 906 GeV/cn s i . |
e gy . e 1052 I :
© 96—  Efficiency Fake-hitRate @V, B AV, ' o -
i — —— —e— Non Irradiated , 8 0.985 +
- 94— — = —=s— Non Irradiated ) b Y i |
o — —e— —o—  TID Irradiated, 206 krad o -
8 9o~ | —a— —g—  TID Irradiated, 205 krad wE BHEL:
-% [ —A —2—  TID Irradiated, 462 krad 433 EEL
aQ gol— ¢ —s—  TID Irradiated, 509 krad b 5
= —+—  NIEL, 1.7e+13 1MeV n,,/ cm’ k> -
— - —&— NIEL, 1.7e+13 1MeV n__/ 107 L
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Single ALPIDE Experiment at HIT Heidelberg

Aim: Lateral scan of ALPIDE — capture ion tracks for high LET ion beam

Heidelberg Ion-Beam Therapy Center (HIT)

lon Beam |~ o) Carbon beam energy: 140.4 MeV/u

exit point |

DAQ board

!

{
|

ALPIDE sensor

;, \\ \\ 1 coupled to flat cable

The ALPIDE chip was kept at few meters away from the beam exit

Range of Carbon
in ALPIDE (50 pm thick) ~ 2.5 cm

to stop the beam in sensitive volume of the chip — Record high multiplicity events
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Hitmap: Carbon Ions

Hitmap of 1 time frame or 1 event = 485 ps

1
% S00F Entries 15105 : o
oC - _ _ - 0.9
- . Beam direction
400+ - — 0.8
E L N L A L Y T T T TR, b e . Yo —0.7
300 o —o0s
B —0.5
200} o4
B 0.3
100 :— 0.2
B 0.1
0 B 1 1 | | 1 | | | .I | ) I I I | 1 1 | 1 1 | | 0
0 200 400 600 800 1000
Column

Possible to record high multiplicity event !
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Mounting Sensors on Flexible Cables

Intermediate prototype: chip cable with two ALPIDEs

Back side Front side

c|h|p1 Eizl * ALPIDE mounted on thin flex cables:

Aluminum-polyamide dielectric
(30 um Al, 20 um plastic)

* Design and production:
Utrecht University, The Netherlands and
LTU, Kharkiv, Ukraine

Final system

Flexible carrier board modules (1 x 9 chips) Schematic: Flexible carrier board modules (3 x 9 chips)
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Thank you!
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Dose Calculations: full 3D scan

Assuming proton beam of 150 MeV energy given to the complete system with an average density of 2.67 g/cm?
and 400 cm? area of the scanner,
The dose on average per scan is
= [200 Million protons * 150 MeV proton beam energy] / [400 cm? * 20 layers (from range of 150 MeV
protons) * 0.3945 cm/layer * 2.67 g/cm?3] = 4.8e73J/ 8.43 kg
=~ 1 mGy per scan
Hence, 1.3 kGy dose corresponds to about 1 M pCT scans. A new text is added in the revision (line 128-129).
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