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f Charged track
/ passivation

+|__Analog read-out ~ 220 pm width + T

Pixel Array
928 rows x 960 columns

Pitch: 20.7 pm

22710 pm

Active area: ~ 3.8 cm®

Column—lwni Discriminators

----

Hf

3280 ym
+ [z

20240 pm

[

L T N
Lt S

MAPS(Monolithic active pler sensor)
%75 K. =t B PR E L

PARAY

v [E Strasbourg IPHC

N FHT-STAR vertex detector A2 ALICE
ITS upgrade %%

MDCWN = 2 TiAF % FI MIMOSA28

Density: 20.7um pixel pitch,
Spatial resolution: a few um
Rating capability: ~10°Hz/cm?
Material budget: ~50um thick
Radiation tolerance: ~1 MRad, 1013 neq/cm2

Room temperature operation

~0.9Mpixels/chip




o PRINFS R 45 1)
. 1_/1()I ()Zoverage of the inner tracker (~ 720cm?—180 chips—180M
pixels

e ¢ direction: 2, 3 and 4 ladders for the 1st, 2nd and 3rd layer
respectively

e Zdirection: 2 sets of ladders each layer
e 10 Mimosa28 chips with dimension of 2cm X 2cm in each ladder

* Chip —ladder ->sector - layer - prototype



kapton flex cable

adhesive

pixel chips composite CF backer

adhesive /
wire bonds

Mimosa28 chips (50pm )

capacitors o )
acrylic film adhesive(50pm)

17.8um Cu( < 0.67)
flex cable| 58, adnesive

100pum Kapton

o PRMAZLL (Ladder): basic building

block of the detector, key issue o am Got 029
for the prototype acrylic film adhesive(50pum)

* Ten Mimosa28 chips (50um)

¢ Flex Cable carbon fiber plate and

e Carbon fiber mechanical P foam (equivalent
support

sandwich support structure:




* Ladder assembly was operated at a
dedicated jigs to ensure the location
accuracy of the chips

« [RMIFE . FiL ARG R
* Material budget calculation: 0.37% X,

/ladder, 0.51% X, /layer (ladder +
supporter)

e Chip location accuracy by imaging
machine: < 10um




J3ppe

=== SFPX2

5 DDR3 SDRAM

; X2

: Ref CLK I

F ’(T:fE Xilinx Kintex
— M ’ XC7K325T-

L ¢ MDSDATA, 2FFG676

: Power

i SMA X2

Power
+12V
+3.3V

DAQ

|

Switching

Distributed system

Ladder > FCB - Readout Board -
Switching - PC

SiTCP : high-speed and highly reliable
data transmission

Readout speed: 30~40MB/s/ladder

Power
Supplies
Readout board
(TCP/IP)
data l Hconfigure
state O
Qt Control ata data Dnllne
mterface
pannel T hlstngram
command

/:lata l r:latz\
[ E'-..r:nt i J Data base
‘ \ reconstruction | )
for log fil
saving and package or log files




BrEs— BiER= fiEzh
BERPBC , & HAY S MEPCBHRUR IR
5 |B-STRENIR i, S A

System Beam test

BjEY

ZMEPCBIRIT. ZFMEPCBEUHIRIT.
ERE i oA () Wi

o T PCB>Z4:PCB
o BRI RS> X0 R > 52 ladder
o Ladder #it &=l >ladder R L BRI X >ladder £ 4t AR i )i
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Control room for 724 Iead COIIImator

== 3 mm Cu

 November 5-11, 2018 B ——tmmes
e T24 testbeam

e Electron beam

Rate (kHz)

* The intensity is dependent of the

energy and the target selected g //_\

* Beam size defined by lead collimator 0 : 2 3 y 5 6 7
Energy(GeV) 8



Energy Scan

Ladder scan

Threshold scan

Gap between the neighboring chips
Material budget test

Target scattering test

Cooling air flow

A "
\
(D) I
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Hit Coordinate Coarse Fine
Decoding —— Reconstruction ~ Transformation — Alignment ™ Alignment

l Spatial

Cluster Size Resolution

Track Iteration
F|tt|ng

CIuster Size

Efficiency

e Hit reconstruction : cluster size, digital signal, no seed
e Alignment: high precision
* Tracking
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Enties 27457

SwDev 1447

N_Pixel

2

4

Entrigs. 25086

Sdbev 1379

S
N_Pixel

I 1 Ly
w12 14 16

e Charge collection by thermal diffusion

e Charges sharing: one hit can lead to several fired pixels, be benefit to
spatial resolution

e Reconstruction algorithm

Cluster Size

[3*]

oy
o

Iy
=

4

6 B
N_Pixel

100 12

2.205

14 16

4 6
N_Pixel

Cluster Size VS Threshold @ 5GeV

8§ 10 12

4 16

N

N

N

e

T

sl et et

5]

. .2‘5. -

I3IIII3.5|||

Threshold [Sigma]

4

.4‘5. M
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align monitor - AU VS V -Plane3
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Resolution [um]

5.8

5.6

5.4

5.2

4.8

46

Resolution VS Threshold @ 5GeV

4.6

4.2

Resolution [um]

3.8
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C 1-=- U Resolution
_ —a— V Resolution
: 3 ]
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25 3 35 4 a5 5 5.f

Threshold [Sigmal

DUT resolution

Efficiency [%]

100

95
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85
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Resolution VS Threshold @ 5GeV

—#— U Resolution
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e

-//

2.5 3 35 4 4.5 5
Threshold [Sigma]

System average resolution

T E—
Threshold [Sigma]
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H2_XYD

SRR
=3000

200

0
U [um]

0

— Entries 92395

8000 Mean x -784

Mean y -£25.1

6000 Std Dev % 4919

— i Std Devy 4713
4000 T 7
—~ 2000 6

=
= 0 5
Z 2000 4
—4000 3
6000 # 2
8000 F e 1
= i ik i HRb AR A i b ; 0
8000 —6000 4000  -2000 0 2000 4000 6000 8000
U Jum]
Hitmap
H2_XY0

Entries 92746

8000 Mean x -788.6

= Mean y —246.6

6000 Std Dev x 4944

Std Devy 4797
4000 7
—= 2000 6

=
) 0 5
Z 2000 4
—4000 3
—6000 2
-8000 |
?.‘]\. i i

—6000 0

e D1=D2 = 340um

* Average gap between
neighboring chips is 340
m

e Take into account the
row sequencer on the
chip, chip location
accuracy is better than
10um
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» High-energy particles undergo multiple coulomb scattering when
passing through the material;

» Kink angle depends on material budget (x/X0);

» The width of the gaussian-like center is well predicted by the
Highland formula;

> Highland formula: 8, = 13'6”’8"2\/7(1 +0.0381n (i))

Bcp Xo Xo

8o= RMS of scattering angle
z = charge of incident particle
x = material thickness
X = radiation length




—_
=
Tos

X Entries 6100475

B Mean 0.1292

8000 - Std Dev 0.6761

| 7.2370+05 = 3.60%9a+-02

6000 700 - o 01257 20,0003

- Sigma 0.6702 = 0.0002
| 600 -
4000 _ -
_ 2000/ .. : “ 500 -
e 5 400f
= Q -
2000 O 300
—4000 200 -
~6000 100 -
8000 : : -
I 1 1 11 | 11 | 11 | 11 | 11 | 1 w

8000 —6000 —4000—2000 0 2000 4000 6000 8000 (15 4 3-2-10 1 2 3 4 5
Ulum)]
®[mrad]
13.6MeV X X
0p=———7 |=—(1+0.038In(=—
Bep Xo Xo)) | % _ 0.39%

6,=0.0006702 rad
P =1GeV _

* Be consistent with the calculation result
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Counts

900
800
700
600
500
400
300
200
100

—(9.015—0.01—0.005 0 0.005 0.01 0.015

Goal :Getting the target image

according to multiple scattering.
@ Target in front of plane 1.
@ Target:p=4mm.
@ Target:thickness=1mm

[==]
Tl

AN RERERRRE] DY

The target’s material is copper and "
0

H1_XY
Entries 2701338
Mean 2.623e-05
Std Dev 0.001618
¥ I ndf 1.33e+058/ 27
Constant  B.89%+05 + 78450402
Mean =3.94e-035 + 7.24e-07
Sigma 0.00115 £ 0.00000
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e A i e S
-8000-6000-4000-2000 0 2000 4000 6000 8000
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= =21.97% X,
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§,=0.00115 rad, P =5GeV m=) 3 =20.259%

Plane4 Plane5
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50um sensor

\

Sipixel chipsa(;c'a[)pné) I |
mCu
flex cable LSOEm Kapton

Carbon Fiber (100pm)

PMIfoam(1.5mm)

Carbon Fi%%'(mlt()pn})
m Kapton
flex cable ;j;‘I?”mCup
Sipixel chi (éﬁpm) [ |

to control board

CF+PMI foam

A

low mass flex cable

e Single-sided ladder—> Double sided ladder (CEPC vertex Tiififf)
e Dummy ladder = functional ladder
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 Marc Winter, Jerome Baudot, Christine Hu-guo,
Mathieu Goffe, Auguste Besson, member of PICSEL
group, from IPHC in Strasbourg, France

e DESY (Deutsches Elektronen Synchrotron)
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 The Mass production and performance test of the pixel
detector ladders have been finished

e A detector prototype system was set up and tested at T24
beam line in the DESY

 Good performance have been obtained: spatial resolution:
5 um, efficiency : 96%, high location accuracy of the chips:
10um, low material budget: 0.39% X|,

e Gain the ability and experience on the key technology and
method in the construction of silicon pixel detector for the
future high energy physics experiment

Thanks for your attention !
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