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Figure 5.51: ITK HV-CMOS pixel endcap mechanics and cooling
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Figure 5.51 illustrates the structure of the ITK endcap with the HV-CMOS pixel detector, consisting of a front layer
of sensor modules attached to a carbon fiber plate, an opened cooling plate layer with mechanical and cooling structures,
and a back layer of sensor modules also glued to a carbon fiber plate. These layers are all sandwiched together to form the
ITK endcap.

The sensor modules are attached to the front and back carbon fiber plates (facesheets) using thermal adhesive. The
main mechanical skeleton (frame) of the opened cooling plate consists of an inner ring and an outer ring, connected by
16 radial ribs in between. In addition, carbon fiber honeycomb cores are embedded within the frame to enhance overall
bending stiffness and maintain the flatness of the two facesheets. U-shaped grooves are reserved in the honeycomb cores
to accommodate cooling pipes. The outer ring interfaces with the inlets and outlets of 16 cooling loops. The gaps between
the carbon fiber honeycomb and the cooling loops are sealed with low-mass, high thermal conductivity foam. Finally, the
two carbon fiber facesheets (with the sensor modules) and the opened cooling plate are bonded using an adhesive infused
with thermally conductive carbon particulates.

5.3.4.2.1 Materials The two facesheets are constructed from layers of high-modulus unidirectional carbon fiber ma-
terial combined with cyanate ester resins. The interface between the cooling tubes and the facesheets is formed using
thermally conductive carbon foam, such as Allcomp K9. Water circulating through cooling loops of the cooling plate has
been chosen as the baseline cooling medium for the ITK endcap.

The frame, comprising the inner ring, outer ring, and 16 radial ribs is made from stiff materials. The primary
candidate material for these components is carbon fiber. For the outer ring, high performance PEEK polymer may also be
considered as an alternative material.

Table 5.9 lists the estimated contributions of the ITK endcap to the material budget. The overall estimated material
budget is 0.591% Xo.

Estimation of ITK HV-CMOS pixel endcap material contributions

Functional unit Component Material Thickness [um] Xo [cm] Radiation Length [% Xo]
Sensor Module  FPC metal layers Aluminium 50 8.896 0.056
FPC Insulating layers Polyimide 100 28.41 0.035
Sensor Silicon 150 9.369 0.160
Glue 100 44.37 0.023
Other electronics 0.050
Structure Carbon fiber facesheet Carbon fiber 150 26.08 0.057
Cooling tube wall Titanium 3.560 XXX
Cooling fluid Water 35.76 XXX
Graphite foam+Honeycomb  Allcomp+Carbon fiber 2000 186 0.108
Carbon fiber facesheet Carbon fiber 150 26.08 0.057
Glue Cyanate ester resin 200 44.37 0.045
Total 0.591+XXX

Table 5.9: Estimation of ITK HV-CMOS pixel endcap material contributions



AT Gl - AR %
P

O 00 N O U b W N

I e e O
N o0 A W N L O

18

53

-/ H]

TR

BT 2 OB TR

U K

RN

IR

ki 12

ik

FHEHE

Rrn

Bt

2025.2.14

"
ik

21

Jil it

X X [ X | X |«

2=

X

1 Rk

R BAEHME = AR o

fe

O 00 N oo U W N -

11
12
13
14
15

ki =N Es

AL e, Ho

i

F it

NG

GE

BB

Sty B

IR %

LI HE

T

EXE

TR T

AR

Wi e

2025.2.7

T3

B — IR N IR S, & THE R E A R k.
LAy = N T, R AT DURIER) TAE. ARRATHRI . F 20l LLZCEPCRAAME TAE

LN TIRMEF AR+ T2+ GRHD +EAERE A B2 i — et
I B T EAEHERF BICEPC Day, WALVRAMEAS TAFREHCE 2 NN 3 1) TAR i HEREAR

7



