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- General mechanical requirements for the Super -B Layer 0.

- Miniaturization, cooling and Microchannel technology.

- Microchannel Full and Net Module design, prototypes and tests
- Direct cooling on silicon chips.

- Conclusions
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-Pixel detectors at future colliders need to match very stringent
requirements on position resolution and X, requiring cooling system.

-The design for intelligent tracker has to consider problems related to
high heat flux due to additional power dissipated.

-Concerning the support structure of pixel detectors, the used
material must satisfy also requirements of low mass and stability in
time.

More specifically : - long radiation length

high Young Modulus

High radiation resistant

Low thermal expansion coefficient

Low coefficient of moisture absorption
Stability in time

- Similar CTE to reduce bimetallic effect
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For the Super -B LO detector, there are other requirements that
have an impact on the design :

-Geometrical Acceptance:
sensitive region > 300 mrad
r-f . small radius (as close as possible to the beam -pipe R~12 mm)

- Detector hit resolution~10 mm A
modules very stiff with small and ¢

-Minimize Multiple scattering for  low-Pt tracking A
minimize the material thickness computed in radiation length X
(support + sensors) and uniform distribution of the mass support.

-The radiation length for the mechanical support, excluding cable
and sensor materials, has to be as low as possible and remain in any
case below 0.3 % X,
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SHAPER PREAMPL DISC LATCH

-The mechanical support is designed for a CMOS
monolithic active pixel sensor (MAPS) :

-Silicon thinned down to 50 MM

-Die of 256x 256 channels (12.8 mm x 12.8 mm)

-Elementary cell size: 50 mmx 50 mm L=

-Power =30 mW/channel =2 W/cm 2 including diqital = 32x128

power (P =210 W /layer) == ,

-Electronics Working Temp. range: [0,50] °C : pe”f&,-.ﬁﬁ’ﬁ@?rc
Trrnimams

{
| \

This power value means very high thermal dissipation on the
active area and together to the X , requirements it drives the
technological choice for the mechanical design.
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Wheel geometry Cooling integrato
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\ Note: drawing not to scale \

Al

= Polyimide

~220 um

~400 pm

~700 um

20,04

are important issue for this detector !

Cooling and mechanical miniaturization

|
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Because of the growing of the heat dissipation, conventional air cooling systems
are inadequate for removing heat

For the basic concepts behind micro -c hannel s | t 0S | mpor t e
Newt ondos | aw f or ¢ 4)mndehe Nussek Numieen tNVU fvhich s
related to the heat transfer coefficient (h) .

K: :fluid thermal conductivity
1) Q=hS (Tw oTY)

K. ONu
2) h=—— where:
Dh \ A is the cross sectional area

D, : hydraulic diameter whose valueis: D, =4A/P

Pis the perimeter of the wet cross-section.

If the flow is laminar and fully developed, the Nusselt number is a constant.
The small value of the hydraulic diameter D, of micro-channels enhances
significantly the heat transfer coefficient and thus the thermal exchange.

‘ Micro-channel technology is a viable technology to reach acceptable
cooling parameters.

F.Bosi, M.MassaPIXEL 201Q September & 10, 2010 Grindelwald, Switzerland



7™\ S B CHh teristi

SIlllBI‘B uppor aracteristic J Lﬂm
Merging Super -B experiment specifications with the thermal
and hydraulic concepts, we focused our attention on a CFRP

supports with microchannel technology for an heat evacuation
through a single phase liquid forced convection .

-Several prototypes with different geometries and material have

been realized.
-Miniaturization of composites structures have been developed

through close collaboration with companies.
-Prototypes have been submitted to test at the TFD laboratory of

the INFN -Pisa.

In particular two kinds of module support in CFRP have been
produced and tested ; the Full and the Net module
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by pultrusion C.F. TohoTenax HTS 40 , adding and gluing in special
masks, side by side, 18 single micro-tube.
The inner diameter of the peek  micro-tube is 300 nm, the thickness of the
square composite profile is 700 nmm .

Peek pipe

© Spread | :
miggochannel |\
CO ponents ‘ 7—:“;.’ et e

Carbon Fiber Pultrusion

Support Module assembled

| The total radiation length of this module is  0.28 % X,
| Aniinternal peek tubes 50 nmm thick is used to avoid
moisture on carbon fiber. With a grinding operation
on C.F. is possible to getdown at 0.25% X, .
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UCoollng Circuit Schematic View: TestSa:M DAQ System:

N. 5 Temperature probes
INPUT 3 P _ N F_ N F_ N r OUTPUT LongitUdinal

) ) sample section
Coolant direction
- [ >

an
1U
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A kapton heater is glued on the Microchannel CFRP support structure
to dissipate the needed power density.

On the bottom of the heater there is an aluminum foil 300 mm-thick, in
place of the silicon detector. On the top, to read the temperatures, n.5
PT100-probes are glued, positioned just laterally to the heater.

An Aluminum kapton foil, 75 mm-thick, is sandwiched between the
Microchannel support structure and the aluminum foil, simulating

ground plane in the real detector. There is also a glue layer between

each components (30 mm-thick on average).

S —

PT100 probes Hydraulic interface._
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NA PT100 temperature
probes/side on Aluminum

Single side configuration (cut view)

Kapton Heather 220 mm

Aluminum foil 300 nm

Kapton+Aluminum 50nmm +10mm
Glue 25 nm
CFRPmicro-channel th =700 nm

Peek Tube/Di=300 mm, th =50 mm
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The power dissipated by the kapton heater could be tuned from 1.0 to 3.0
W/cm 2, coolant used is water -glycol 50% @ 10 AC .

The tests have been performed in standard way for all kinds of module.

During the tests the average temperature of the environment was 22.0 AC (for
these kind of test there is no need to avoid environment free convection and
irradiation).

The test was performed by setting the fluid pushing pressure at 1.5 atm, the
(suction) pressure 0.5 atm, the fluid temperature 10 AC. The electrical power
was then switched on and set to the lower specific power (1.0 W/cm  2). The
maximum pressure was set 3 atm and the heater power tuned up accordlng to
the experimental program (1.0 to 3.0 W/cm  ?)

In all conditions, the DAQ system is able to
record up to 24 parameters at the same time.
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Tests performed on full module sample, length =120 mm, at Dp =3.6 atm
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Average module temperature vs Specific Power
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Full module test results/2

Module Microchannel
Sensor Temperature
(Power on single side)

44,60

/

/ o
e

41,40

——]
A 35,80

—e— P=1W/cm2
—8— P=15W/cm2
>—A— P=2W/cm2
—>— P=2,5W/cm2

—— P=3W/cm2

Module Leght (mm)

I

33,40
30,50

28,60
42400

22,70
15,00 T T T
0,00 25,00 50,00 75,00 100,00

Temperature along the module:

DT=5,3 AC at 2W/cm 2 and Dp=3,6 atm
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Assuming further progress in MAPS sensor design, and looking to actual hybrid
pixel, the required Power (analog + digit ), could step downto 1.5-1.0 W/cm 2.
We choose to design a lighter solution for the support structure

The Net Module is a micro-channel support with vacancies of tubes in the

structure We admitted worse cooling performance for

strongly gainingin X,.

Net Microchannel

Module Support

Material of the support structure: ( CFRP + peek tube + Water + CFRP Stiffeners) 16
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125 mm

The Net Module has the same hydraulic
parameter/microtube of the Microchannel Full Module
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Net Module Support/2
SuperB o J

INFN
C
Very thin

transversal CFRP
stiffeners are glued to
microchannels

Micropositioning and
microgluing work
required dedicated
gluing masks .

Sealing of the
hydraulic interface is
obtained with
epoxy/CFRP .

C=015% C,
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Net module average Temperature
Vs. Specific power density

) 80,0 68,54
>~ 70,0 } *
~| 5/28 __—
~ 60,0 (#6347, -
&s 50,0 |
"(.E 40,0 — I
S
$ 30,0 36,06 i
IS I
§ 18,8 L
~ ' 1
|

0,0

In spec'ﬁication 1 2 25

Specific Power (W/cm ?)

=&=T average

This experimental data shown that
Net Module is able to cool power up
to about 1.5 W/cm 2 at the max
required Temperature (50  AC).
This goal can also be achieved with
a greater safety factor by reducing
the inlet coolant temperature.

Temperature ( °C)

80,0

70,0

60,0 -

50,0

40,0

30,0 +

(s

Tests performed on net module
sample (length = 120 mm) with water -
glycol @ 10 AC as coolant.

Temperature
along the module

25% 50% 75% 100%

Module length (%)

=1 \W/cm2 =l=15W/cm2 =—d=2\W/cm2 =3=25\\/cm2
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In order to test longer microchannel support structures useful for

INFN
C

different experimental layout, two new supports structure have been
assembled and tested . Both structure have been realized with the same

pultruded micro -channel technology in full and net Microchannel version.

They have the same cross sections of short modules but the length is

300 mm instead 120 mm.

Full Modules Net Modules
300 mm > 300 mm
120 mm

N
\

120 mm
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