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CMS

Compact Muon Solenoid RWIH

14000t weight
3.8T magnetic field

proton-proton
collisions at/s = 13 TeV

LHC Experiment: Compact Muon Solenoid
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RWNTH

CMS

Silicon Tracker
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| Current CMS silicon tracker

Reconstructed tracks
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> CMS Phase-2 Tracker RWTH
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Inner Tracker
two types of hybrid pixel modules (1x2 and chips), 4.9mz2, 2G channels

Macro-Pixel Sensor Modules:
5500 modules, 11M strip channels, 170M macro-pixels, different sensor spacings,
upto 10*° neg/cm?

2 Strip Modules:
7500 modules, 30M strip channels, 1.8mm and 4.0mm sensor spacing,
up to 3 -10* neqg/cm?
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CMS

10*° neglcm?
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silicon sensors will suffer from damage due
to irradiation at HL-LHC conditions

* instantaneous luminosities of 1 -10°°> cm=s*
leakage current (power) increases
* with radiation damage

1000

* with temperature

goal: keep the silicon sensor temperatures
at lowest possible temperatures

challenge: Outer Tracker will have an
overall power of 100kW

1500

Radiation Damage
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The CMS 2S Module RWTH

2 Front-end flex-hybrids with read-out chips

* 2032 channel
* chips receive signals from both bottom and top

sensor

Service hybrid with DC-DC-

converters and opto-module

» 2 stage DC-DC-converter (from 11V to
2.5V and from 2.5V to 1.2V)
- power efficiency about 50%

Aluminum carbon-fiber stiffeners
* carbon-fiber re-enforced aluminum for
the CTE (=4ppm/K) match between silicon
sensors and spacers
* screwing holes for fixture and cooling

Kapton strips for the high-voltage Bottom sensor

isolation of the sensor

e carbon-fiber re-enforced aluminum for
the CTE (=4ppm/K) match between silicon
sensors and spacers

2 n-in-p silicon strip sensors

* 10cm x 10cm, 2 x 5cm strip length, mass ca. 40
* 90um pitch Y
* 320um thickness, 200um active thickness size roughly 14cm x 12cm

3rd Julv 2017 max.rauch@cern.ch, Forum on Tracking Detector Mechanics 2017, Marseille 9



. Power of the 2S Module  RWIH

CMS Private FEA Model service hybrld 2.6 W
2 front-end hybrids: 2.8 W
2 silicon strip sensors
after 3000fb": 1.2W
e Component Part Power [W]
DC-DC-converters 1.8
Service hybrid
opto-components 0.8
2 x 8 CBC chi 2.2
e\ Front-end hybrids g C Pe
6\)\ : 2 CIC chips 0.6
¢ “\0 top 0.6
Qe Sensors at -20°C
o 6“\‘ bottom 0.6
: Sum 6.6
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CMS

* Some components (read-out chips, DC-DC converters,

Thermal Runaway

Pcomponents = const.

RWNTH

...) produce a constant power

* I[rradiated silicon sensors generate temperature dependent leakage current

T? AF |1 1
Psensor X Py =5 exp __<___)
2
T3 2k T 1y
* Linear dependence of the cooling power p ooling R l(Tmo dule
o

10 _ 7

g module power atP_=6.0W

5 9| ’ overall module . //

g power of components power

5 gl - - power of the sensor | e
7L coolingpower (T, =35°C) /=" .
6 i_ SRS SN ZA N v
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aF-. llustration A o read-out power

- noreal datq
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Temperature on sensor [°C]

- Tcoolant)

_ cooling possible at

T.,, = -35°C

"~ no cooling possible at
higher T,

— “Thermal Runaway”
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> CO, Cooling RWTH

« cooling fluid CO, enters the detector in the 2-phase state (2PACL system)

> 12 bar at a temperature of -35°C
> CO, is evaporated at constant temperature — heat removal

* many advantages with respect to low-material tracking detectors
> cooling pipes: stainless steel, inner diameter 2.0mm, 100um wall thickness
> high heat transfer coefficients in boiling CO, (5000 W/m?/K or higher)

* 2S modules in TEDD mounted on five cooling contacts

~12mm

CMS Private FEA Model

cooling pipe
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CMS

Thermal Finite Element Analysis RWTH

* Thermal FE analyses are made with COMSOL Multiphysics — Heat Transfer Module
« CO, temperature of -35°C is assumed in the cooling pipes
* Heat load is generated in the specific volumes

> constant heat load for ASICs: 5.4W overall

* temperature dependent leakage current of irradiated silicon sensors (Boltzmann distribution)
« P,=0.6W at -20°C after 3000 fb*

2
« maximum U___assumed is -800V  Uas - I(T') = Upias Lo <£> exp ( _ A_E(l — i))

-10

1-15

1-20

COMSOL 0D T TNy
MULTIPHYSICS® -50 -109
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> predicted Thermal Runaway RWIH
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TCO2 [OC]

« Maximum sensor temperature is computed as a function of the CO, temperature
« Difference between maximum sensor temperature and CO, temperature is calculated

* Sensor temperature stays in safe regimes
« for the nominal CO, temperature -35°C — sensor temperature -25°C

« for the maximum CO, temperature -33°C - sensor temperature -23°C
« Good margin between thermal runaway and the maximum CO, temperature
* 4K for the scenario at 4000fb* and a bias voltage of 800V
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> Thermal Interfaces

Between the sensors: Al-CF + 6 layers.
| silicon sensor |
e

Epoxy-Kapton-Epoxy Layer
described with effective

RWNTH

thermal through-plane
conductivity 0.3 W/m/K and
with 65um thickness

AICF-Spacer
anisotropic thermal conductivity
due to carbon fiber orientation:

k,, = 230 WIm/K; k, = 120 Wim/K

CO, Heat Flux

5 kWIm?/K at -35°C

heat transfer coefficient of

Thermal Contact

a thermal contact of 10kW/m3/K
between the spacers and in the
insert surfaces is assumed

100pm wall thickness

Cooling Pipe . ]
stainless steel (12 WIim/K) 2?:)(';?%;‘&&23:?“
2 ' di t

mm IAner ¢ameter thickness and 0.2W/im/K

3rd Julv 2017

max.rauch@cern.ch, Forum on Tracking Detector Mechanics 2017, Marseille

16



> Thermal Interfaces

Between the sensors: Al-CF + 6 layers.

Epoxy-Kapton-Epoxy Layer
described with effective
thermal through-plane

.me. cONductivity 0.3 W/m/K and

with 65um thickness

RWNTH

ieved,
\ K

AICF-Spacer
anisotropic thermal conductivity
due to carbon fiber orientation:

kyZ =230 Wim/K; k =120 W/m/K

Can the assumptions made
for the FE model be confirmed

CO, Heat Flux

5 kWim?K at -35°C

heat transfer coefficient of

Cooling Pipe

stainless steel (12 W/m/K)
2mm inner diameter
100pm wall thickness

Thermal Contact

a thermal contact of 10kW/m3/K
between the spacers and in the
insert surfaces is assumed

Cooling Pipe Contact

epoxy layer with 20pm
thickness and 0.2W/m/K

17
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> Thermal Dummy Module

Between th.e. sensors: Al-CF + 6 layers. Epoxy_ Kapto n-Epoxy Laye r

| e —
described with effective

thermal through-plane
conductivity 0.3 W/m/K and

(we hope 10-20 um can be achieved) Wlth 65|Jm tthkneSS

CO, Heat Flux
heat transfer coefficient of
5 kW/m?/K at -35°C

Cooling Pipe

stainless steel (12 WIim/K)
2mm inner diameter
100pm wall thickness

RWNTH

AICF-Spacer
anisotropic thermal conductivity
due to carbon fiber orientation:

k,, =230 Wim/K; k, =120 W/m/K

8]
Thermal Contact
a thermal contact of 10kW/m3/K
between the spacers and in the
insert surfaces is assumed

Cooling Pipe Contact

epoxy layer with 20pm
thickness and 0.2W/m/K
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> Concept of Thermal Tests RWIH

Thermal
resistance

o= ——F= ambient

0o § = .
e sensor producing
' heat (electrically)

* Requirements on a reliable thermal test setup
* Feed the measured heating power fully into the sensor/module
* difficult with heating resistors, heating foils, ...
* Control the heat exchange with the ambient
* Generate thermal equilibrium between sensor and the ambient
* FE simulations do not take into account the heat exchange with the ambient
* 200m? of silicon in the detector — silicon dominates the entire volume
* silicon sensors and ambient will be at the same temperature

3rd Julv 2017 max.rauch@cern.ch, Forum on Tracking Detector Mechanics 2017, Marseille 20



CMS

Model of Heat Fluxes

RWNTH

P.

in

!

thermal resistance o = 1/A

YA W

—
o]

—
oD

"X Py /Aco,

Temperature difference A T [a.u.]
S m &
T | TTT | T TT |

oo
I|II

-real thermal resistance

L " lower slope
X f)in/()\COg + )‘\amb)
| L

%E".'"T.T;' BERNRRER
* Mathematical model (equation of continuity)
Puo= " damb) (i — Tamp)  + Aco, (T: — Tco,)

Vv hd

=heat exchange with the ambient —=heat removed by CO,, linear

* Solution of the equation

Rn + )\ambTamb + )\COQTCOQ 1
=
)\amb + ACOQ )\amb + ACOQ

Tz’ — Pin < Pin

ACO,
Find thermal equilibrium state where

Py = Aco2(Ti —Teco2) = T; — Tamp = 0K

4 5 6
Power P [a.u.]
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CMS

lllustration of the Measurement Method

------------ ambient temperature

—&— sensor temperature

Temperature
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Thermal resistance sensor —

properties

Temperature

-20

-25

-30

RWNTH

lllustration of the Measurement Method

—— sensor in thermal equlibrium

—k— spacer temperature

—k— insert temperature sensor
Y A O Spacers
i insert

i illustration,
L e o = n o___r_elal...data}
H G | I I | 1 L1 1 I2 L1 1 I3 L1 1 I4 | I I | 5 1

Sensor power

Afrequilibrium

2 is used for characterization of the thermal

> comparison of measured and simulated data

> goal: confirm, validate or improve
parameters assumed in the FE model

APequilbrium
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CMS

System Design RWTH

Huber CC 505 Chiller
0.6 kW

i
\—l
~ -30° < T < 20°C \
— E 2s#1 | | 2S#2 | | 25#3 ﬁ
= >—

Module Cooling Box

. —

—

200
1

M ST “D.0€-
walsAs Buijood ‘09

* Three positions for the 2S modules in a cooling box
« A CO, cooling system is available for cooling the modules: T__, = -30°C

« The ambient temperature of the box is controlled by a silicon oil chiller: -30°C<T

* Cold dry air with the same temperature as the cooling box is injected

ambient

3rd Julv 2017
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Module Cooling Box

conneg
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Module Cooling Box RWTH

V|ew in the inner of the box B LG closed box

thermistors and cabling
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CMS

Thermal Dummy Module RWTH

'2S thermal dummy module * Thermal dummy module
: * strips of the sensors not doped

. * resistance between strip side and
back plane in the order of 4 Ohm

* Electrically connected with silver-based,
electrically conducting glue

* Voltage sensing

>the power is completely produced in the
sensor — current through the bulk

>power ramp up to 3W per sensor

B jnsert thermistors
B spacer thermistors

B sensor thermistors > 3

3rd Julv 2017 max.rauch@cern.ch, Forum on Tracking Detector Mechanics 2017, Marseille 26



CMS

Measurement Series at five different T

Temperature [°C]

Measurement RWTH

. — Sensor Temperature

o T,atT_ =-279°C
o T,atT_ =-261°C
e TatT_ =-227°C
e T,atT_ =-197°C

—o— T,atT__ =-168°C

- T T T T
T T I 1

0 1 2 3 4 9 6
Power of both sensors [W]

* sensor temperature differs for same power values, but different ambient temperatures

« thermal equilibrium is determined by the intersection of T_ and T

sensor

* much higher linear slope is obtained for the thermal resistance

3rd Julv 2017
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CMS

* mean values of thermal equilibrium of the
single thermistors is calculated

* temperature for every single spacer and insert

thermistor is evaluated

* linear interpolation between real data points

* mean values are plotted

* thermal resistances a = AT/AP are
determined by a linear fit

* comparison with FE simulated temperatures

Extraction of Thermal Resistances RWIH

Mean Temperature Data

% —s— Top sensor
= : :
©-18| —#— BOtlom SEnSOr |- i, o-=5:53
= : :
& |—e—Spacers o =5.25
o
E_zn I AP S P ST
L | —*—Inseris :
- - oa=3.04
B IR PR PR ..................
i oa=2.42
B O P P PR P A P PP PPN PRSPV ) TP Sy PN TR TSRO
_28_ . s S
DR . e e e e e
T | 1 1 1 | | 11 1 | | 1 1 1 | | 1 1 1 | | 1 1 1

0.5 1 1.5 2 2.5
Power of both sensor [W]

KIW
KIW

KIW

KIW
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CMS

Absolute Measurements  RWIH

All Thermal Resistances

o3 hie = 10 kKW/m/K, dgm_ =50 pm 7 hite = 10 KW/m2/K, dgm = 20 um
O htc = 5 kW/m*/K, dgl.le = 50 pm iy hte = 5 kW/m™/K, dgm =20 pm

- measured dala

Thermal resistance [K/W)
(n]

* Thermal resistances are extracted from data and compared to simulation « =

Thermistors

AT;

* Configuration of the FE model
« different CO, heat transfer coefficients

* different pipe glue layer thicknesses
* Absolute deviation between data and FE simulation is maximum 1.2 K/W, mostly smaller
* Average deviation per component is smaller than 0.4 K/W

Pmodule

3rd Julv 2017
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CMS

Relative Deviations RWTH

Relative Deviation

tn
=]

O hic=10KW/mIK,d__ =50um ¥ htc=10kWmZ /K, d__ =20 um
glue glus

£
=]

Il
 loa

O  hte=5kWm*K,d__ =50um & hte=5kWm /K, d_ =20um
Qlus glua

Relative deviation [%4]
= MW
= = =2

=

10 /2
-20

-30

-40

R ] ] ] ] | ] ] ] ] ] ] | ] ] ] ] ] ]
V=T vz T3 T4 T5 T1 Tz T3 T4 T5 T1 T2 T3 T4 T1 T2z T3 T4

Thermistors

AT;

* Thermal resistances are extracted from data and compared to simulation « =

* Configuration of the FE model
« different CO, heat transfer coefficients
* different pipe glue layer thicknesses
* Absolute deviation between data and FE simulation is maximum 1.2 K/W, mostly smaller
* Average deviation per component is smaller than 0.4 K/W
* On average the FE simulated data can be confirmed with data better than 10%
* Maximum about 20% deviation for certain measurement points

Pmodule
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CMS

Torque and Thermal Contact TWIH

Heat Transfer Coefficient vs. Applied Torque

[
=]

---g3--- 3mMm screw, no washer

—
o

---H--- 3mm screw, 1 washer

— — —
] iy o
! ! !

=
!
!

o]
|
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[
[]
%
;.
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Heat transfer coefficient htc__ ., [KW/m?/K]
!

oy
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-
<

-
-
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A
|
{
i

%]
!
%

[ 11 | | | 1 1 1 | 1 1 1 | 1 1 | | | | 1 1 1 | 1 1 1
DD 2 4 6 8 10 12 14 16
Applied torque [cNm]

* M2 screws, 3mm long, are tested with an without washer
* heat transfer coefficient is measured

* significant dependence on torque
* in FE simulation, 10kW/m?/K is assumed

> plateau of 10kW/m?/K reached with 11cNm

> confirmation by measurement

3rd Julv 2017 max.rauch@cern.ch, Forum on Tracking Detector Mechanics 2017, Marseille
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CMS

What have we learned? ~ RWIH

Bare module

* not a full module was tested, but a bare module
> pbare module contains all thermal interfaces relevant for cooling of the sensor

> in full modules, the hybrids are glued on other parts of the spacers
e critical parameter is the silicon sensor power < temperature of the silicon sensor
* good understanding of the adaption to the cooling system is important

> prediction of thermal runaway with FE simulations
* thermal interfaces between sensor and cooling system could be measured
* good compatibility with values assumed in FE simulations for all measured data
> reliability of FE simulations

3rd Julv 2017 max.rauch@cern.ch, Forum on Tracking Detector Mechanics 2017, Marseille
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Thermal Interfaces

Between t he sensors: : Al-CF + 6 layer:

Epoxy-Kapton-Epoxy Layer
described with effective
thermal through-plane

.me. cONductivity 0.3 W/m/K and

R ith 65um thickness _ ) !
due to carbon fiber orientation:
\ k,, = 230 W/m/K; k= 120 Wim/K

AICF-Spacer
anisotropic thermal conductivity

Can the assumptions made
for the FE model be confirmed

CO, Heat Flux

heat transfer coefficient of

5 kWim?K at -35°C

Cooling Pipe

stainless steel (12 W/m/K)
2mm inner diameter
100pm wall thickness

Thermal Contact

a thermal contact of 10kW/m3/K
between the spacers and in the
insert surfaces is assumed

Cooling Pipe Contact

epoxy layer with 20pm
thickness and 0.2W/m/K




Thermal Interfaces

e | Epoxy-Kapton-Epoxy Layer | AICF-Spacer
described with effective anisotropic thermal conductivity

thermal through-plane due to carbon fiber orientation:

conductivity 0.3 W/m/K and k,, = 230 Wim/K; k, =120 W/im/K

(we hope 10-20 um can be achieved) Wlth 65|Jm tthkneSS

’ Thermal Contact a

a thermal contact of 10kWIm?3/K
between the spacers and in the
insert surfaces is assumed

v i
CO, Heat Flux Cooling Pipe Cooling Pipe Contact
epoxy layer with 20pm

heat transfer coefficient of | stainless steel (12 WIm/K) B
5 kWim?/K at -35°C 2mm inner diameter thickness and 0.2W/m/K
100pum wall thickness




% Summary RWTH

* description and understanding of the thermal properties of silicon sensors is important
for detector development in the HL-LHC detector environment

* radiation damage, sensor power, thermal runaway, ...

* FE simulations are used to estimate the thermal performance of the detector modules
* assumptions are made for thermal interfaces like glue layer, heat transfer coefficients, ...

* thermal measurements are necessary to confirm or adjust assumptions made in the FEA
* many systematic uncertainties and non linearities: convection, heat input from the ambient, ...

* a setup was developed and built which allows to understand and avoid a lot of
systematic uncertainties

* control of the ambient temperature
* controlled heat input into the silicon sensors

* linear behavior of temperature in dependence on heat load can be measured
* thermal resistances assumed in FE simulations could be confirmed with good accuracy
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Thank you! RWTH

Measurement Series at six Different T,

All Thermal Resistances

= B
2 2
g O Mo=10KWmUK A =50um v hic=10KWmEK.d =20 um
§ 7 O hie =5 kWimAK, dgm =50um A hic=5KWim?K, dg“ =20um
o
2 6| @ measureddata
g g: : :
g 5 .
2 Inserts Spacers —
4

Top
Sensor

0 | ] ] ] ] | ] | ] ] | ] | ] | ] ] |

T4
Thermistors

b
S 6F
© —
5 8
© -
o -10—
a -
£ ET =aP+ 1)
8 12
14—
_18:_1' T T
185 /@%/
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CMS

RWNTH

Additional Material
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CMS

Compact Muon Solenoid RWIH

radius 7.5m
- e

Key:

Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron {e.g. Neutron)
----- Photon

Silicon
Tracker

1|

Hadron
Calorimater

suparconducting

Iron return yoke intersparsed

Transverse slice with Muon chambers

through CMS

|-
D farney, CERN, Felwacmary 2

silicon pixel detector electromagnetic hadronic superconducting muon svstem
silicon strip tracker calorimeter calorimeter solenoid magnet y

* multipurpose detector with various detector components
* silicon strip tracker is an important part for the particle and event reconstruction
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" HV Isolation of the Sensors RWIH

Between the sensors: Al-CF + 6 layers.
silicon sensor

25 um Kapton film

| silicon sensor =

25 um glue layers
(we hope 10-20 um can be achieved)

* Back plane of the sensors (inner plane) is on high voltage: -600V

* Electrical isolation of the sensor is necessary
> Solution is gluing 25um thick Kapton strips between sensor and spacer
> Kapton MT+ with 0.8 W/m/K, thickness 25um
> thermally worse contact between sensor and cooling system
> two layers of glue
> Epoxy (Polytec 601-LV) with 0.2W/m/K and 20um thickness

* Effective thermal through-plane-conductivity of the glue-Kapton-glue
sandwich: 0.3 W/m/K
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CMS

Thermal Runaway RWTH

* Irradiated silicon sensors generate temperature dependent leakage current and thus power

T? AFE 1 1
Psensor P o T a1 \m T
02 5P 25y \T T

* Other components (read-out chips, DC-DC converters, ...) produce a constant power

Pcomponents = const.

* Linear dependence of the COOIing power Pcooling ~ CV(T'module - Tcoolant)

Power [W]

dul P =60W : : i
9l e uefﬂwerat 0= 09 overall module / _____________ ] .
”“""‘E”"f“:mpme"‘s power - COO|Ing pOSSIb|e at
gl - - powero the sensor ..................... Y e .................. — o
? Cﬂﬂling pﬂWEf {Tﬂﬁ:”=_35 GC} .............. ............ ................ ...................... TCO2 - 30 C
Bi_ ................. e e — — — Kl —— e
-3 A BUURSSN WSRSRONN 97NN 7N SN N B g [0 Cooling possible at
T T N4 < T L _ .05°C:
4:_ ................. ...................... ...................... ................... ....................... TCOZ _— 25 C-
32_ ................. T N Y. AR S, reagl—qut power “Thermal Runaway”
) i_ e e F-’ .....................................
TN P A8 N /08 S ... Sensor power i .
0 E.n T P TR L A |~"."'.‘”r“i“;‘-;”? |- i‘| L1 | L1 1 | L11 | L 111
-40 -35 -30 -25 -20 -15 -10 -5 0

Temperature on sensor [°C]
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CMS

1200

r [mim)

1000

800

—satw Barrel “TB2S”

Sensor Power after 3000fb*

Expected Silicon Sensor Power at -20°C after 3000fb-"

— Plot taken from tkLayout (S.Mersi et al.)

b ey

| 2S modules ” ”
| Ii|| I

RWNTH

0.8

0.7

0.6

[m] 1emod

r Endcap “TEDD” ,“
==== Iy Il I I
TR I

- PS modules

| | | |
1000 1500 2000

Z [mm]

* Sensor power increases linearly with radiation damage

* highest i

rradiation for the 2S modules in the forward regions

* Technical Design Report value for -20°C sensor temperature:

> maximimum expected power is 570mW for 2S modules in the endcap

0.5

0.4

0.3
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CMS

3rd Julv 2017

Torque and Thermal Contact TWIH

* For the five screwing junctions a heat
transfer coefficient of 10 kW/m2/K is
assumed

> confirmed with measurements

* M2 screws fastened with a torque of 9cNm
were used

* Question: How does the thermal contact
depend on the applied torque?

> Answer: Measurement!

Three Measurement Series

* Serie #1.
* M2 screws, 4mm long thread, 2 washers

* Serie #2:
* M2 screws, 3mm long thread, 1 washer

* Serie #3:
* M2 screws, 3mm long thread, no washer
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™ Cooling Contacts Endcap "N

2S Module with “Long Inserts” 2S Module with “Short Inserts”

CMS Private FEA Model

* two types of cooling inserts “Long” and
“Short” due to the cooling pipe routing

Top Short

Bottom Short |

~12mm
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NNTHAACHEN
2S 1.8mm and 2S 4.0mm R UNIVEIgSITY

Two versions of the module for
different sensor spacings

1.8mm version

4.0mm version

0 - . s .
- . o S . >
S CMS Private FEA Model ; Private FEA Model

-50

-50 -100
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CMS - R
Materials WTH
Material Component Therm. conductivity [W/m/K]
Silicon sensor, chips, 140

Aluminum-Carbon Fiber
(AICF)

K13D2U carbon fiber

opto dummy

sensor spacer, TB2S
Ladder cooling contacts

carbon fiber stiffener

k, =240 ; k, = 120

k, =250k =0.5

PCB-Material service hybrid, 50
read-out hybrid

Stainless steel cooling pipes 12

Aluminum alloy TEDD cooling inserts 130

* All glue layers are simulated with
* the COMSOL function “Thin Layer”
* athickness of 20um
* athermal conductivity of 0.2 W/m/K

* For the wire bonds an effective model is created
* length 4.6mm, thickness 250um
* thermal conductivity 5 W/m/K

* The model corresponds to 1016 aluminium wire bonds
* diameter per wire bond 12.5um

3rd Julv 2017 max.rauch@cern.ch, Forum on Tracking Detector Mechanics 2017, Marseille 46



> TEDD Cooling Inserts RWTH

« Temperature difference between CO, and inner cooling pipe

P 1.1W
AT ine = = =4.0K

C;dollng msert design DESY

' ' Oskar Reichelt
* Temperature gradient across cooling block: . (Oskar Reichely

P-h I.IW - 10 mm
AT ock ~ z — — 09K

« Overall temperature difference, ATglue is not negligible:
Ajvoveraull ~ Ajvblock + A:Fpipe + Azjglue

o Simulated AT is s

overall
* 5.0K without glue layers
* 7.9K with 20pum glue layers (0.2 W/m/K)
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> TB2S Ladder Cooling Blocks RWIT

* 2S5 1.8mm modules are mounted in the TB2S * cooling support for the 5th thermal contact
|Ladder structure * cooling pipe contact length 8mm
* Modules are mounted back-to-back onto the

AICF (?) cooling contacts omm
25 1.8mm Modules on the ladder _

— - * cooling support for the four corners of the 2S
N modules

~*cooling pipe contact length 18mm
! * heat input on top and bottom side from two

o

~ modules mounted to the cooling contact
Pierre Rose

> The factor 2 of heat input of two modules has B
to be taken into account in the FE simulation

/
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CMS

Sensor glue layers

50 100

* Glue layer thicknesses of Oum, 20um,

65um, and 130um are simulated
* Thermal conductivity 0.2 W/m/K

* Thermal runaway at 1-2K lower
temperatures 130um thick glue layer

Thickness of the Sensor Glue Layer

RWNTH

2S 4.0mm Module - Sensor Glue Thickness

=
P

[y
!

w4 Omm TEDD Toplong, 20um glue /

== 4 0mm TEDD TapLong, 65um glue

4 .0mm TEDD TopLong, 130um glue /

e 4 Jmm TEDD Toplong, no glue / )
F. /

Q
oo

/(

Sensor heat generation [\W]
=]

<
F.

Q
ha

Q
i

-35 -34 -33 -32 -31 -30 -29 -28
CO, Coolant Temperature [°C]
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CMS

From LHC to HL-LHC RWTH

* High-luminosity LHC (HL-LHC) will operate
* at an instantaneous luminosity of 5 - 10%*cm=s™ (pileup up to 200)
* deliver an integrated luminosity of 3000fb-

* Current CMS Outer Tracker is designed to operate up to 500fb-! and pileup of 50

Luminosity [cms?]

6.0E+34

5.0E+34

4.0E+34

3.0E+34

2.0E+34

1.0E+34

0.0E+00

Plot from Frederick Bordry (June 2015)

* Peak luminosity ——Integrated luminosity
3500
I'inst
L ] L] L ] L L] - L L ]
/I =
HL-LHC P
® / >
/ £
{ o]
~— N ™ o sn Linj2owg
V) v V) . ¥y /U0 £
- = il . /e =
,;f 1500 2
y @
s L ] L (.' -'f_u‘
°o:®® f//// 1000 &b
@
i
° y £
o NN : i--- R - -i- -~ - B gzl il il 500
- —— = —"""'__"._-Fﬁ"-.' i D
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Year
30 fb! 300 fb-1 3000 fb1
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> TB2S Ladder Cooling Contacts RWIH

. . . . “DC-DC’
* backside heat inputs into cooling gg‘r"r']eerr?éacg C

blocks have to be applied diagonally
due to module arrangement in the
TB2S Ladder

power at “opto”
corner “back” =
S |

AL

* no additional heat input necessary 5
for the 5™ cooling contact
> can be implemented with COMSOL ~ power at
functions

-50

Surface: TemperatuggfdegC)

power at
“opto” corner

” ‘A'“‘.' £ 3 &
\L 100 ~ =0
2

10
12
14
16
18

20

“DC-DC” corner
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