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R&D	  in	  CMS	  

•  Linee	  di	  azione	  specifiche	  R&D	  CMS-‐IT:	  
–  Sensori	  Planari	  	  standard	  e	  AcRve	  Edge	  
–  Micro-‐channel	  cooling	  
–  Possibile	  uRlizzo	  di	  ROC	  chip	  di	  generazione	  intermedia	  tra	  gli	  aIuali	  

ROC	  e	  i	  protoRpi	  RD53	  
–  Studi	  di	  BB	  di	  rivelatori	  irraggiaR	  su	  ROC	  non	  irraggiaR	  
–  Tecniche	  di	  Isolamento	  contro	  le	  scariche	  ROC-‐sensore	  
–  Partecipazione	  ai	  batch	  comuni	  della	  coll.	  CMS	  previsR	  nel	  2015	  	  

•  Risorse	  
–  37	  ricercatori	  coinvolR	  su	  6	  sedi,	  per	  un	  totale	  11.1	  FTE	  
–  Esperienza	  dalla	  costruzione	  dello	  Strip	  Tracker	  CMS	  e	  aIualmente	  del	  

Pixel	  Fase-‐1,	  protoRpi	  di	  cooling	  per	  altri	  esperimenR	  
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Micro	  channel	  cooling	  R&D	  

•  ApplicaRon	  to	  small	  hydraulic	  diameter	  	  
–  <300	  µm	  

•  Design	  of	  realisRc	  cooling	  channel	  length	  	  
–  300-‐600	  mm	  

•  OpRmizaRon	  of	  Cooling	  system	  material	  budget:	  goal	  of	  
0.15%	  X0.	  

•  OpRmizaRon	  of	  material	  budget	  vs.	  temperature	  working	  
point.	  

Programma$di$lavoro$Micro$Channel$Cooling$

–  ProgeTazione$e$$produzione$di$sistema$$a$CO2$evaporaPvo$per$la$verifica$della$
faqbilita’$$di$questo$metodo$di$cooling$su$supporP$a$micro@tubi$costruiP$in$CFRP.$
•  Soluzione$conservaPva$per$questo$R&D$
•  Focalizzazione$a$design$specifici$per$un$rivelatore$plausibile$per$il$vertex$detector$di$CMS$

–  Oqmizzazione/minimizzazione$delle$dimensioni$dei$micro@tubi$a$parPre$da$valori$
sperimentaP:$sezione$<700$x$700$μm2$e$diametro$idraulico$<300$μm.$$

–  Riduzione$del$material$budget:$<$0.15%$X0$$
–  Oqmizzazione$in$funzione$della$temperatura$$di$lavoro.$
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Both solutions are obtained with an additive method, by gluing
together single micro-tubes, using Araldite 2011 epoxy glue. The
micro-tubes are obtained by a poltrusion process, using Carbon
Fiber Toho Tenax HTS 40.

The single glued unit is a square cross-section micro-tube with
side of 0.7 mm. An inner peek tube 50 mm thick with a hydraulic
diameter of 0.3 mm is used to prevent hygroscopic problems
(see Fig. 1).

The two solutions differ in the number of tubes. The Full Module
Support is constructed by gluing 18 micro-tubes side by side (see
Fig. 2) and is used for MAPS sensors. The Net Module Support is
assembled with 10 micro-tubes (see Fig. 3) held in position by five
very thin CFRP transversal combs (see Figs. 3 and 4).

Several mechanical jigs have been designed and built in order
to assemble the module prototypes. The construction phase was
crucial because of the small dimensions of the components and
the thermal interfaces. Several construction operations were
conducted under a microscope. Three samples for each kind have
been assembled and tested.

The configuration tested in the INFN Pisa thermo-fluid
dynamics LAB is ‘‘single side’’. This means power consumption
happens only in the upper surface of the module.

In order to reproduce the real power consumption a kapton
heater is glued on the upper surface of the CFRP support
structure.

An aluminum foil of 300 mm-thickness is glued on the bottom
of the heater in place of the silicon detector. On the top of this foil,
five temperature probes (PT100) are glued in order to read the
maximum temperature reached.

The ground plane of the detector modules is simulated with a
70 mm thick aluminum-kapton piece placed between the support
structure and the aluminum foil. There is also a 30 mm thick layer
of epoxy glue between each component.

Fig. 4 shows an isometric view and a cross section of the
sample CFRP Net Module tested.

4. Full Module and Net Module results

Both kinds of modules have been tested in the same conditions
with test ambient temperature of Ta¼23 1C and fluid temperature
of 10 1C. All the tests are performed in the single side power
consumption case. The temperature and pressure drops were
continuously acquired by the DAQ system with a rate of 2 read-
ings/min. The coolant is a 50% mix of water and ethylene glycol.
The characteristics are summarized in Table 1.

The test procedure was conducted initially by setting the fluid
pushing pressure at 1.5 atm and a suction pressure at 0.5 atm. The
heater was then switched on and set to the lowest specific power
(1 W/cm2). The pushing pressure was then increased to 3.5 atm
and the power of the heater tuned up according to the experi-
mental program, from 1.0 to 3.0 W/cm2 for the Full Module and
from 1.0 to 2.5 W/cm2 for the Net Module.

Fig. 5 compares the average temperature measured along the
module length for the Net module and Full module at the
different specific power settings.

Figs. 6 and 7 show the temperature read in five positions along
the module where the temperature probes are glued for different
specific powers and for the Net and Full module configurations.

In Figs. 5–7 the maximum allowed temperature of 50 1C is also
drawn (dashed line). Test results show that for the Full module
solution it’s possible to cool with specific power consumption up
to 3 W/cm2 while for Net module solution this limit is 2 W/cm2.
However, in order to have safer conditions with respect to the
temperature limit specification, it is possible to decrease the inlet
coolant temperature by paying attention to the freezing point of
the liquid. On the other hand, it is necessary to verify that the DT
along the module which is not too high because of the sensitivity
of the detector’s performance with respect to the temperature
variations. For example, for power density of 1.5 W/cm2

(Figs. 6 and 7), the temperature along the module increases by

Fig. 1. Single microtube, cross-section.

Fig. 2. CFRP Full Module Support, cross-section.

Fig. 3. CFRP Net Module Support.

Fig. 4. CFRP ‘‘single side’’ Sample Net Module.

Table 1
Main physical properties of the used coolant.

Specific heat Cp 3530 J/kg K
Density r 1055 kg/m3

Absolute viscosity n 0.004 kg/ms
Thermal conductivity K 0.48 W/mK

F. Bosi et al. / Nuclear Instruments and Methods in Physics Research A 650 (2011) 213–217214
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I$rivelatori$a$pixel$per$Fase@2$necessitano$di$un$raffreddamento$efficace:$
–  potenza$dissipata$dall’eleTronica$di$front$end$con$elevata$densità$di$interconnessione$(>1$W/cm2);$
–  danneggiamento$da$radiazione$che$implica$condizioni$di$lavoro$dei$sensori$a$bassa$temperatura$(circa$$@20°$C);$
–  Localizzazione$in$rivelatori$vicini$al$punto$di$interazione$:$

•  Material$budget$minimizzato$$
•  Distribuzione$uniforme$della$potenza$di$raffreddamento$con$ponP$termici$tali$da$garanPre$temperatura$costante$

del$sensore;$
•  Sistema$robusto$e$“maintenance@free”$(collocazione$sperimentale$inaccessibile)$

•  Micro@channel$Cooling$+$CO2$a$transizione$di$fase:$soluzione$promeTente$per$il$
tracciatore$di$Fase@2.$$$
–  Metodo$ed$apparato$sperimentale$già$parzialmente$sviluppaP$a$Pisa$(per$scambio$termico$monofase$liquido$con$punto$di$

lavoro$a$30°$e$2W/cm2$di$dissipazione)$per$avere$un$cooling$efficiente$e$con$bassa$quanPtà$di$materiale$in$zona$aqva.$$
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Le$linee$R&D$proposte$per$il$Tracker:$Micro$Channel$Cooling$
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$
•  Micro$tubi$ComposiP$

–  Carbon$Fiber$Reinforced$PlasPc$$

•  Eventuale$sviluppo$con$FBK$di$micro@canali$in$SIlicio$
–  Tecniche$DRIE$(Deep$ReacPve$Ion$Etching)$che$sono$le$stesse$usate$anche$

per$i$pixel$3D$

Silicon$oxide$sealing$

500/300!µm!

150$µm$

70
0 
µ

m
 

700 µm 

Carbon$Fiber$Pultrusion$$

Peek pipe 

Dh=300 µm 
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Programma$di$lavoro$Micro$Channel$Cooling$

–  ProgeTazione$e$$produzione$di$sistema$$a$CO2$evaporaPvo$per$la$verifica$della$
faqbilita’$$di$questo$metodo$di$cooling$su$supporP$a$micro@tubi$costruiP$in$CFRP.$
•  Soluzione$conservaPva$per$questo$R&D$
•  Focalizzazione$a$design$specifici$per$un$rivelatore$plausibile$per$il$vertex$detector$di$CMS$

–  Oqmizzazione/minimizzazione$delle$dimensioni$dei$micro@tubi$a$parPre$da$valori$
sperimentaP:$sezione$<700$x$700$μm2$e$diametro$idraulico$<300$μm.$$

–  Riduzione$del$material$budget:$<$0.15%$X0$$
–  Oqmizzazione$in$funzione$della$temperatura$$di$lavoro.$
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Both solutions are obtained with an additive method, by gluing
together single micro-tubes, using Araldite 2011 epoxy glue. The
micro-tubes are obtained by a poltrusion process, using Carbon
Fiber Toho Tenax HTS 40.

The single glued unit is a square cross-section micro-tube with
side of 0.7 mm. An inner peek tube 50 mm thick with a hydraulic
diameter of 0.3 mm is used to prevent hygroscopic problems
(see Fig. 1).

The two solutions differ in the number of tubes. The Full Module
Support is constructed by gluing 18 micro-tubes side by side (see
Fig. 2) and is used for MAPS sensors. The Net Module Support is
assembled with 10 micro-tubes (see Fig. 3) held in position by five
very thin CFRP transversal combs (see Figs. 3 and 4).

Several mechanical jigs have been designed and built in order
to assemble the module prototypes. The construction phase was
crucial because of the small dimensions of the components and
the thermal interfaces. Several construction operations were
conducted under a microscope. Three samples for each kind have
been assembled and tested.

The configuration tested in the INFN Pisa thermo-fluid
dynamics LAB is ‘‘single side’’. This means power consumption
happens only in the upper surface of the module.

In order to reproduce the real power consumption a kapton
heater is glued on the upper surface of the CFRP support
structure.

An aluminum foil of 300 mm-thickness is glued on the bottom
of the heater in place of the silicon detector. On the top of this foil,
five temperature probes (PT100) are glued in order to read the
maximum temperature reached.

The ground plane of the detector modules is simulated with a
70 mm thick aluminum-kapton piece placed between the support
structure and the aluminum foil. There is also a 30 mm thick layer
of epoxy glue between each component.

Fig. 4 shows an isometric view and a cross section of the
sample CFRP Net Module tested.

4. Full Module and Net Module results

Both kinds of modules have been tested in the same conditions
with test ambient temperature of Ta¼23 1C and fluid temperature
of 10 1C. All the tests are performed in the single side power
consumption case. The temperature and pressure drops were
continuously acquired by the DAQ system with a rate of 2 read-
ings/min. The coolant is a 50% mix of water and ethylene glycol.
The characteristics are summarized in Table 1.

The test procedure was conducted initially by setting the fluid
pushing pressure at 1.5 atm and a suction pressure at 0.5 atm. The
heater was then switched on and set to the lowest specific power
(1 W/cm2). The pushing pressure was then increased to 3.5 atm
and the power of the heater tuned up according to the experi-
mental program, from 1.0 to 3.0 W/cm2 for the Full Module and
from 1.0 to 2.5 W/cm2 for the Net Module.

Fig. 5 compares the average temperature measured along the
module length for the Net module and Full module at the
different specific power settings.

Figs. 6 and 7 show the temperature read in five positions along
the module where the temperature probes are glued for different
specific powers and for the Net and Full module configurations.

In Figs. 5–7 the maximum allowed temperature of 50 1C is also
drawn (dashed line). Test results show that for the Full module
solution it’s possible to cool with specific power consumption up
to 3 W/cm2 while for Net module solution this limit is 2 W/cm2.
However, in order to have safer conditions with respect to the
temperature limit specification, it is possible to decrease the inlet
coolant temperature by paying attention to the freezing point of
the liquid. On the other hand, it is necessary to verify that the DT
along the module which is not too high because of the sensitivity
of the detector’s performance with respect to the temperature
variations. For example, for power density of 1.5 W/cm2

(Figs. 6 and 7), the temperature along the module increases by

Fig. 1. Single microtube, cross-section.

Fig. 2. CFRP Full Module Support, cross-section.

Fig. 3. CFRP Net Module Support.

Fig. 4. CFRP ‘‘single side’’ Sample Net Module.

Table 1
Main physical properties of the used coolant.

Specific heat Cp 3530 J/kg K
Density r 1055 kg/m3

Absolute viscosity n 0.004 kg/ms
Thermal conductivity K 0.48 W/mK

F. Bosi et al. / Nuclear Instruments and Methods in Physics Research A 650 (2011) 213–217214
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di$verPce$$(30@60$cm)$con$connessioni$idrauliche$
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ImplementaRon	  of	  evaporaRve	  CO2	  cooling	  on	  CFRP	  
(Carbon	  Fiber	  Reinforced	  PlasRcs)	  with	  low	  temperature	  
working	  point	  (-‐20°C).	  	  	  

23/9/14	  RD	  CMS	  Referee	  PI	   Marco	  Meschini,	  INFN	  Firenze	   3	  



Micro	  channel	  cooling	  plans	  for	  2015	  

•  Step	  to	  assess	  Phase	  transiRon	  cooling	  in	  micro-‐
channel	  	  
–  CO2	  cooling	  unit	  (Nikhef)	  +	  safety	  system	  
–  Boro-‐silicate	  +	  CFRP	  channel	  length	  50-‐60	  cm	  
–  CAD	  design	  and	  simulaRons	  	  
–  Micro-‐channel	  assemby	  opRmizaRon:	  

•  CFRP	  	  needs	  specific	  opRmizaRons	  a	  	  the	  level	  of	  design,	  
micro-‐channel	  device	  processing	  and	  	  funcRonal	  
interconnecRons.	  

–  Measurements,	  qualificaRon	  and	  calibraRon	  in	  	  
laboratory	  including	  structural	  and	  endurance	  tests.	  

–  System	  integraRon	  with	  dedicated	  equipment	  	  	  
–  Focusing	  	  on	  Phase	  II	  Pixel	  	  	  

•  Both	  Planar	  and	  3D	  pixel	  detectors	  
•  Custom	  development	  of	  interconnecRons,	  high	  pressure	  

rated	  
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Batch	  Planari:	  32	  Sensori	  CMS_PSI	  +	  5	  small	  pitch	  test	  sensors	  
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Batch	  Planari:	  circa	  50	  Test	  Structures	  CMS	  
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Sensori	  con	  P_stop	  

Macro	  Pixel	  MAPSL	  
Karlsruhe,	  moduli	  per	  
progeIo	  Track-‐Trigger	  

Numero	  di	  Guard	  Ring	  
crescente	  	  

Sensori	  senza	  P_stop	  

Zona	  CMS	  del	  wafer	  pixel	  planari	  

Molteplicità	  di	  ciascuno	  dei	  	  
sensori	  variabile	  tra	  1	  e	  5	  nel	  
wafer	  	  

Elevato	  numero	  sia	  di	  sensori	  	  
che	  di	  struIure	  da	  misurare	  :	  
à	  richieste	  BB	  e	  assemblaggi	  



R&D	  against	  Sparks	  
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ROC	  at	  Ground	  

Air	  gap	  between	  sensor	  and	  ROC	  can	  be	  as	  low	  as	  10µm	  with	  Indium	  
Bump	  Bonding:	  high	  spark	  probability	  

ROC	  

Sensor	  
We	  need	  to	  invesRgate	  how	  to	  avoid	  this	  kind	  of	  problems	  
Crucial	  for	  P-‐type	  pixel	  detectors	  to	  be	  operated	  at	  High	  Voltage	  Bias	  
Two	  chemical	  compounds	  have	  been	  tested	  up	  to	  know:	  
Parylene	  
Benzocyclobutene	  	  

Parylene	  coaRng	  2	  µm	  thick	  tested	  
at	  Purdue	  improves	  Breakdown	  up	  
to	  575V:	  probably	  not	  enough	  for	  
highly	  irradiated	  pixel	  

Purdue	  (M.	  Bubna)	  

Dielectric	  strength:	  
-‐	  Parylene	  280	  V/μm	  	  
-‐  BCB	  5300	  V/μm	  
Require	  Industrial	  partners,	  more	  steps,	  add	  
lithography,	  masking,	  insulator	  deposiRon.	  	  
More	  effort,	  new	  ideas	  are	  needed.	  CoaRng	  
can	  largely	  affect	  mass	  producRon	  and	  cost	  	  

p	  bulk	  
n	  type	  pixel	  



Planar	  AcRve	  Edge	  con	  FBK	  
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(G.F.	  Dalla	  BeIa,	  Vertex	  2013)	  

•  Da	  sviluppare	  con	  FBK	  per	  CMS	  (	  basandosi	  sui	  risultaR	  
oIenuR	  con	  ATLAS):	  
•  4.5	  x	  200	  µm	  trench,	  doped	  by	  diffusion	  
•  Disegni	  diversi	  di	  edge/GR,	  fino	  a	  100	  –	  200	  µm	  possibili	  

•  Layout	  da	  studiare	  in	  parallelo	  al	  3D,	  affinità	  	  	  
•  Includere	  anche	  pitch	  50x50	  µm2	  	  

FBK	  Edgeless	  pixels	  (n-‐on-‐p)	  
per	  ATLAS	  in	  collaborazione	  	  
con	  LPNHE	  Paris	  



Altre	  A0vità	  Specifiche	  2015	  

•  Nel	  2015	  si	  prevede:	  	  
–  BB	  del	  batch	  3D	  parzialmente	  in	  comune	  con	  ATLAS	  
–  BB	  Batch	  AcRve	  Edge	  solo	  CMS	  

–  Assemblaggi	  moduli	  	  

–  Test	  Beam	  

–  Primi	  irraggiamenR	  planari	  

–  DAQ	  laboratorio	  con	  Digital	  Test	  Board	  CMS	  e	  con	  USBpix3	  ATLAS	  
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Richieste	  2015	  
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