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Cooling of TPC LP Module Equipped by S-ALTRO16 
(Flat Installation) 

I. The two purposes of the cooling for LP TPC  in an open space:

(A) To control the temperature of the pad PCB within  a required 
temperature range :  probably  < 1℃ to the ambient temperature.

(I assume that the operation temperature of TPC will be the ambient 
temperature in the ILD detector which will be the room temperature. )

(B) To keep the  temperate  of the outer surface of the readout electronics 
within an workable temperature range  of the electronics : probably < a 
few 10 ℃.

II. For ILD TPC in ILD detector, need  to keep the temperature  (B)  to be  
in the same range  of (A).

Here we discuss the case of  LP TPC cooling (I). 



Cooling of TPC LP Module Equipped with S-ALTRO16  MCM
(Flat Installation) 

“A cooling using cooling plates”

(A) To control the temperature of the pad PCB within  a required 
temperature  range :  probably  < 1℃ to the ambient temperature:

Cool the backside of  the pad PCB using good cooling plates. 
Ideal if we might be able to instrument am effective cooling layer in the 
pad PCB. 

Heat flow from S-ALTRO16 MCM through the signal connector
should not be very large: need to check.
Major thermal resistance:  2PCO2 cooling pipes – cooling plate 

and cooling plate iteself.
Need to avoid the signal  connectors and other electrical 

connections.
Necessary but minimum numbers of 2PCO2 cooling loops on the 

cooling plates



Cooling of TPC LP Module Equipped by S-ALTRO16 
(Flat Installation) 

“A cooling using cooling plates”

(B)  To keep the temperate of the readout electronics S-ALTRO16 MCM within 
an workable  temperature range : probably < a few 10 ℃.

Conductive cooling by using cooling plates.  
(Would be easier if the PCB for MCM might be used as cooling plate and 

heat sinks.)

Heat dissipation of MCMs is large (w/o power pulsing).
Thermal resistance:  Cooling pipe – cooling plate, cooling plate  itself, 
and cooling plate – MCM.
MCMs mounted on both sides of their PCB – two cooling plates 

necessary  - complication. 
Almost close up MCMs by the  two cooling plates? 

Install necessary but minimum numbers of  2PCO2 cooling loops 
(pipes) on cooling plates.
We may use auxiliary cooling such as of  the blow of pressurized air .
Assembly procedure:  not simple.



Cooling of TPC LP Module Equipped by S-ALTRO16 
(Flat Installation) 

“A cooling using cooling plates”

(1) Look for “good cooling plates” with good thermal conductivity :
Should be also light to minimize material .
Electrical characteristics need to be well defined (probably)
………

(2) Thermal simulation to check if this cooling using cooling plate might work . 
Hope that simulation might give us more idea?

Simulation should not be very difficult.
Do it at NiAS (Nagasaki) (The first meeting on 19-20 April 2012)
Philippe accepted  to work on the simulation helped  by Fusayasu san 
and his student. 

(3)    We have also start to make test peace's of pressurized air cooling with thin 
pipe for LP modules axillary  cooling.



Cooling of TPC LP Module Equipped by S-ALTRO16 
(Flat Installation) 

“A cooling using cooling plates”

Good thermal conducting materials:

We have consulted to ATLAS  Japan people working on the 
silicon/pixel detectors and are contacting to a few companies.

CFRP < 100W/mK
Al and Cu plate 250W/mK – 400W/mK
(Good Carbon fiber mesh 500W/mK) 
Carbon-carbon 500W/mK (directional) 
(TPG : Thermal Pyrolytic Graphite Up to 1700W/mK)
TPG composite (with Al, Cu etc) 1500W/mK (directional)

Ex. TC1050

(For TPG and TC1050,  find some information in below .)



TC1050® Thermal 
Management Materials

Momentive Performance Materials has developed a family 
of thermal management products based upon its high 
conductivity TPG® (thermal pyrolytic graphite) material.  
TPG is a unique form of pyrolytic graphite manufactured 
from thermal decomposition of hydrocarbon gas in a high 
temperature, chemical vapor deposition reactor.  TC1050 
is a macrocomposite of a TPG core encapsulated in various 
structural materials:

• Aluminum (TC1050.ALY)
• Copper (TC1050.COP)
• Other encapsulations and systems are often available, 

such as kovar, tungsten/copper, carbon fiber 
composites, etc.

The thermal expansion properties are defined by the selection 
of the encapsulating material.

Benefits

• Thermal conductivity to 3 times copper
• Lighter than aluminum
• Adjustable coefficients of thermal expansion
• Low thermal resistance
• High reliability from passive conduction
• Sizes from diode mounts to whole chassis panels

Applications

• Heat spreaders in packages
• Thermal cores for PWB's
• Improved performance of finned sinks
• Laser diode mounts
• Avionics thermal cores
• Satellite traveling wave tube mounts
• Electronic chassis
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Typical TPG Properties

Thermal Images

6061 Aluminum

Tmax = 115oC

TPG

Tmax = 44oC

TPG shows over 5X the power dissipation 
capability of Al

Typical Thermal Performance
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Thermal Conductivity 1500 Watts/m-K, a-b axis
 <20 Watts/m-K, c axis
 
Density 2.26 gm/cc

Thermal Expansion 0 to -1 ppm/oC, a-b axis
  Coefficient 25 ppm/oC, c axis

Specific Heat 0.71 J/gm-oC @ 25o C

Flexural Strength 36.7 +/-4%, MPa,    ab
 38.5 +/-4%, MPa,  ll  ab

Stiffness 1050 +/-2%, GPa, c11
 36 +/-3%, GPa, c33

Compressive Strength nil   ll  ab

Tensile Strength nil   ll  ab



TPG® Thermal 
Management Material

TPG (thermal pyrolytic graphite) is a unique form of pyrolytic 
graphite manufactured from thermal decomposition of 
hydrocarbon gas in a high temperature chemical vapor 
deposition reactor. 

Benefits
• Thermal conductivity to 4 times copper
• Lighter than aluminum
• Compatible with many encapsulating techniques
• Sizes from dies and packages to PWB’s
• Passive, high performance heat transfer

Features

• Highly oriented crystals in a layered structure
• In-plane conductivity typically 1350 to 1700 watts/m-K
• Fully dense ceramic
• High c-direction modulus, contributing to improved 

section properties in composite structures
• Layered structure avoids brittle, catastrophic failure
•	 Easily	machined,	provided	as	plates	or	as	final	shapes
• Thickness ranges from less than 0.010" (0.25 mm) to 

over 0.200" (5 mm)
• Plate sizes up to 5" (125 mm) x 20" (500 mm)
• Special sizes can usually be provided upon request

Applications

The high thermal conductivity of TPG comes from a crystal 
structure that usually requires capturing the TPG material 
in some structural member.  Final products typically include 
encapsulations such as aluminum, copper, AlSiC and carbon 
fiber	composite	to	solve	thermal	problems	in	such	needs	as:

• Heat spreaders in packages
• Thermal cores for PWB's
•	 Heat	spreaders	for	improved	performance	of	finned	sinks
• Laser diode mounts

ITRS Impact - The International Technology Roadmap for 
Semiconductors shows power dissipation increasing by 10 watts 
per year from 130 watts in 2002 at the 130 nm node to 160 
watts in 2005 at the 100 nm node. TPG can enable transparent 
thermal solutions without the need for dramatic changes in fans 
or forced cooling.



DISCLAIMER:		THE	MATERIALS,	PRODUCTS	AND	SERVICES	OF	MOMENTIVE	PERFORMANCE	MATERIALS	INC.,	MOMENTIVE	PERFORMANCE	MATERIALS	USA	INC.,	MOMENTIVE	PERFORMANCE	MATERIALS	ASIA	PACIFIC	PTE.	
LTD.,	MOMENTIVE	PERFORMANCE	MATERIALS	WORLDWIDE	INC.,	MOMENTIVE	PERFORMANCE	MATERIALS	GmbH	&	Co.	KG,	MOMENTIVE	PERFORMANCE	MATERIALS	SUISSE	Sarl,	THEIR	SUBSIDIARIES	AND	AFFILIATES	DOING	
BUSINESS	IN	LOCAL	JURISDICTIONS	(collectively	“SUPPLIERS”),	ARE	SOLD	BY	THE	RESPECTIVE	LEGAL	ENTITY	OF	THE	SUPPLIER	SUBJECT	TO	SUPPLIERS’	STANDARD	CONDITIONS	OF	SALE,	WHICH	ARE	INCLUDED	IN	THE	
APPLICABLE	DISTRIBUTOR	OR	OTHER	SALES	AGREEMENT,	PRINTED	ON	THE	BACK	OF	ORDER	ACKNOWLEDGMENTS	AND	INVOICES,	AND	AVAILABLE	UPON	REQUEST.		ALTHOUGH	ANY	INFORMATION,	RECOMMENDATIONS,	OR	
ADVICE	CONTAINED	HEREIN	IS	GIVEN	IN	GOOD	FAITH,	SUPPLIERS	MAKE	NO	WARRANTY	OR	GUARANTEE,	EXPRESS	OR	IMPLIED,		(i)	THAT	THE	RESULTS	DESCRIBED	HEREIN	WILL	BE	OBTAINED	UNDER	END-USE	CONDITIONS,	
OR	(ii)	AS	TO	THE	EFFECTIVENESS	OR	SAFETY	OF	ANY	DESIGN	INCORPORATING	SUPPLIERS’	PRODUCTS,	MATERIALS,	SERVICES,	RECOMMENDATIONS	OR	ADVICE.	AFOREMENTIONED	EXCLUSIONS	OR	LIMITATION	OF	LIABILITY	
ARE	NOT	APPLICABLE	TO	THE	EXTENT	THAT	THE	END-USE	CONDITIONS	AND/OR	INCORPORATION	CONDITIONS	CORRESPOND	TO	THE	RECOMMENDED	CONDITIONS	OF	USE	AND/OR	OF	INCORPORATION	AS	DESCRIBED	
BY	SUPPLIER	IN	ITS	PRODUCT	DATA	SHEET	AND/OR	PRODUCT	SPECIFICATIONS.	EXCEPT	AS	PROVIDED	IN	SUPPLIERS’	STANDARD	CONDITIONS	OF	SALE,	SUPPLIERS	AND	THEIR	REPRESENTATIVES	SHALL	IN	NO	EVENT	BE	
RESPONSIBLE	FOR	ANY	LOSS	RESULTING	FROM	ANY	USE	OF	ITS	MATERIALS,	PRODUCTS	OR	SERVICES	DESCRIBED	HEREIN.	
Each user bears full responsibility for making its own determination as to the suitability of Suppliers’ materials, services, recommendations, or advice for its own particular use.  Each user must identify and perform all tests and analyses 
necessary	to	assure	that	its	finished	parts	incorporating	Suppliers’	products,	materials,	or	services	will	be	safe	and	suitable	for	use	under	end-use	conditions.		Nothing	in	this	or	any	other	document,	nor	any	oral	recommendation	or	
advice,	shall	be	deemed	to	alter,	vary,	supersede,	or	waive	any	provision	of	Suppliers’	Standard	Conditions	of	Sale	or	this	Disclaimer,	unless	any	such	modification	is	specifically	agreed	to	in	a	writing	signed	by	Suppliers.		No	statement	
contained herein concerning a possible or suggested use of any material, product, service or design is intended, or should be construed, to grant any license under any patent or other intellectual property right of Suppliers or any of 
its	subsidiaries	or	affiliates	covering	such	use	or	design,	or	as	a	recommendation	for	the	use	of	such	material,	product,	service	or	design	in	the	infringement	of	any	patent	or	other	intellectual	property	right.

SaleS OffIceS USa
T:	440.878.5700
F:	440.878.5928
E:	cs-na.ceramics@momentive.com

GeRmany
T:	49.4152.9380
F:	49.4152.938.136
E:	cs-eur.ceramics@momentive.com

Japan
T:	81.3.5114.3774
F:	81.3.5114.3779
E:	cs-jp.ceramics@momentive.com

chIna
T:	86.21.6288.1088
F:	86.21.6289.0681
E:	cs-asia.ceramics@momentive.com

www.momentive.com

Copyright 2006-2007 Momentive Performance Materials Inc.  All rights reserved. CVD-85505	Rev	(11/07)

Typical TPG Properties

Thermal Images

6061 Aluminum

Tmax = 115oC

TPG

Tmax = 44oC

TPG	shows	over	5X	the	power	dissipation	
capability of aluminum

   
Thermal Conductivity 1500 Watts/m-K, a-b axis
 <20 Watts/m-K, c axis
 
Density 2.26 gm/cc

Thermal Expansion 0 to -1 ppm/oC, a-b axis
		Coefficient	 25	 ppm/oC, c axis

Specific	Heat	 0.71	 J/gm-oC	@	25o C

Flexural Strength 36.7 +/-4%, MPa,    ab
	 38.5	 +/-4%,	MPa,				ab

Stiffness 1050 +/-2%, GPa, c11
 36 +/-3%, GPa, c33

Compressive Strength nil     ab

Tensile Strength nil     ab

Typical Thermal Performance
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