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Abstract

Calculations of the heat dissipation and measurements of the temperatures in a prototype
of the first wheel electronics of the multidetector “CHIMERA” have been performed. The aim of
these tests has been the optimization of the thermal coupling between the different electronic
components of the setup.

1. INTRODUCTION

Among the possible causes of instability in detector-preamplifier chains, the thermic
stress plays an important role which must be taken into account in the project of the device. In
the case we are considering (see fig. 1) the system to be studied is composed of the environment,
the motherboards, the mechanical support (the wheel) and the cooling channel. Because of the
system will operate in a vacuum chamber we can neglect the convection and the radiation

contributions to the heat transfer in the set up.
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Figure Errore. L'argomento parametro ¢ sconosciuto. : General assembly scheme of the system under test.

The multidetector CHIMERA® will be composed of 1192 preamplification modules
which must be kept at very low temperature in such a way the required performances can be
obtained. Therefore what we need is to have the maximum thermal conductivity in the coupling

of the different elements of the system.

2. THE MOTHERBOARD HEAT FLOW

The figure 2 shows the block diagram of the motherboard. If we neglect the dissipation of
the passive component (low pass filter), the most of the heat flow generated by the motherboard
is due to the power dissipated in the preamplifiers, while the rest is dissipated in the overload

protection devices.
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Figure 2 : Motherboard block diagram.

In Table 1 we report the current and voltage power lines values of the motherboard.
These values have been used for the evaluation of the power dissipated in the preamplifiers®

which determine the heat flow in the motherboard.

Preamplifier Si detectors Preamplifier Csl detectors
Current Voltage Current Voltage
(mA) V) (mA) V)
I, =144 Vg =+6.5 I, =62 Ve, =+12
I, =175 Vg =-12 I, =69 Vi, =-12

Table Errore. L'argomento parametro ¢ sconosciuto. : Measured currents and voltages values of a motherboard.

The power dissipated (P4) in a motherboard (with two preamplifiers for Si detectors and

two preamplifiers for Csl detectors) is given by :

Py= Ppa + Popd

(1)




where P, is the power dissipated by the preamplifiers and Popq is the power dissipated by the
overload protection devices.

By using the values of the currents and the voltages reported in Table 1, one can
evaluate P, by :

P, =2-(Py+Py) (2)

pa

where Pg; and Pcg are the power dissipated by a Si preamplifier and by a Csl preamplifier

respectively. Pg; and Pcg are given by :
Py =(Vy - 15)+ (Vs - 15) = (65-144-107) +(12:75:107) = (93.6+90)-10° = 183.6m ¥ 3)

Py = (Ve Iy )+ (Ve - Toy) = (12:62-107) +(12:69-107) = (744 +828)-107 = 157.2mW  (4)

Therefore, by inserting the values (3) and (4) in formula (2), we obtain :

P, =2-(1836+1572)-107 = 680mW

P

Popd 18 given by:

opd —

Py =L+ Iy + 1oy + 1oy ) - Ver =[(287+15+125+137)-107 |- 14 = 90mWw (5)

where Vg is the potential difference between the points C and E (see fig. 2). By inserting the
values of Pp, and Pypq in (1) we have Py - 770 mW.
Finally the heat flow generated by a motherboard is ¢, , = P, = 770mW , while those

generated by a single preamplifier are ¢y =F; =183mW for Si preamplifier and

Gey = Py =157TmW for Csl preamplifier.

3. TEMPERATURE MEASUREMENTS
We measured the temperature in a set of points inside the vacuum chamber where the
first wheel of CHIMERA was housed, in two different cases: at atmospheric pressure and at a

pressure of ~107 atm.



At atmospheric pressure

¢ thermocouple (K type) inserted between a motherboard and the cooling flange (see fig. 3-a) ;

e 16 motherboards (32 amplifiers Si and 32 Csl) switched on ;

e cooling system switched off ;

e cylindrical vacuum chamber (diameter = 600 mm and length = 1000 mm) with closed hatch.
The initial environment temperature was 25 °C and after a three hours run it did not

change. On the motherboard we measured an increase of 2 °C.

Preamplifier Si

Motherboard
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Figure 3-a : Setup for the measurement of the temperature of the motherboard T B..

Under vacuum
o sticker thermocouple put on the preamplifiers and between the motherboard and the cooling
flange ( see fig. 3-b) ;
e 16 motherboards (32 preamplifiers Si and 32 CslI) switched on
e cooling system switched on with an initial temperature of 18 °C and a programmed final

temperature of 10 °C.
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Figure 3-b : Setup for the measurement of the temperature Tg; and Ty of the Si and Csl preamplifiers respectively



In fig. 4 we report the behaviour of the temperature of the Si preamplifier (Tj), of the
Csl preamplifiers (Tcg), of a motherboard (Ty ) and of the cooling fluid (Tuiq) measured at

different time values during the run at a 3-10” atm pressure.
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Figure 4 : Behaviour of the temperatures of Si and Csl preamplifiers (T; and Tcy), of the motherboard (Tyz) and
of the cooling fluid (Tpqy;q) during the run under vacuum. Solid lines are reported as eyes guide.

4. THE THERMAL RESISTANCE EVALUATION
The transfer of the heat from the preamplifiers to the motherboard and then to the cooling
channel occurs exclusively through the pins of the preamplifiers. The thermal resistance™ which

determines the efficiency of the cooling system is composed of two terms: Rth,", , (relative

to the coupling preamplifier-motherboard) and Rth,,, ., (relative to the coupling motherboard-

cooling channel). We can observe in fig. 4 that after a 30 minutes transient, the regime
temperatures values are 26.4 °C, 18.9 °C, 10.6 °C and 10.1 °C for the Si preamplifier, Csl
preamplifier, the motherboard and the cooling fluid respectively. The relevant values of the heat
flux can be evaluated from the voltage and current values reported in Table 1. Finally, the

thermal resistances are given by :



Si Ty —Typ _264-106 °C
Rthpre—MB = : = -3 -
B. qs 183-10 w (6)
— b ° 7
B deg 157-10 /4
RthMB—c’oo[ = TM'B' T;ool = 106 1(331 - 065|: C:| ( )
8. G, 770-10 w

These values of the thermal resistances have been obtained by increasing the number of
the ground pins of the preamplifier in such a way we improved the thermal coupling between the
preamplifiers and the motherboard without modifying their performances. To have an idea of the
effect of this technique we can compare the thermal resistance of the Si preamplifiers (5 grounds
pins) with the thermal resistance of the Csl preamplifiers (16 ground pins). The difference of 11
ground pins amount to a reduction of the thermal resistance by 38 %.

To minimize the thermal resistance of the motherboard-cooling channel coupling we put
a cooling flange (fig. 1) between the motherboard and the wheel. The cooling flange has been
made by reproducing the design of the drilling plane of the motherboard on a photoengraved and

nickel plated sheet.

5. CONCLUSIONS

The calculations of the heat dissipation and the measurements of the regime temperatures
of the electronic components of the CHIMERA first wheel suggest that an improvement of the
their thermal coupling by means a reduction of the thermal resistances can be easily performed
by increasing the number of ground pins of the preamplifiers. The reduction of the difference

between the thermal resistance of Si and Csl preamplifiers will be the next step of this study.
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NOTES

)

2

3

CHIMERA is a 4t multidetector for heavy-ion physics. Si and Csl (T1) detectors are used for the AE-E, Time
of Flight identification techniques and pulse shaping. See S. Aiello et al. Nucl. Phys. A583 (1995) 461-464.

- Preamplifiers for Silicon detectors developed by Service Electronique Nucleaire Saclay (FR)

- Preamplifiers for CsI(TI) detectors developed by Servizio elettronica .N.F.N. Sez.Milano (I).

T

q

The thermal resistance Rthy, between the points x and y is given by: Rthxy = , where T and T, are

the temperatures at x and y and q is the heat flux.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


