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CONTEMPORARY PERSPECTIVES ON AIR COOLING OF ELECTRONIC COMPONENTS

Appendix A: Thermal conductivity of Selected Materials for Electronics Cooling

Material Thermal conductivity (W m K')| Temperature (K)
Air 0.024 293
Aluminum 250 293
Copper 390 293
Thermal grease 4-6 293
Phase change material 0.5-2 293
Gap pad 0.5-3 293
Silicon 149 293
Silicon dioxide 0.9-1.2 293

Appendix B: Thermal Interface Material Properties

Material Thermal conductivity (W m™' K')| Temperature (K)
Shin-Etsu 7783D 3.50 293
Bergquist GF3500S35 3.60 293
Loctite epoxy 3874 1.25 293
Honeywell PCM45F SP 2.35 293
Honeywell PCM45F 2.35 293
Laird T-flex 740 5.00 293
Indium 86 358
Soft metal alloy 86 358
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HistoriCcAL PERSPECTIVE OF ELECTRONICS COOLING

Appendix C: Excerpt from a DRAM Datasheet [1]

Table 10:  Absolute Maximum Ratings

Parameter Symbol Min Max Units | Notes

VoD supply voltage relative to WSS VoD -1.0 +6 v

VoDQ supply voltage relative to Vss Voo -1.0 +1 6 v

Voltage on any pin relative to Vss ViN, Vout, NC -1.0 +6 v

SDRAM device temperatures Ta Commercial 0 +10 C 1
Industrial -40 +85 c 1
Storage (plastic) -55 +155 °C 1

Power dissipation - - +1 w

Table 11: Temperature Limits

Parameter Symbol Min Max Units Notes
Operating case temperature: Tc *C 1.2 3.4
Commercial o B0

Industrial —40 50

Junction temperature: T, “C 3
Commercial ] 85

Industrial —40 95
Ambient temperature: Ta *C 3.5
Commercial 1] o
Industrial —40 85
Peak reflow temperature TPEAK - 260 “C

Notes: 1. MAX operating case temperature, Te, is measured in the center of the package on the top
side of the device, as shown on page 47.
2. Dewice functionality is not guaranteed if the device exceeds maximum Tg during operation.

. Both temperature specifications must be satisfied.

4. The case temperature should be measured by gluing a thermocouple to the top center of
the component. This should be done with a Tmm bead of conductive epoxy. as defined by
the JEDEC EIA/JESDS1 standards. Care should be taken to ensure the thermocouple bead is
touching the case.

5. Operating ambient temperature surrounding the package.

(%]

Table 12: Summary of Thermal Impedance

LITY Smn Sima O Bic
Die Si Number of Test (*chan (*chwn) ("chan (cchan (=chan
[rrllnlfje Package Leads Board Omls 1mils 2mls
94 T50P o4 2-layer 62.6 45.4 44,2 19.2 6.7
4-layer 39.2 323 30.6 19.3

Figure 32: Example Temperature Test Point Location, 54-Pin TSOP: Top View
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[1] Micron, 2000, "Synchronous DRAM: 512MbSDRAMfront.fm - Rev. L 10/07 EN."

80




CONTEMPORARY PERSPECTIVES ON AIR COOLING OF ELECTRONIC COMPONENTS

Appendix D: Blower Datasheet - Delta Electronics, Inc. [2]

@ISELTII NG CE

=i -/ 75 x 80 x 30 MM SERIES

W DIMENSIONS DRAWING

* Bearing Type
Ball Bearings.
= Material
Impeller & Frame : Plastic (UL 84-0) WP & Q CURVE (AT RATED VOLTAGE)
* Lead Wiras - BCEORIZEN
UL 1007 AWG #24 OR Eguivalent 47
Red Wire Positive{ _+:| -
Black Wire Megative(-) o N -
* Weight - 140g (4.04 oz) 315 [Faan [
236 leon [ M P

157 [e0n VLN
* oM 200 A kf.
AN

0 03 06 08 12 LS i
[T T T

8 0 w20 w0 380 0 e
£ A Flow  C>

BCBOS12EHN ROD/FDO| 12 6.0t 13.2 1.00 12.00 2200 0.632 232 40.54 1.850 .0
BCBOS12GHN -ROD/FDOD| 12 6.0t 13.2 145 17.40 9500 0.736 2500 67.64 2883 LiTE]
BCEOS12UHN -ROO/-FDD| 12 B.0t0 13.2 230 27.60 | 10800 0.854 30.18 92.35 3875 | 803

* Funclion bype b5 optional.

= Thi max. sir fiow and e spesd are mEssupss in fes S ; M. air DREssre i messuresd ot 2erm sir fow.
" haolse ks measured in anecholc chamber indres alr; one meter from inbke side.

" All readings are typical values ot rabed voltage.

= Spactications are subject o Change without nobice.

[2] “DC Brushless Fans & Blowers — Centrifugal Blower,” 2012, http://www.delta.com.tw/product/cp/dc-
fans/download/pdf/BCB/BCB75x80x30mm.pdf.
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HistorICAL PERSPECTIVE OF ELECTRONICS COOLING

Appendix E: Vane Axial Fan Datasheet — Delta Electronics, Inc. [3]

@I&ELTA‘I MG CE

@ 40 x 40 x 28 MM SERIES

W DIMENSIONS DRAWING

[MAST=1016)

mm
FMCH)

T

: W P & ) CURVE (AT RATED VOLTAGE) B MOUNTING PANEL CUTOUT
Imgpeedler & Pillow : Plasfic (UL D400) 12 g i
* Lead Wires : b &
UL 1007 AWG #24 OR Equivalent - a5 /__
Red Wire Positive{+) el o el
Black Wire Negative(-) o
- Weight - 32g (1.13 o) LT e o
- [, ";‘:
i o K]
oz 5
a a
D o5 03 045 D6 OF5 afmaeg
s g o 13 18 24 =g ]
& l_ ArFow o
Rated | OPerating | oop | o Maximum Maximurm
=L \oltage h‘ﬂ!‘d‘* Current| Power Speed JAir Flow Air Pressure
PART NO. FUNMCTION YDC vDC Amp Watt R.PM. m* imin CFM mmH 0 INHO dB-A
FFB0412MN -RONV-FOD 12 4510 138 0.0s 0.60
5000 0228 a.05 B 0.148 ]
FFB0424MN -RO-FOD 24 14010276 | 0.04 0.86
FFB0412HN -ROO-FOD 12 4510 13.8 o.or 0.e4 0300 1058 .30 0248
FFE0424HN -ROM-FOD 24 14.0t0 27.6 | 0.06 144
FFB0412HHN -ROM-FOD 12 4510 13.8 o1 1.32 0375 13.24 038 0370 410
FFB0424HHN -ROM-FOD 24 14.0t0 27.6 | 0.08 1.82
FFB0412VHN -RONV-FOD 12 4510 138 018 1682 sy e = T
FFB0424VHN -ROV-FOD 24 14 0t0 264 | 010 240 3 -
FFB04125HN -RO-FOD 12 4510 13.8 0.50 a.00 13000 iz 24 D0 2730 1075 545

* Funciion iype b5 optional.

* The maoe. air fiow and fhe speed ane measured In free air | max. air pressure: k& messured at zerm air fow.
* hoise s measured in anechoic chamber In free oy, one meter from inbnke side.

* Al reacings are typical values =t rabed voltage.
* Epeciicaions are subject fo change without notice.

[3] “DC Brushless Fans & Blowers — Vane Axial Fan,” 2012, http://www.delta.com.tw/product/cp/dcfans/
download/pdf/FFB/FFB40x40x28mm.pdf.
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