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Thermal Cooling Techniques of Electronic Components

Yoshizo Oxamoro* Fumito Kaminaca®, Kazuyoshi Satou®,
Masatake Taxasamma™*, Yoji Horwcar®***, Tsuguharu Smsutan™**

ABSTRACT —The heat removal technique is one of the most important research item. To ensure an
allowable temperature of the electronic components, the cooling method had been improved by the
quantative control of the generated heat from the equipments. The thermoview of the IC base plate had
been obtained by the infrared radiation sensor. Isotherm image of an IC package array on the base plate
was measured by the radiometer on the CRT display. The paper shows the heat transfer characteristics of

the IC array and temperature distribution of the LSI package through a permeable wall, by using an

atmospheric wind tunnel.
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Fig.1 package outline
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Fig.2 conection diagram of IC resisters

CEERR, FORMTIRY - FUr4 v LTROHE
no, ¥k, FROFLFEDY — FALAWI VD HE
nCw5b, 1R OEI2QTHS., I
CF v 712, EEOREO—HPRFBEL TS0,
SRDHED 4Ly, Tiohb, £REDESDREOES
WANFEETHE LT, ThEiiffe o EmER
DR WCTANBERRET A L &L L, EFEO4
A OEBIL, AFILIQ, EINXI.0QTH T,

.
<_‘°_>1
1booo
000oo
00000

1o
gl‘ = = =]

10

34

Fig.3 Test rig of simulated I C resister with lead

wire and its 3X5 array
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Fig.4 Experimental apparatus
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Fig.5 Position of gas temprature and flow velocity

measured
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Fig.6 Attached position of thermo — couple
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Fig.7 Layout of test section and I R sencer

Fig.9 Test section (Fin less L S I)

Fig.8 Wind tunnel test section heat transfer test

Fig.10 Test section (Fin attached L S I)
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Table.l1 Test condition of I C package simulation

W=110 Com)
H=38 (mm )

Velocity v=0~20
- Voltage V=8,

(n/s)
10, 12 (V)

Re=0~16000

pitch of chip column 3 4 (mm )
pitch of chip array 16 (mm )

Fig.11 Temperature distribution of IC array vertical
wall after power—on for wvarious cooling
condition v=0 (m’s) Q=0.550 (kcal ~h)

Fig.12 Temperature distribution of IC array vertical
wall after power—on for wvarious cooling
condition v=1.0 (m_s) Q=0.550 (kcal/h)
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Fig.13 Temperature distribution of IC array vertical
wall after power—on for wvarious cooling
condition v=3.0 (m,’s) Q=0.550 (kcalh)
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Fig.14 Temperature distribution of IC array vertical
wall after power—on for wvarious cooling

condition v=12.0 (m“s) Q@=0.550 (kcal h)
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Fig.15 Temperature distribution of IC array vertical
wall after power—on for wvarious cooling
condition v=0 (m,’s) Q@=0.382 (kcal /h)

Fig.16 Temperature distribution of IC array vertical

wall after power—on for various cooling
condition v=2.0 (m’s) @=0.382 (kcal ~'h)

Fig.17 Temperature distribution of IC array vertical
wall after power—on for various cooling
condition v=14.0 (ms) Q=0.382 (kcal~h)

Table.2 Test result of I C package array

Fig.No. [flow velocity| pover heat flux |gas tempjwall tempitip difference
v{n/s) Q q Tg('C) | ™v('C) AT(TC)

{kcal/h) | (keal/h-n?)

13 3.0 0.550 1545 16.14 32.74 16. 6

13 0 15.¢ 61.98 45.04

16 2.0 0.382 1073 .4 24. 68 10. 26

0.550 1545

0.245 £88.2
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Fig.18 Temperature distribution of IC vertical wall Fig.21 Temperature distribution of IC vertical wall
after power—on for various cooling condition after power—on for various cooling condition
v=0 (m,s) Q=0.550 (kcal ~h) v=13.0 (m,’s) Q=0.245 (kcal /h)

AT=Temperature rise (°C)

Q=0.550 kcal/h A t =Time constant (minute)
(~ up stream) tip No. (down stream —)
Test condition
1 3 5 1 9
Natural AT 67.5 66.0 69.6 69.6 69.6
convection
. v=0(n/s)|A t 47 48 48 49 49
Fig.19 Temperature distribution of IC vertical wall
after power—on for various cooling condition Forced AT 338 348 31,0 0.9 296
v=12.0 (m/s) Q:O550 (kcal/h) convection
v=l.0(n/s)|A T 8 20 21 24 22
Forced AT 15.8 18.5 16. 9 17.3 19.1
convection
v=3.0(n/s) A T 3 5 5 6 7
Forced AT 6.0 8. % 11.3 12.3 10. 1
convection
v=9.0(n/s) A T 1 3 2 3 6
Forced AT 3.9 §.5 8.9 11.6 9.3
convection
v=l2(n/s) |A T 1 1 1 2 2

Fig.20 Temperature distribution of IC vertical wall
after power—on for various cooling condition Table.3 Test result of temperature and time
v=0 (m/’s) Q=0.245 (kcal ~h) constant Tw for various cooling condition
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A T=Temperature rise ('C)

Q=0.245 kcal/h A t =Time constant (minute)

(< up stream) tip No. (down stream =~}
Test condition

1 3 H 1 9
Natural AT 32.3 31.8 34.0 34.5 32.8
convection

v=0(n/s)|A 7 44 44 45 46 47

Forced AT 12.5 13.§ 12. 4 12.4 11.9
convection
v=1.0(n/s}|A 5 8 8 10 8
Forced AT 7.1 1.9 1.0 6.9 6.2
convection
v=3.0(n/s}|A T 2 3 3 6 5
Forced AT 2.2 2.8 3.9 4.3 4.8
convection
v=9.0(n/s)|A T 1 1 1 2 3
Forced AT 1.7 2.2 3.3 4.2 4.4
convection
v=12(n/s) |A T 1 1 1 2 2

Table.4d Test result of temperature and time

constant Tw for various cooling condition
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Fig.24 surface temperature distribution of a L S I tip
v=0 (m/s)
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Fig.25 surface temperature distribution of a L ST tip
v=0 (m/’s)
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Fig.26 surface temperature distribution of a L ST tip
v=0 (m,s)
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