
[image: image8.png]14-58 A circuit board with uniform heat generation is to be conduction cooled by a copper heat frame.
Temperature distribution along the heat frame and the maximum temperature in the PCB are to be
determined.

Assumptions 1 Steady operating conditions exist 2 Thermal properties are constant. 3 There is no direct

heat dissipation from the surface of the PCB, and thus all the heat generated is conducted by the heat frame
to the heat sink.

Analysis The properties and dimensions of various section of the PCB are summarized below as

Section and material Thermal Thickness Heat transfer surface
conductivity area

Epoxy board 026 W/m.°C 2 mm 10 mm x 120 mm
Epoxy adhesive . 18 W/m.°C 0.12 mm 10 mm x 120 mm
Copper heat frame 386 W/m.°C 1.5 mm 10 mm x 120 mm
{normal to frame)

Copper heat frame 386 W/m.°C 10 mm 15 mm x 120 mm
(along the frame)

Using the values in the table, the various thermal resistances are determined to be

Electronic
Ropory = _L_ = 0.002 m =641°C/W components PCB
P k4 (0.26 W/m.°C)(0.01 mx0.12 m) G Qe
L 0.00012 m W L A A ) P
Rughesive =77 = =0056°C e S w3
adhesive = p g~ (1.8 W/m.°C)0.01 mx0.12 m) cold Heu )
— rame
Rmpmrl - L= 0.0015m —00032°C/W plate Epory
kA (386 W/m.°C)(0.01 mx0.12 m) adhesive

_L_ 0.0 m
opper.parallel =4 4~ (386 W/ m.°C)(0.0015 x 0.12 m)

R frame = R,

=0.144°C/W

The combined resistance between the electronic components on each strip and the heat frame can be
determined by adding the three thermal resistances in series to be

Rucriicat = Repoy * Rathesive + Reopper 1 = 641+ 0.056+0.0032 = 6469°C/ W IWLE Repmy
The various temperatures along the heat frame can be determined from the relation VR adherive
AT = 7;ugh T = QR I‘;_'_F_w 'i‘f_w 7"5_‘9/ l;-(f-ll/ gi!/ Bframe L

Then, To T T T3 T T T T Tg

Ty = Ty + Qi_oRi_g = 30°C+(22.5 W)(0.144°C/ W) = 33.24°C

Ty =T, + 0y Ry =3324°C+(19.5 W)(0.144°C/ W) = 36.05°C

T =T+ 0y 3Ry =3605°C+(16.5 W)(0.144°C/ W) = 38.42°C

Ty = T+ Qy-3 Ry = 3842°C+(13.5 W)(0.144°C/ W) = 40.36°C

Ty =Ty + 05 4 Ry =4036°C +(10.5 W)(0.144°C/ W) = 41.87°C

Ty = Ty + O sRe_s =4187°C+ (7.5 W)(0.144°C / W) = 42.95°C

Ty = Ty + 0y o Ry_g = 42.95°C+(4.5 W)(0.144°C/ W) = 43.60°C

Ty = Ty + 0y Ry, =4388°C +(1.5 W)(0.144°C/ W) = 43.81°C

The maximum surface temperature on the PCB is

Toax = T = Ty + Ovortcat Roricas = 4381° C+(3 W)(6.469°C/ W) = 63.2°C
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Component, Material Depth (axial flux|Etlective Effective Area |Thermal Remarks
traverse path), |Therm. Cond |A Resistance
metres K, Wim-C mA2 R=L/KA, C/W
Path 1 .
Die, Silicon, Uniform flux 5.00E-04 150 0.000225 0.015].5 mm Silicon dis thickness, 15 by 16 mm
Dig attach, Silver filled epoxy 5.00E-05 1.5 0.000225 0.1481.050 mm (.002 in) thick Ag filled epoxy
Lid, Cu/W or AISiC 4.00E-03 200 0.0016 0.013|Matched Material Lid, 40 mm by 40 mm by 4 mm
Total Reslstance, Path 1 0.18
Path 2 (Shunt)
Support Ring 5.37E-04 200 0.00008 0.034|5% of the iid Area
Support Ring, Adhesive 7.50E-05 0.1 0.00008 9.375].003 in thick, Sylgard (RTV) type flexible epoxy
(Effective K plays a big role)
Total Resistance, Path 2 ) 9.4
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[image: image3.png]Component, Material Depth (axial flux|Effective Effective Area {Thermal Remarks .
traverse path), |Therm. Cond |A Resistance
metres K, W/m-C mn2 R=L/KA, C/W .
Path 3
Underfifl 7.50E-05 0.1 0.000225 3.3 anm:mmq,czamﬁ the die - low K
Solder Bumps, 95% Pb, 5% Sn 7.50E-05 36 7.85E-09 0.44|600 bumps in parrallel
Single Bump Geomelry Cylinder : .075 nun high; . 100 mm diameter
Area of bump; .7.85E-09
Single Bump Thermal Resis. : 2.65E+02
# of bumps 600
Summation of Path 3 .
UNDERFILL and bumps . . 0.39]In parallel: 3.3 and .44
Substrate, alumina 4.00E-03 21 0.0016 0.12
Pins, Cu alloy 3.00E-03 200{  0.00000004 0.6]Pins in parrallel: Cu alloy, 0.2 mm square, 3 mm tall
1 pin Thermal Resistance ' 375
# of pins! 600 600 pins in parralial
Epoxy Glass PCB 6.00E-03 0.2 0.0225 1.333)Epoxy glass thermal conductivit
PCB tfo Air 10 0.036 2.8|R=1/hA; h =10 W/m2-C,
Area is 80% of 150 mm by 150 mm (both sides)
Air flow on one side, h of 10 W/m2-C used
Total, Path 3 5.2
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Patel and Bash figures used by permission.
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known, the junction temperature of a component is determined from
T,

functiion = T;:a.\u +Qijmc1mu—cmu

14-47C The case-to-ambient thermal resistance of an electronic device is the total thermal resistance of all
parts of the electronic device between its outer surface and the ambient. In practice, this value is determined
experimentally. Usually, manufacturers list the total resistance between the junction and the ambient for
devices they manufacture for various configurations and ambient conditions likely to be encountered. When
the case-to-ambient resistance, the power dissipation, and the ambient temperature are known, the Jjunction

temperature of the device is determined from 7)., crin = Tompiens * OR junction-ambien

14-48C The junction temperature in this case is determined from

lelm.'/lm!l = L ambiem +Q(R junction-case Rease-ambient )

When Rion—cuse > Reave-ampions » the case temperature will be closer to the ambient temperature.

14-49C The PCBs are made of electrically insulating materials such as glass-epoxy laminates which are
poor conductors of heat. Therefore, the rate of heat conduction along a PCB is very low. Heat conduction
from the mid parts of a PCB to its outer edges can be improved by attaching heat frames or clamping cold
plates to it. Heat conduction across the thickness of the PCB can be improved by planting copper or
aluminum pins across the thickness of the PCB to serve as thermal bridges.

14-50C The thermal expansion coefficients of aluminum and copper are about twice as large as that of the
epoxy-glass. This large difference in the thermal expansion coefficients can cause warping on the PCBs if
the epoxy and the metal are not bonded properly. Warping is a major concern because it decreases
reliability. One way of avoiding warping is to use PCBs with components on both sides.

14-51C The thermal conduction module received a lot of attention from thermal designers because the
thermal design was incorporated at the initial stages of electrical design. The TCM was different from
previous chip designs in that it incorporated both electrical and thermal considerations in early stages of
design. The cavity in the TCM is filled with helium (instead of air) because of its very high thermal
conductivity (about six times that of air).
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