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10.6 Thermal design
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Objective

Find the heat-sink resistance a component allows, the efficiency of a straight fin, and the
junction temperature a fin array gives, natural or fan-cooled.

1 Key knowledge and worked examples

B Junction to air in series

hd 71] = Ta + P(ch + Rcs + Rsa)7 50 Rsa,max = (er,maz - Ta)/P - ch - Rcs~

o Straight fins with tip losses neglected: m = y/2h/(kt), fin efficiency
ny = tanh(mH)/(mH).

« Sink conductance hAqp; = h(Ap +npAyr) and Ry, = 1/(hAcss); Ap is the base left
between the fins.

B Worked example. The allowed resistance and the fins
T; <125 °C, air 40 °C, P =170 W, R;. = 0.10, R, = 0.05 K/W.

o Roomaz = (Tjmaz — Ta)/ P — (Rje + Res) = (125 — 40)/170 — 0.15 = 0.35 K/W.
e 20 aluminium fins, 40 mm by 2 mm, h = 20.3: m = /2h/(kt) = 10.1 m~!
ny = 0.95, Ryq = 0.196 K/W.

o« T; =T,+ P(Rjc + Res + Rsq) = 404+ 170(0.10 4 0.05 + 0.196) = 98.8 °C, a 26 K
margin.
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20 fins, 40 x 2 mm, 150 mm long junction to air: limit 125 °C

air4 m/s, 40 °C Tj 98.8 °C, margin 26 K

- h=20.3, n_fin=0.95 R jc 0.10
>

case 81.8
>

R_cs 0.05

sink 73.3

power module, 170 W )
air 40 °C

2 Practice

2.1 A 120 W module must keep 7; < 110 °C in air at 35 °C, with Rj.+ R = 0.23 K/W.
Find the largest allowed Ry, (three decimals, K/W). (2]

2.2 An aluminium fin (k =200 W/(m - K)) is 30 mm high and 1.5 mm thick, with h = 25
W/(m? - K). Find m (two decimals, m™!), mH and n; (three decimals). [4]



3 Exam-style questions

3.1 The sink of 2.1 has a base 100 mm by 120 mm carrying 25 of the fins of 2.2, each 100
mm long, h = 25 W/(m? - K). (a) Find the fin area (both faces) and the exposed base
area. (b) Find Ry, (four decimals) and 7} (one decimal, °C); does it meet the limit? (c)
A fan doubles h to 50: find the new 7y, R, and Tj, and explain why R, falls by less
than half. [10]
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