PROBLEM 4.80

KNOWN: Silicon chip mounted in a dielectric substrate. One surface of system is convectively
cooled while the remaining surfaces are well insulated.

FIND: Whether maximum temperature in chip will exceed 85°C.
SCHEMATIC:

7 { Chip, ke=50 Wjm-K, G =10"W/m?

Top=20°C
h= 500W/m‘KT\ f"ilkT' N —Substrate,
H'Ime ./§ ks=5W/m-K

NN NNRNNNNNNNN

le—— £=27mm—

ASSUMPTIONS: (1) Steady-state conditions, (2) Two-dimensional conduction, (3) Negligible
contact resistance between chip and substrate, (4) Upper surface experiences uniform convection
coefficient, (5) Other surfaces are perfectly insulated.

ANALYSIS: Performing an energy balance on the chip assuming it is perfectly insulated from the
substrate, the maximum temperature occurring at the interface with the dielectric substrate will be,
according to Egs. 3.48 and 3.51,

o _a(He)® q(we) 10" wim®(0.003m)° 10" wim’(0.003m) oo oo
M ok, h » 2x50 W/m- K 500 W/m? - K

Since Tpax < 85°C for the assumed situation, for the actual two-dimensional situation with the
conducting dielectric substrate, the maximum temperature should be less than 80°C.

Using the suggested grid spacing of 3 mm, construct the
nodal network and write the finite-difference equation for ——T s
each of the nodes taking advantage of symmetry of the 1 ° |_?_‘ Ky=3mm
system. Note that we have chosen to not locate nodes on ‘ &

the system surfaces for two reasons: (1) fewer total RaRaat s
number of nodes, 20 vs. 25, and (2) Node 5 corresponds 7 Rt o

Yd Toh —%  lest-ax=3mm

Sy

to center of chip which is likely the point of maximum (e
temperature. Using these numerical values,
2
hAX :500 W/m<-Kx0.003 m ~030 o= 2 _ 2 _1818
kg 5W/m-K (kS/kC)+1 5/50+1
2
hAX =500 W/m*-Kx0.003 m ~0030 f- 2 _ 2 0182
Ke 5W/m-K (kC/kS)+1 50/5+1
92XAY _ 1 800 ye— 1 00910
K ko /kg+1

find the nodal equations:

-T

Node 1 kSAX Te—T Lk Ay

+ hAX(TOO —T]_) =0
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PROBLEM 4.80 (Cont.)

hAx hAX
| 2+— |+ T +Tg=——"T, ~230T + T, + Tg = -6.00 (1)
kS kS
NOde 2 Tl —3.3T2 +T3 +T7 =-6.00 (2)
Node 3
T,-T, T4-T, Tg-T
keAy —2—3 + 4~ 3 +keAX—2—2 4 hAX (T, —T3) =0
Ax  (AXI2)1KAY +(AXI2) ] KgAy Ay
Ty —(2+a+(hAx/Kkg ) T3) +aTy + Tg = — (hAx/K) T,,
T, —4.12T3 +1.82T, + Tg = —6.00 (3)
Node 4
T3-T, T5-T. Tg-T,
3”4 FkAy—2 A 9~ 4
(AXI2) 1 kgAy + (AXI2) 1 KAy Ax  (Ay2)1kAx +(Ay/2) koA

+0 (AxAY ) +hax (T, =T, ) =0
BTz —(1+28+[hAxik: ]) Ty +Ts + ATy = — (hAx/K, ) T, — GAXAY/K

0.182T5 —1.39T, + T5 + 0.182Tg = —2.40 4)
Node 5
T4-Ts Tio-Ts .
kA + +h(AX/2)( T, —Ts )+ gAY (AX/2) =0
VT (ay12) ke (A2)+ (Ay12) kg (Ax12) (802)(Too =Ts )+ G2y (22)
2T, —2.21T5 +0.182T;g = —2.40 (5)

Nodes 6 and 11
ksAX (T = Tg )/ Ay + kgAy (T7 = Tg )/ Ax + KsAx (T1 = Tg )/ Ay = 0
Tl —3T6 +T7 +T11 =0 TG —3T11 +T12 +T16 =0 (6,11)

Nodes 7, 8, 12, 13, 14 Treat as interior points,

T2+T6—4T7+T8+T12 =0 T3+T7—4T8+T9+T13=0 (7,8)

T7 + Tll - 4T12 + T13 + T17 =0 T8 + T12 - 4T13 + T14 + T18 =0 (12,13)

Tg + T13 - 4Tl4 + T15 + Tlg =0 (14)
Node 9

Tg - T T, T Tyo—T. Ty — T
KAy 810, 4= T rkgay 10710y T1amTe
Ax  (Ay2)1keAx +(Ayl2) ] kgAx AX Ay

182T4 + T8 - 482T9 + T].O + T14 =0 (9)
Node 10 Using the result of Node 9 and considering symmetry,

1.82T5 +2Tg —4.82Tyg + Ty5 =0 (10)
Node 15 Interior point considering symmetry Tio +2Tyg —4Ty5 +Tog =0 (15)
Node 16 By inspection, Ti1-2Tig +Ty7 =0 (16)

Continued ...



PROBLEM 4.80 (Cont.)
Nodes 17, 18, 19, 20
T2 +T1g—3T17+T18=0 Ti3+T17-3T1g+T19 =0 (17,18)
Ti4+T1g—3T1g + Tog =0 Ti5+2T1g—3T99 =0 (19,20)

Using the matrix inversion method, the above system of finite-difference equations is written in matrix
notation, Eq. 4.48, [A][T] = [C] where

231 0 0 0 1 00 O OOOOOOOOOOO -6
1331 0 0 010 O OOOOOOOOOOO -6
0 1412182 0 0 01 0 0 O00O0OO0OODODOOOO -6
0 0.182-139 1 0 0 0 .182 0 0 0OOOOOOOOO -2.4
00 0 2 -2220 0 0 0 1820000000000 -2.4
10 0 0 O0-310 0 01000O0O000O00O0 0
010 0 0141 0 O0O0O100O0OO0OO0OO0CO0O 0
0001 0 0014 1 00010000000 0
0 0 018 0 00 148 1 0001000000 0
0 0 0 0 182 0 0 0 2 4820000100000 0
[A]= 00 0 0O 0 100 O O0O-3100010000 [C]I= O
oo o0 o0 0010 O 01410001000 0
0o o0 0 0001 O O0OO0O141000100 0
o0 o0 0 0 O0O0OO0O 1 OO0O0O1I4100010 0
00 o0 0 0 O0O0OO0O O 10002400001 0
oo o0 0 0 O0O0OO0O O O10O0OO0CO0D-21000 0
oo o0 0 0 O0O0OO0O O OO0O10001-3100 0
oo o0 0 o0 000D O OO0OOI1IO0CO0ODO0ODI1I-310 0
oo o0 0 O O0O0OO0O O OO0OOO1IO0ODO0ODO0OTLI-31 0
oo o0 0 o0 O0O0OO0O O OOOOOIL1IO0OO0OO0Z2-3 0
and the temperature distribution (°C), in geometrical representation, is
34.46 36.13 40.41 45.88 46.23
37.13 38.37 40.85 43.80 4451
38.56 39.38 40.81 42.72 42.78
39.16 39.77 40.76 41.70 42.06
The maximum temperature is Tg = 46.23°C which is indeed less than 85°C. <

COMMENTS: (1) The convection process for the energy
balances of Nodes 1 through 5 were simplified by assuming
the node temperature is also that of the surface. Considering

Node 2, the energy balance processes for g, qp and g are
identical (see Eq. (2)); however,

To—-To
0712 p(T,-T
1/h + Ayi2k (Teo ~T2)

where hAy/2k =5 W/m2-K><0.003 m/2x50 W/m-K = 1.5><10_4 << 1. Hence, for this situation, the
simplification is justified.
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