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APPROXIMATION METHOD: FOR THE CALCU-
LATION OF TEMPERATURE IN A: -
MICROCIRCUIT ' 7 7 e

F. A. Gur'yanéva and S. A. Nikitin

During the designing of integral microc¢ircéuits in a number
of cases the knowledge of thesaveraga surface temperature of the

support on which the ‘components are arranged proves to be insuffi-

cient and knowledge of ‘temperature at isolated poinis of its
surface 1s necessary.

The computation of the temperature -distribution on support,
when on 1t large number of heatﬁreieésing‘?burces aré arranged,
represents a sufficiently compléx and laborious problem which is
usually solved with the use of a computer. -Howevér, a simple
engineering procedure which ‘makes it possible, rapidly and with
satisfactory accuracy, to obtain information about the temperature
at various points of a microcircult is of definite interest.

A fine support (isotropic plate) is examined and the tempera-

ture differences in depth can be disregarded. Thils assumption is
correct when the minimum size of the heat-releasing source is

greater than the thickness of the support. The disregard of the
temperature distribution in the depth of suppért for sources, one

of adimensionz of which is less than the thickness of the support,
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gives rise to errors in determiring thé températuré on source,
which apparently explains to scme degree the divergence of results
of calculation according to the proposed. procedure and from
experiment. '

The support is found unhdér cond*tions of free convection and
in the range of temperatures in which microcircuits usualiy work
i1t is possible to consider the heat-transfer coefficient independent
of temperature. Its magnitude 1s calculated as the mean valué of
the heat-transfer coefficlents from both sides of the support.
The coefficient of thermal conductivity is taken independent ‘from
temperature. As a result of the thinness cf support the convective
heat removal from the ends Can bé disregarded.

For the indicated assumptions the stationary tsmpérature
distribution on the support can be des.rived by the equatiod [2]

oU 3 ‘ a'u J =
S S U, =0 W

with the following boundary conditions:

ol 9] g
_:%%—l)-,z::o.‘
oU ¢
—a5=2(+1,)=Q, (2)
Q=3¢ aU(S)dS,
$

where U(x, y) - temperature gradient at a peint ‘with coordinates
X, ¥y with respect to the surroundings;
o - coefficilent of heat transfer from the surface of
the support;
A - coefficweent of thermal conductivity;
§ - thickness of support;
2(1x + Zy) ~ the perimeter of the heat source;
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Q@ - heat flux of the source;
L ~ ends of support;
S - area of support;

Using numerical methods on an M-20 computzr S. A. Volkov
obtained the solution of equation (1) with boundary conditions (2).
The dimensicns and coordinates of heat-releasing sources .were
arbitrary and were consldered assigned, the theranal conductivity:
from the surface of source as a result of the smallness of the
latter was not considéred, and it was assumed that all the heat
is drawn into the support. The approximate temperature distribution
in a rectangular plate is given in work [1]. Specifically, if
in the centér of the support with sides Lx and Ly there 1s a heat-
releasing source of a rectangular form, the sides of which are
parallel to sides Lx and Ly and are equal respectively to Zx and
Zy, then for temperature on the boundary of source the following
expression is given

b= g9 (pi 1)
where Q - power of the source;

— LK p) + K () 1, (1p) .
WP = TR (1) — Ry (1) K (3)
21y,

=vesz (4)

—— L
. al.Ty Ly
r= ‘/ ) T=p (5)
ly=min{ly, 1,}.
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‘Using tle same princ¢iple - replacement of the real support of
rectangular form by the equivalént plate of a éircular form,
as in G. N. Dul'nev's work [1], S. A. Volkov and Yu. A. Sher
obtained the following expressions:

P -
s S——— e §
V4 L}

(6)
‘ [ Vally
. aLly, L3y .
7=th%l/'ﬁ$% ()

In the derivation of these relationships instead of the
requirements for the equality of thermal conductivities A, thickness
6§, and the perimeters of the heat-releasing sources of real and
equivalent bodies the requirement was advanced for the equality
of the areas of heat-releasing sources sz, =vwr§ and the average
heat fluxes from the center of the source to the edges of the

support

—

ViL2FFy2r - ° © R o

Yuoxe — Bupa 2, Quivec s — Qe n
L]

where rg - radius of the source of an equivalent pl&te;
R - a radius of equivalent plate.

Under the condition of numerical agreement of aVeragé tempera~
ture indices of real and equivalent bodies, i.e., when

Ouanc—Fuun = CGuaxc o—Gu'n »

we obtain the expression

—
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Table 1 gives the dimensioénless temperatures

AI2\S
= To

whére At - temperature gradient on the boundary of source relative

t2 the surrounding medium.

The values of dimensionless temperature ¢ are obtained from
the solutioh of & problem of calculating the temperature .on the

‘boundary of a source arranged in the center of rectangular support

By the following:

a) by means of 'solving on a computer the equation (1) with
boundary conditions (2) for a source of rectargular form;

b) by méans of computation of dimensionless temperature
using formula (3) with parameters computed using formulas (4)
and (5);

¢) by means of computation - dimensionless temperature
using formula (3) with paramets. i corputed using formulas (6) and

(7).

The mean value of the error of calculations for the variants,
which are presented in. Table 1, is- 23% for method b and 12%. for
method c¢. Therefore in the subsequent calculations.of ¢(y, p) the
computation of p and y is made using formulas (6) and (7).

When on -a support the source occuples any intermediate
position between angular, lateral and central its temperature
can be calculated with the help of dimerisionless criterion N,
determined by formulas [1]: ’

MN= Ny ¢ch (Z_:.ArChI%:-) when Nl>Nl0 (8)

N=:N,ch (%:;Arch x-f) when NyD> N,
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where d, - the distance between sources with criteria NI and Nj

d2 = the distance between the sources with criteria N2 and
N;
d12 - the distance between the sources with critéria Nl and
N20
If the source is located in the center of the support, then
N is connected with ¢ by the expression

N=-39(p.1). ()

;

éources with criteria Nl’ Né, N should be arrianged in such
a way that their centers lie on one straight 1iné. The criteria
of' sources located in the center, on the side, and in the corner,
are connected by the relationship [1]

Nn:NG:Ny-l:2:4.

Substituting in (8) instead of criteria N, and N, the ¢riterion
for the central, lateral, and angular positions of a source, it
is possible to calculate the family of curves which represents
the locatlion of sources which have an identical dimensionless
criterion N (Fig. 1). An analogous problem was also solved: on
a computer, for which the source was placed in various placés
on the support (Fig. 2). It is evident from Fig. Y that. 'there is
considerable difference in the results obtained using the
approximation formulas (8) and from the exact solution of the
problem on a computer. Therefore in the subsequent calculations
the criteria N obtained on a computer will be used.
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Compar’..on of the

results of the c¢alculations of
dimensionless criteria, N
obtained using formula (8)
(——) and on a computer (--=).

|

=
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N
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s
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Fig. 3.

)

The dependence of
dimensionless critevion N on the
location of the source on a
support with the dimensions

4,8 x 6.0 em (M 1.25: 1).

e e Ferm A AR T O TS,
. N jdand]

by

0 ) iy

Rig. 2. The location of sources
on a support during :calculations
on a computer,

Figure 3 gives the curves
which charActerize the dependence
of dimensionless criterion N on
the location.‘of the source on the
support. The calculations for the
determination of this dependence
were performed for three dimensions
of the support 4.8 x 6.0 cm,

2.4 x 3,0 cm and 2.0 x 4,8 cm,
and showed that dependences
N (x, y), constrncted in relative

COOI‘dil’lateS (Y i €. s N(Z‘x-) Z%')!

coincide for these dimensions of

supports.
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The graphs depicted in Fig. 3 make it possible to determine
‘ the temperature gradient. or a source arranged in an arbitrary point
; ; 'with coordinates x and y .1 a support with dimensions Lx and Ly,
referred to the temperature gradient on a source arranged in the
center o1 a support. For this in Fig. 3 new coordinates are
x given for the heat-releasing scurce x', y' which are connected

with the following assigned relationships:

o2 N e i

LS

o

Vs 48 6.0
3 X "'l'25°[_—;x' '=l.25'z;’y-

(10)

where x, ¥, Lx’ Ly are expressed in centimeters and the value of
; dimensionless criterion N is determined. If necessary linear
intérpolation is conducted.

Computer calculations of the temperature field of a single
source located in various places of a rectangular support showed
that the isotherms represent ellipses which are distorted only
3 . in the vicinity of the source and at the edges of the support.

4 The axes of the ellipses are parallel to the edges of the support
: and are related to each other approximately as the square of theé
‘S coerresponding sides of the support. Such a nature of isotherms
in practlice does not depend on the location of the source on the
support. Consequently the simple scale conversion of support
converts ellipse-isotherms into circumference-isotherms. This
conversion makes it possible to present the temperature fileld of
a single source in the form of the function of one coordinate

Ar -~ the distance of the source on the converted support,

$¥r L8R o e

Figures U4 and 5 depilct the dependence of the standardized

P Zm

: temperature of support m in the function of distance f.om the scurce
i . Ar for three directions - horizontal, vertical and diagonal, and

? for three poslitions of sources - central, lateral, and angular.
! Temperatures are standardized to temperature on the source.
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Coordinates y in: these figures .are multiplied by the value (Lx/Ly)z.
From an examination of Figs. 4 and 5 it may be concluded that
thie form of the isotherms 15 close to circumferences. ‘

o
0.6}
05t
| (1)
) 237
. rep. (2)
0.2t \\.\.,,L: epm- Quaz (3)
SR - erop, duge (4)
or Ngs-8eom o rog ) y @ N rop, duai)
sgfem SIS Quae(3) © ' :
‘ "= ====rop; ugdl5 ) » ‘
0 7] 20 T arem 0 " 20 arcm
Fig. 4. The dependence of Fig. 5. The dependence of the
standardized temperature of standardized temperature of the
supports on the distance Ar in  support 2.0 x 4,8 cm on the
a horizontal, vertical, and distance Ar in horizontal, vertical,
diagonal directions. The and diagonal directions: ——

dimenslons of the supports are central; --- lateral; -+~ angular
4,8 x 6,0 cm and 2.4 x 3.0 em: location of source,

—— central; ---~ lateral; KEY: (1) Vert.; (2) Hor.; (3)
-+- angular location of source, Diag.; (4) Hor., diag.

KEY: (1) Vert., hor., diag:;

(2) Vert.; (3) Diag.; (%) Hor.;

(5) Hor., diag.

Figure 6 depicts the dependences of standardized temperature
m on the distance Ar on a converted support with the dimensions .
4,8 x 6.0 cm at different values of the coefficlent k = a/)\6.

10




[ - £ e o 4, e e o o T poun TN i ST L e o = e e ki o i S e S AR
P T i - » 2
iy b T ¥

i1 R g - g-i.“sg-'fﬁ%w Her? .W’fﬁﬁkﬁ‘"-‘ff%&;@ GRS e e 4 o e - - v s

Also written down in this figure are the temperature values
calculated for cther dimensions of supports -and coefficients Kg.
It 1s.easy to see that agreement of temperatures is observed when
there is agreement of values g2(Li + Ug%; 1.e., agreement of
Blot's c¢riteria.

0%} .
28
07

2.6t

o5t

d=0,0000348

0.4t
/A4
0.2
o .
S
0,25 23 gr

Fig. 6. The dependence of standardized tempera-

ture m on the distance Ar for a support with the
dimensions of 4.8 x 6.0 ecm: O - dimensions of
support 2.4 x 3.0 em, a = 0.000134; A - dimensions

of support 2.4 x 3.0 ecm, a = 0.00025; @ -

dimensions of support 1.6 x 6.0 cm, a = 0.000382;

A - dimensions of support 4.8 x 4,8 em, a = 0.600322;

here afcal/em2.deg].

Figure 7 shows the rfamily of denendences of standardized
temperature on the distance from the source in a converted support
f~r the various values of Biot's criterion., From Fig. 7 it 1s

11




> 1t o e oy a3 AT 2T i AR P B S A R AN 7 DT e ln AT S 25 4 g a1 % e e T O
[ St .

possible to determine temperature at distance Ar from the source
if the temperature on the source itsely and the value of Biot's
criterion a/AG(Li + Ls) are known. o[

4,0 \\ - : ‘
1.5 . '

o
\.\Jh'\_*".g"’

2.5

06

7.5

10

2,0
3,0

0 = o5 001 G0:  G0F o i

5 . 10 drem ' g ' o4
Fig., 7. The family of depen- Fig. 8. Dependence of ¢ on p at
dences of standardized different values of Y.

temperature on the distance Ar,

On the basis of what was expounded above it is possible to
compile the following sequeiice for the approximate computation
of temperatures in a microcircuit.

1. Using formulas (6) and (7) for every source Y, and Py
(1 - the number of source) are determined and using formula (3)
or from the graph in Plg. 8 the values of dimensionless
temperatures 9y are found.,

Using the formula
Aty= Qi

—

'
20

the value of temperature on every source 1s determined,
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2. On tracing paper a rectaﬂgie is traced with sides 6 cm
along the axis O0x and 75 cm along the axis Oy, in which the
coordinates of heat-releasing sources are written as calculated
using the formulas

x&=6%§kﬂ.

y" ".—“-7.5 1”;"‘ p“].

where Xes ¥4 - the true coordinates of heat-releasing sources;

Lx’ Ly - the actual sizes of the support. The figure obtained
on tracing paper is superimposed on Fig. 3 and for every source

the value Ni is found (if necessary linear interpolation is

conducted).
For every souvrce the value of AtiNi is ‘determined.

3. On a drawing grid a rectangle is constructed with the
dimensions of 2 cm along the axis Ox and 12 Lx/Ly cm along the
axis Oy. In this rectangle the coordinates of sources are
calculated using the formulas:

x'¢= 121 [ea),

and on this fipgure the distances between the point at which the
temperature is calculated (let us assume the point with coordinates
xJ, yJ) and the heat-releasing sources Arji (in cm) are found.

We compute the value of Blot's criterion a/AG(Li + LS), we
: find from the graph (Fig. 7) that curve on which the dependence
of the temperature on distance will be calculated, and we
determine value mJi(APJi).

FID-MT-2U4-279-72 13
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We compute the value'of:AtiNimJi(AriJ).

i, The temperature difference in the point which interests
us 1s found by using the formula

_— '
Aty= Z At,Nm g (Bry),

im}

where k .- the number of heat-releasing sources.

The value of the temmwerature 1s defined as
I"tc"'“,,
where»tC - the temperature of the surrounding medium.
Table 2 gives the results of the calculation of temperature
at the points of location of 14 sources by the expounded procedure

and a comparison is made with the results of calculation on a
computer,

Tahle 2,

t. in solution .
| on domputer, oc | 50(52 5456156 |56 5857 (5757 [54 [48.5]49.5

ti in approxi-
mate sclution, °C 52{52|54[57(56]56]|56[56|58{57|60] 50 | 51

Table 3 gives the results of the calculations of temperature
of a microcircuit with six heat-releasing sources which were
obtained on a computer and by an approximate procedure, and their
comparison with the results of an experiment (tempefatures were
calculated at the points cf the location of the sources).

FTD-MT-24-279-72 14




Table 3

F t, in solution

b on a computer,
ﬁ °oC 32 30 29 29 29 29

ti in an approxi-
» ' mate solution °C | 35.0 30.0 26.8 23.5 23,1 23.6

T —

. Experimental ,
value ti’ °C 29.3 27.8 27.4 2T7.2 27.2 27.2

S ILL - L e e S

Error of
! solution on a
computer, % 9 8 6 7 7 7

o
pie 7

A, Error of
approximate
solution, % 19 8 2 14 15 13

S e

The calculations conducted show that the approximate proce-
‘ dure has an accuracy which 1s acceptable for engineer calculations
and 1s distinguished by a high degree of simplicity and it can
be recommended for calculations of the temperature fields of
hybrid integral microcircuits with film resistors as heat-releasing

o PN I
-

Lo 25T N

4 sources.
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