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(A Study on Reliability-driven Device Placement Using Simulated
Annealing Algorithm )
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Abstract

This paper introduces a study on reliability~driven device placement using simulated annealing algorithm which can be
applicable to MCM or electronic systems embedded in a spacecraft running at thermal conduction environment. Reliability
of the unit’s has been predicted with the devices’ junction temperatures calculated from FDM solver and optimized by
simulated annealing algorithm. Simulated annealing in this paper adopts swapping devices method as a perturbation. This
paper describes and compares the optimization simulation results with respect to two objective functions: minimization of
failure rate and minimization of average junction temperature. Annealing temperature variation simulation case and
equilibrium coefficient variation simulation case are also presented at the two respective objective functions. This paper
proposes a new approach for reliability optimization of MCM and electronic systems considering those simulation results.

Keywords : Reliability Optimization, Simulated Annealing, Junction Temperature, Thermal Analysis,

Finite Differential Method

I.M E Rl do] AFHA mAHoRE AR

Azl E

MCM(Multi Chip Module)®} Zo] €AE7} F& o]
Fe FFY €M 9394, $FEAA, 283 ¢
FEM o] AFAH A AZdE Fo)8A A
A4 2] (spacecraft electronics units)2] F34L A9
Y MdeR Fo| hEdith AALAe] @ A
T &Y AR S 93 ulg T3, Ay

-

A3, BFFBLFATY
(Korea Aerospace Research Institute)
T A9, FEusty dxgety
(Chungnam National University)
Az 20079342, 3¢ 2007:d93427¢

(449)

(electro migration)¥ 2 A4o= Yepy AAH
o8¢ 1E H(hot spot) Aol Uet Az nAE
s YoprtA e Ala"l gl X ugo R el
g} Az E& MCMe A EE AX9 MCME
TR 7 FRARAEY A5 o A, o

EANZEe goz AMdr MCM & &3 PCBA
9] BE WX VLSIAA Y wix 2 2985(P&R)ZH
93 FA4o)th. MCMo| A& 847 o] (wire 1ength)9}
5]

ol oi$ FasH) AAAAT $F A4 FAE
A9 Fel7t Bobsesl dEdl MO By
o Asw TARASY NGt B FaA AT

|



2007 58 TAIBE 3

A et FF ujdE nelst PCB A FEui Ao &
g dATe 1990515 Zgte] wjEA=)E CALCE
(Center for Advanced Life Cycle Engineering)®] Q-+
25H g8 JAFHOE FYPH o] AT E o)
F 271 PWB(Printed Wiring Board)®] BEA9& &
HAaslsl7] % WA AT7E A FEHA o FE9 ujA
Zolg Azt NIAEE Fole 77t ’\7H51&’i
o} o] WM E 12k BE HiXE ulgo
o HRAE vHEAE | 227 o A3
HA3E e, 22 IR E 2y
9 ATE SR Fao

1990t Fyb o]Fo]  VLSYULSIA 1¥H
(Hot-spots) VLSI/ULSIS A5A et AT A7
& EAVE HEZ 18-S Sol7] 3 A7t A3
Ao g e sz REL wAY o 25 AL
HHELRE ﬂii} 5}31 nﬂﬂié_l% 4 wixE 17
© el AAEUY 28y

_r_
H

ole

-

O
rE
20 o n{kl

1=
Lo
Z]
<t

H

<
_JR

A AAA 2HE FAL

2= dYREd(thermal forced model)S o]-&3}
o SEHAS 9 AIAEE ol I FFHI
o o] AFoAME HAMHF  LueF(constructive
algorithm)# €% WX %73}53} 2 FE2ge
dug &S HEdtd MCM & E3Hhybrid)3] 29
S83le] AFEE H &]g}o}gix:}[“ o a8} o] =Eo)
Ae BAE AT 2AEY F83 deuEd 843
AA gtg e F(10ev)2Z AAsle] ohFgt »
Fo2 FA4E § e PCBAY ax #jxY EAE
2HHA Fshet.

Component level m

CCA level -

Unit level rmm

U

[N [y W—

o

- 7
e -

I3 1. MIE BlY: 2E CCA Hx|, Alad
Reliability level: component, CCA, unit, and
system.

==X ® 442 SDH A5 =F 43

<

2 =fdAME 2xd FEAS s EXFs
AN URAE = 2AEZ FAE ARFR] CCA
(Circuit Card Assembly)®] A= HHss n#F
PCB 9] ®EujAdl| &3 AF29E 71&sa).
23 A3 AEHHE oddy gaYnE S &§
At A =g AEl] 93 £FY &5 RE9
AELE7F AHSHY B2 255 7317] 93] FDM
WS o] &3kt AZEE A9 2456y
Al MIL-HDBK-217Fe] Jelg9lE i ’\XH
43 iAE St 23 Hs g As

st A WstA 7 BEASTE AEA WA *lg
oS T3 A& ARE ugoz N2 HAHAHA

TS Agkstsith

i

I. MXtAXARe 29 3 o 29

1. BXAX M2 T BY

ARAAS] 14 LE g4(failure density function)
f)e Az g8 73 238 Ft) Ao] ez
AlZE el dE 23FE2 FUkeie A (D3 2o 41F

o FHnEe 4 (292 @9
_ dFt) __ dR(t)
f(t)= n o (1)

= [Ttwa, ro= [0 ©

A 1 E(instantaneous failure rate) =5 93
E(hazard rate) A& AlZF tolMe nF}EE veh)o
A Q) 2o 281 AEEE 1FEd di§ 4 @)
9} o] EHED 59 A|FE ¥ (negative exponential
distribution) 848 Z+&d 3 n@sE7t B3
Alzde B9 13§ AE MTTF(Mean Time To
Failure)®] 90|t}

_f) _ dR() . 1 dinR(t)
Alt) = RE) - a RO & 3)
R(t) = exp(— f:)\(t)dt) = exp(— At) @)

=exp(—t/MTTF)

&4 shtel 1FES 4 BF% Zoh 13E
Arrenius 5242 w20 7ELEdA Y hE A



44 NEHOIEIE O E 0|88 MBI &Y ARYX| HF #FE g

£ oy AFLEAAY Ada 1FEY HE
Uetdth, Axtazte] 1348 d9E failure/10%hrs

1 _ 1
7. T,

k3

)

Mm:Mzwwﬂ%(

MT): T; 250149 A 22k 138

MT,): T, 71%(reference) Lol 9] /4
a2 14E

E,. 8A 3l qgx](Activation energy)

k: Boltzmann “&<(8.627 %¢ V)

4, 28 1FES MEaA 1FEY Fo=
et 4 6)3 2ok old ;& BFe AFE v
A,

5= YA) ©

i=1

PASNIA(E,) DA eVoln] axpiAe B4
ol = AALEo| S8HY wrgo] Yolub Haol
YAE 2ad dE AARE AfwdA By
A= A 2ol WAE ArouAE TR T
3 AU met gARAE We HAR BE
shedl gEA AAaRe RAWAYZH LA 24
oA wAE £E 1o Jepbdn’d gy
Ae wEd 24 AZTAA od ARHE 5ol
A7) Qe HEEY o] ge AR AN BA
o7t e $Ee ZAZ B AsdeAs
2] 5ol A e whe} o] MCM =2 CCA°l &4
$Ee 5o s VHEs AREL
YHoz AR 2APH HARAY AAEES

Z 1

dubxiol DF o7 Foll i 245} oL

Table 1. Activation Energies of Common Failure-
Mechanisms.

g HAYE 7412k Ea (eV)
Metal Corrosion FE2= A | 03-06
Electro-migration(Al) |2%, AFLE| 035085
Metalization migration | <%, ZFE% 1
Hot Carrier AF/, L= -0.06
TDDB AA 2= 0.3-1.0
Au-Al intermetallic

2= 5-1.
growth 05-10

Axss 442dg: CNET, MIL-HDBK-217F,
BellCore, China 2035-¢] AH&HEd B =EoAe o
A3 TN 2" Ax dFo FEHI Y=
MIL-HDBK-217F¢] $4¢ #8383t

2. MXAAKY o 2H
W22 AFHE At AHEEE 25 229 A
3tGjunction) €Zoltt. HI2EE &7 i %

musE 2F9 A% 8746 we UR-AE ¥R

4, &2 AxRRdE FHFH™ EF JEDEC(Joint
Electronics Device Council)®} %2 E%3 @ 2d &
L AFA} afe drdz B dutdoez 2%
o drde Axel dFol o8 AR, MCM}
Zol tF7F BAEA R B3AMY axp} JAFA
glolA e} Azt AREL dFEYe] YoAA Hu 4
Ae7t €& 35S Aujdch 18 28 € A= 87

gul

'

Tease

Tpch

agl 2. ALK dME 2E
Fig. 2. Thermal conduction model of electronic device.

R,_%t R,_,,9 @& o83t 4 (NEA 2=
Ajto] 7bs e dRrA o2 Az} ALY ALERAE T
3 S5 F E dolHE 4G, )] fFrdstnz
drkE o7 A (8)& o &3t HI2EE AT o
g 7.5 7F Aols &, P ARAHoZ W& 9

E(Watt)el®  §,& Alolxd HFFAel IAF

(thermal resistance)ol™ ©@$= CT/Wejth.
T;=T,,+ PX(R,_,+R, ;) | (7
T, = T,+ Px4, ®)

-

3. FDM2 0|88t AKXt & &4
o AEE 2% 7]L7)d HlEEn e Lxdx
e £E2 HES} o|Ro|AnE S| 7|78 FHAY
g ko Foz yehdt dAx WA e
Fourier®] ¥ o2 A (9)g} ¥



2007 58 HXSE3

2F

4T
==k~ )

k: € AEXE(heat conductivity, W/m « K)

¢ € F&(heat flux, W/m?)

2l (9ZFE 1AYAY &4 EAE(net heat
conduction) A& 4 (10)% 2, °olH ¢, T
(net) € F&olth

, _

qnetA = Qnet = kA 0 Z-’dx (10)

x

H d BEYHA o83 1A Hol =AY
ol 4 (1)ez I ol o= k/pc T d¢ite
(thermal diffusivity, J/m® « K)olH, pe H¥E

(kg/m?)ol® ¢, & HlD(J/kg « K)ot 283 g&
SHANT AR TRE(W/mP)olth

13T
aat

a1

2
T+
v k

LERPAAN BET

A (12)% 2+

A&

(12)

2 MCMe 2Ae
Azt ol AEstne AWy A =2d
Ho] BAe Z uyt Y o|n LEJ} FHoF
zjcﬂ AAAE 9] &7} ,]u]7]- =3
Akl me 25 E Wshe
A (13)% YE‘E}.

13)

SRS AN QiAo B8
A2gol AT 2x Aol L% AL
@ ool Hs) §3 Apgel Aelsnz g
ERANE §8 F2YE AT
185 2 wAol Qs B 2
22 4 (49 2o| T8

oE
_>|~1_‘
—
n{n
o
fo
bt
mim

[~}

L. A
=
ol
AA
Ad e HEH0 b
]—;n n— 1+Zn—l n

q(Az)*
24T,

T,n+1+ +T

m+1,n

W

+ Laz)

=2X H 4 HASDHHS5ZE

(452)

45

BT! = Tmn“Tm-m
57 -1/ Ar
é?T’ - Tos1n™ Imm
s m‘l“l/?»ﬂ —\J‘

a8 3 2-A EME FEHARR AL
Fig. 3. 2-D approximate finite differential of thermal

conduction,
adel HRLEE 4 @% 2o] ehted F4
eEg A BILES FH 245 IF sy
AN I Trpy) e o2 8HE 5 A
Tje = Tomp+ Trpa + PX 0, (15)

PCB & MCMd| wiX€ 2zt9] Aojx £2& F
37] 93 Trpy e tha 2(16)7 o] FEZ el
it o] = 229 3R P Ho|x}

[TFU sz,"'a Tpn] T“\o_‘ %@‘l—j}_{z‘sgeéoﬂ 9’]?]5 A
Z}'.Q] %EO]U—'} [b17 b2""7bn] T"l____: }‘\_] (14)01]}\:‘
) . ) r
a(Az) g(Az) g.(Az) ]
3g}o nE=
k 3 k 3 ) k J——E T
o8] (column vector)©]t}.
anTp+ T+ a3 Te+ -+ a, Tp = by
a?lTF1+a22TF2+a23TF3+ +a’2nTFn by
ITF1+a2TF2+a3TF3+ +a Te =b,
(16)

PH Wel9] & 7317] 93] Gauss 249, LU
3% (decomposition), Gauss-Seidel 27| g A&
Hed 2 =AM € 2 Gauss—Seidel 427
g ol g3ttt HEH R FeuAste 4 ARE
o HIFLEE 2 (172 v & Qv

Tjeq Ty, Py <0,
B ol R B R R a7
T}'cn TFn anajcn



46 A2 OolElZ L™ E 0|8
4, @ Mz 2H
2 =R AME CCAY AIEE HHE 93 €A
T AEYold RdAE: FR-42% F9%(copper

layer)2 749 8%2| PCB 7|%& 183t} 1% 4
© 293 AEE CCA 4£%4% PCBY RdH&

odFth. CCAE TFAs: ’\X} = aals Z*a
A e G A E 2RSS 18
PCB Ao 9A3 71702 HHZ]E 3ttt PCB 9
YRS 222 FAHY EHoE o] WAt
9lE & Ald(heat sink)ZH 97 Z(wedge lock)S
Hlx)std ek PCBE 4% FEEH 459 oFA
(FR-O% 22 71385t PCBE o143 € A=E%(k)

»

r

\_.
\__
'L‘

o
o
A
T

o Ate FnEd) B b ol ANHRHY
ﬁEE(kPCB =1 ]A]'g' HH PCBEZ :TL}\‘] OI’L‘ oﬂ£}\1
o AesE gzl FARe 3T

Z(fill factor, f.f.)el
et A= g@Reg FREE aestdof .
FAdA mE& PCBE TA43te 739 Msoln n

2 g EAl F9 Ageltt. 2L = FEFTY FA
Wedge-dock(Heat Sink):
FR4 Layer. Copper Layer: (=

32 4. CCA &Xiet PCBel ZH2!
Fig. 4. Modeling of CCA devices and PCB.

Wedge-lock (Heat Sink): Ic:

el X35 AlEe oM
Configuration of CCA for reliability optimization
simulation.

HE ¢lgt CCA 74

5t

(483)

MNE T

A ARHHA] AT dFE 2
o ¢ EAZY Frjon,
Ztixf.f.
kpcp = 0.8+ 350 X | ———— (18)
Dt Dot
i=1 i=1
PCBE %3 g4%E PCB AA7F €44 @ Ax:

kE 7HNAA EHo2 T U(isothermal) 3t 23+ T2
Z 7443k ol MCM# PCBY &% Ate 93l
AMgate 4Rk Fawelth B =RoA HAujA|
& 9A3te] 18 5149} o] PCB ol 49719 &A1&
ujj X &3 o}

7 A9 E AR ;2 10~27(C/W) HY el
dgatA EEXE /HRAEE HAsE. @43l
£ MIL-HDBK-217F| A9} #Zo] CMOS, VHSIC
CMOS, 2832 ASTTL A€ A& #ES |83t
AR AT

Lz
EOE

5. AIE20|E|E of 0| 8%t M=E X|H
TSP(Traveling Salesman Problem) &4 7%
ZHsolution space)°] ¢ AM AGH A3 ¢z
ol g3t HHHE ek AIHHE Wyo
A48 E(GA), Taboo B 121 A&
dH(SA) o] de] AMEHI ok SAE #E3
/‘_11%}313]%23 Kirkpatrickell 93 &7ld o|F 5

é

T
-

Rl

oy =

o

}m
e

L
Aol ol 2 Ho de of

& ZAE HAt=d ofF 5 HE A
o2 dA o 53 SA guF
B A& 8 (local minimum)oll WA]A] &
EE7)(perturbation) & F3 Y 5Vﬁﬁﬂ(global
minimum)€ & F JoE Aot EF SAS M
& AL FAHHE FAst= &aazte] & Ag =
Aol ohd A A3 43 e AT 53] SA
duPE FEL g dudFd vls) Loldr] Wi
o PCBA 219] A3t sy Pl SAE &%
3Tt

SAE o] &3t AF e HA3 TAE A3
BETE 19 69 L}EM“E}

94 PCBY} 2419 EAL
& FrlHE ANt 27] vz
Solver% AX daMS T35z

=& o]8§3td CCA *‘ﬂ

A

==

5

Ir

o
5



20074 58 HXS=E =X H 44 # SD H

PCB properties Devices properties
Thick : dielectric, Thermal resistance
Fill factor o Power dissipation
Dimension Activation enargy

Y \V

Calculate 'k’ and ‘A’ '

g

Initial Placement |

I Solver: FDM,Gauss Seidel I

| Reliability Prediction I
@ Optimized?

Output Reliability Value I

Perturb

3% 6 MEE M5 S 2% SA BEE
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Simulateddnnealing( )
Initialize( T, Tf,oz,A/I);//initial, frozen temperature
/fannealing method and Markov chain
X =InitialPlacement();  //randomly initial placement
A(X)=CalculationCost(X),//Calculate the T, and cost
/fusing FDM
while(7'> T7)

for i=1 to M

“ Y=Perturb(X); /frandomly exchange two devices
M Y)=CalculationCost(Y); /lcalculate new cost
AX=X(X) -\ (1);
if (AX<0or (e YT > random(0,1))
then A (X)= A(Y) //accept new movement

endif;

end

Annealing(T); // Decreasing Temperature, 7= a ;7

//Length of Markovian chain

end

I3 7. SA €iz|E
Fig. 7. Pseudo-code of Simulated Annealing.
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