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Analysis on the Thermal Response of Electronic Assemblies
during Forced Convection-Infrared Reflow Soldering

Young-Seok Son* and Jee-Young Shin*

*School of Mechanical Engineering, Dong-Eui University, Busan 614-714, Korea

Abstract

The thermal response of electronic assemblies during forced convection-infrared reflow soldering is studied. Soldering
for attaching electronic components to printed circuit boards is performed in a process oven that is equipped with
porous panel heaters, through which air is injected in order to dampen temperature fluctuations in the oven which can
be established by thermal buoyancy forces. Forced convection-infrared reflow soldering process with air injection is
simulated using a 2-dimensional numerical model. The multimode heat transfer within the reflow oven as well as
within the electronic assembly is simulated. Parametric study is also performed to study the effects of various
conditions such as conveyor speed, blowing velocity, and electronic assembly emissivity on the thermal response of
electronic assemblies. The results of this study can be used in the process oven design and selecting the oven
operating conditions to ensure proper solder melting and solidification.

* Corresponding author : ysson@dongeui.ac.kr

Key Words

(Received July 18, 2003)

: Thermal response, Electronic assembly, Forced convection-infrared reflow soldering, Air injection, 2-D

numerical model, Multimode heat transfer, Parametric study

1. M =

HZ AA719 F&43 dHoE AEES] £F3
2 pdesiyl A AP glow, old uwe} 3y
9 A3 zr|9 FHd B FES T F U=F
AZA e aUe AF7)Eo] a7 T Yot ol
LF2AEL WE3] Y 2ol BW HEFAM &
H# (soldering) 3= EHAZ7I (surface  mount
technology: SMT)°] L‘—il‘ﬂ AHgE T ek Ao

Z 2 (reflow) &6 THAA7YHoA duba o
AL e "c}‘ﬂc’]?‘]ﬁ'l. e BANF-AHYA
E2 &uyo] AAZHFY 71E 2 ¥A4s A
717}  golsttkar deiAz Uk

Fig. 12 A 22 £0339 ZAdFAHLYIA

-

652

Copyright (C) 2003 NuriMedia Co., Ltd.

222 &4y AHeHe S ochu} Fig. 1(a)
oﬂ io:]z} x%zﬂx%o] 739,“ a]zaa oﬂ/q_‘:_ _4:[_1a
stz &= 7h=Z2HF(card assernbly)E% F}E B

ol A ZAul|o]ofo oa] AR ‘Fat-ol %"}7}§“&
o] Azt oA EBS B3It Jl=xyEo| A
A LES B3k B¢ EAPIEHe=RE ud”
AUz &0 (solder) & Folat, Ao &8 &+ &
e Wzt dol £HE 3’_’\]71 AARES Q13
27150 AL B Apa FHACR Mst
12} ke Fig. 1(b)el #3€E 349 2729
A ZZ22 BdMe HM 89 Ay HAPIE
o] 278 (porous panel heater)©2 A =
1, o2 Edl] 0B Uiz 77 BAEAY 2E
ogRE I/} FEEY. a8ER AFHA HA
QB g FlERYFLS BAF 2 AT 94

Journal of KWS, Vol. 21, No. 6, October, 2003



PAdF-H4 222 SuA AAzPES gAukg 24 47
Exhaust %k %]F‘é ‘;‘< X‘]Z}-}_%—ﬁ-_,] £ '% Z"—BHQ Zl"' 9\1]\{:: OE:]%
N o g4 Ha2 ) e P22 20y FY B
H attie
/ ) LB Ro| exzHo] v Fesitt AP LEx

(a)

Porous Panel Heaters

Card Assembly

: Baffle
\nt STRIL) H\JH tht has ana H_T)
(st e s s e

Fig. 1 Schematic of (a) a conventional infrared
reflow oven and (b) a forced convection—
infrared reflow oven
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Fig. 2 Coordinate system and geometry used in
(a) the oven model and (b) the card
model for the forced convection-infrared
reflow oven
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Table 1 Velocities of blowing air at porous panel
heaters (mm/s)

Heater 1D Bloljvplng Blowing down | Mixed blowing
1 Top 55.1 -55.1 -58.0
Bottom 56.5 -56.5 -56.5
9 Top 56.1 -56.1 -59.1
Bottom 58.2 -58.2 -58.2
3 Top 67.2 -67.2 -70.8
Bottom 70.4 -70.4 -70.4
4 Top 64.9 -64.9 68.4
Bottom 68.7 -68.7 68.7
5 Top 54.4 -54.4 57.3
Bottom 57.2 =57.2 57.2
6 Top 82.8 -82.8 87.2
Bottom 85.9 -85.9 85.9
PN a6 52148 6%, 20034 10H
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Table 2 Thermal properties of a plane card and

solder
Item Plane card Solder
Density (kg/m’) 3700 7300
Specific heat (J/kg * K) 634 114
ivi i e 2
Thermal conductivity kx =38.2. ky =029 25
(W/m - K)
Emissivity 0.9 0.82
Melting temp. (K) = 453
Latent heat (kJ/kg) - 314
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(d)
Fig. 3 Predicted temperature distributions within
the oven for (a) conventional processing,
(b) blowing up, (c) blowing down, and
(d) mixed blowing (16 equally-spaced
isotherms spanning 300 to 590 K)
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Table 3 Base and varied operating conditions

Operating condition Base Vitied
» 5 condition conditions
Conveyor speed (mm/s) 6 3, 12
Blowing velocity (mm/s) 56.5 28.25, 113
Card assembly emissivity 0.9 0.8, 1.0, 0.5
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Fig. 5 Effect of the variations in conveyor speed
on (a) the convective heat transfer rates,
(b) radiative heat transfer rates, and (c)
average card assembly temperatures
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Fig. 6 Effect of the variations in blowing velocity
on (a) the convective heat transfer rates,
(b) radiative heat transfer rates, and (c)
average card assembly temperatures

e gfovt, BAldAEES WAkg uel w¥slgt
< ¢ F Utk Fig. 7(0)9 7= 2x8sE
ATEE, PARO] MRS JlexYFo R Hey
= ix}gﬂ g&o] 7t &7} EoAa WAk

astd I W7 g ¢ Aok # Al o
z;s_ 289 JIF AN = Fl=2HES] e
0.8 odeold A& sle #E2 £rigo] Yot
A, ARl 0.52 W ASde &6 2571 &
259l 453 Kl =gahA] %3t &R &yl
dojupA] Eaigich. 1ejeg &ddstusl sk 7 71
ZHEFS] WAl 2A Avolo] &&= dErids

lnmaoioi__“u{n\'

REHGEHAERES H2146 H6%. 20034 104

Copyright (C) 2003 NuriMedia Co., Ltd.

53
1000
. 500}
£
-
£
=
=
o
Q
= —500k[ — — —e=038
e=1.0
Sed=ivig =06
-100 - -
0 500 1000 1500 2000
x (mm)
(a)
1500 -
1000 | {
£ seolfr ) A
% .
= 0 \;;:/}—J
P &
o
-500F
~1000! - +
500 1000 1500 2000
x (mm)
(b)
500 -
< X
- .
450 | AR
- _"‘_ = = 0 N
—~ iz -
¥ 400} G e .
~ 72
4 . e =09
/7
ss0b /- - ~--e=08
4 e=10
i’ ---=-e=05
300 . L I
0 500 1000 1500 2000
x (mm)
(c)

Fig. 7 Effect of the variations in card assembly
emissivity on (a) the convective heat
transfer rates, (b) radiative heat transfer
rates, and (c) average card assembly
temperatures
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