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A Design of Thin Film Thermoelectric Cooler for Chip—on—-Board(COB) Assembly
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(Jung—-Ho Yoo - Hyun-Ju Lee - Nam-Jae Kim - Shi-Ho Kim)

Abstract — A thin film thermoelectric cooler for COB direct assembly was proposed and the COB cooler structure was
modeled by electrical equivalent circuit by using SPICE model of thermoelectric devices. The embedded cooler attached
between the die chip and metal plate can offer the possibility of thin film active cooling for the COB direct assembly.
We proposed a driving method of TEC by using pulse width modulation technique. The optimum power to the TEC is
simulated by using a SPICE model of thermoelectric device and passive components representing thermal resistance and
capacitance. The measured and simulated results offer the possibility of thin film active cooling for the COB direct

assembly.

Key Words : Thermoelectric cooler, Chip-on-Board cooling, Driver of TEC
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Fig. 2 Perspective(a) and cross-sectional(b) view of the
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x 1 gharsd TECS| W2t tdismd & Z 1t
Table 1 Measure cooling characteristics form fabricated COB
structure
o1t Q104 =8 Chip Temp. of
o e dZ e temp heat sink
VIV] I[A] (mW) [c] (€]
0 0 0 28.5 28.5
0.1 0.13 13.0 24.4 27.9
0.2 0.25 50.0 23.6 28.7
0.3 0.40 120.0 23.2 29.6
0.4 0.54 215.0 211 30.5
0.5 0.70 350.0 22.6 32.8

ro ol on
2
o
=)
o
]
>
o,
oy
lo,
=
2
i
oo M
N
)
:‘.":’,
BN
)

@ Wre
Ae] Wasel sl AstArh. 19 5% 1Y 6 A9
A AMeE ol gste F4F L% REolth TECT 914
s A Qo wgwn 999 exst F4s wade
& 5 otk Y GelAE FHe eEmn GuaAt 9
A3 ueFn e, o
A

T RN

A€

ur-c

a3 5 COBoll Mga uhaty TECel Aeld oo X|(E =
M =01V /™7 =013A ¢ &2

Fig. 5 IR image from fabricated COB in the case of
supplying V=0.1V with 1=0.13A
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Fig. 6 Temperature profile along the strait line marked in
Fig. 5.
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TECS| SPICE S7}3 2 model
Fig. 7 A SPICE equivalent circuit model of proposed thin
film TEC including a heating resistance of heatsink.
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Table 2 Measure cooling characteristics form fabricated COB
structure
gtetrlE | AlEE Ol gk I
Thermal resistance of heat
Rsiui 5 Lel sink [K/W]
Thermal capacitance of heat
Clini 2 IF] sink [J/K]
Thermal capacitance of the
Con 56 [nF] chip die [J/K]
Thermal resistance of the
R .
ch 85 2] chip die [K/W]
Thermal resistance of
Rt 14 1¢] TIM[K/W]
Ch 12 [F] Thermal capacitance of hot

side of TEC[J/K]
Thermal capacitance of cool
side of TEC[J/K]
F A &
(28.5+273 K)

C. 12 [uF]

Viemp | 3015 [V]

R, 700 [2] AR LA ] Yy AT
0., 11.6 [Q] A=A AT K/ W]
P PR, +a, (T, — T.)I

R.I
P, -——+a, Tl

% 2% SPICE 57F8]2Z modelol A Rsink?  Csink 3t
heat spreader®] <@ # & (Thermal resistance) % D&%
(Thermal capacity)s& WERATHE-8l. R, g4z
(TIM)9] AF gtolw, Cpte 2R Hot sidede 4
8%, C.= Cold side #9 872 ngtt. V<
- di7] LEE UEH, £ 19 AFdAe R 2%
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Fig. 8 Measured and simulated temperature of chip die and
heat spreader in accordance with supply DC voltage.
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Fig. 9 A SPICE equivalent circuit model including a heating
element.
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