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Abstract

As the number of smartphone users grows, number of applications and the expected overall functionality in a
smartphone grow simultaneously. With ever—-so increasing expectations comes intense competition to squeeze
in myriads of functions in a limited space that is only getting ‘slimmer’ by the year. In order to achieve this,
companies often decrease the size of components in smartphones — battery connectors in particular. While they
may fit, smaller battery connectors have their disadvantages due to the heat generated by the high current
flow in the circuits. In collaborating with Korea's leading battery connector manufacturers, this research
presents current issues and design concepts that should be considered when engineers design power
connectors based on their electrical and thermal analysis.

e o
~UtEEY e wutd 7] 77 AubgAst Ha g2 Fike] wHo Be 7|TS Wl $1% A Aol A g XA
Yol AMEEE B AYshyt 3435 JdHa gtk Zukd 7]7]e A wdr=e wig s JddsE HlEHE
AdE Y AL w7 E 2¥sEa oy B FEY 28 AYE A 52 ARFY &3d e dd &
A2 As] AFslel] ojefol rh B = 2utd AYEH AFS st Jde AU 7dHy A JEs
Fal AFEJon g HxZ dE 2uid wiEHEE 243 AYEHY did A7/ S vg g 247
S AGE AGE AA A kool st FE o]y 84hEd U dA WIS AASH
Key words - Mobile Device, Battery, High Power Connector, Multi-physics, Simulation
* Smart Device Center, CEWIT Korea | M=
% Certificate & Test Center, CEWIT Korea =
* Corresponding author
songbs@cewit.re kr, +32-626-1531 2utEEZ] o mutdrE §45% dHds
% Acknowledgment AFste] FHTodE F2F S 22 dog &g
Manuscript received Feb. 13, 2015; revised Mar. 16, olxet & Hew HW3leta vl mukd tlnfo] X
2015 ; accepted Mar. 21. 2015 o V5o AA o nxstEw 9on Algxe "o
. . . of F&3h= thgst 7S FU87] s FEY &
This is an Open-Access article distributed under the terms 5 ,};}o 2‘1121 _,O ]E}] OD H}; . ‘E}l] sl };zi] 7
of the Creative Commons Attribution Non-Commercial °© e —[oi J;OM ‘t . ;a C_O ) N
License(http://creativecommons.org/licenses/by—nc/3.0) which ATl dFE A= vEee &% =3 AR
permits unrestricted non-commercial use, distribution, and Eolva dow mE&e Wit PCBE d4ste
reproduction in any medium, provided the original work is SYANE A L AF Lo HE3HA 2¥
properly cited. stE g8l 71Ed ALHd geANES} vty
- e FE R s i ok

(101)



102

7 d¥E] Hirose, SMK 5ol
G ANE AFS
9o e Fa AME ﬂl"/‘}‘é w3 AE 7H
S 93 TS A&t vt Hirose & Hul 4A
+ dA/pin) 9 24F FYAYEE SAFAL
SMK %3 4A & (4A/pin) &2 =°]7F 0.9 mm ¢!
AEFE SASAT (27 1).

vl H 2] &
b:—"/ _g_

1o Molex

-
>¥ﬂ1 l~>
T oo ofh

Fig. 1.

Hirose BM-22 (Left), SMK FB-5 Series (Right)
Hirose BM-22 (£, SMK FB-5 Series(®)

AV A A2 A7 a8
o AFE Feof strz V&S 39 7|9He &

g 7HA EAE A "2d AdEel g =
F olAte] B S Jpxjokut Z8 1
J——]XJOE A" ¢ gomz A
3t AMg3 & §lal Insertion

Force, Withdrawal Force 52| 7144 EA 3}
TAY 2 /‘Jil"ér% “PZ"V] T

1. 71&
JJWML“H
o AHEE = g
HToE 7lEe] &3l o8 AEA
E3l)m 34 e A b= o] ghawlE gt Al
olgl A7 AFE el Fda el wel AFAE
ArEol tiek Bl oA WA AF g AdE
H3 ATFEo] AAHATRS-9). AF Aol AF F

Fol Agstr 7t

Fo] HZES 201590l 40%71%] FUE Aoz o
Hn T oY dtolHeEslel ik ow] Az
A7he] 479%7) A W] AA st ek EF 7]

(102)

j.nst.Korean.electr.electron.eng.Vol.19,No.1,101 ~109,March 2015

4B 3 AE] MFo] 0% BT AOE
Agsol AUHE HEE AFE FEo BE A7
v QezE Yod wwez aw Aoz oy
o e AFE AGE] AP Agolg AHg
#749 E40 ols F2 g4, AARAd, EMI
Sl AFHD Jow ¥ =rA Tz gEux 8
eERE BAlG A9 ol thEelAA ekt
[8l. mutd g =xYAUES] B5 PCBo 445 ol

Zakd 717 WiFel M ARgEofof Sk AME 79
SAe wel ol2g v]Ee] e e #
HollA A5 2 B4 ojoF I mupdr]7) e A
agstEa oy 2aq 97 E
G AAAeRm 27 fARte] AL AJejoln #HH
A7 obd FHF AHE Idld = 2 ATz
e VxR Ade] ¥ ol jUu

H_Lr_]

Y (oo o i

2. A EdH)A A4
B =RA B 228 F9AYH= dA
%’\]% BAA AFH Hwste o #2 AVE i
2 star v A% WAool BM-22 (424 x 264 x
0.9 mm) Bt 2 SB-5 (26 x 23 x 09 mm) X
the vk ZARE Xﬂ’é Ale] Fole o WA AAE
Ak w9 Ze AT]olvt B FFom 3] Al
ol AZTE Jlﬂi CAD dH|°]ElZ Import 3}¢]
2] 2aS AAsIon AlEd o]l
A A Ao Hhed = ATk
ANSYS A}e] HFSS¢} Icepaks ©|
s Fdstgen HFSS AlEdolA
%% Volume Loss Density & CFD
(Computational Fluid Dynamics) ¢! Icepak ©lA
Import 3tod Eai4& 2 gsATt
74””5194 aaiae A7 s AdE 9 PCB,
Aol el gk mAYgo] g AT PCB-J 3
A5 e wet e gd

“}01'

1 2ot o ox

1o |o o

L

of

=2

£ .
Y,

i

o

i

)
£

ko
B

o
frlﬂﬁm
s odr ol X ok

b
lo =& fz lo rir

Lo
o>



Anaysis of Small-sized Power Connectors for Mobile Device Batteries

= Aol

0 2 4 (mm)

Fig. 2. Small size Power Connector for Mobile Device
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Fig. 3. Simplified model for Connector Simulation
a8 3. Z4E AlSeEo|ME I8t e =

(D AdE H714

AdE 746 AFE®  AAe LCP  (Liquid
Crystal Polymer) ¢ 4d& o2 AMJE H7]A ] ol

)
AbgEE F 13 e 548 et

(2) AdE A

Ao HgHe =dAE AddEge ~xgy
5¥= T8 e AEY OMaterial
A&S& v

el A
A st
2y e

B[
B
(U
QL
e
)
Ju

(103)

103

9 AgH AL AAstolof gl

Table 1. Material Properties of LCP
i 1. LCP ¢ &4

[TEM

Unit Value

1.7357544

980
0.487 (371 C)
0.473 (341 ©)
0.456 (310 ©)
0.454 (280 )
0.45 (250 ©C)
0.445 (220 C)
0.446 (190 )
0.429 (160 C)
0.429 (130 C)
0.412 (100 )
0.404 (69 C)
0.388 (37 C)

kg/m®

J/kg/C

Mass Density

Specific Heat

Thermal

Conductivity W/m-¢

Table 2. Material Properties of Connector Pin
2 A9E A B4

. O(Material Y (Material
ITEM (Unit
e A) B)
Conductivity | o5 567 500 | 7,554,040
(S/m)
Thermal
Conductivity 200.0 50
(W/m-K)
Specific Heat
U/kgC) 390 400
Mass Density
(kg/m?) 8820 8680
(3) PCB
PCB © ¢¥tdoz o] AlE5E FR4 & A&
stdoem EAMS ® 3. ¥ . PCB Layer9

Stack-up A3 Copper Layer ¢ F7, @& E£3
W o] JFL = FAd Qo) AR 8
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Table 3. Material Properties of PCB
E 3. PCB ¢ &4

ITEM (Unit) | FR-4 Copper
Conductivity _
(S/m) 58,000,000
Thermal
Conductivity | 0.35 387.6
(W/m-K)
T
Heat 1300 397 / 373 C
(J/kgC) 397 /1000°C
Mass
Density 8820 8680
(kg/m®)
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o4 Copper ¢ Skin Depth
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Fig. 4. Temperature change due to PCB size (Upper :
400mm?, Lower : 288mm?)
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Table 5. Maximum temperature of Connector with
different PCB size (4A)
¥ 5.PCB WA & AVE Ho 2% (4A)

PCB size 283 400 mmt
Max
Temp.(C) 54.8 46.6
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