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Industrial Feature of Rare Metals in Electronic Components
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(201114 39 259 A4 2011 49 282 AR EA)

Abstract: Rare metals, called as vitamins of industry, are defined as the elements which are very few in the earth and
are difficult to extract from ores. The requirements for total amounts of rare metals have increased as the global economics
grows and the function of electronic components varies considerably. The rare metals have been maldistributed to America,
CIS(Commonwealth of Independent States), China, Australia, Canada as about 80% of total natural resources, which also
lead to unequal materials flow or distribution. Therefore, it was needed to investigate the feature of rare metals in terms
of industry as well as technology. We could identify the industrial issues associated with the supply of critical rare elements

in electronic components.
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Fig. 1. Industrial feature of rare metals.
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Table 1. Classification of rare metals and industry field.
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Table 3. Import and export trade statistics of rare metal (2002~2007).
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Fig. 2. Annual trend of rare metals. (a) Total import and export
price, (b) Total import and export weight, (c) average price
per weight.

Hste = S Saus AL
71E7 o] 2 Wste] ek AL 24E et
H AHE 2SR 371 3

2 A wZo 7}

o
A 72 A7 s, 5 A8
EF5 3, 20003 th7HA &= F2 34
<o AL FAL, 20008 = o] F
B ags FEAY e THe WE BE A3} A,
2005\ o] F- S agEe] FA% Aoz Q% A
& ARt AAE o AA AYINDES ST, 7]

AR=He] A7

=

HE FHE FYEL A= Aol g Aoz EAH
HFEE A 0] A A U (40.49E) S A2 2(Si) 33.2
JEZ 822%E, F4(Sn) 5.7IEZ 14.5%E A3t
Ao m, SHEJE(Sb) B4(B) ¢1(P)% 10005HE- o] A =
JEHIL Utk FFENT HFEEA 10298, 21§4
T4 6798, HXUA 4495 WP A 229E2
AA 724 97.7%E Hstal o ymx] dze
F4 02295, I EFUA 0.109E, AFHFS 0.19
e = A

Table 6& 3| AF<E

o
]
il

)
o
=2 g

o,

LUB=TY
oL
2/
)
N
i)

D
o =&

o
< 4

aj
b

av)
2
&

il
N,
o{r
alil
ot b
_I%‘: i

&, 28, AEE &

SEEREREEE P
33 53 A% ol Aow

2

o ox i
=5} )

[

o

)

\

J

jtt
LU
g I

o

L
)
v
i
Ky

J. Microelectron. Packag. Soc. Vol. 18, No. 2 (2011)



1 e - olgia - A -

0
)
2,

A AeH - o B

Table 4. Import status of rare metal by category (2002~2007).
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A= Y 44
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= =2 o] A
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Table 5. Export status of rare metal by category (2002~2007).
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Table 6. Import and export status of rare metal (2007).
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Table 8. Regional import and export trade statistics of rare metal (2007)

(2]
20079 20079 =
=4 =8 = &%) &9 =8 = &%)
1 g 3,388,799 28.6 1 =3 805,807 33.5
2 Z 1,801,295 15.2 2 oyt 413,423 17.1
3 ol g7} 1,015,417 8.6 3 SR 393,827 16.4
4 u) = 876,642 7.4 4 u)= 262,836 10.9
5 o1y Ao} 596,159 5.0 5 Ell=Ela=t 117,294 49
6 3F 544,355 4.6 6 =9 96,844 4.0
7 = 400,032 34 7 3 90,214 3.8
8 g o] %o} 330,872 2.8 8 ot 45,375 1.9
9 ] 7] o] 230,480 1.9 9 ol 35,290 1.5
10 219 208,936 1.8 10 3F 31,404 1.3
A A9 107 = 9,392,987 79.3 A A (o= 2,292,314 95.3
= Q) Z3H 11,840,553 100% 2= Q] 23814 2,406,083 100%
g et 714 ert  FHL slAEE B aAle
Aeagl o] 7o) B THEE 23, TR 9 :
Rz Je o EAS 2T glon i E
B N2AA 7S Frte) AYuws D Ak 5w
Ao 9l A Aaly|golth w5 agE AL 7]
= FE2A9) vews), G738, 22l A b 7129 AciNe s,
Aoz AR e 71549 FHaAE FEsE N 2A e s
2A AgrEash g o}F vz ke glok

ok

AFEAG e WA glolt F7he) A W 2 7]

Bk
ot
1o I

o

uvs

>,

jin's

> 1o

AApaA) ok A2 TS o] 2 Fridsh Aol
o FTHE Qo] b 2 A S HEE Rohz
A AARE 249 345, AF3 B 27 vet 2
FarhdE Fohea gl FA0I, HaT4e Ad
AF 254 R T4 F 55715 HlY
Hog 24 Hopol F
8% 8YE 2 F547 4

2 A8 3lon A

712 ¥5 2 At Fig. 3 2 Table 99 ek
7ro] AFH, wk=A|, TV, DVD, A& 7hu g}, Fojds

S9o AR7)71(IC, ¥r=A|, ZUE, FezE, 44 5)
o Ga, Nb, Pt 59| 3]4F40] AFG-E AL glom, 979
Fr8d=olE nt Sno 3}9=o] ARE-E AL At Nd-Fe-
B A& AFFURHEA FUHsK2=TA, 5 EE),
ool (H 7] FZHME BH), sto]l Bl = AFF (T

ulo] A2 A} @ F7)4 85 A] A 18A A235 (2011)

eI50I28N

%525, UE, Y2, U2
- 83 25, Hels, 34, del@
LCD HF(FYAI) : IF

LED ARQIM) : 25

Duplexer(E2&A) : UH3, ElEHs, 2

VCO(M 2tHIOl) : ElEHs

SAW HEI(FI-R0) - 222, 21§, ElEks
HADYSI(FO0HE) - HES, ElEks
BERASFYTN(FUSUSHA) (U5, His, 2
FA(FIN) - del2

Jol0l @ NE: =3, FHE

@ 2IA - EdE, LA

@ Thermistor (MGCAl) : DWE, LA, 2

Fig. 3. Rare metals used in mobile applications.
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Table 9. Purpose of main rare metals for electronic components

45 § =

Ga 324k, LED, Bl 43, go1A tho] L=, IC Chip, TR

HE  gAzAloly, Aagr S84, 3719 2AAK, e} SR, ZAA, Alebe A, 28 A

In LCD, A e, 29, fg, Hlold, 9y, 92 288 A5, vhtdE wieA gols, Tv, #lo|A

iy B EAA, UATEFolu Lzke] AR o) 3ahAl, FaABAA e SFBYEL, Hebewt A7H), LA, 2, olef
F, S8, A, ASA, T A, dFeEA-E

Mo BATAAE, A2} 327, 22, /1AAE, Rdd, 5|8, Qudr), HQE, okE, Aok, ZulA), vheA|, A=,
A=A, 42

Nb A A, 23, P2 BE, YA BE, DAL Bde, F71EH, VCR, TV, ¥t 9r) 2=, szt
ENPEENES

Nd Aebe), G, oA 2ah, frElAl=aA), vl ZHA

Ni WejE), GEF, way] ske, e, S0, A g, A7, AR, AT, A vaEAdY,
71X ZE, g7

W=

(mﬁ%}m) Zu)A], 2aM, QAN 1A, N2E A7, FERAZ AFR, 18 TR, sl g

T FolA, AFR2A, DE, 712AGE 023 B, WA, TeaF 7HAE, k2, WaghE, A4, 3371,
2733, 12

T S5, S, vk, A=, H4ets A5a), 52, 98, 2AE AR, 557, A8, B8, 93, FH5A,

= LR

205040 ¥ RFE SUHON WOl SENW R

205041 o HIY Y& NBSS - Fe ,Mo,W.Co,Pt.Pd
205011 ¢ ORI Wl OlY ANBSS - Ni,Mn.LiIn.Ga
205041 HHS WOAE Xijsls 34 -

Cu,Pb,ZnAuAg,Sn

2005-20504 S A g

s
|

[

ﬂﬁr

s

E[:] I ot o
:;. | |

Ly
NE M8

¢ OHEZON P 20500 X =

=
=
IS

. Comparison between reserves and demand of rare metals.

N
N
il

_‘%—‘_94 ]4}]_1:1 el

il

Iz
R
k=
T
ot (2
-0,

il
i
2
N
N
N

i ]
i _Ji: il
sy
>1

o
b
ol
o
b
2

i e
i

Ko e
Ny
=2

>

e

2y

ol

ol

kd

30,

w2
e

9 o

N Ho 2 kI ) e
N
)
o

o
0,
oX,
B [z
)
o
Mo
2
N

A 1o ox
2

o X
>
e,
o
I e

ACIRNI
% %

Iy

Bor

N
)y
O
>,
w

r2 N
btoae ¢
oo
o

41
= ol
Bt |k ot
rr (Lol
T o E‘Z i o
B X
ol
I
i
oX,
=
oh',
E
ol
e
o

d
p

By

x
Loy 1o
-
Y
2
o
>

[o%
o oy oy 1o

Lt
i)
o
b mo [

Aoz _:‘,q:w}x] AR}, BE AR 9o AA Ha

o] AAAAH S AL AT

m) =] A9 22k AANA 5 8-S 213 A=<l
S BEHo® F7PL S AaHEER 23 75,4
A7 es MEatdon, I/ = A 57 Fasto] 3
aud AR K5, 7185 74, 7S
FR8AL A= FAH o' AN EEH Y A, &
V= %'SH AN S7HAI 8 8] |, B 5] R&D A=
29, W 7F R&D T2 Al Al A ZA A = So] Al = )
o SOLJEH o] % w) =k YA 4+t USBM(U.S. Bureau of

Mines) W T2 /\]'TE.L(Ofﬁce of Advanced Materials
Coordination)ol| A 3] A&F< A F 4 Aol et FH o] &
A, &7 % R&DAE, AR 55 on
Az W74 2Fsl USGS(U.S. Geological Survey) Mineral
Information Centerol| 4] 7] G55 43 Sl Ut} =3
x4 (DOE) 2tat AMESA T4 Well A = <Rare
Earth Information Center>, <Materials Preparation Center>

ZA3 A

2 4y IEF, 3|27 24 LS 7 Fd AUtk
J_f_ ] /\zﬂyﬁulﬁ_tﬂmo] ohﬂJ __?_og% -5H /\xﬁyHm—;{-
ﬂﬂéﬂ%ﬁLﬂHAR&Dﬂ%ﬂ%ﬂ{ R&D 2}
Al A A ZAA = A8 5ol Tt

TH] A 2E Sawd oA HE AxTsnd &
E=7F - whEA A= low A A S aFEE Al
EARSIPY 7Px}§ BF ol Ak 195290 FHE 54 H

A TEYo| M= 2 Grirem Advanced MaterialsA S
A st -Ji%é?oﬂ gt Ad7e, Agsre 2 o
PR AFAANS Sl AT S AEEE U B
FTHANE Sl agd A= 71e2] 2 ARSI H o= -

ZFo% 2ol G5 TEEH} AL WY

_F'

J. Microelectron. Packag. Soc. Vol. 18, No. 2 (2011)



Co
e
)
&
o
=
ofr
o
i)
oE
oX

Aot o= & ALR {9 FEUTA, 45 &
224 279 7]5} IT 2] FA3 etz AAA &
F 2 7He B3 8Qlo] JEstH ol digh =il Ul-$
Fhe Aol glom ouk, A &R 7%, ASE7 s
g A etR g Aol fAg g o2 7| AL St

ARRENY S TS FFAYE AN
g23% 24 BeAA TF, HaFE o) BE B
F3 2 A P, 34834 A PR Byl Yo
shth S REARLC] I AAR AFEARE 57
5 7h7 0] Bebg e 3| aa4] Ue HGEA 7} gle] /]
SIEAL, A1 HE 5A g7} 52 5101 o1
S BAAE B8 9w ALY P Ba
FUY9 B 2FE FAE, 24 L AF W
A8, 5N0AT S e BH BARE 15
o] Sa)wolof sl Bl aFEHAY Y N1eH £0E A%
Moz MgPon AN Re AeHE Eolu g
21230 71¢ 22 f127k Basteh A AeIA F3
B B4, RAGEE, T

ol e A
& %e g e

J= E]—%I’/]—P/] x%akz% 83

i
o -
r~{o
H
H>
m
ﬂ
Ha »

RE A7 ¢Fo
Holug 237 &
BAAL NG B HA o) A2E FEo] P},
meb 3| aFENYe A9 £8Y Yoz WS

& Qo3 Aoz Azl
HAarg ol thg &=

A2 A8 NEANEE F 2

o
[N}
rh

B

I
Y
rlo
N
o
=
9

A o] AU o] ojel &
27} 9T FF o Aol
o) F7bel w5t Aol
2 s Bl 919
Aet. A 497} e

I e d
rt
2
2
2
» =
5

b
-,

2L oox 1
U
B>

R

Lo

o it 2N
rl
11 S (I
B
o
[ JlLﬂ
fru jﬂ H
9,
0=
2
¥i
O
>,
9

N g
iy 1
4 o

o

fru

Hyoek
2

Y o e
= >
=

Moy B e ox fE 2 dl

oo
2
N
)y
rlo
2,
= x
i
ﬁ
_1
i
F
2
)
N, F
Hy
:N:
! et
o =
~N

Bl B W o

fe 0l o ¥

3, FE , 3
=, Mtk 7l =tell HEE o] 72 %Wé*é?% %%J—%
Holth w3 34 =

E

ulo] A2 A} @ F7)4 85 A] A 18A A235 (2011)

_‘:)_“4
ol

P

RUREAE S R

>

-

> ofr

R F7RY 2 e aws
FEaAE AATE S

aAfoltt.

5] 225 4]

oo ek

uy)

rx o
AN
ok
2"
ox [
o, ok

&

oft Lot rlo
(RO O
X
I
o
ofo
o
F
d
) o
:Oé

A o
By
ox, = o

2ol

A o
o b

AR
by I°

o
[

I
1
2,
e

4o
2
2L
e
r
Ak
=
-
B
oo tol
b

Mo
1o,
e

2

L)
ko
ol
-

o
= et

o (2 O A 2 ox

S
35
2 o B

i
>,
o

ol o 2
ox

-z
BN
L)
s
N

lo o

oty

B>

It

1pr

= &
=)
3

A A
o P

H

)

o

o
mop B

I

o

12

o
-

@ e
2

il o W X

t

o

)

rlot

fu)

ox
o

2

NE

2

i

e

4

Lot

i

o
™
>,
A
)
iy
uy)
)
i
N
oX,
o
s
\l
N
>
12
o

)

4 A I
;9{ O_>|:4
b1

& g

futn
:%lﬁrime

ﬂEHMV“?%;7V% Bt 9.0l0] HEF
AN Fhel FAH AL AT 5 AL
Tk Ea o] o} e A £XF
B g3 e AL3E 4W1E

O

]

EQIO N
E

L8

=4
wl
=2 X
FAAFYE ool AR TF Ve A +7
TFFo] 7Fed Ao R ZgErh

(e o rr ozl 1o gt 2 L ox o N wE A

N
T _h

23
1. Y. T. Lee, K. Liu, R. Frye, H. T. Kim, G. Kim and B. Ahn,
“Ultra-Wide-Band (UWB) Band-Pass-Filter for Wireless
Applications from Silicon Integrated Passive Device(IPD)
Technology”, J. Microelectron. Packag. Soc., 18(1), 41 (2011)

2. K. W. Lee, "Ultimate Heterogeneous Integration Technology
for Super-Chip", J. Microelectron. Packag. Soc., 17(4), 1
(2010)

3.J. C. Lee, “Development of Commercial Technology for
Recovering Precious Metals(in Kor.)”, in Final Report(C-A-
1-1) of 21C Frontier R&D Program, Ministry of Science and
Technology (2003).

4. G. B. Haxel, J. B. Hedrick and G. J. Orris, “Rare Earth Ele-
ments-Critical Resources for High Technology”, in USGS
Fact Sheet; U. S. Geological Survey, 087-02, Reston, Virginia
(2002).

5. Mineral Commodity Summaries 2008, United States Govem-
ment Printing Office, Washington (2008).

6. R.-H. Homg, T.-H. Wu, S-H. Huang and C.-Y. Chiu, “Light
Emitting Diode and Method for Producing the Same”, US
patent 7061065.

7. G. Phipps, C. Mikolajczak, and T. Guckes, “Indium and Gal-
lium Supply Sustainability”, Proc. 22nd European Photovol-
taic Solar Energy Conference, Milan, WIP Renewable
Energies (2007).

8. S.-M. Koh, G. J. Lee and B. Yu, “Situation of Domestic and
Foreign Rare Metal Resources(in Kor.)”, Proc. the Annual
Joint Conference, Jeonju, 84, Petrological Society of Korea of
Korea and Mineralogical Society of Korea (2010).

9. M. J. Liberatore, “An Extension of the Analytic Hierarchy
Process for Industrial R&D Project Selection and Resource
Allocation”, EM-34(1), 12, IEEE Transactions on Engineer-
ing Management (1987).

10. H. M. Kim and B. Chung, “A study on Demand Forecasting



11.

12.

13.

14.

AARFARAeIA 2] 34749

Model of Domestic Rare Metal Using VECM Model(in
Kor.)”, 36(4), 93, J. Korean Society for Quality Management
(KSQM) (2008).

M.-G. Han, G-S. Choi and J.-W. Lee, “Patent Analysis for the
Preparation of High-Purity Materials from Rare Metals(in
Kor.)”, 45(2), 208, J. Korean Society for Geosystem Engi-
neering (KSGE) (2008).

L. M. Wang, Q. Lin, L. J. Yue, L. Liu, F. Guo and F. M.
Wang, “Study of Application of Rare Earth Elements in
Advanced Low Alloy Steels", Journal of Alloy and Com-
pounds, 451, 534 (2008).

G. G. Deviatykh and G. S. Burkhanov, High-Purity Refractory
and Rare Metal, pp.180, Cambridge International Science
Publishing, Cambridge (1995).

J. F. Spencer, The Metals of the Rare Earths, Longmans
Green, London (1919).

o o5 : oK)
197144

=71 EATd

ok A B =B R
e-mail: mhleel@kitech.re.kr

o oI5 : AW (BR)
. 1972348

o =7 EA 9

o ToF : SagE A TokE M g

e e-mail: bskim@kitech.re.kr

J. Microelectron. Packag. Soc. Vol. 18, No. 2 (2011)

o O] 5 : Sl (EEHEET)
e 197334

o AN AT
o Hof : S| AFS

¢ e-mail: hschoi@kitech.re.kr

: 27334 Recycling
e-mail: yhkim@kitech.re kr

o O] : O|EF(EFFW)
o 197194

o ST IEATL

o ok EAAE/AA T A
e e-mail: todd3367@kitech.re.kr



