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ABSTRACT

Life Cycle Assessment on Printed Circuit Board produced in C Electronics Co. was carried out. The system
boundary encompasses raw material acquisition to the manufacturing of PCB(or cradle to gate). The product
is FR4 PCB used for a component of HDD. FR is a mixture of glass fiber and epoxy resin. Generally site
specific data were applied. However, database were used when it is hard to get site specific data. Impact
assessment was carried out consecutively as classification, characterization, normalization and weighting.
Considered Impact categories are ARD, GW, OD, POC, Acid, Eut, ET, HT. Sensitivity analysis is accomplished
to find out how the variation of unreliable data affects the result of LCA.

The PCB manufacturing was identified as the most contributing activity to all impact categories except OD.
This is mainly due to the electricity consumed in the manufacturing phase. Even though the large amount of
chemicals are used for PCB manufacturing in mass, environment impact of those chemicals is much less than
they were consumed. The sensitivity of data method shows that the amount of electricity consumed in the PCB
manufacturing is considerably sensitive to POC and GW. The sensitivity results of allocation method in the
PCB manufacturing on the LCA indicate approximately 25% difference in all impact categories.
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I. Introduction

el#7) 27]9Printed Circuit Board: PCB)&
A7) AEA 719 ¥4 =5 F9I 2 Ut A)
AAE TAZ o =AdEE =44 AEE YA
st AL Aoln, HF AFE W¥e ZAF ¥
F5S WA Y o9 9 FEEY AsE
Mg AFAA FE 9 Aok’

PCBx 3274 Z=rl ==} Hd PCB, o4
PCB, t}& PCB ¥ £ PCB %8 F&% &
irk ©)F #w PCBy 719 &9 3|27} §
Aol glem TV, Mgzl 59 7FAlE ol
A8l ofd PCBE 7% &< 327} A€
A2 AsA APIR Sel Wl ARgEth o3
PCBx 4% ol A H”le] sle ZH2ZE o4
718 $loll A} A By Aot R=g
I A A 327t ¥R e S5
PCBY %3] Flexible PCB+ =gy} sz}
cable¥} o] H=jn A HoA|e ¥4 5 A
Fo B9l ARggnt?

PCB9] AIzte- #& 7les dy7|1AMEE I8
2 3= 53T FAHo, JIg SRl ot o
20~5071A]9] FAHem FAEct Jlgel 32E 3
ke 3L x4, &4, oA, v, £ 2 Al
2] T4 Bo] dlow, old ke zdekFe] Alg-
g} o] PCB AlxAl #7343 & Ao wd
=, olell i3t Ayl Fasict

o] At FudlM AAlEle PCBE W=
U8B A5 A=FA7R] A A A7)
(LCA)E +33idct 89 Ad: Ay 538
M3 Ay R RS BASIch =3t
Sl dlolele] FAleAE Wy Slsle ALS
" dlejejoll g k= #4439 PCB Alz-34¢]
gdhiel ulE mizbe $432 Sasiedct

0. Methodology

1 AFA2Y

PAAIEL CAAIAM 198t ASH e it
He, freAdf 2 AFA $A(Glass fiber -
Epoxy resin; FR)E o]83}d sl=r]xrz xzlo]
H(Hard Disk Drive; HDD)$-22 AZxE& 43
ZAHRS] PCBolt}. oA A= A715A, A%
A, WA, s, o, A AAdd 3t
EAS vepict? oibAlEe] JHETE Fig. 1o
vehdsich

CCL

I : Bonding sheet
[ : Copper foil

Fig. 1. Cross sectional view of PCB.

94 PCB= &% A3 Copper Clad
Laminate; CCL), Bonding sheet, E2HCopper
foil), Solder, Ink(blue) 2 Ink(white) 52 -
A=le) itk CCLE PCBE Alxshr] 13 d#e
2 ¥HE Fure® e A AR el
2 o ZFA] $£A]F A% Bonding sheet® T4l
o} Soldere ©}d(63%)3 F37%)o2 FA= ]
o=, FE ARIA A7IA AHES felsiA] gk
Ink(blue)¥= PCB Xdoll =ZHa2A ARgEw,
Ink(white)= A9 FEAPHe] rlsdle® &2
U ARgEI) Zb B FAJ8 &g Table 19
vehligich

Table 1. Product Composition of PCB

484 Composition(%)
CCL 42.6
Bonding sheet 246
Copper foil 196
Solder 9.1
Ink(blue) 40
Ink(white) 0.2
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PCB 7I2}4]] FAIEEE Fig. 20 Jehig

Fig. 2. Process schematic diagram for PCB
production.

PCB+ W3A<, W33l2 34, W3 oxide A
2], M3&Press, =d7FE, 9332 34, Photo
Solder Resist 4, ©XxF14l(marking), HASL,
AY7HE 9 FAL 59 FAE B Az v
9% 234 FYL YA(ID, Lamination, =
3, ¥4, AA(Etching) ¥ vl 5 A¥3Hez
o] Fo) R}V

PCB Az3AF sl ZA e oot 72
sjelekgo] ARREct U3/9153]R YAA AT
Aol F2 AMgE= dvle] oA Y(Akkali etching
solution), Asl/FAs TFA AHEEE Rack 2]
of, i W CRU a2z d#eA2]A] AREE
KCC-1(F4+-2 Limestone) ¥ 3MAHIUH So)
a2 Aojt.

PCBY fi7le-& HARES sAlsle, 2 Al
& A7IACE AHLshe Aoloh. diAlERS et
$1¥ “HDD4 PCB 1m* (%A 2.638kg)"2 443}
Adek 1 olfi= PCB HolA] FAGNZ dBefsx]
W3 FHA 71EoE fejslr] wfielr) =F A
grche dddo] didAlIEe] 715-E oS 5
A Jehyy] wfEolch

3. A" A

A" ZAE ol 471l i A2 sisct
Boundaries within the product life cycle: A

28 AAdle 94853 #54€ HDD4 PCB Az
7HAolek. &, UEEH HE, - Exp A0 9
PCB Alzxzel #HHI =2E 3L EgFsdch
Cut-off ¥PHS PCB A4 A% &+ E91E
(- 3200 2 seAE RS J1FEeE vHE
A vlE 99%7H] ERAIE A= sigthk <
cut-offsl EAlelet=  fajsshEAgeyd <3
frazsrEdl e e F90Ee dEide Ty
BAYel Aol 3} PCB ARA] AR
9 AaEAd iR cut-offE FUZ
7)) A-2-=ck

Boundaries toward other product life cycle
systems: 9 - F2pA] AxzA AHEE 95ERL 2}
JozHE] dolal elementary flowelw 713313
ok & NS 4L AR ek s
dck PCB AZFA Jold 2% si7lE 3 A%
4= 3 99 7] AEE Ax"E gEgw
7Hdslsdch &2 cut-off methodd)E AR
3k, ANGE FAHLS Axd" AA wroE 71539
t}.

Geographical boundaries: ™AAA|Ze] Az 7
FellA Az" A - ¥R gt 94 AAe
ook FlolM AMz=A du pEE - -
ket FRY AGH FAe dF o1z sk
T8 dolelut diojejdlo]~E AL A - ExIA)e]
A9 AR AH-E dlolejulo] el njEx).

Temporal boundaries: A7&d3} 24 100
9 Yagkes ARSIl Wig® S surveyable
time period= 1002 AAstx 7 o]F = =k
L8 258k

4. HjoE]

A ¢ HAEE ARl 3 9 E )
S55S skl 2R3 dlele] WFE <z,
HAzRd, di7iiEE, $AMIEE, SPE, s
7% 2 Inflow not traced to the cradle® Al
A

PCB AzA AHE € - ¥2A] 2 wjEEe) o
3 dlojEl+ 1998 1% 19~124 3147419 &
A dlolelE ANl PCB Alx9] ARglgA
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Ao dolef?®g Algsiadrh Flet AY olixE
1999\l ZgE 2 WY dloleimo] 2”& A}g3)
gt

5. A3 A7 Wy

Aoy BZ54 e SO 477 7)zs10
Tesgic) e Y B4 2 2E E9A, 3}
A AABAIE Febste] FRIAE HA3GC
A7\M= 71 o AAA sk S F, A
5o oA BAd o3t gdE sl HER
A Akl ARSE Softwarex 24€le] LCAIT
3.0'%olrt,

ATA dsFgrhe hsh 5438 st ¢ v
FA N QAR Yt wH" FFHFE F
22141 17 Aboitic Resource Depletion; ARD),
AF 233HGlobal Warming; GW), &&& 37t
(Ozone Depletion; OD), 33} AlslE A
(Photochemical Oxidant Creation; POC), 4A¥d3}
(Acidification; Acid), <3%3HEutrophication;
Eut), S ($A)(Eco-Toxicity to water; ET)

Q7= (N7} (Human Toxicity to air; HT)
5 & &l dsbiFolr). BAse= ARSelAl 2dE
o] g3l EZE5HRe kA<l #APdEe HrkskA
oh AAshe U A 71ERS AHsil o,
7VEx] ¥l 28 Ecoindicator WH'VE o]
43l 3tk

Tl
=

6. 7} A

o] dFollA] dlole 44 9 Al elA AMgE
Fo7HE olelst Atk

DY - ¥2A 3 A9eAe) AZFAH o @
ARk A3 J2 Y 2 pjlFeR A%
Az3A AE b5 59 olfE dlole “Y(data
gap) 2 & Aeisigct - FAA AR AnE
BEAY ok ZAMES o]fsld AlEsgch =
A deEAd A #ARshs dojele]xE

AH8-3tsich

QWA W AL A 71EeR Fek
&, & A A% 5 HDD4 PCBe i€ &
A 2 F viEddd HDDE PCB wiEdo]
A8k vlEE F3lod At

@AHLE A 9 § FHAA AHA 2w
Y AH8o] 23 e ARk

@7 A Aole] ol iRt #AY3ke zes)
A edsket

@HA7NEE 481At 2do] gle WAZ BHY
e it = Ygict

M. Result

1 52384 A3

FEEH Z F 2000970 o] FEIFe] =
Z5Uct o] F F8 ZEF| dF Uz, Az
T4 2 AHE slshEAld)] digt 7149 %% Fig. 39
ehidet Fig. 3l vebdl B35 AR 2%,
WrledE 2 4 29 F == 87k J3
Fol sl 5493 Axt 742 1% o4 dFE vl
< F8 55§50k

Fig. 3¢lxe} #Zo] PCB A|l&=33%H2 Copper
ore(0.35% Cu)(r), Crude oil(r), Pb(r) ¥ As %
YFEEL AR 2E 555X dxrt =
A vebsdch 53], FAedEe] Ay A9 2E F
o] PCB AzZFAAN HAEY, ol FAIN
AR el 7]9ld grelok &, PCB AlZ2FH
+ AXTAE T e, AH F sz
B oFY] Yo AME7| wio|rt.

PCBe| <&i#te2 AM-=E+E CCLL  Copper
ore(0.35% Cu)(r), Crude oil(r) ¥ As(ag) ¢
FEFIoA AR vlge] ZA veRdrth o=
CCL AzA] 73-F Mgl 7]11& gholck

PCB Az34 2 ssAzAl B2 %9 33
Zo] ARgHch iy}t PCBe] 7-¢- Akl s A
1% 3wl AHxel IsjeRge] ARSEIc: Y
Fig. 3ol vehd ule} o] HA g4 21A)3}
£ vlgo] 2 Jehdol ol ARSE okEEe] o
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Fig. 3. Relative contribution of each process to key inventory items.

FAEoleR A W AR A7

2. 3% A3
543" 3739% A3t ARD el & 4%%

vixle 42 Crude oil(r), Coal(r) ¥ Natural
gas(r) g°|H ole oA AMg-o2 <qls] Ans
ofoltt. GW W= CO29 CH47L, POC "3
+ Hydrocarbonel, -28]1 Acid ¥Fel= SOx 2
NOx7} 8 QA2 epydrl Eut ¥ 74
¥ di7] wiEE< NOx¢t A #ilEE4l Tot-N
(ag)7b F-dF3 WFell 9%B% HAEE AL
COD2} BOD= HAERE 9x]3t A-8<lzl7} NOx
v} Tot-N(ag)ell ¥ls] ztenz EA431E F7HAF
o] Mg o=z Jephgr}l =¥ ET HFo| F83
QS vixe AL Culaq)9t As(ag)elth

7 gapiad 545k #7dgl ois] AAA,
Az 9 AME 3EEA digk 7|9 =F Fig.
4ol Yepfig]c).
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Fig. 4. Relative contribution of each process
to key inventory items.

Fig. 4¢l vehd A3 PCB Azl ODF
A BE G viAe <o) & o=
vebdry, CCL2 ARD®F ET %35, Bon-
ding sheett® ARD Sl 22]3 Solder: Acid
o} HT ®HFol| g3l & Aoz Jepirl 355
el A5 ODE A7 ZE IspHFolN 5~
10% Alel2 AA d3E vix= o= Jepgr)
ODel 48L& Plxle F585L Halon- 1301%9]
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o sE d% F3) elel

A 3ol WA A%E Fig 5ol hehl
stk 7KEA ¥eidsh ARD WFvF AA gl
60% % 714 39, o] HE HT, ET, GW, Acid,
Eut %% 02 vehdeh POCSH OD W3l
3o vlulaich

HT _ ARD
13.2% / 60.3%
ET .

9.4%
Eut. o
% ; / op ™ Syl
Acid. 0.0% i
J
s1% POC
0.4%

Fig. 5. Weighted impact of the PCB system.

IV. Sensitivity Analysis

e MY FHE £9E 2 iEES 33
BEo] oigt w3} LCA ZAx 3ol mlxle 934
=5 Jrdshe ol =R AH8RL Hlolee] FA
82& wbske 8% ol UE ¥X4E F
dx BEAF dole o] W AA A ghell
PlAlE HIAHEE ANE ¢ vk U= B4
AR dleolHel| Mg ¥4 PCB Azx3A4 ¥
Wilel whE 249 271A] el diste] s
o}

Table 2. Parameters for Sensitivity Analysis.

L AHE dloled] BE T £4

Dominance Analysis® %3l FQo|4+5 74
g F olE vlEoeE e M 3% EEd)
=& Adsidch AdE 553152 3hs W3]
7l Az w3 Fo e 8[E AL °lE
dlojele] #3KChange in Data; CD)E Yehlig]
ok Zb 5535 gl o2t AW A & A
3 g7gdek gko] Wi wsE AXksisch
o1& Z3 3¢ wW3KChange in result; CR)Z v}
eliic) vixete g Aegl EE8ME9] wizlxs A
Aol wztE A B84 (elasticity) 22
e, gL ohest 3lo] gaEd?

E(Elasticity) = gz

dEpHFe EBAskd #HEE EY] sk
i 55350 Afxr)l LCA Ade] A3z
A= 9EE HJUHE 4 Qlck

TEE FR|E FAeE Al J3E 7
A EFESE-S AH™sle] Table 2] Jehdgic)
Table 2¢ll= A% E581529] xAelf2} A=l
tlolele] Wshd NS AAslck 714 £ acti-
vityyt 5835 AAle wHEAd 5 glr] dlil
F8 activityWollA] 5285 J3L vzl dut
A 55 Addgsgdct & A¥, A 2 solder
AMggfo]l azlelct Table 26 vehd H715kEo)

Activity HIVEHE-

Yol &

L

BE of3pHFolA F8 activity = T8
PCB Az A4 Ay Al P £03 #FH4s)e]

4

From 256 to 182 MJ/m’
CH7E ¥ vs AElE &
)

OD HFE ALY nE 3FAFo

CCL 73
. (<]
Bonding sheet A L activity 2 774

Solder . .
activity

FQ acitivity 2 749
dAerbeEke T 9 AxuprEs 2
zol7} Q)& 7oz Wy

OD, ETHFE A3 d3piFols] F

ARD, GW, Acid ¥ HT #HF2 F2

From 62.7 to 31.3 MJ/kg
(A AMEF vs o183 Hgap

From 177.3 to 839M]J/kg
(AA AR8F vs o] 84 H87P

From 6500 to 7000kg/month
(37 AHEF vs H AP
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dsl BT ¥ Ssien Table 39 2
3} dehigick

Table 3. Elasticity of the Parameters for
Sensitivity Analysis

gy PCB Manu CQL Bonding Solder

(A%) (Oil) Sheet(Oil) (AH83)
ARD 0.18 0.10 0.18 0.01
GW 0.78 0.01 0.01 0.03
oD 0.04 0.00 0.00 0.00
POC 0.90 0.00 0.01 0.03
Acid 0.19 0.00 0.00 0.33
Eut 0.18 0.00 0.00 0.04
ET 0.16 0.00 0.00 0.29
HT 0.16 0.00 0.00 0.43

uzts ¥4 A3l PCB A2FAe A Algsf
< GW ¥ POC HFol wi-¢ qlztslAl Jepgon
Solder AM8-22 HT ¥l 217ter} =4 eyt
o},
Bl dis "dAe] zA e g}
Eo] ALg- dlolejdl] ¢js LCA ZAx} o] =A o
e whethe ZE vkl & 93] =4 U
g u3ter) acdke A ovIg) Table 3
o4l PCB AMzF4l A€l A3 g CCLY A+
AHEERE AZel] 7]127 Algolr) ulebd] Hr1E
2] eiEAe] wlwA avjele A48 dlojer} A&
dojglolng k39 LCA A7 A=s: Evln
ek,

2 g B2 AgE 24

PCB AZA] AR89 o - F2R9] AMgeke 714
7I1E ¥3E FAslel webd wizke BMeliie
A7 d3e T35l LCAE F331512H, o]
< 5 F PP wE WA=E Hdelsiich
Fig. 6ol 71471E S SAGFE 100%L
¥ o A B 39 vles veil
peiad

GW, OD ¥ POC ¥W5FE 25% A= e|&
Yolx| ARDS} ET 20% oW, z2]i =] g3

WIS 10% o] XolE Helw it} Udkxe
2 E5E3HE do|e]e] Wil Zo] B4 100% o)ido]
B2 25% o] Aol A9 Wl Eihdckw
wedElch weby gehie] xjole] wE LCA A
e} WMshes ZA] Yok BEch & Ay A
& ghgel wiztss Yrlkn sedse] 2k

Relative Scale(%)
3 83 3833 333%

T 1T 1 1 1 1 T 11

111111"'r—1—1—r|

3
H
8
H
i
14
n
3

Impact Category

Fig. 6. Comparison of characlerized impacts
on allocation menthod.

V. Conclusion

Fell4] AAksElE HDD-S PCB9 LCAE 43
ot o] ATolN =25 AEL ok )

1. 5234 ZAs} PCB AxFTHe] F8 Z2348
o EEEMY] diF-E-E AR o= Jehg
t}. ol PCB AZA] HY ARgafe] @7 wjFolc),

2. PCB AxA] B2 <2 3shgAe] A=)
et tiFRe] ssleRE FAEL Bolth ey
SPSRRFE ALg-SRe wA|E AA g A5}
€ e e AoE ey

3. 543k #7393 Za) PCB Al&3Ae) OD
£ AT ZE T viHEe dgo] & Ao
2 vehgo sishEalel 39 ODE AlE =E
TN 5~10% AolR HA QIS mixle
Ao veigch 715 4% 2749333 ARD
WF7E AA o33kl 70%2 71 ZA Vel

4. BHAE o83 k= B4 Z3} PCB Az
4 AY AR GW 2 POC ®Fo] ¢
WabsHAl Jehtos Solder AMEERE HT #5o)
A=t ZA Jepgrl a2y A 7123 o)
Bl AME) wiiel LCA A Alges

_67_



8 AAAYs (M2 15,2000]

I geisich

5. HDD4 PCBe @34 71A71& $ie
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