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Abstract

Recently, all kind of 21C-typed electronic goods show the tendency of
hightechnology and digital convergence rapidly. Also, failure mechanism which
differs from original goods concept presents.

Today, failure mechanism which differs from one that was happened by
restricted harmful environment material before adapted the raw of environment
material is changing the paradigm of reliability engineering.

Thus, when applied the environment matter of original and secondary material at
the electronic goods were removed, reliability assessment method and prediction
stay into low level.

This study suggests as solution to overcome these phenomenon. The study on
the management method of environmental restriction substances which is
recognized as important element in the reliability assessment about environment
material of electronic goods and the study on reliability assessment method of
PWB without environment material are progressed.

Keywords : 33 &2, ALT, FMEA, FMECA, HALT
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BARAL AYE AARES WYY P AT qFW-2 A Y

1. A4 &

Eoats Adsd 8 MAe 849 A5 A F38 9o ke 47e
A w3 A, BAEAe) Az A4 TAet Biol ALVA N dde) ¥
Ade Fietel B & Ak gASEe] A% 2 L8 AA vzt @A B
BEAZ fUAA  $hE Aol

B Al ¥

AE ABE VM A8 EE ARSEAARY Fauss AuEE 2006
W 79 1458 EUAA #vjs= 7] 2 dAAAFAA DY, 2)7E, 7=+, 4)6
7b A%, HEGEZuYolE= HFHL(PBB), 6)ZHZ|UolEl= tdyd JH=
(PBDE)5° 670 & rAdd =49 #A&o] A5 gtk (Official Journal of
the European Union.(2003. 2. 13)[21])

FAEL dig MA 2= FAdSS EAS A AR, 69 A= dAA
A7171719] #7lel #gk EUAIH O o gk f3) & Z A4 gh(Restriction on the use of
Certain Hazardous Substances; RoHS)¥ AAzL #H| 7], HAAAES| 5, MK
(Waste Electric and Electronic Equipment; WEEE)o] 2% &3] 313 EZo Al&&
TFA006 79 1Y ~)d) FAEHE FAHELLS F, 2, JtEwE, 67F 2E, =24
@AA(PBB, PBDE)oH, 3% = A&AF2 d@d7kd, 4870, IT, $417171, <
v w717, 29, dseat, &, dA77], 957171, BYUY 717, AAsae ) v F
[S./dol .

o, EUY 37 “Z‘ﬁxﬂ EH%“‘ﬂ’ﬂ Al 2] A 7] = Xﬂ 9 Bd-ﬂ% &Y,

o

o 7ol A A €] Q A

A, "= AS= od‘ﬂo“ﬂﬁr A 2zt FHE Al Jdom A7 - AAA F
gk A 2AE ET FAZAA, AUAZET A, Axe} =F L EA
Aol FallEd AFSTAl, AT Al ol i, e xyole] A 9= EUS RoHS¢t
sAde AAEL FAE AP (2007 ~) St

AR, diEo] A= FFF7E “w3Y ALY AT 71EYTS vi-ste] &3
AP T AR E A S FRA R FHEY ARAAY 254 AE gEE 5F
o2 FAEAd g FARAES Pstar Jdom, AVIE HA Ao FA e
AE T2 A A4F AHArlE wEE AEs Ags g 2 EHAUEAE 51 E
EFE7], 7ol 2, PC gl E 5 =y Al A Aol HAES] 3]
F, AgYig Rt F AVlE Hd s dF Asketa

U, S39 A9E HZ AAAERAE ArTE odwx W@ 2@+ A (Regulations

for Prevention and Cure of Pollution from Electronic Information Product Production)
o] Fyxo] 2003 7€ 1d WrE AAstAon, HASE FHst] THARAHEAFE
*ﬂ*}ooﬂt“ﬂ Hy & AEs st o A#AFAME 59 AT % 5

Jik)ol™, ool ok qrAl R AFEES FX(20061d ~ )kt A=A S Ph,
Cd, Hg, Cr+6, PBB, PBDE& EU$9 RoHS9|A H71E FAWNSG A L3
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T3t WA BAE(E R b ARSI SIS WrlE 8T
Aol AAABAF(H AR FEFaledhmhaEWH)Y BA 2 =R
Al, 3G -Alo] §-=7F nfaE WISt EE AAlstal Atk AxANE FHAAAE 3]G
g &S FEstodof soh(BEMR ] 345, Recycle, # 29 F)

FAED Biol e 7|de] sditerd AFEAv|Ee] 482 thds JuHE e
i vk dJA A7) 2 ARl A JE A A ARbe® tiFEH= o
soldering®ll #3gt AHHE Eoid, A= s A2 w59 FA(lead-free)H-
= MEFe oA on 1997dS AFa|A 2 soldering®] 7hs3dtal A -2(o 7] A A
2+ solder?] &4 180=~190% TS ougoA= FFeo xHol 7tegt FF
Mko] o] Fojx o WEAoRE WFo IYALZE (coileraft) At & & A
th o] Ak dA AARBAE AFY] AR HEES dHdoR nA"sE A A
RoHS COMPLIANT = A#dS Esto] 8 A99 AA=4d A 53R
thxakar ok AR A% wAlZH(Kyocera)?t FEttt(Murata)s el HE3IALELS
ojlu] L} AFE Metdl AAE o] &% 3 HAFEF E ANENE FE AAS 3§
I om, FHE 5o o]yt Fol7t 7hEst Ha e A& it

Ul BEAAY A9v 200298 VHoR SFAHEL Ao dssHe 22 Al
AAoY, 2540 & sto] F<A(lead-free) F-F9] AAAAZ H3st=d|

oz 9 :
e AV BAE s Aotk Fdsolder ¥rRle] olu} KrtAE AAFE
e = 7l
o

o

SN
(o3

A
= |

o] AMFA7&y “EE s Hdoel”o] AAE FFo S 93 2F
A71ee] Tl A8 719 AR AE&Ha e ddolnt

upEbA] AApEE 2 ASS'Y #7 S AAS A AFAdS o2
w3k At g A7 &y FastH, FA(lead-free) £ dFH &
2FG 7% SHAA ZAGE A¥ thEa o] A R UE 5A4S Holi
= AE A T 5 ddTh

Sn96.5/Ag3.52] 4% €U ¥ (soldering) & %=7F 221ColH, AA 2 &3l
S FORD, MOTOROLA, TI JAPANS 9 Al xg A AL-&3f %
A=

Sn99.3/Cu0.7¢] 7% £u¥(soldering) =57} 227ColH, &4 A& Y= 7]
=
[e)

=
=
O]

— 1

y
>
fIr

A2 NORTEL ¥ FAgA S o] H&35tal 9lov, A Ao tha A 7F o,
Sn/Ag/Cu®l 7% €1 (soldering) &% 217ColA £ugS Yt Yo, ARz
d Aol wet 24 et F glernE o we A¥y A7 875 o

3
Az g e 542 o537 2th(Ning-Cheng Lee,(1999)[20])

-. Sn93.6/Ag4.7/Cul.7(216°C ~218C, AMES)

—. Sn95/Ag4.0/Cul(217C ~219C, AMES)

-. Sn9%6.5/Ag3.0/Cu0.5(Harris Brazing Co.)

-. Sn95.5/Ag4.0/Cu0.5(217C ~2197C)

-. Sn95.5/Ag3.8/Cu0.7(217C ~2197C)

-. Sn9%6.3/Ag3.2/Cu0.5(217C ~2187C)
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HELAS AT AARF) AHEH HE AT

o]

39

A 8

7hEol & o] 7] EA Rl Mde A&wokdd mebA 24 ohEA YERI Q13 o] &
A 7]1Zx+% StressZH-H EE37] wdo SHEHo A Stress Factor7t o ®
Aol EAst=7E WestA oldlsta 483 dart Ak

wrebA], AR P ERY] dRbAQl A A Y AR & AdoR I F 5=
4 205 E 4% A 2 g AE #F2 7|7kl 71E5E AldS Bl 2AES
stotatal gl o g M Fe AfFolA T3 Z4F AY 2 FAEAETE FHAGAES

sty shaa) g
o] 2] g
FrAE44,  Minerdl

Larson-Miler®] 2], 1/2% %, Griffith]

e

ne

>

EEERE] k=,

oA Zobd ofel Y529 10%=% o]1, Eyring Model?]
Coffin—-Manson®]  #A 4
2] Electro-migration@% <& 75 A 87 H

, Robinson?] A

S BRu FAgsln =gdoeg Fsked o] B =S FRoen, oEZQ v
go] 3 9lth.(Elsayed A. Elsayed,(1996)[18])

53] 22X dist o]&EAdo] Ade Ao &S duky o=z 4 (36) 2 (3719
Arrhenius's model® Eyring’s model®l 2=d "3 ZY.(Elsayed A.
Elsayed,(1996)[18])

EFl1 1
Ly= Llexp{— k:(TN_ TA)} ““““““ (2.1)
Ty E 1 1
Ly = LI(TA)eXp - f( 7o s L (2.2)
D[ Sv 54
JFC(SN' SA)JF? TN_ TA)

o714 E, D ¥ A3} oA (Activation Energy; Ea)3ts wsty, Cx= A4 9
A k¥ Boltzmann@ S5 8.6159 <10 °e V/°kE omdtth. L1 A& %273.16°+A-&
ZE=TNAA ] FHolal L, & AUl&E27316°+ 75 A -2 TA A 9] Fro|t}. T\
A% 273.16°+ A2 S ousty, 7,5 A% 273165+ 75AI g2 9
nl gk}, Sy Xé*o“}% ~E i’ﬂ = ouetH, S, = VHEAIYE 2EHAZAS on| gt

ns ke Rde (23)¢ Faor Aosta, o7 1V, ANAFEZRANA A
ke oulsta, Vg—t— HEAREAA ] A e, T2 AdER 273164 Ak
SEE Uiy, T 2BI6MFEARR R, ke =2y e flow
8.6159 X 10 "e V/°k & <]m| gt}

- | Z0% 2<T1_ TQ)

L2 LI(I/2 X i (2.3)
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L

F2 Folzelay vde ZdAM (n=4 ~ 6), Aty 294 (n =3 k = 10 ),
Glass&®lA (n = 25 k = 20 ), 8 TantalZ9 4 (n =5, 10 ), LA Tantal =14
(n=4~5,%k=10), ve]7} ZdA (k =50 ) 28 i glon, F=2
Akt el oEates Aol A8He Aom Ho k(I H,(1990)[23])

Eyring's model F= 4], Ht=A $H] 2% 9 Stressol] 9&Est= 459 4
Er= For Holgleom, dAg A& DA 7z Aoldt Aol ik EAH
S &)Y gicte g Hgeta 9oy AAREE Arrhenius's Model# 2 g3k
9 714 Modeld] S o Wol A 8313 9lt}.(Elsayed A. Elsayed,(1996)[18])

T, _
Ly=1L, (?;)exp TE(%— %)—F ------- (2.4)
+ C(Sl - 52)Jr
o[5S
K\ T,

o17]4 E, C, D& 7t7 o}
Combination Model®} -A}3}14t
ocn= 77l & SAEHE g F3 2 FETE HUtel ERo] 2 AoRE Zrh

Larson - Miler®] 2412 (25)¢] FH=Z AHosta =2 AHA/IEE s}l
711k 7F&EAd o] Hote]l Agsta 9l 2 2= 3
of o3t 7FEAIHS HST wWol A&t

T0+In t 5 ) = oo thal] dA-------—--- (2.5)

2 2o gk 7hEA 9
olgl y-¢-~2l o]y} Eyring’s ModelS Tt

Arrehenius Combination Model®] 4% $2(26)2] FHZ AFH, 2% F=
9 A 2EF 2o 3 71S factors AHESE BHo® 83 4ot 19844

=
Adss 2 AYgzz 2dAF Arrhenius ¥H¢EEE 29S8 233 Combination
Model24 ZHEAo] &x ¢ AYe %o os) wrgad uf dAEE= 4= EAdS
TFEsla, M= F83 tEEAA o] @ Aow FokHE)

E0 1 1 1 1
t Uy Tl |8 -
N N k| Ty Ty RHy RH,
AF = == e

gy vy
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2.2 7S HAIF(HALT)o| &4

2.2.1 Z7IETHATHALDHEEE

HALT(Highly Accelerated Life Test)® Z(H)7I&F9HAE Z2 1(E)7MEFY
Algoletar Eguw, dukAl ALT(7}—? YA ) ELA S Foto] EEY 2EHS &
e 2R ste FHEASS EdE ARVIE d5ca AFEA HUtd Ao de
ZtE Guj e els A A= Eﬂo] A AFHAG AE FrHr] ol

HALT®S 542 #dH=do] 7IAe AARAL 5A4S & H7 & = de o]
Rnow X AFd Ao e 75 2EY s FEolu H e 2EYA X
3, e AR et WEste 2Ed s AN H2ge IR AFES 73
3 g oA, AFAY A AE Fol A AAYE A Azpel vlulafA
3?}78“37“ O] ‘”U}‘% S AR S S ) B vhol wel BAHEHe] Falde Hrrst

222 27t& B AHHALT) 2239 o
HALT (Highly Accelerated Life Test)>Z= 3} (Profile)9] 3= ALT #2427}
2o gtk WA 939 v (UDL; Upper Destructive limit) ¥} 3} 3}
(LDL; Low Destructive Limit) 2.2 Fiatil, 5% AAGA F2sAE dA &
5 ARt weba <GB 2> AEAA Profileo] YERH A2 Al@ AR AT
2 PWB ASS'YY JH3AZE st HAAA(Fglo] AAo|A HbEZA o] A3zt
£ F3to] 243 AldProfiledd s Bre =0

PWB¢| EAo] A 2Ed 2o FHofstH (o] A& PCB7I#o] F5o 93] ol
At Aol BAEY] wF) A2 o]Fo] lstep stressE o] T FF F
Aol WEs| A 7] wjiEell F WA stepe@ AATATE stepl2E TEHIE A H
34 cycledl A AEEY FEo] FolAH, sAES AE A5 HET 5F <€
)

AEAGANN AEeA B

fo o4 R opoh

S| g

HALT gulel 544 @ Agel 18 2 48999 oo 445w, F3217
5ol gold 54l gernw odd A& AW DHEAe] ow ARz
QAN FAE U=l dF FHAF AR =2 d 5 Aok

283



BARAL AYE AARES WYY P AT qFW-2 A Y

<& 2>HALTAFAA =31 b

Test Step AgdA=zA AFzA

Step 1 2 Step Stress +10C — -65C

Step 2 |3+ Step Stress +40°C — +175C
-65C — +1757C,
(60C/min 2=71)
Step 3 |wE EF4 Cycle |[10Cyclerd Al
@ Monitoring 2

EREEE

7+ = 0g — 30g,
Step 4 |Z& Step Stress
b ° b 2355 3~10KHz
_ 2495 4Cycle
Step 5 59 454 & %13 NF o+ AE 20g

B Aol PWBAA BAFARAE AAT olFol BgHow 2§
sEd oM PWBS A4S Frhsr] A% wwHo 2
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dz dgd ded HA ofgy s ZdS A3k Hof
2 A9 AMNE & & 4 drt.(Elsayed A. Elsayed,(1996)[18])
ofgy S nd S AstH ooy 2}

71 r& HhE&EE A v X9 H| I (nonthermal constant)zt, Eax= 43
ANIA (eV), kE E2uHBoltzmann) A #4(8.623 <10 *e V/K), T At &% (Kelvin)
273165 v gty

243t Ay A e &
gy Bdo s &

19_1:1%’

<7 (slope)2 HH & F 3
A 1 G99 = eVE

2 A5l A&

B2
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Aoy HEo R A0 guE e vEst=d ol 4o 4 Zd2 (3.2)54
I o] HpE

L, (BT

L, (B/T)

o714 Ln& AAZEeweMe] $£9E uatn, Lak H&ErzddAe] $4

2 oua

E
L, = L,exp kfl( L— ) ------------------ (3.2)

471 GB2)4 A Lne Bz

1
)\n_ Ln
A=t
7 La
(1 1
AT:eXPi: k (T - T )] ______________ (33)

Eyring Model®] §84& +AHZ Lee Eyring =¥ Makst = Qg 22

o
Arrhenius Combination Model <2](3.15)°l4 %% HFE& R.E.Thomas-Eyring

Model F21(4.5)d F7F A&go=2H FAAELS AAS o] 5o PWBA HAH=
ANA 5L NAAR 2EHA LEAEYA F ,

ExA7H Ee 7)AA
(e}

&
A & g 3R ol 5

sEWZ R B ASNHNY AF R B
Edz aclo] o@ A&AHY Age] Baye 7Ee] AGRFIN BHBAL A
Ad ol Fo] wAHE 23

Ao 2AF Zolm BARAL AAT PWBAA
% = Brhg Ao FAs] 9

A4l fAS FEA B % A4 FES AGE

& WHEOERA BY 2EdASA 2AFE AEF7 A T
wWebdl, Lee-Eyring Z9e] 4712 54343 2ol A% 5 gov, & ~Eq
FEHe mdstel Agd A

A
.
2o R FHE FEA AF 3a3
o

“ 1 1 9 ~ -
—( )7e] FelE 83
3}

RH, RH,

ol HEstA vepds el & 5 ATk
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BZAERAES A3 AAEFY] AFHAFAN} FH AF o) T W= A
7 —-B[1 1
L2_Ll(?2)exp T(f_ ?2)"' """""""""""""""""""""" (3.4)
1 1
Ay 7

+D(S, — 8,)+
E[5 5
T T

L, - A% 5!

T, : “AHLE27316=+7M&EFHA g 2%
k : Boltzmann™ 4( 8.61x10-5e V/ ° k)
RH, @ B9 Az AM 5%
RH, : 7]'5;‘/\‘3“‘] AN F=

S ZMM}% iEaﬂi

Syt 7tEFRAFA AN 2EHA

4 GACERE NEAFE 4B/ AT FHoZ WHL dW (353 L
FAGER ANAR, 359 FAE 2AR &AL AAshch
1

B 1 1
g )= O )~
L T, |—D(S—5,)— (——i
Af: 1: 2 ! ? k Tl T2 ________________________________________ (35)
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3 A /\}&6‘]-

i&

= PWBOlA 34 tA1Ed2 Ph, =&, 7t=¥F, 67} =&, PBB,
F e - R AR AEAE 2 WA s WOTXVEE}_ Zifi Eabs
= ofo| A= wi-g- afstar o o] ofd
Abg o]l AtAor B HAARFE FokillA e mg ojH Yo
PWBel A&5= dz % 7ked &(Ph) A& Weol Agste HES T84
H g &4 (R-M-Film), 7+ 2 & A & (R-C-Film), " & $ A} o] =4 gH(R-M-Oxide),
A A 8HR-Wire-Wound), HEEalA A Zd A, AeHAAAEH, fuse 5 s
A9 a5, YA, gAY, A, 159 BPad, dYdEJH S matching
W SlolugE Y Fol ¢ , 5§27 Active component)®+= & TholQ
=, FETS o] Aot =& L&l Av7] 93 n2dd 9o 84+ Zopxgo A4
Toﬂt PBB, PBDE 5] #& <1 Solder AAAFE O] 27HErE A (HALT) & @
3st7] 9k R Ee] A te 7EEALS <F 2>9 APFAS HEs| Rk
ok, XV\}ZH%—OJ ’\]ﬂ’\é Foo H7het7] 913 Parts Stress AnalysisE Al & [i ¢
A1 2 BE7F A A, #hel ofE A WEte =t
7}3 }04‘5]: 3}“:1, O]Eﬁf} ZEY A Fx HrtARE :Lﬂi Al@AAdel g 9
el

il

%1—8— AAAE &

r“4>

¢

o

4z Nlﬂl A

3.1 HALT®)] ¢ 3 B4 Solder AAAE2 AZAH}

311 39 F39Y £ F
F7Gg-ACGAAES A FEe HEE F9): AdYe HHd

CERAMIC CAPACITOR®] Z-$-9F #Zo] A=8AdS sl At AAle] JHdd
PasteE® @43 o] 5o Ag Paste?} #tieto]o]E solderingstAl ¥ =t olw] Pb(w)
AAD solderingS A& & A 1L solderingdl] o3t & ZA02 <lsle] At AA
micro crack®] ¥HAgFS 24 solder bridge@doll 213k H71% <l short7} HAE = FE]|=A
olgdt g9l Ty PAS AFgom ERFtATh olelst Feo] FAA G AAFFA
= 7P BEAQl sy or EHeor & oz JehEc)

Bf=
A

o

_,
= 2 @q

El‘}‘oﬁiéoﬁi’

A FA-B(AAH-FS At FEe IEE d9): BYYe AHg dH= W
DIODE®] 7d-9-¢} o] RIE=ACHIPo| d=5S Pt AAolA REEACHIPY thole=
9] FIRST HEADS}e] Alolol soldering® = preforming solder’} tho]l =9 z7]4 <l
STRESSgR1e = Rl =xHAQl wdo] ofst §FALOE burnt¥ WA F-F ol A
shortE WA 7]= @Ao] HAE= 995 BEo®E E7sith

] G A-C(AAF-FS T3k =HAS 55 49): CId9Y A4 Fei= e F
oA Zrol B 4 l=dl, BEE Yok HAolA EE e PWB 7|#Abe] o] 7]+l A
ddE Matching Fe7t FAE & A9 sl o AE ghdo] wAshE A5
9} PWBY SvMHS soldering 3= 3 oA] Ph(d) A o] Xﬂﬂ% solderings A3 &
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HELAS AT AARF) AHEH HE AT °] ¥

o

= A ¥

312 39 A5H 5A

FHAGA AsA EZHAAETS T 33}
= solder®] A% 71&9] Pb Solderel A Pb
ow Ph Free Solder? 7-$-ol+ oo
E%EJ} 230C ~280C oﬂ io}ﬂ AOTA 4

glo]r}, LL]—ﬂ—/\ﬂ ol#]st AE;Hol EAS

ﬂﬂBoéo—.ﬂg N4 SEAEAAFSE 4= FFe
o Gl A¢E FE LA BE HEE= =
AHFE ddoA 2= $A4S 7HA2 d& 457 bl
9} WA Alolo]l HE - (soldering)d S ol Al Pb Free SolderE AAE A$ 11
o2 Qlste] HEFWe] De-Lamination difo] WHAE = 2H A Hdlo] wHrh
Diode?] A%+ HAFH #H=3t H(Therma)AFS Z3te] Solder’l £
BurntE 27+ d4& 29371 % gk
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A
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n
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o
—
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2
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oX
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2
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o
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4
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i)
i
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4
offt
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|
lo
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i)
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Ao P A= FEOREHE XS] 9lo]lo] Harness, Z4F  ©A
Transformer®] ©ati-Fo] sFHw, 2+F 7|74 AL o] i} o=
Aol wgkE Ao ofym thFg 7|AQ A 5SS 7HxITh

AAAFAA Aol Feie Z & Cli
AP oju] Pb Free Solderdl 213+ H%o] AdPu = A H= Addgo] =4 4
LAY HFEFHol vwA= HFAHoRE Qlste] HEFETo] %”33}% 540 glow
PWB 7| 3#Alol o] 7] 3+& el AgAe] 2 Matching®@ el 7F 5494 & 4% 5
3 AT udo] WAl A9l Ph()A Rl AAH soldermg—o‘ s 3 A
ol Aalgo] "WolAl= FARE Iete] A& WFEHA A cracke] LA SH=

f
ey
2
}011
lo
=
a
)
2
2

3.1.3 ¥4 Solder AAFF| 27tETHAE HHe AA
<1 Solder AAAFES] Z7MEFHAIFHALT) = Adst7] 93 B
#3t N ExAL 2EYA S 2AZ AAS ANIYRAS H&s7)=2 s
o ARAEY AFAH S HUEsH7] $13F Parts Stress AnalysisE A 8 H
D A% GA BATgoRN AEHA FETE A i, #ell o9A ¥Wstske
£ W7tstolof st oleg 2EH A FX9 FrHEARE AR AFAF g F
T34 vglof & o=w fu
3

HALTA@ZA B $499 2% 5202 thn 2ok

-.3}8+E Z 8 A (LOL: Low Operating Limit)
; 40T

- 35238 A (UOL: Upper Operating Limit)
; +85TC
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-.3}3k3 3 - A (LDL: Low Destructive Limit)
; —48C(LOL x 1.24H)

- AF3k9} 3 A (UDL:Upper Destructive Limit)
; +102C(UOL x 1.24))

AR EAL AAHAY] 129 ZPOWER ON, OFF& HJ%X*&E?D} grozH

AAAE AsAl Al A7FE = A B A =Ed 2o g AF]

314 ¥4 Solder AAFEFS B4 A TAE FA

FASolder AAA Tt B AEd Y Aard @ v ABrdS HABs] fs Aol
3 ‘3%0] Agsta = WP Parts Stress Analy51s(PSA) o ZAsE EAA
Q7ME VFoRE AA T2 uAGTAS e Ao, PSAE MIL-HDBK-217
Do} FE o= st Hrhy|y ol A vk ?ﬂxﬂl’ AAAF] AAGA wAHdS A
oAU AlE A" AL S HUbsta 2EHAE S48 g HHoEA &

g¥13 gl 1w sl

TdSolder’t 448 AAAFE A5 /b Ak 2Evze B2 xE CTE(Y
A7 B Ao wase, CTE 714 Be J#s nxt adoss Was
el dol7k we olFBAe AT Ao ety w vk
A 2Ed 20 20| ¥S54F | F(RMT FHEAWY AWIAFE =/ o}
ghbed, o) Q1@ FAAES @S sHE o AR
oleld EHES AAR e AAAEe) PSA AR APAEER 2Eds 5
kg NFoR BEE 2T A% URRe ASEUARY 49 4HREE o
A He ol @ ATFRE A4S 2AZ An4 Ade AA4 2 DATAS 54
2 Wrshl Rk
dESEY IqdAd 33
31 £
L] =
¥ ‘_, *
Bt -
Fa

- y

BT aaq ¥
i 4 A
iy

1

Marlah

<29 2> AAF-EF ZHADatad vATAE A

01N
oft
fuj
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BARAL AYE AARES WYY P AT qFW-2 A Y

@ AlEFTE A4S Afole vAT 5SS dERE = o ¥AT &
ok siA A=A Al AdAde] fltka Adstr]ds FAEs7] wiol] PSAY
PadbE e AFA "BIEE ol FolAof drpar &

FASolder® ZrgH AAAF A E&H AARF 71#37%¢4& Ab (basic
failure rate; MIL-HDBK-2179] 7|21 73E sheetol] <AH3Ee] IAGA] #A7]¥ 2E
Aol dH(RE)2EdY 2] FXFH FEE 7]E9] Pb Solderst 712420 wlAYSF
ol Al Zpolzt f17] wWitol Edg A &o] rhesiria HdEHM, FEFY
< 7]1E&9 MTTF 5 MTBFAQ %S BHolA Blojua Bx 9 o 5o o
Folxol & Ao R dtHT

g AFAAA Rl A AAeke B
percentage defective; 7lF2313] A&
gt LTPD 5%xZdatell A c=0(EZF 071
A EHe=d oleldt AAAQl AEY x2ds)
v, AlmF7E A4s Afede 7
FAstolol & Ao g dAddT

Fl

L 0
o
4o

i

ﬁ
1o
=
—
—
oy
o
rlo
=
—
oy
!
ax
r o
o
g
-3
1o
&
-
of
2
I\
ftlo

B oA gA A5 AFA wfiFEo MTTFE &3l Fa54S =385 o,
FHEg23 dHE RSMWHSEHEA)S Minitab T2 1S AFE3A 5SS W Erf

3.1.5 %4 Solder AARF HALT AHAF7Y ATA AR
PWB ASS'Yol| tj3t A]lsl—% AAH7] #1eiA WA Sampling Al ¥ S 9
FA o EstE WY TA AZEE o]&ste WH TS &AL
PWB ASS'YE t#o 2 Sampling & 4 gl dAAR <3l 57] A&
ok AldstE AC 220V, AC 242V, AC 264V 5 37/ AY 2B~ T
FAA HEW o3 AHES A A¥e they 2ok

3151 A&4BAEE AF 2Ed~ 47
HALTAE S 9a AdxAe AAS 337 StressHIZ ofefo} o] HA a9 0
H, ZE# 2 factore S 2 = EfAE AFoz AHS A

— =

g
2

23

=
sy
a

3.1.5.2 2Ed 2 factor7} Ao 7%

- AC 220V AAAG=A: GFA A& A e ~EH A FFEolH, AA AME
7|1 153E Ve R B u MTTFdo=2 A4 &

- AC 242V AGAAZA: AAALJL 110% How ~EdHs 58 AA A

‘Q‘Eq’

3.1.53 Z=E# 2 factor’} 2%
- e ERY 3BTEA A

131,400hrs,ol™ o] A2 155 7]

O

HN ox Lo
5
o
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- MRS R 85T AAAER AR HEA7 20w, Wae] obelu ¢
RS HE A% AEAFs 67382 AdzANGE AsE z2del AGA
1,950hrs7t B el & 4 919tk

AR EX s

- BAANEERT 66%RH 271 A AFAFEZIMS VIEeR & ul AFEAITH
< 131,400hrs,ol™ o] A& 159& 7|Fo & 3 Aol
- 7FEARE 2 85%RH Z41: AAALE ARG 7157

}‘ -
SERAL 48 A9 ASASRT} 3006% FAEARGE TS
3 1]

T Al A d
A Zv 43,727hrs7F B el d 4 At
S22 SERAS A8 A TMEASTIE 43798 FAzARGE MEE 219 AE
Al ZF 30,006hrs7F BS &l 3 4 gt}

3155 ZE# X factor7h HF A stressd] B4 AY, 2%, %
Eyring &8 Model A&F24& A&t om, 48 +29 Fh=48)% 2o A
PrEY2E S, 28 AAsPod, Frd vEs Hole A9 A A5#t
£ Fsd, A 2 22EYAE FA B A= A Aeis DE A
- BAALEZA 65%RH, AAAY, 3BT 27 AAH AEFALVNNE VFEoR
|7+ 131,400hrs,o] ¥ o] A& 154 %
o SRS A e
&2 85%RH, A2 AAx110%(1.1), 8C Z7: A A&xdwY 2%

il

o
N
SN
o
i
B
P

= 2 el Eyring &&= 2ol A -&390%
A MEAGI) 138672 AAZE7 BupE 7FEE 4757hrs o2 Al g A 7ko] w@hEs =
s FA & F AATh
Z71 100%RH, A4 4x120%(1.2), 100C =7 AJAEZA B &
Fxrow 7HEAIZl Flolw| Eyring &8 X9 A&adS BF 7t
el

2 Az BiE 7bEY 4586hrs 082 A A 7o) vrEEE A

3.1.5.6 PWB ASSY AAZ: AdS A dA AA=A

AARFe] FAEL gk A=A Hrbe % WHEoEA ALTY A=
HALT A &S AARE AES s, ol Al HA(Hi) PWB ASS'Y®| Soldering
208 Flstgon, AAAEF Y-S 5F AFl =gk Aol ofd thge] AlE(3
AN 7FAAE; dojAd Z2EEY, Agr] TESY, W Lo 2 ARE HAY3E
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BARAL AYE AARES WYY P AT qFW-2 A Y

Fom, AFE ek A Ay 2o =2A] Phel HF
Ao, RoHSOA fAlstE TAEHdES] AFATF%E gl
AAAFS] AEEZPWB ASS'YS BAFAEL IARE oM 7AE AdFE
star = Aol dAdolen, AZA qALAE 7Idste Fad d5S g
)\}\q—~

AAEE f&lA 2 AEZH A7AQ0 547 2 55T 2ol o]l
=AE 2490w, AlFo #-89 PCT(PRESSURE COOKER TESTER ; 7]
Alg Aa)Agnl e The xS &5 Ae AAATEe] 10MRel S AFge Y,
RA7ME falA = 2golsrs AGDTEA A AAMG G (AVR)E A Aste] 74
o]z W X o] (surge)H St A3t AEEZT S EAHIE AL WA

o

1 fo 2 @ £

bt

HE
rN
=
HU

eiA JH THERMO-COUPLES A}-g3h9l o,

< FTIR¥} SEM-EDS +2] Zulo] ol 37454 &
FRTE B o, nedt Lo AnE 2AZ A¥S A9 Hvh

(1) ¥4 #% ; ICP(Unductive Coupled Plasma)®24]dujeo] 3t pbdF-F5Fo &
2 cl7l9 F7F 0.01wt/%E 2Het=AE 4 oy 3R E4do] s &
1 gk

(2) Bromide(E&A stFED)FF ; ddAd Zexg 4 gAY #71x FEI
PWBe %<l PCBel it 7}se Bd 2 A PBB, PBDE7} sl ¥w, #4138 A¥} o}
2 YR dady B FHEE AoE YEUE oz ey,

AAFEFL] 7] H 2EAQ 2EHA 2 AdFEo] MIL-HDBK -217 #%
7lfoﬂb B u A= Adgelglon, DATAE Hl?é?r*éol A Aoz AF HIAL A

b A% Afel @ SAel e,

oM
[
m
g
"
A
ik
3
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e
o)
&
142}
w
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=
@D
12}
42}
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5
=
=
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o -
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Lo
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2
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AN
=]

3>HAAEEF] A7l D &%Stress Margin 37+ 2

2

714 Stress Margin

—

R-Carbon film

. Zn A #Ex50%
. Zn] A 9E%60%

2. R—Metal film

. 201 Ex50%
. 2R A 9hx60%

3. R-Metal Oxide

. ZH A = x50%
. ZH] A 9E%60%

4. R-Solid

. Zn A #Ex50%
. 2H] A EXx60%

5. R-Chip

. 22H] 2 Hx50%
. 2R A 9Hx60%

CAs) A

. ZH] A Ex70%

_Algke] AT

. Zn] A 9E%60%

. 2HI A 9x70%

6
7
8. Tantal Z9lA
9

. film A

. 2R A 9Hx60%

10. paper = @lA

. 2R A 9hx60%

11. Metallized film capacitor

. ZH] A 9E%60%

12. Transformer++

. 2H] A F%60%

13. Y& diode

. Z2H] 7 x50%

14. Zener diode

. 22H] 2 Hx50%

15. Bridge diode

. 22H] 7 x50%

16. HE Transistor

. ZH A = x50%

17. FET

. Zn] A #Ex50%

18. POWER TR

. 2R #x50%

19. &% FUSE

. 22H] A FxT70%

20. 53 FUSE

. M FxT70%

21. chip fuse

. 2B Fx70%

22. 1C w

. Zn A Ex50%

23. Network #]3at

. 2201 Ex50%

3157 7hEASA A d 2 AA:

B

Al EAl A Lee-Eyring Model (4.21)4& 483t o]f= PWBY 74 FACTORZ}F
STRESSG 9] E3H374 %<l STRESS

L% %%, A71Hel STRESS, & %=xd 7] %]

o =
o] 2l
=9 AlgS AAIS T
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3.1.5.8 HALTAES 3 7M&ASF A&

7FEANE 27 100%RH, A2 A9Hx120%(1.2), 100C %7 AAAExA ®u Bz
Aoz 7FEAIZl Aol Eyring S8X 9o AE39S A4S /M AF7t 2867.34=
ANZARTGE 7149 45826hrs & & Al A 7o w35 Qo)

7FEA BRGNS
gt o AHga A A= PCT(Pressure Cooker Tester)E #8330, AlFAA
A dAzHoZA HAAAE 93 AFJIGY T4 DI WATER(ES: A A
18R ool dANE 7M1 FRF)E Ao, AFJGe] 74 PWB7H &
FAE F Y UM 25 E FEE AV & 5 = PCT FHE AL
< A th.(PCT+biasAl F 202 AJFAANAI g 488 PWBE Al
7, el wkE 5 43 2HS ARS A AFES Vo= 5%

3.1.5.10 32 % DOE(WEEHEA)EH
FAZE ARSR F FLolA 24r3teld WA o]Fo] fAEHE ERHE W
Aol A7 E Soldering®] S4¢] #d PWB ASS'YelA a1 54 @&

=
o el fF4<e wAS stk

O

<219 3> Soldering™ A #FHA Adex AdFrele] DOE Edod FH2E 20T
208 2AR vUy ZR O vERHRAS At Ao ayzen, HA
e Al A Egho] 3984psiE HolF 3 )

F S 2T (pui) A, Prokasting T, Feabmosting 1l ® 2508 @=

Pighidlieg Tiiw

IH e jRO Ed T e 180 A 2D =N
"rubmsdng iump

)

<29 3> WRSIEHEEA Ay

ol

24 By AH 20

F
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<19 4> Soldering?} A#A AL, dddEste] DOE 29 272 v
Zoln, FHLE20TAAN HA A
2000psiE YER AL AT

¥| = “rmhes et Forafeati Felimbi
= SR 1,250 121,00
o i1 gy . i T
LA g 1250 020 =8 .0
x |
T » | L =
L T Wy T
=T |
=1 O] ™,

A1 N d2dE

%73%@01 AAR GEfell A A RpA] Eel

2 A= %‘:01]/‘1 & o sl v
8

o O
o ol
0,

R

El
Kl

Zsoldering 0.2 13 =t 34 A FAEHe SAolgta B 5 gl
&solder+= soldering 74 ol 4] th& F-3Fol B2 7IAAQ A& 7HehA E
s FREgoR AF] WA VAAR x4
FAEYE Q% CTE(EHZAT)Y A= A4 A FAEHE AS o] F(HfH)
kel ek RS S53F 53], 593 solderitole] Algh 1%
SUA o2 A FEtEE A 2 Crackd s fdstdlon,
(IC, TR, Diode, Relay, SCR, Tantal AalA A Ceramic 7 9l A
@ PWBSY HgFoA d4g2ddoz 3 Crack? Shortd dE©
F<dsoldere] Ao t&stA %3 PWBE HAFE: F solderg
oA aesior & PWBAWHY] WAEALS W7tstolof ahd A A o] fFE s
WaEA S #*447}& ﬁ#i Y 5ol vte FEEol €49 28 (soldering Al
A HER AT
g A A S HFo] Ax e
¥} ﬂ]&%?&ﬂ] gt AEAE
Sttt 9o o]d &
A P Aoz #ATdEHY, Pb free
solder?] & 52 3720l wixAly PWBe AFHAS &r3ly] fsides x4
F#7te] Matching 54& Xt} AWstA LAt A 2 -&3tofoF st
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BARAL AYE AARES WYY P AT qFW-2 A Y

E AFo = FHEAS AAS PWBE A7 o] da] At
= -‘5301 Q24 Uik AA Zr=re] FAAES FHe AR W77 #Hr)d 3@
3k EUA Hol 93k £33 & & A8 4 3H(Restriction on the use of Certain Hazardous

Substances; RoHS)¥ AJ4kzF # A7), AxA|E3] 5, A5 (Waste Electric and
Electronic Equipment; WEEE)o| 2|3t A3 AEAC Y F=2 Jl=F, 67} 2 &, &
27 W A4(PBB, PBDE)2 FZH+ @4 o gy = AEAFS
N@7Fd, AF7Fd, IT, S417171, duk 9A77], 2%, A7, &7, dA47] 1, ]
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