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Analysis Method of Metallic Ion Migration

Won-Sik Hong, Seung-Boo Jung and Kwang-Bae Kim
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1. M

FHAJED), Y& 5 AAFE FHeE AAAF
o] Az FAEDY AM-S THAlSHe 8757}
BAgE 1 ol FAolth 1 F tEd] Ao U9
ER R ERHIANE (RoHS) 0] 20063 7E5E L&
Ho, AAAF Wl 4%9 F54%0 9(Pb), +2(Hg).
FHeE(Cd), 67F28(Cr®)3 289 JddAI PBB,
PBDES] ARgo] 8oz FAR. ofd) wkel Azt
AF AHEEE BE FEY Azde 67) FAER
AHSEE A8 A =, 53] AAEEES 94
32713(PCB)o 4% & u AEsE £ (solder)
A% go] A & FAEH (Pbfree solder)2
Hgol HF FAH T Ade AFolt}h. e AARE
ol dx A o e} FALria Agoz <l
& r|Eoll B3R e o 7R BEAGEo] W
I 3ok N FASHE Hgde ARAE Ui
A= 7] F84E uig A R4 ). E3
FAEE 9 Ago wpe} AHR7E AFS Sl argo] @
A& F e F& o2 uolad o)X (metallic ion
migration) & 92 (whisker)ol] gt EA)7} 4123
Q51 Qe Aol o F 24 0] nlo|ago]
A ARE AARF] 4% He F2d AHeEe &Y
U A7)A 32 7ho) @AEe] A71A deEk(short)E
isto v AT WA nge i gl
ojgjgt wlojzgioldd Al A Fol EF 7 o &
A AR 22HAE A dEE & e dAon. A
718184 whgof o3 WAHE o] mlojadold &
42 PCB #Hdl 71 2 &40 EAsta Aol
A7k AdEldA sz A Az 5 XA
(dendrite) Fele] He}HAE(filament)7} sk &
dolth, HARAF A=e A8 A £Y7t Aled
o we} ARE BAelAe] o] ulola|e) e tidt A

& H7P7t ol Foljof g}, mEtA] ]2 mlo] o]
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Bl o 24 AAYZ, AR Teln Asgust
& 9% QP U Loln, dA) PP 23
B BoE AR BE ole solayeld W

ol gt sl whyel sl Aviskaat gt
2 25 0|2 olo|aolM Sadel olEA nF
2.1 7\=tstH o] 2 ojol]azojMe| Ho

718184 o] mlo|aglo]d-2 PCBell 2] Fzgte]
A7t dEielA sl dE Aol A=A & FA
o] e Agste AS 3t o] vloj
gold #42 PCBY 9H¥H, UH 27 AW =&
#Hlols] #Hs HZW(paper phenolic laminate)?] &
A TollA BFHY, ] G4 d=olA &
e F&olee X3 §H2HE H7Ee (electro-
deposition)ell o8l At ey F&R-2 23
i o JHER vjo] o] (electromigration) &
e 2 MAYUSe] EeE B A9 e
A 9] gt

22 M7|stet® ofo|zefo|M sAbel 271X

o] mlojageld Ao A WHE FEE
o} shl= PCB 59 Zdd Jehue W £24
9] 347 v shhe ¥ CAF(conductive anodic
filament)Bt1 Tehe A=A 45 dgilE FXA39]
FAolth. 12 o] F e BA dAYSAA &
&3] 2Ae, vk AREL ol EEdq ARt
3 Qe o] F 7 tiE] F o AAE] B o33
2},

2.2.1 4 2739 34
PCB #3¥° 714 eF&Ed] &AM 2%, 7kd
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A7FAY SlollA SFelM FFeR FAY, et
PCB 32#89 AME7} SnPb €6 AXAA 3% A
AH(tree-like dendrites, tin coated needles)®] Pb
7} @A4EH, ulololA(bias)7t & A¥ =3 5
7t B2} (bridge)7} BA=0] AaHdog H7A &
Zg o] AlZlch. PAE P ES] EJo g A
7] A0, Mg ofd) HAHT, 7FA] FTEFH W
3 2 AF7E 28 A$ d&(burnout) BT TA
g, #A%e PCB AT Alojst &6 mixaa
(solder mask)®] AW Z& AELE FH (conformal
coating) ZolA TA, 43t

2.2.2 A=A 4= delES] ¥4

AeA ¥ BellE=(conductive anodic filament
D CAR)E BY A 34 WAYUZe UE Iy
2 vlojagejde] dAste 42 FH(Sn)ely ¢
(Pb)e] ohig} F2(Cuw)olth. BHHAEE YFolM &
207 A, 349 (metallic salt) 22 T4 o]
Atk CAF9 A3L SnPb €9 o %+ Cu base
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E o]&(bromide ion)°] SEM/EDX %H-4jolx 4*#
AZAY. T o2 g4 93 mo]jagolide] EA
1% shedl 1C H71Alo X3 o) ojut A} Fol
3 A(P) &It 2%E 23 A% Na, Cl &
ol g€ AL, &uy ¥ ZE2 AAE AT dEF
AHEA) MFo] FRIA) g A4S o83 394, 38
3 J|"d, 83-MC, ZH &, TP-35 5% AL AS
A&FollM CAF7 342 4 ot PCB £R9 o|&
LAEFL AA 4A %7] Wl AHSY FIE @
o} g},

23 ™7|stet o|2 ofolajo[Me| il z=A

A5 e PCB ¥AS 7lEA2s #7385
o]& wlolagolde] EAEr] M e thEI 2L
gz S wEslol g} A WAR WA Aol
(electrical carriers(dl: ion))7} Z&Alslot 3, F
W o] 222 (ionic materials)S B3I, o] o]
T 7FssH 87] 1% gRo] wi=Al Pty ukx]et
oz F AZAelde A71A A (potential) 7} =
Al EAQskdol Tt & Fig. 13 o] AT AFA
oldle AMAZE FA=o] At Aol 3, F
A Aol FE(H0)01 EAlst] 713 Ao
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Fig. 1 Schmatic generation conditions of ion migration
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= 44 vpaze] AW, AXE I8 F SoA yeEh
n FRAAY 42 FFA e FSoleE X
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o& 44 sl ? pCB 3z EWARI/} SnPb &
o A=A A$ A9 Sn, Po/l EAEH, VA

[o3
~o
o

o] & A% = 55 ol BArt 4 A
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@ ‘3 S (relative humidity) : PCBelx %9
3|2 Alojol] 7] &3, EWEY %
@ 2=(temperature)
@ 29 2 FAHYE(contamination and process
effects)
: PCB ¥4 &Aste 27 g7tele &2 o]
23t 84
® 719 A4 (substrate materials)
® 2% Hel(A=Z) AR (electrode materials)
@ 2=384 2 HeA7E (circuit geometry and spacing)
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7)E A¥A Az w2w Ago] 108 Frishe
74% mlolageld WA ogt FAAY AAEEE
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ofo] 1go)d £E& oF 108 Fvkg). g 7w
FRA fFEldfe] Adaleld e9E8d AFER 7
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7V FAd FER o)Fste wkgo] ARt T3 £
o] pH7} 7~9 Alelo] &A1& o) o] Lolsi},
o] umlo]agoldoe] WA AL B& A=A
(metal conductor)+ W3 ZL oz WA
Lo|g A Zk=t).
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o]& ulo|aglo|ldE W= HE= o(Ag)e] 7}
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FHTe AAZE EAske B¢ ol vlolagold
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4o gzdolent A 2845 2 AAY} EAjeid
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Fig. 2 Mechanism of ion migration phenomena in
Cu pattern
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o %=ukS(Anodic reaction)
H,0 — %02 + 2HT + 2

Cu — Ci®" + 2e¢
Pb — PH*t 4+ 2¢”
Sn — Su*t + 2e¢”
Sn— Sn't + 2

o 22 (Cathodic reaction)

—%—02 + H,0 + 2 — 20H™

2H,O0 + 2e¢ — 20H + 2H,
Cu*t + 2¢” — Cu
Pyt + 2¢” — Pb
St + 2¢” — Sn

St + 27 — Sn

3. H7|=fetA o|2 ojo|dao|lM 2T "It
BAAE W PCBel g W73 ol o]z

olde] e WHHHAE 91 Telslokd Aozt

chest 2& g5l the PAA e} ARIslolel e

- B WK AN (AR, 38, )

- ARRA(RE, AUEE, A AIZE )
- A

- AR o 23

- Ve

- BREARE, B 37}

F3 AlEE FPsketl o] Hrkske Wl Al
F9 Ao, AldH, Azt wet o s1A]
Aol Stk & E9 WA (Water drop
test) & Z7FE AIRRALE FAG0] F2AA B £
Alolol] FRAoZ WA et a3y BLE A

< AAEE FYFAE BHE o83 I
< —’F—?‘]’E}«l AREEe BUE Agd Az 4

7} wrAgit), meba] A Eo| E}E} ZSEokly /\lﬁmc}‘ﬁg
Agsjolol & Rolt}. TR A% o] wolageld e
Brtetr] S AdAd dsf Felshd oa3 2ot
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3.1 L=l

IPC-TM 650, Method 2.6.13(Water Drop Methods)
o AMks AT SR “Assessment, of susceptibility
to metallic dendrite growth : Uncoated printed
wiring©] Sith. o] Al@WHE ENES ANk 7t
SAPPEoR TARY A8 i e 2k
- AE=4 ;g9 =9l & @

T

PCBS| ZHfol2t

Rias]
229 F7ld Uit =AY e |7
7w 7t

- Algz7 : U715, 15V, Water drop, current
limiting resistor(max. 1.5mA)

: Military spec. Y pattern, Parallel
conductors spacing =) 15~30 mils.

> 1074

- Y71 ¢ Dendrite7} F =4 AlolE Ay d4
Hedy A998 E Az

D WREAIR R AW7)518HA nlo] o]
A AEE S5k Ao, SHF
(DI water) &%} 15V bias 3dlol|A
FAH 0l Ak AE e
oz Ho HF JEXE 1.5mA
oltt, £ Alg& AAIR A4 oS0
ofd FHXZH HWE AT AP
AA 718 WAool ofd YR IHAQ]
Aoz £ A4S 9
3 F&olo] dagt

[
2
fr

- by

2

2

0}

0| &38F Al

rot
0o

32 &2

02

Fay
=

0
mjo

IPC-TM 650, Method 2.6.14°14 ke AlEw
Hoz FJegFAldr|E AHSK VREE Hrlske
"hHoln] “Resistance to electrochemical migration,
Polymer solder mask™ o tigt Aj&dubio] it} o]
Alde g2 RS AREEe R Hdo] 7igHe =

ZojH, EHRAIW ol Bla] AZE AlZto] Ag T

- NEEZA - 28BA &4 nkaIdrM #7]83HA o]
< wlo] 2o digh A3y Hrt

- Aldz2A i) Class T - 85+2C, 90%RH, 500h,
10V bias, limiting resistor{(1mA)
ii) Class H - 85T, 85%RH, 168h

- Al R :IPC B-25A PCB

-Al B 503

- BrpIE - FAARE Aoz wgkele] WA
%

- FyhY - FARRE S Holsla, S

REERHREEE F234% 258, 20054 4H

A= PeE A4S AR Ao
AR Aol B

3.3 DuPontAb2| A|EdiH

DuPont A
o] Aol

ALY APEez dUER Hola

|
ek AgA E@rpdolAwt AAl AEe

IPColA Atehe A@HE 45 H8sta st

- A=A

¢ > 3 >
e

R
SIS b N

|
o‘ﬂOE‘-
NN
xS
T,
o F

o 225 B8 0|83} Water Dropol 2J%F
Electromigration 234 H7}

D O71R%, 6.5V, 6~8mA, Water Drop
. not specified

: not specified
D EAZE R AAR T

: IPC-TM-650, 2.6.13, Water Drop
Test

34 Siemens S2| A|g 4t

Siemens-Stromberg-Carlson Electromigration

Test/PCK E

lectromigration Test9] Al@Hge=

FLFFARNE ol &3 Agolth. IPCoI AYP
500412k, 10Vl QI7kdshe H4stn gich

- A=A

L 974 284 29, &9 vkea, AX

EIECRE-EE I ST DER IS
2 wlo]aglolde] it 494 H7t

: 85T, 90%RH, 500h, non-condensing

atmosphere, 10V bias, IMR current
limiting resistor

: IPC-B-25B #H®(Coated)

: not specified

D AAAGH(EA T FASE A AR
H  AAAY &%

35 UNISYS2| Al&tdH

UNISYS¢]

YHER wlolagold A@WHeE ¥

He A3g It IPCAlA AP A7HHGET

e zAoA

- AR5

Aldsh, AlFAIZEE o) Ko} &t}

© ¥9H9) electromigration resistance
2%

1125 °F, 95%RH, 20h, 250V

: 5000A Cu over 400A Cr on glass,
10mil lines, 50mil spacing

: not specified

. not specified
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3.6 Bellcore2| A& gHH

Bellcore A4 A|gkE A|@WHoE Bellcore
TR-NWT-00078, Method 13.1.57} St} ©] ¥y
2 Q7bAHsgto] glo] Brlshe Wy 1A ol
o] & wlo]aglo|d WIZE Bt HhE-& opt
- AFEA - ZYa FHo|2E, &0 dolof,
W IE(£9 vka3, AXE IH,
up7) od=, AaA) e A714 ol ut
olzglo]d A&7}
1 85T, 85%RH, 500h —) no bias
Ald % 96212t st ¥ IM Ohm
A8 %7] SIR reading 45~100V
test voltage ¥ 10V bias remainder
of test
3 patterns for paste, cored wire
6 patterns (3 “Up, 3 down ‘down’)
for wave solder, 3 controls
IPC B-25B or E
IRfinal ) IRfina/10
20%°13el Ax® Z4a7t glojof &
(10W12 ) E4 34 <

T

_/\] g .
- BE

oz 74 Atd ARWHE vweE =
01131\ old AAL Ay dMe d&H o A
ZAo| wlgd sy, A AT FEol
ZHS}P‘F e & F Aot H2de AERUE BE
217171 93] 5C, 60%RH < 25T, 90%RHS #
£ Dew condensation AlE%E 2P 1 ot

4. H7|=tety
g7tE et 2

ol ojojzaolMd RIHE
j'l_ l»o‘-

o2 ulo] el RZAEE Hylsl7] g Al
AaAre 23t g} IPC #E0AM Adshe WY
& F&4 APHE ARl AAHNE A% 2
Agoz QrtAste] glE AP o] wholdold
Algo] olde Zxsln ok ¥A Aud AP
% DuPontAte] Al@ue] 71 A-d Algides
AP gon FEE A7 2US AMEsE AE
o Xy Z@sitt. dvstd PCB 99 AA 5
B 2o TAE AF F W3} rhsstn, B &
5] wiEolt)t. Siemens-Stronberg-Carlson®} Belicore
o NEFFL AFRAS & -ty AEE APA
7+ Z23 Qon & ¢ Ak JFH A@Ege] At
T YA M 283 AL AT AMEEE 27
2 R3] golof dhv], H=F on 2EH 27} A7bEW
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AEo] NHANFNE AT AP FH) YA &
g & Jeuz Fodof .

ZAH Y2 AMgse A5, 85T, 85%RH &
£ 65T, 85%RHeIAM Al&std Aol "J’@ﬂﬁiu}
A= AA ARE FolM nAo] AR ot oA
84 Y2 FM FF4H(malic-acid) S 2HFE ‘—6-
ZA AGBo| Fulsle] Bo| WAEy] wiolt), &
& 85C NE F Zgjoladd Z¥F(polyalkylene
glycols)® Balvt Fdx PRy wjRelth. webA
ol wlo|ag e UAEE Hrk] A 7 T8

& Ae AR/ FAAFY 944 2ol B8
3la, ARG ARALE Aesls AolH, @73"]?:1“9'
Ae) A% 2 AR AR $39A 52 3

B3| meizied Byt ofFol Aop At

5. S242Ago| °/g o|2 ojo]azold
iz "ot

A ol wlo|agelde] RA=E Bk #3)
PCBY ¥¥W E=FAEZ SnPb, Cu, Aug =3% ¥
ZUeAE WS ARl AP AlHE BEEF S
At

51 AE=A
B A8S 938 Glass/EpoxyAl FR-4 PCBE AH-

Bdgoen, EARES AN Fe BA ARIRE
st =AIZE AAAF-LS 200MQ o] HES §
Aa, AL PColM FHshs HAFH F H9
(Comb Pattern)S AR&3IET, =4t Agle 0.5mm,
1.0mm, 2.0mm¢ 372 AFsAen, =4 FH
£ Cu(loz), SnPb(B3AEY, 5ue)d), Au(100wt?%,
0.2~0.5mel) A71=F3le] Fig. 3% 2ol Azt
At

EaeAd 2 ALxA(25T, 30~60%RH)C
A Al@sien, ‘317}751%}% 15V, 6.5VE 718k
th. dlolaold WA F o FINES s
AN $RAAe] FaEs) st AHT =4

Fig. 3 Phaotograph of comb pattern PCB for
evaluating the ion migration
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G2 vlolageld EAARtes
HANGS FHsAct

sgs AEHE AR
TSR, S 2

52 =YaAld Za # 1F

EWEAIEE 0] 83 o] wlo]aglold AEL 0.5,
1.0, 2.0 mm®e] HEHH] Cu, SnPb, Au 3TFE
FAAE Eiﬂ 2ol 24zt 6.5V} 15V Q7bdsHE
A7ket] STl BAG Aol F=F =X
zg5= "]Zl'a— Fsden, 38243 U Fig.
4, Fig. 58 2t A8 A =A7k AAATL 200
Mol & vEbiod, A8 F 549 Fat 2E HY
o OMoZ ¥ 7+ ¢bd A (short)o] FAF A&
& F ATk o] 2AE E o =AY AZ) 0.5mm
Q1 A% Cu(1.0%), SnPb(1.1%), Au(2.7¥)9 &
o2 WP oer, =AL Azt 1.0mm% A$
SnPb(1.23%), Cu(2.17), Au(2.78)9 ¢oz =AY

SV HE ESHE A2 (mm), LS Means
Current effect F{4. 72)=40 852, p=0.0000
Effective hypothesis decomposion
Verbcal bars denote 0 85 confidence intervals.

2500
wot - o+ - i 4 -+ - R rE_, - ,;
1500 | - b -omme —+ o S

L

: : }iﬁ\{i
500
Im«é&m

: | &= Méx"-"

B 2V 15¢ k) 150 agm 15¢ s

[ k-t ' o
B.5v B85v 85v IEL@K

MEAZ (mm) 1mm

W AN sec)

DEHE (mm) 0 5Smm DEAT (mm) 2mm

(a) Conductor materials vs. generation time

s, =AZE Ayt 2.0mm¢l AE Cu(lld),
SnPb(13%), Au(34%)9 ¢o= HAsiaT. 234
o2 & o 6.5VY 7Y E Cu BA7F diAF
o= 7P wEA nlo]agolio] WAEG o, thE
22 SnPb, Au £L& HASIY. a3y Cust
SnPbe] AL HAF T FARE ghE BT
olgd A} REAIAY P vmsd 2 o
2 e Ao Helg IFEAITHY 72 Snol
-0.136V. Pb7} -0.126V, Cu7} 0.333V 2|1 Au
7} 1.498Veltt, (H)AFHAE 7 75 HA(noble)
slog (-)A9E 2= darc e ¥d. ot
Al SnPbe] Z- Cu$t BlKE wlo]ado)ld EAA|ZE
< JERIAIRE, Audl AS ¥2 HPHAIFHYE 7t
AnZ HAARE FdEez A Ut AeE B2
Aot TG ZAIRMAHC] B AL XA Aole
%ol YehAE 0.5mme} %01 3} A% 1 Aole
BA 22 Aoz Ueigrh 15V A7K] E=A7HFo)

HEEIWE H (mm), LS Means.
Current effect F(4, 72)=24 839, p= 00000
Effectve hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
1400

] e T TR I
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1000 H .- . 4
e
& .
1] S— I L AP
< T
g 400 ‘ P I I

b ] —
== WE A fmm)
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T mEAA fmm)
200 N N 1mm
Cu SnPh Ay T meial (mm)
2mm

(b) Conductor space vs. generation time

Fig. 4 Ion migration generation time of water drop test as follows of conductor materials and

pattern space

HYVITHE A {mm), LS Means
Current effect F(2, 72)=128 31, p=0 0000
Effective hypothesis decomposition
Vertcal bars dencte 0 95 confidence intervals
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ol
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- e o x nu@;uax ()
Herv)

(a) Conductor space vs. applied voltage

JHVHE ED. LS Means
Current effect F{2. 72)=137 36, p=0.0000
Effective hypothesis decompasition
Vertical bars denote 0 85 confidence intervals
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800 . - -

600 |- - B e Rt
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(b) Conductor materials vs. applied voltage

Fig. 5 Ion migration generation time of water drop test as follows of conductor materials and

pattern space, applied voltage
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38 443554 30
0.5mmSl 4% Cu, Au, SnPbe €22 Veten,  $ Stk Fig. 62 CudlA]l dAZ o] mfolagold
1.0mm¥ SnPb, Cu, Au Z8]z 2.0mm% A= A3 3 s B A Aoy, 214 ¥
SnPb, Au, Cu® ¢22 vlo|agolde] TAIATE. & AERAT 2 Cude &gt Cud A%
o]AL 6.5VellA A A9 thad Alelrt velg e °17P<4 Yol w2 WA ol A YeEhIA] ¥
), A JFEErt T Aol oM g o1}, SnPb¢}t Au® A 1.0mmeld 373l A

ZFete A 6.5Vel Hg 15Ve) <rkdgte] e
g B} wz2A Agske e ¢ ¢ do Fig. 73
Fig. 8& SnPbet Au A8oA A3 o] & nlo] 1
ol Alolt} AHo® Cud A$ AHAYG] w

o T 1

vater Brop b.5¢

5y e
2 3

Ay

5 6 7 5 5 lo it
Energy (keV)

(b) Cu Pattern(0.5mm, 6.5V)

4 12 13 14 15

of Cu ion migration in water drop test

Water Drop, 6.3V, Sob, 0.5we
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(b) EDX results(0.5/2.0mm, 6.5V)

Fig. 7 Photographs and EDX analysis results of SnPb ion migration in water drop test

Ae A& ¢ F Uk 2] £AG Yo & I
< A AL Are] BIAYY g gro] 93
ARk, A de] Dol o] FAE o]Fede 474
w7} BRANe e gk o s dehde @
3
(a) Cu Pattern(1.0mm, 6.5V)
Fig. 6 Photographs and EDX analysis results
3
(a) SnPb Pattern(2.0mm. 6.5V)
(a) Au Pattern(0.5mm, 15V)
144

Au line profile(0.5mm, 6.5V)
Fig. 8 Photographs and EDX line profile results of Au ion migration in water drop test
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g Aol ATl e Be Aol7t UehiA] 4gte
4, SnPb, AudlME 1.0mm °od A4ske A% <
Vsl #&5E WA 4Ager & + U
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