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Insulation Degradation of Printed Circuit Board
Caused by Electrochemical Migration

by Tatsuo MoToyaMA™® and Kenji ICHIKAWA*

Abstract: Recently, high density wiring boards have been used in electronic devices in order to
achieve its small sizing, therefore the intensity of electric field between lines has become high. On
the other hands, electronic devices such as a control apparatus, measuring systems and so on have
been used in atomosphere of not only indoor but also outdoor especially in chemical plants where
corrosive gases exist. Humidity and corrosive gases accelerate insulation degradation caused by
electrochemical migration and failure of electronic devices occurs.

Electrochemical migration is a kind of electrochemical phenomena effected by electric field strength
and water with electrolyte. Metal of line is dissolved in water and ionizes. And they are moved by
electric field strength and deposits on the board between lines. After the migration occurred, there
are some cases that the resistance of deposits is recovered according to decreasing of humidity.

In this paper, the dependence on testing condition to progression of its migration and the reason
why the resistance of deposits is recovered are studied to prevent the accidents caused by electro-
chemical migration. Three experiments in different condition are conducted, mainly. Experiment 1
is constant temperature and humidity test under condition of 40°C, 95% RH, 100V. Experiment
2 is cyclical test under condition of (20°C, 60% RH(20 min.) — 40°C, 90% RH(20 min.))/10V.
Experiment 3 is the same test as Experiment 2 except for atomosphere containing 35.5 ppm of SOs.
Main experimental results are summarized as follows,:

(1) The exposed time that resistance between lines was decreased until 107 Q was much different
among Experiment 1, Experiment 2 and Experiment 3. In case the distance between lines was 0.4
mm on phenolic resin with paper (Ph), it took 800 hours on Experiment 1, 200 min. (equivalent
to 5 cycles) on Experiment 2, and 40 min. (equivalent to 1 cycle) on Experiment 3. In case of
the same distance on epoxy resin with glass fiber (GE), it took over 800 hours on Experiment
1, 88 hours (equivalent to 132 cycles) on Experiment 2, and 40 min. (equivalent to 1 cycle) on
Experiment 3.

(2) Tip of dendrite or dendrite like deposits was composed of many hemisphere-particles with the
diameter of some micro-m.

(3) Resistance between lines with deposit generated by electrochemical migration increased at nor-
mal experimental room condition. It mainly depended on formation of micro space caused by
water evaporation in deposits or increase of resistance caused by oxidation or chemical combi-
nation of deposits.

Keywords; Electrochemical migration, Insulation failure, Printed circuit board, Degradation

*3E T R W 5EES Physical Engineering Safety Research Division



1. 2 AH &

B /ML, EHERELIC Y, BEEEED
BUARARADMEH AN L LD IS - T E 2, TNIEHED
By FALBRBE, HEEOMICEERD L v #Ftk
REZHRLTWE, —F, EFHESEHEES, 5t
HIHESE & LCEEHLICEAIN SO H D, EHNIT
EBWIRENIZITTERL, BARILETZ M2 E#
DERFEZREIL LT W2, i, EERgE0E
Bzt MBS L 2EEFBML T2,

BRI E v F1b, HEHRED 2/{biditESHL2
Mm#EL, HHFARICLIBEEZEMSIE TS, 20
JRRD—2 & LTESILEAS v —2 a v ic L b4
MBI H B,

B~ A v —v a3, BRYKSGOERT
EARERBANEITISL, ERRREICIEE L THEBME 2 KT
SHBHRTH B, ZHOHFKITIC R LSI 7 K EHEE D
BB CERBEBICBWIRET I EEZ LN T W
7205, BCARROIRE v FALITHE, BT O RO
FRHUCHBZBILEE L TWD, 72, 20k 5%k
L7z BCHAR DAk IE (X, BB OFERRIC L > T
BIETHY, EFMBOWEERORH 2L T
bridiz, REDFHEEL2BHRIEEIILATWS,

Z 2 TIE, BRI, WMTIREOHBEARICL B KE
DFIEEEHRNELT, 247 v—va v RBREDKES R
CREEEEI[OBERICOWTHRET L2, 72, B
Mo EEFE, 0 L2 WE 0 = RITEIR D & BGAR
DIMERFNEPIEALT B HEIC D W TRRET L 72,

2, BRUEETSL L -3

BRftE~f v —var (UTF, Blcef v —
Va rEERT.) 13, BROBEBREBITER LAKDIER
&Y, ERXEZEDNMEYMDA T & - TEITH
L, EROEATRGHZHEL, BEERICIET 2
BESALEBERTH 5,

EHEOBBIZEBXIIZDILAMDA F » 2 kR T
BERMIChME N, B2 LFHL, v 54 MK
DN & 7 B3E, BRAHE CEKMIC B S 1Lk
e ST T 2354, BEINET TRt 38470 Y
REFRMFICL-TEL S, ZORBIIFHANE S
RITBLDEF LY, BREFRIIERE LR
DILEMDFERDEL B354, £ O ITHE - TH I
WirdE L 5,

A7V =3 YORERFICERDEE, MG
B, IREICIKET 5, T, Ry FLLEHIRT
BERDPERS D20, w4 7L —va v BRELS
Vo ITHIIIRERS 72 v X 7L X 23R, &F

XTSI RYE  NIIS-RR-97 (1998)

MEROHRZFER TN DH 5,
3. B B

3.1 HERA

REBF I EEEER 2 Fig. 1 D29 — itz y
FLTLHDTH B, BEROIEIL 1 mm, ECRRREEREE
0.16 mm (4#1), 0.4 mm (4#), 1.0 mm (3#H), 2.5
mm (2#1) , 6.3 mm (2#1) @ 15 HDOEFRD HRERL
INTw b, MERYT T ZEMTRX UBIREMR (L
T, A7 RERIIGE LEET,) RUHREM 7 =/ —
NAEIEEAR (LR, 7=/ —N%723Ph &iE¥,) T
Hb, TNHETNI—NHRTHTERSRLCE, R
BRFr & L7,

3.2 REREIER

REREEKIT Fig. 2 2Ry &H i, BEHRER (%
Vo) , IBNEIRME RS Rd B L URBRIEN O HER
Fold, RADE 1% Vd £ % LEAREDOIEI R
3 (1) XTEREN S,

R=%-Rd/Vd—Rd (1)
96mm R
50mm
f—————
A
P
[33]
3
3
Y.

Fig. 1 Wiring pattern and size of specimen.
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Fig. 2  Schematic diagram of experimental setup.
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Table 1  Experimental condition for electrochemical migration test.

RERRMF
Jtem Temp./R.H. Maximum Substratum Wiring Remarks
/Applied voltage testing time metal
°C/%RH/V hour (number of cycle)
EXP.1 | 40/95/100 800 GE,Ph Cu Constant temp., R.H.
EXP.2 |20/65/10—40/90/10 89.3 (134) GE,Ph Cu | Cyclic test
EXP.3 20/65/10—40/90/10 8 (11) GE,Ph Cu Cyeclic test in 35.5 ppm
of SOz
EXP.4 |5/60/50—25/90/50 500 (750) GE Cu | Cyclic test
EXP.5 |40/95/50 240 Glass plate Ag Constant temp, R.H.

Notes; Cyclical test is composed of two steps and duration time for each step is 20 min..
GE: Epoxy resin with glass fiber, Ph: Phenolic resin with paper
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Fig. 3 Time-dependence of resistance between lines on EXP.1(Ph, 0.16 mm).
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Table 2

Distance between lines formed dendrite or dendrite like deposits.

Fr PS4 MRIFUEMH TR & h - B R R

Distance between lines (mm)
Ttem Bridged Uubridged

0.16 0.4 1.0 2.5 6.3 0.16 0.4 1.0 2.5 6.3

EXP.1 |GE X X X X X X X X X X
Ph| O X X X X O O X X x

EXP2 |GE{ O X X X X O O X X X
Ph| O O O X X O O O O X

EXP3 |GE| O @ O X X O O O O O
Pn| O O O O X O O O O O

Note O : with dendrite or dendrite like deposits, X : without dendrite or dendrite like de posits
GE: Epoxy resin with glass fiber, Ph: Phenolic resin with paper
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Fig. 10 Figure of deposits (EXP.1, Ph, 0.4 mm).
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Fig. 12 Figure of deposits (EXP.5, glass plate).
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