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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 SO,.
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.
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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.
KBRS

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 | Cyclic test in 35.5 ppm

of SO5

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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(a) EXP.1 (Ph, 0.4 mm).

(b) EXP.2 (GE, 0.16 mm).

(c) EXP.3 (GE, 2.4 mm).

Fig. 4 Examples of migration deposits.
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(2) Epoxy resin within glass fiber.
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Table 2 Distance between lines formed dendrite or dendrite like deposits.

T PS4 PRITEMS TR & h - B R pE

Distance between lines (mm)
Item Bridged Unbridged

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 O X X O O O O O
Ph| O O O O X O @ O O O

Note O : with dendrite or dendrite like de
GE: Epoxy resin with glass fiber,
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Fig. 8 Capacitance between lines.
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Fig. 11 Definition of height and width of deposits.
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Fig. 12 Figure of deposits (EXP.5, glass plate).
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