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Figure S1. EIS measurements comparison for PI/ALD-3/PI coating samples when the potentiostat
updated with a low current module: (a) bode plot of impedance spectra against frequency; (b) bode
plot of phase against frequency. The current resolution extends from 760 pA down to 76 fA.
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Figure S2. Fitting results in bode plot for the barriers based on equivalent circuit model in Figure 6a:
(a,b) Al2Os3; (c,d) ALD-3; (e,f) PI/ALD-3/PL
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Figure S3. Fitting results for PI barrier based on equivalent circuit model in Figure 6a: (a) bode plot
of impedance spectra against frequency; (b) bode plot of phase against frequency.

= DO
F« D23

F & D265
1

|Z| (Ohm/cm®)

-

v D281
+ D477

b
AR BRALL IR ALLL BRRALLL SR AL AL
30} dititnie
; - > D23
-! - 4 D265
.: = or v D281
3 ) L :
()
1 B, I
3 9 30 |
3 = L
E =
E =B
3 -60 ]
1 I
! =90 ".‘Er:;;x’. e ]

10

0 A ul ol " | d
10" 10° 10' 10* 10° 10* 10°
Frequency (Hz)

10°

107 10" 10* 10° 10° 10" 10°

Frequency (Hz)

Figure S4. Fitting results for PI barrier based on equivalent circuit model in Figure 7: (a) bode plot of
impedance spectra against frequency; (b) bode plot of phase against frequency.

Table S1. Fitted equivalent circuit model parameters of 20 nm ALD AlOs coating layer on copper.

Soaking Time (days) Ress (Ohm/cm?) Qb (F s*-%/cm?) n Rpore (Ohm/cm?)  Error
0 12 2.3 x107 1.00 7.7 x 107 2%
1 10 2.6 x107 0.99 1.2 %107 2%
2 12 3.3 x 107 0.98 1.8 x 106 4%
3 9 6.5 x 107 0.91 1.8 x10° 9%
4 8 1.4 x 105 0.72 1.8 x 108 15%

Table S2. Fitted equivalent circuit model parameters of ALD ALD-3 coating layer on copper

Soaking Time (days) Ress (Ohm/cm?) Qb (F s*/cm?) . Rpore (Ohm/cm?) Error
0 5 2.1 x107 1.00 2.9 x 107 2%
10 12 22 x107 1.00 1.7 x 107 3%
20 8 2.2 x107 1.00 4.2 x 106 4%
29 9 2.1 %107 1.00 5.8 x 10° 4%
40 11 2.4 %107 0.98 5.5 x 10° 4%
62 9 2.6 x107 0.97 3.6 x 10° 5%
95 7 3.3 x107 0.95 3.5x10° 5%
125 8 4.0 x 107 0.93 1.2 x 105 12%
147 6 4.9 x 107 0.92 7.9 x 104 18%
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Table S3. Fitted equivalent circuit model parameters of PI coating layer on copper

Soaking Ress Rpore Ret W (Ohm

Time (days) (Ohm/cm?) Co (F/em’) (Ohm/cm?) Ca (Flem?) (Ohm/cm?) s?/cm?) Error
0 5 5.7 x 10710 7.3 x 108 - - - 9%
23 5 5.8 x 1010 1.2 x 10¢ 7.0 x 10710 2.5 x10° - 8%
62 19 5.9 x 10710 1.1 x 10 7.0 x 10710 3.3x10° - 6%

115 11 5.7 x 1010 4.7 x10* 7.2 x10710 2.8 x10° - 5%
168 22 5.9 x 1010 52x103 7.2 %1070 43 x10° - 8%
219 21 6.0 x 10710 54 %103 7.1 x10710 24 x10° - 6%
265 21 6.1 x 1010 3.1x108 7.6 x 10710 2.5 x10° - 4%
281 17 6.2 x 10710 2.7 x10° 7.5 x 10710 8.7 x10° 2.3 x10° 3%
321 24 6.3 x 1010 24 x10° 7.7 x 10710 24 x10° 2.3 x10° 6%
392 27 6.5 x 10710 2.2 %103 7.7 x 10710 2.0 x10° 1.7 x10° 5%
477 20 6.4 x 10710 2.4 %103 8.0 x 10710 2.5x10° 1.9 x10° 4%

Table S4. Fitted equivalent circuit model parameters of PI/ALD-3/PI coating layer on copper®.

Soaking Time (days) Rrss (Ohm/cm?) Cb (F/cm?) Rpore (Ohm/cm?)  Error

0 6 2.8 x 1010 9.3 x 108 30%
56 8 2.7 x 1010 4.3 %108 28%
115 5 2.7 x 1010 9.2 x 108 22%
155 7 2.7 x 10710 4.5 %108 28%
192 6 2.6 x 10710 5.5 x108 25%
281 5 2.6 x 10710 5.2 x108 20%
366 7 2.8 x 1010 4.0 x 108 32%
477 14 2.6 x 10710 2.9 x 108 21%
681 13 2.7 x 10710 3.3 x108 23%
776 10 2.7 x 10710 4.5 %108 21%
868 15 3.0 x 1010 4.0 x 108 31%
973 12 2.6 x 1010 2.4 x 1010 4%
1028 11 2.6 x 10710 7.5 x10° 5%

2 The fitting error for the data fits of PI/ALD-3/P1 is relative high during the first 868 test days because
the impedance value is out of detection limits of the potentiostat. The error drops down to 5% at the
last two measurements (the last two shaded rows) since the “low current module” installed to increase
detection limits of the potentiostat.
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