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Abstract

In this investigation a test matrix was completed utilizing 900 electrodes (small circuit board with parallel copper traces on
FR-4 with LPI soldermask at 6, 10 and 50 mil spacing): 12 ionic contaminants were applied in five concentrations to three
different spaced electrodes with five replicas each (three different bare copper trace spacing / five replications of each with
five levels of ionic concentration). The investigation was to assess the electrical response under controlled heat and humidity
conditions of the known applied contamination to electrodes, using the IPC SIR (surface insulation resistance) J-STD 001
limits and determine at what level of contamination and spacing the ionic / organic residue has a failing effect on SIR.

Experimental

Using NIST traceable standards each individual ionic contaminant was doped on the electrode surface in a specific area and
each was applied with 5ul doses until the total desired concentration was achieved on each sample. lon chromatography
analysis of extracted samples was performed to verify the actual inoculated concentrations prior to SIR testing. Then each
electrode was placed into test chambers and socket tested on electrodes to collect SIR readings every 15 min with a 5 volt
bias. All samples were exposed to 40°C/90%RH (non-condensing) for 168 hours with SIR monitoring. After SIR each
sample was visually inspected and was then extracted and assessed for cleanliness. The evaluation used the IPC J-STD 001
SIR limits of values greater than 1.0e8 ohms of resistance or better as the pass / fail criteria with a comparison of the samples
to the ionic cleanliness using ion chromatography.

The below list is the ionic contaminants evaluated in this study.
A — Chloride doped on 6, 10 and 50 mil spacing
B — Bromide doped on 6, 10 and 50 mil spacing
C — Fluoride doped on 6, 10 and 50 mil spacing
D — Acetate doped on 6, 10 and 50 mil spacing
E — Formate doped on 6, 10 and 50 mil spacing
F — Nitrite doped on 6, 10 and 50 mil spacing
G — Nitrate doped on 6, 10 and 50 mil spacing
H — Phosphate doped on 6, 10 and 50 mil spacing
| — Sulfate doped on 6, 10 and 50 mil spacing
J — WOA (Succinic Acid) doped on 6, 10 and 50 mil spacing
K — Sodium doped on 6, 10 and 50 mil spacing
L — Ammonium doped on 6, 10 and 50 mil spacing

Sample Preparation of Electrodes

Sample preparation of bare copper trace electrodes used for testing involved cleaning in an inline cleaner at 1.5 ft/min belt
speed with only de-ionized (DI) water which was heated to 150°F. There was then rinsing in a circulated IPA/DI (75%/25%)
in ambient conditions for 15 minutes followed by air drying for 30 minutes. Then there was baking in an oven for an hour at
80°C. There was testing prior to doping to verify that the electrodes were clean (<1.0 pg/in? of ionic residue). Each electrode
was doped using calibrated, air displacement, pipette volumes of 5 pl up to 100 pl, dispensed repetitively in 5 pl applications,
as required to achieve the proper concentration.



Table 1 — lonic Contamination and Concentration Levels

Contaminants Concentration Levels (ug/in?)
1 2 3 4 5
Chlorides Cl- 1.0 2.0 3.0 5.0 10.0
Bromides Br- 1.0 3.0 6.0 12.0 15.0
Fluoride F- 1.0 2.0 3.0 5.0 10.0
CCOO-

Acetate 1.0 3.0 5.0 7.0 10.0
Formate COO- 1.0 3.0 5.0 7.0 10.0
Nitrite NO2- 1.0 3.0 5.0 7.0 10.0
Nitrate NO3-- 1.0 3.0 5.0 7.0 10.0
Phosphate PO4- 1.0 3.0 5.0 7.0 10.0
Sulfates SO4- 1.0 3.0 5.0 7.0 10.0
Weak Organic Acid WOA 10.0 20.0 25.0 35.0 50.0
Sodium Na+ 1.0 3.0 5.0 7.0 10.0
Ammonium NH4+ 1.0 3.0 5.0 7.0 10.0
Lithium* Li+ 1.0 2.0 3.0 5.0 10.0
Methane Sulfonic

Acid* MSA 0.1 0.2 1.0 3.0 5.0

(12) Contaminants x (5) Levels of Concentration x (5) Replications x (3) Trace Gap Spacing Test Matrix = 900 Coupons.
* Lithium, MSA and mixtures were not included in the testing due to time constraints and would be included in the next
phase of testing.

Cross Sectional Images of Electrodes

Figure 1 - Electrode (6 mil spacing) Figure 2 - Electrode (10 mil spacing) Figure 3 - Electrode (50 mil spacing)

Figure 4 - Doping Area for 6 mil ~ Figure 5 - Doping Area for 10 mil Figure 6 - Doping Area for 50 mil

Sample Doping Procedure (with 5 micro-liter pipette)



Figure 9a — Doped Sample Prior to Drying Figure 9b: Tray of doped Electrodes in Oven at 37°C

After the samples were doped to the appropriate level and cleanliness analysis was conducted on a subset of samples before
testing, all the sample electrodes were randomized in the chamber on 12 socketed assembly boards with 12 sockets per board.
All samples were processed through the same production humidity chamber — which was ran for 168 hours at 40°C/90%RH
in a non-condensing humidity condition over 7 weeks. Figure 10 shows dendrite growth on the electrode.

-

Figure 10- Post SIR Chloride Sample
@ 5.0 pg/in? Showing Dendrites Figure 11 — Environmental Chamber with Socketed Boards



Chloride Contamination

Chloride (Group “A”) ionic species were doped on electrodes with 6, 10 and 50 mil spacing with NIST-traceable standards
using 5pl doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 2, 3, 5, and 10ug/in?
and were achieved by doping the electrode spacing with 5-100 ul of a 10 ppm control standard.

Table 2 - Chloride Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value | Chloride of Prep Electrode| CI of the Electrode after SIR Localized test After SIR testing Max Current | Corrosivity Index | SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA of current Current / Time SIR results SIR Minimum
Al-6-1t0 5 6 1 111 0.99 Clean 180 105 0.58 Passing >1.0e8 1.82E+10
Al1-10-1to 5 10 1 1.08 0.95 Clean 180 98 0.54 Passing >1.0e8 8.51E+09
A1-50-1t0 5 50 1 1.10 0.94 Clean 180 110 0.61 Passing >1.0e8 2.14E+10
A2-6-1t0 5 6 2 2.23 2.02 Clean 180 123 0.68 Passing >1.0e8 1.48E+09
A2-10-1to 5 10 2 2.08 1.87 Clean 180 122 0.68 Passing >1.0e8 1.70E+09
A2-50-1t0 5 50 2 2.16 1.91 Clean 180 130 0.72 Passing >1.0e8 1.62E+09
A3-6-1t0 5 6 3 3.21 2.90 Clean 134 250 1.87 Passing >1.0e8 6.76E+09
A3-10-1to 5 10 3 3.24 2.87 Clean 141 250 1.78 Passing >1.0e8 6.04E+09
A3-50-1to0 5 50 3 3.38 2.78 Clean 142 250 1.77 Passing >1.0e8 3.55E+09
A4-6-1to 5 6 5 521 5.20 Dirty 112 250 2.24 Failing <1.0e8 8.60E+06
A4-10-1to 5 10 5 5.18 5.21 Dirty 106 250 2.35 Failing <1.0e8 7.84E+06
A4-50-1 to 5 50 5 5.19 5.06 Dirty 101 250 2.48 Failing <1.0e8 1.38E+07
A5-6-1t0 5 6 10 9.98 9.54 Dirty 41 250 6.09 Failing <1.0e8 1.71E+06
A5-10-1 to 5 10 10 10.07 9.64 Dirty 36 250 6.99 Failing <1.0e8 1.20E+07
A5-50-1 to 5 50 10 10.36 9.84 Dirty 40 250 6.33 Failing <1.0e8 1.70E+07
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Figure 12 — Minimum SIR Values of the Chloride Doped Samples

Group A - Chloride findings of contamination levels of 3.0 pg/in? or less have good high SIR values and no signs of
electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 5 pg/in? and 10 pg/in? show low SIR values and the
presence of dendrite shorting, which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity
or having signs of electrochemical migration debris.



Bromide Contamination
Bromide (marked “B”) ionic species were doped on electrodes with 6, 10 and 50 mil spacing with NIST-traceable standards
using 5pl doses in the gap between parallel bare copper traces. Target levels of contamination are 1, 3, 6, 12, and 15 pg/in?
and were achieved by doping the electrode spacing with 5-100 ul of a 10 ppm control standard.

Table 3 - Bromide Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value Bromide of Prep Electrode Br of the Electrode after SIR Localized test After SIR testing Max Current | Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
B1-6-1105 6 1 1.27 1.81 Clean 180 119 0.66 Passing >1.0e8 8.71E+09
B1-10-110 5 10 1 1.26 1.71 Clean 180 112 0.62 Passing >1.0e8 1.58E+10
B1-50-110 5 50 1 1.24 1.64 Clean 180 102 0.56 Passing >1.0e8 6.03E+09
B2-6-110 5 6 3 3.56 4.17 Clean 180 107 0.59 Passing >1.0e8 6.17E+09
B2-10-110 5 10 3 3.76 4.40 Clean 180 125 0.70 Passing >1.0e8 2.00E+09
B2-50-1 to 5 50 3 3.57 4.1 Clean 180 142 0.79 Passing >1.0e8 1.29E+09
B3-6-110 5 6 6 6.98 7.33 Clean 134 250 1.87 Passing >1.0e8 3.89E+09
B3-10-1t0 5 10 6 7.06 7.51 Clean 141 250 1.78 Passing >1.0e8 5.89E+09
B3-50-1 to 5 50 6 6.95 7.41 Clean 142 250 1.77 Passing >1.0e8 1.10E+09
B4-6-110 5 6 12 13.00 13.59 Dirty 112 250 2.24 Failing <1.0e8 5.61E+06
B4-10-1105 10 12 12.97 13.68 Dirty 106 250 2.35 Failing <1.0e8 3.54E+06
B4-50-110 5 50 12 12.85 13.73 Dirty 101 250 2.48 Failing <1.0e8 9.10E+06
B5-6-11t0 5 6 15 17.01 17.62 Dirty 41 250 6.09 Failing <1.0e8 9.98E+06
B5-10-1t0 5 10 15 17.00 17.88 Dirty 36 250 6.99 Failing <1.0e8 7.75E+06
B5-50-11t0 5 50 15 16.95 17.86 Dirty 40 250 6.33 Failing <1.0e8 8.50E+07
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Figure 13 — Minimum SIR Values of the Bromide Doped Samples

Group B - Bromide findings of contamination levels of bromide below 7.0 pg/in? had good high SIR values and no signs of

electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 5 pg/in? and 10 pg/in? showed low SIR and the

presence of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity
or having signs of electrochemical migration debris.




Fluoride Contamination
Fluoride (“C”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing from NIST-traceable standards using 5l

doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 2, 3, 5, and 10 pg/in? and were
achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.

Table 4 -Fluoride Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value Flouride of Prep Electrode Fl the Electrode after SR Localized Testing After SR Max Current | Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
C16-1t05 6 1 0.90 0.30 Clean 180 105 0.58 Passing >1.0e8 6.42E+09
C1-10-1t0 5 10 1 0.87 0.29 Clean 180 114 0.64 Passing >1.0e8 5.25E+09
C1-50-110 5 50 1 0.92 0.31 Clean 180 106 0.59 Passing >1.0e8 2.04E+09
C2-6-110 5 6 2 1.80 0.49 Clean 180 110 0.61 Passing >1.0e8 3.63E+09
C2-10-1t0 5 10 2 1.69 0.48 Clean 180 134 0.74 Passing >1.0e8 1.95E+09
C2-50-1t0 5 50 2 1.74 0.44 Clean 180 108 0.60 Passing >1.0e8 1.82E+09
C36-1t05 6 3 2.87 0.71 Clean 180 123 0.68 Passing >1.0e8 2.75E+09
C3-10-1t0 5 10 3 2.68 0.61 Clean 180 117 0.65 Passing >1.0e8 2.88E+09
C3-50-110 5 50 3 2.76 0.69 Clean 180 149 0.83 Passing >1.0e8 3.24E+09
C4-6-110 5 6 5 4.65 1.16 Clean 180 127 0.70 Passing >1.0e8 1.47E+10
C4-10-1t0 5 10 5 4.68 1.14 Clean 180 141 0.78 Passing >1.0e8 7.04E+09
C4-50-1t0 5 50 5 4.73 1.27 Clean 180 125 0.70 Passing >1.0e8 6.17E+09
C5-6-110 5 6 10 9.15 4.49 Dirty 110 250 2.27 Failing <1.0e8 7.7T1E+07
C5-10-110 5 10 10 9.29 4.83 Dirty 99 250 2.53 Failing <1.0e8 4.75E+07
C5-50-1t0 5 50 10 9.23 4.39 Dirty 96 250 2.62 Failing <1.0e8 1.26E+06
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Figure 14 — Minimum SIR Values of the Fluoride Doped Samples

Group C - Fluoride findings of contamination levels of fluoride below 3.0 pg/in? had good high SIR values and no signs of
electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 5.0 pg/in? and 10 pg/in? showed low SIR and the
presence of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity
or having signs of electrochemical migration debris.




Acetate Contamination

Acetate (“D”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing with NIST-traceable standards using 5ul
doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 3,5, 7, and 10 pg/in? and were
achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.

Table 5 -Acetate Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value Acetate of Prep Electrode Acetate of the Electrode after SIR Localized Test After SIR Max Current | Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
D1-6-1to 5 6 1 1.1 1.18 Clean 180 110 0.61 Passing >1.0e8 1.28E+09
D1-10-1t0 5 10 1 1.21 1.14 Clean 180 139 0.77 Passing >1.0e8 7.85E+08
D1-50-1 to 5 50 1 1.03 1.15 Clean 180 130 0.72 Passing >1.0e8 9.60E+08
D2-6-110 5 6 3 2.87 3.06 Clean 180 115 0.73 Passing >1.0e8 5.27E+08
D2-10-1t0 5 10 3 3.07 3.34 Clean 180 135 0.91 Passing >1.0e8 1.08E+09
D2-50-1 to 5 50 3 2.92 3.14 Clean 180 120 0.67 Passing >1.0e8 9.65E+08
D3-6-1 to 5 6 5 5.12 5.17 Clean 180 168 1.22 Passing >1.0e8 9.88E+08
D3-10-1to 5 10 5 5.16 5.25 Clean 180 188 1.32 Passing >1.0e8 8.81E+08
D3-50-1 to 5 50 5 512 5.24 Clean 180 172 0.97 Passing >1.0e8 9.88E+08
D4-6-110 5 6 7 7.20 7.15 Dirty 180 250 2.37 Failing <1.0e8 4.67E+06
D4-10-1t0 5 10 7 7.27 7.26 Dirty 180 250 2.49 Failing <1.0e8 1.00E+06
D4-50-1 to 5 50 7 7.28 7.29 Dirty 180 250 2.45 Failing <1.0e8 1.00E+06
D5-6-1 to 5 6 10 10.42 10.26 Dirty 42 250 6.40 Failing <1.0e8 1.00E+06
D5-10-1to 5 10 10 10.54 10.41 Dirty 49 250 5.28 Failing <1.0e8 1.00E+06
D5-50-1 to 5 50 10 9.23 10.21 Dirty 36 250 7.08 Failing <1.0e8 1.00E+06
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Figure 15 — Minimum SIR Values of the Acetate Doped Samples

Group D - Acetate findings of contamination levels of acetate below 5.0 pg/in? or less had good high SIR values and no
signs of electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 7.0 ug/in? and 10 pg/in? showed low SIR
and the presence of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of
resistivity or having signs of electrochemical migration debris.




Formate Contamination
Formate (“E”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing from NIST-traceable standards using 5ul
doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 3, 5, 7, and 10 pg/in? and were

achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.

Table 6 -Formate Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value Formate of Prep Electrode Formate after SIR Localized Test After SIR Max Current | Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
E1-6-1t0 5 6 1 0.93 0.89 Clean 180 104 0.58 Passing >1.0e8 9.44E+08
E1-10-1t0 5 10 1 0.93 0.89 Clean 180 98 0.54 Passing >1.0e8 1.27E+09
E1-50-110 5 50 1 0.91 0.82 Clean 180 99 0.55 Passing >1.0e8 1.24E+09
E2-6-1105 6 3 2.88 2.50 Clean 176 127 0.72 Passing >1.0e8 1.11E+09
E2-10-1t0 5 10 3 3.07 2.59 Clean 172 125 0.73 Passing >1.0e8 9.69E+08
E2-50-1t0 5 50 3 2.76 2.64 Clean 156 117 0.75 Passing >1.0e8 1.27E+09
E3-6-1t05 6 5 4.99 4.62 Clean 146 163 1.12 Passing >1.0e8 3.49E+09
E3-10-1t0 5 10 5 5.21 4.48 Clean 142 161 1.13 Passing >1.0e8 1.27E+09
E3-50-1t0 5 50 5 5.19 4.47 Clean 139 171 1.24 Passing >1.0e8 1.36E+09
E4-6-1105 6 7 7.31 6.49 Clean 144 173 1.20 Passing >1.0e8 1.27E+09
E4-10-1t0 5 10 7 7.26 6.47 Clean 146 183 1.27 Passing >1.0e8 7.81E+08
E4-50-110 5 50 7 7.33 6.31 Clean 141 196 1.39 Passing >1.0e8 1.24E+09
E5-6-1t0 5 6 10 10.23 9.43 Dirty 100 250 2.51 Failing <1.0e8 5.72E+06
E5-10-1to 5 10 10 10.34 9.50 Dirty 94 250 2.67 Failing <1.0e8 1.73E+07
E5-50-1to 5 50 10 10.36 9.40 Dirty 91 250 2.77 Failing <1.0e8 2.35E+06
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Figure 16 — Minimum SIR Values of the Formate Doped Samples

Group E - Formate findings of contamination levels of formate below 7.0 pg/in? have good high SIR values and no signs of
electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 10 pg/in? show low SIR and the presence of
dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity or having

signs of electrochemical migration debris.




Table 7 -Nitrite Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value Nitrite of Prep Electrode Nitrite after SIR Localized Test After SIR results Max Current | Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs

Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
F16-1t05 6 1 1.09 0.87 Clean 180 103 0.57 Passing >1.0e8 1.23E+09
F1-10-1t0 5 10 1 1.19 0.82 Clean 180 105 0.58 Passing >1.0e8 1.32E+09
F1-50-1t0 5 50 1 1.12 0.84 Clean 180 114 0.63 Passing >1.0e8 5.03E+08
F2-6-1t0 5 6 3 3.11 2.58 Clean 174 135 0.78 Passing >1.0e8 1.00E+09
F2-10-1t0 5 10 3 3.18 2.53 Clean 166 124 0.75 Passing >1.0e8 1.63E+09
F2-50-1to 5 50 3 3.22 2.46 Clean 159 116 0.73 Passing >1.0e8 1.42E+09
F3-6-1t0 5 6 5 5.22 4.44 Dirty 101 250 2.47 Failing <1.0e8 1.03E+07
F3-10-1t0 5 10 5 5.19 4.40 Dirty 99 250 2.54 Failing <1.0e8 4.34E+07
F3-50-11t0 5 50 5 5.33 4.42 Dirty 98 250 2.58 Failing <1.0e8 3.78E+07
F4-6-110 5 6 7 7.31 6.39 Dirty 78 250 3.23 Failing <1.0e8 3.82E+06
F4-10-1t0 5 10 7 7.58 6.53 Dirty 64 250 3.93 Failing <1.0e8 5.34E+07
F4-50-1t0 5 50 7 7.40 6.32 Dirty 55 250 4.56 Failing <1.0e8 1.18E+07
F5-6-1t0 5 6 10 10.52 9.30 Dirty 34 250 7.48 Failing <1.0e8 1.18E+07
F5-10-1t0 5 10 10 10.57 9.16 Dirty 25 250 19.29 Failing <1.0e8 5.72E+07
F5-50-1 to 5 50 10 10.10 9.41 Dirty 27 250 9.51 Failing <1.0e8 1.09E+07

Nitrite Contamination

Nitrite (“F”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing from NIST -traceable standards using 5pl
doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 3, 5, 7, and 10 pg/in? and were
achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.
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Figure 17 — Minimum SIR Values of the Nitrite Doped Samples




Group F - Nitrite findings of contamination levels of nitrite below 3.0 pg/in2 had good high SIR values and no signs of
electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 5.0 up to 10 pg/in2 showed low SIR and the
presence of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity
or having signs of electrochemical migration debris.

Nitrate Contamination
Nitrate (“G”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing from NIST-traceable standards using 5pl
doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 3, 5, 7, and 10 pg/in2 and

were achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.

Table 8 -Nitrate Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value Nitrate of Prep Electrode Nitrate after SIR Localized Test After SIR Max Current | Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
G16-1t05 6 1 1.27 0.92 Clean 180 112 0.62 Passing >1.0e8 1.47E+09
G1-10-1t0 5 10 1 1.18 0.67 Clean 180 129 0.71 Passing >1.0e8 1.53E+09
G1-50-1to 5 50 1 1.29 0.76 Clean 180 139 0.78 Passing >1.0e8 9.91E+08
G2-6-11t0 5 6 3 3.27 2.76 Clean 174 250 1.44 Passing >1.0e8 1.68E+09
G2-10-1t0 5 10 3 3.37 2.62 Clean 174 250 1.44 Passing >1.0e8 1.80E+09
G2-50-1t0 5 50 3 3.58 2.52 Clean 168 246 1.47 Passing >1.0e8 3.21E+09
G3-6-1t05 6 5 542 4.69 Dirty 100 250 2.50 Failing <1.0e8 3.02E+07
G3-10-1to 5 10 5 5.49 4.51 Dirty 82 250 3.08 Failing <1.0e8 1.91E+07
G3-50-110 5 50 5 5.37 4.49 Dirty 80 250 3.18 Failing <1.0e8 4.11E+07
G4-6-110 5 6 7 7.56 6.84 Dirty 57 250 4.52 Failing <1.0e8 4.21E+07
G4-10-110 5 10 7 7.62 6.62 Dirty 51 250 5.19 Failing <1.0e8 1.14E+07
G4-50-1 to 5 50 7 7.62 6.62 Dirty 42 250 6.00 Failing <1.0e8 2.52E+06
G5-6-110 5 6 10 10.67 9.89 Dirty 24 250 10.55 Failing <1.0e8 2.52E+06
G5-10-1t0 5 10 10 10.58 9.60 Dirty 36 250 7.22 Failing <1.0e8 1.22E+07
G5-50-1t0 5 50 10 10.52 9.35 Dirty 17 250 15.79 Failing <1.0e8 2.32E+06
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Figure 18 — Minimum SIR Values of the Nitrate Doped Samples

Group G - Nitrate findings of contamination levels of nitrate below 3.0 pg/in2 have good high SIR values and no signs of
electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 5.0 up to 10 pg/in2 show low SIR and the presence
of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity or having
signs of electrochemical migration debris.



Phosphate Contamination

Phosphate (“H”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing with NIST-traceable standards using 5ul
doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 3, 5, 7, and 10 pg/in? and were
achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.

Table 9 -Phosphate Levels (mean levels of the 5 replicas)
Mean values oG the Testing Target Value Phosphate of Prep Electrode PO, after SR Localized Test After SIR Max Current | Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
H1-6-110 5 6 1 0.92 0.85 Clean 180 98 0.55 Passing >1.0e8 1.15E+09
H1-10-110 5 10 1 1.01 0.86 Clean 180 112 0.62 Passing >1.0e8 1.21E409
H1-50-1 to 5 50 1 124 0.79 Clean 180 113 0.63 Passing >1.0e8 7.80E+08
H2-6-1105 6 3 3.18 2.68 Clean 170 241 143 Passing >1.0e8 1,33E+09
H2-10-1 10 5 10 3 3.21 2.56 Clean 168 247 1.48 Passing >1.0e8 1.42E+09
H2-50-1 1o 5 50 3 3.27 242 Clean 170 242 143 Passing >1.0e8 2.53E+09
H3-6-1t0 5 6 5 5.34 447 Dirty 101 250 249 Failing <1.0e8 2.48E+06
H3-10-1 10 5 10 5 5.37 4.54 Dirty 88 250 2.83 Failing <1.0e8 1.50E+07
H3-50-1 to 5 50 5 5.39 4.44 Dirty 93 250 2.70 Failing <1.0e8 3.24E+07
H4-6-1to 5 6 7 7.25 6.49 Dirty 47 250 543 Failing <1.0e8 5.56E+06
H4-10-110 5 10 7 7.32 6.54 Dirty 51 250 4.98 Failing <1.0e8 8.95E+06
H4-50-1 10 5 50 7 7.36 6.38 Dirty 51 250 5.01 Failing <1.0e8 6.05E+06
H5-6-1to 5 6 10 11.19 10.29 Dirty 17 250 16.89 Failing <1.0e8 3.22E+06
H5-10-1 0 5 10 10 10.40 9.53 Dirty 14 250 18.36 Failing <1.0e8 9.59E+06
H5-50-1 to 5 50 10 10.53 9.07 Dirty 18 250 14.47 Failing <1.0e8 9.06E+06
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Figure 19 — Minimum SIR Values of the Phosphate Doped Samples




Group H - Phosphate findings of contamination levels of phosphate below 3.0 pg/in? have good high SIR values and no

signs of electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 5.0 up to 10 pg/in?show low SIR and the
presence of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity
or having signs of electrochemical migration debris.
Sulfate Contamination

Sulfate (“I”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing with NIST-traceable standards using 5ul
doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 3, 5, 7, and 10 pg/in? and were
achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.

Table 10 -Sulfate Levels (mean levels of the 5 replicas)
Mean values of the Testing Target Value Sulfate of Prep Electrode S0, of the Electrode after SIR Localized Test After SIR Max Current [ Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Mini
11-6-110 5 6 1 0.93 0.79 Clean 180 127 0.71 Passing >1.0e8 1.81E+09
11-10-1t0 5 10 1 0.91 0.68 Clean 180 95 0.53 Passing >1.0e8 2.07E+09
11-50-1t0 5 50 1 0.92 0.76 Clean 180 170 0.96 Passing >1.0e8 1.31E+09
12-6-1t0 5 6 3 2.70 2.27 Clean 171 229 1.35 Passing >1.0e8 2.10E+09
12-10-1t0 5 10 3 2.56 2.36 Clean 172 214 1.25 Passing >1.0e8 2.22E+09
12-50-1 to 5 50 3 2.39 2.66 Clean 172 240 1.40 Passing >1.0e8 3.95E+09
13-6-110 5 6 5 5.16 4.50 Dirty 104 250 2.42 Failing <1.0e8 3.72E+07
13-10-1t0 5 10 5 5.08 4.35 Dirty 97 250 2.58 Failing <1.0e8 2.35E+07
13-50-1t0 5 50 5 5.32 4.35 Dirty 102 250 2.47 Failing <1.0e8 5.07E+07
14-6-110 5 6 7 7.30 6.42 Dirty 50 250 5.12 Failing <1.0e8 5.19E+07
14-10-110 5 10 7 7.33 6.40 Dirty 45 250 5.63 Failing <1.0e8 1.40E+07
14-50-1 to 5 50 7 7.36 6.41 Dirty 58 250 4.34 Failing <1.0e8 9.46E+06
15-6-1 10 5 6 10 10.33 9.57 Dirty 29 250 8.97 Failing <1.0e8 1.40E+07
15-10-1 to 5 10 10 10.42 9.46 Dirty 22 250 11.51 Failing <1.0e8 1.50E+07
15-50-1 to 5 50 10 10.35 9.41 Dirty 19 250 13.23 Failing <1.0e8 1.42E+07
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Figure 20 — Minimum SIR Values of the Sulfate Doped Samples

Group | - Sulfate findings of contamination levels of sulfate below 3.0 pg/in? or less have good high SIR values and no signs
of electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 5.0 up to 10 pg/in? show low SIR and the
presence of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity
or having signs of electrochemical migration debris.




WOA (Succinic acid) Contamination
WOA (“J”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing with NIST-traceable standards using 5pl

doses in the gap between the parallel bare copper traces. Target levels of contamination are 10, 20, 25, 35, and 50 pg/in® and
were achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.

Table 11 -WOA (Succinic Acid) Levels (mean levels of the 5 replicas)

Mean values oG the Testing Target Value WOA of Prep Electrode WOAof the Electrode after SIR Localized Test After SIR Max Current [ Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
J1-6-110 5 6 10 10.19 9.57 Clean 180 112 0.62 Passing >1.0e8 1.02E+09
J1-10-1t0 5 10 10 10.43 9.41 Clean 180 103 0.57 Passing >1.0e8 1.07E+09
J1-50-1 to 5 50 10 10.46 9.19 Clean 180 139 0.77 Passing >1.0e8 6.91E+08
J2-6-110 5 6 20 20.36 19.15 Clean 144 115 0.81 Passing >1.0e8 1.17E+09
J2-10-1t0 5 10 20 20.33 18.89 Clean 146 250 174 Passing >1.0e8 1.26E+09
J2-50-1to 5 50 20 20.46 18.64 Clean 157 250 1.59 Passing >1.0e8 2.24E+09
J3-6-1105 6 25 26.09 24.33 Clean 136 250 1.72 Passing >1.0e8 7.90E+08
J3-10-1t0 5 10 25 26.04 24.40 Clean 148 250 1.71 Passing >1.0e8 4.99E+08
J3-50-1to 5 50 25 26.08 24.10 Clean 155 250 1.62 Passing >1.0e8 1.54E+09
J4-6-1t05 6 35 35.30 33.64 Dirty 96 250 2.62 Failing <1.0e8 2.94E+07
J4-10-1t0 5 10 35 35.83 33.96 Dirty 74 250 3.44 Failing <1.0e8 7.92E+06
J4-50-1 to 5 50 35 35.91 34.14 Dirty 68 250 3.81 Failing <1.0e8 5.36E+06
J5-6-110 5 6 50 50.76 48.38 Dirty 14 250 17.70 Failing <1.0e8 7.40E+06
J5-10-1 to 5 10 50 50.45 47.71 Dirty 15 250 17.18 Failing <1.0e8 8.49E+06
J5-50-1 to 5 50 50 50.40 45.60 Dirty 14 250 18.11 Failing <1.0e8 8.02E+06
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Figure 21 — Minimum SIR Values of the WOA Doped Samples

Group J - WOA findings of contamination levels of WOA below 25.0 pg/in? have good high SIR values and no signs of
electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 35.0 up to 50 pg/in? show low SIR and the

presence of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity

or having signs of electrochemical migration debris.




Sodium Contamination

Sodium (“K”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing with NIST-traceable standards using 5pul
doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 3, 5, 7, and 10 pg/in? and were
achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.

Table 12 -Sodium Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value Sodium of Prep Electrode Sodium after SIR Localized Test After SIR Max Current [ Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
K1-6-110 5 6 1 1.24 1.23 Clean 180 120 0.67 Passing >1.0e8 9.92E+08
K1-10-110 5 10 1 1.32 1.20 Clean 180 118 0.65 Passing >1.0e8 1.04E+09
K1-50-1 to 5 50 1 1.33 1.16 Clean 180 150 0.84 Passing >1.0e8 6.70E+08
K2-6-110 5 6 3 3.44 3.23 Clean 175 194 1.12 Passing >1.0e8 1.14E+09
K2-10-1t0 5 10 3 3.66 3.34 Clean 178 197 1.1 Passing >1.0e8 1.22E+09
K2-50-1 0 5 50 3 3.48 3.42 Clean 178 208 1.17 Passing >1.0e8 2.17E+09
K3-6-110 5 6 5 5.46 5.18 Dirty 99 250 2.53 Failing <1.0e8 2.04E+07
K3-10-1t0 5 10 5 5.49 5.31 Dirty 97 250 2.58 Failing <1.0e8 1.29E+07
K3-50-1 1o 5 50 5 5.44 5.27 Dirty 95 250 2.66 Failing <1.0e8 4.60E+07
K4-6-11t0 5 6 7 7.54 7.46 Dirty 53 250 4.74 Failing <1.0e8 4.49E+07
K4-10-11t0 5 10 7 7.58 7.40 Dirty 45 250 5.56 Failing <1.0e8 7.69E+06
K4-50-1 to 5 50 7 7.57 7.30 Dirty 45 250 5.61 Failing <1.0e8 5.57E+06
K5-6-1to 5 6 10 10.90 10.96 Dirty 20 250 13.46 Failing <1.0e8 7.69E+06
K5-10-1 to 5 10 10 10.69 10.69 Dirty 16 250 15.67 Failing <1.0e8 8.24E+06
K5-50-1 to 5 50 10 10.70 10.57 Dirty 13 250 19.74 Failing <1.0e8 7.78E+06
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Figure 22 — Minimum SIR Values of the Sodium Doped Samples

Group K - Sodium findings of contamination levels of sodium below 3.0 pg/in? have good high SIR values and no signs of

electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 5.0 up to 10 pg/in?show low SIR and the presence
of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity or having
signs of electrochemical migration debris.

Ammonium Contamination
Ammonium (“L”) ionic species were doped on electrodes at 6, 10 and 50 mil spacing with NIST-traceable standards using
5ul doses in the gap between the parallel bare copper traces. Target levels of contamination are 1, 3, 5, 7, and 10 ug/in? and
were achieved by doping the electrode spacing with 5-100 pl of a 10 ppm control standard.




Table 13 -Ammonium Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value Ammonium of Prep Electrode NH;, after SIR Localized Test After SIR Max Current [ Corrosivity Index SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uA from C3 Current/ Time SIR results SIR Minimum
L1-6-110 5 6 1 0.95 1.17 Clean 180 137 0.76 Passing >1.0e8 4.07E+09
L1-10-11t0 5 10 1 0.98 1.27 Clean 180 118 0.65 Passing >1.0e8 4.27E+09
L1-50-1 t0 5 50 1 0.94 1.17 Clean 180 117 0.65 Passing >1.0e8 2.75E+09
L2-6-110 5 6 3 2.85 3.24 Clean 174 236 1.36 Passing >1.0e8 4.68E+09
L2-10-110 5 10 3 2.74 3.30 Clean 178 198 1.11 Passing >1.0e8 5.02E+09
L2-50-1 to 5 50 3 2.75 3.41 Clean 180 189 1.05 Passing >1.0e8 8.92E+09
L3-6-1105 6 5 4.86 5.47 Dirty 98 250 2.57 Failing <1.0e8 1.79E+07
L3-10-11t0 5 10 5 4.85 5.50 Dirty 95 250 2.64 Failing <1.0e8 1.13E+07
L3-50-1t0 5 50 5 4.84 4.97 Dirty 91 250 2.76 Failing <1.0e8 4.02E+07
L4-6-110 5 6 7 6.85 7.42 Dirty 52 250 5.19 Failing <1.0e8 3.93E+07
14-10-11t0 5 10 7 6.83 7.35 Dirty 55 250 4.59 Failing <1.0e8 7.89E+06
L4-50-1t0 5 50 7 6.80 747 Dirty 58 250 4.36 Failing <1.0e8 7.04E+06
L5-6-110 5 6 10 9.82 10.38 Dirty 14 250 18.36 Failing <1.0e8 6.72E+06
L5-10-11t0 5 10 10 9.78 10.44 Dirty 15 250 16.77 Failing <1.0e8 7.37E+06
L5-50-1t0 5 50 10 9.81 10.29 Dirty 19 250 13.62 Failing <1.0e8 6.80E+06

Ammonium Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours
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Time - Measurements taken every 10 minutes for 168 hours

Figure 23 — Minimum SIR Values of the Ammonium Doped Samples

Group L - Ammonium findings of contamination levels of sodium below 3.0 ug/in? have good high SIR values and no signs
of electromigration for 6, 10 and 50 mil spacing. On the other hand levels of 5.0 up to 10 pg/in? show low SIR and the
presence of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e 8 ohms of resistivity
or having signs of electrochemical migration debris.

Conclusions

The focus of this research was to determine at what level each ionic contaminant on nominal lead spacing in electronic
hardware (IPC Class 2 and Class 3) will cause current leakage and corrosion problems to occur, using IPC J-STD 001 rev E
SIR values for a pass/fail criteria. This limit has a historical value of SIR for passing above 1.0e8 ohms of resistivity during
exposure to SIR humidity conditions of 40°C/90%RH; a 5 volt bias with monitoring every ten minutes. The below levels of
contamination correlate to good passing of SIR values for each of the individual ionic species.




A — Chloride limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

B — Bromide limit on 6, 10 and 50 mil spacing is 7.0 pg/in? to ensure good electrical performance.

C — Fluoride limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

D — Acetate limit on 6, 10 and 50 mil spacing is 5.0 pg/in? to ensure good electrical performance.

E — Formate limit on 6, 10 and 50 mil spacing is 7.0 ug/in? to ensure good electrical performance.

F — Nitrite limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

G — Nitrate limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

H — Phosphate limit on 6, 10 and 50 mil spacing is 3.0 pg/in® to ensure good electrical performance.

I — Sulfate limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

J — WOA (Succinic Acid) limit on 6, 10 and 50 mil spacing is 25.0 ug/in? to ensure good electrical performance.

K — Sodium limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

L — Ammonium limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

As noted, the subject tests showed little difference to the spacing of the electrode copper trace spacing during the 168 hours.
The results of these tests show a similar concentration failure threshold for each trace spacing of the three tested. Follow on

research will be done to show combined levels of ionic contamination and effects on sensitive active circuitry, such as
battery, clock, RF, and high impedance circuits and SIR at 6 mil spacing.
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Abstract

e |n this investigation a test matrix was completed

— Utilizing 900 electrodes (small circuit board with parallel copper traces on FR-4
with LPI soldermask at 6, 10 and 50 mil spacing):

— 12 ionic contaminants were applied in five concentrations to three different
spaced electrodes with five replicas each (three different bare copper trace
spacing / five replications of each with five levels of ionic concentration).

— The investigation was to assess the electrical response under controlled heat
and humidity conditions of the known applied contamination to electrodes,
using the IPC SIR (surface insulation resistance) J-STD 001 limits and determine
at what level of contamination and spacing the ionic / organic residue has a
failing effect on SIR.
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Introduction

Using NIST traceable standards each individual ionic contaminant was doped on the
electrode surface in a specific area and each was applied with 5ul doses until the total
desired concentration was achieved on each sample.

lon chromatography analysis of extracted samples was performed to verify the actual
inoculated concentrations prior to SIR testing.

Then each electrode was placed into test chambers and socket tested on electrodes to
collect SIR readings every 15 min with a 5 volt bias. All samples were exposed to
40° C/90%RH (non-condensing) for 168 hours with SIR monitoring.

After SIR each sample was visually inspected and was then extracted and assessed for
cleanliness. Using the IPC J-STD 001 SIR limits of values greater than 1.0e8 ohms of
resistance or better as the pass / fail criteria and then comparing the samples to the
ionic cleanliness using ion chromatography.
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lonic and Organic Residues Tested

. A — Chloride doped on 6, 10 and 50 mil spacing

. B — Bromide doped on 6, 10 and 50 mil spacing

. C — Fluoride doped on 6, 10 and 50 mil spacing

. D — Acetate doped on 6, 10 and 50 mil spacing

. E — Formate doped on 6, 10 and 50 mil spacing

. F — Nitrite doped on 6, 10 and 50 mil spacing

. G — Nitrate doped on 6, 10 and 50 mil spacing

. H — Phosphate doped on 6, 10 and 50 mil spacing
. | — Sulfate doped on 6, 10 and 50 mil spacing

. J — WOA (Succinic Acid) doped on 6, 10 and 50 mil spacing
. K — Sodium doped on 6, 10 and 50 mil spacing

. L — Ammonium doped on 6, 10 and 50 mil spacing
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Sample Preparation of Electrodes

 Sample prep of bare copper trace electrodes used for testing:

— cleaned in an inline cleaner at 1.5 ft/min belt speed with only de-ionized (DlI)
water heated to 150° F

— rinsed in circulated IPA/DI (75%/25%) in ambient conditions for 15 minutes
— air dried for 30 minutes and then baked in an oven for an hour at 80° C;

— tested prior to doping to verify that the electrodes were clean (<1.0 pg/in? of
ionic residue).

— Each electrode was doped using calibrated, air displacement, pipette volumes
of 5 ul up to 100 pl, dispensed repetitively in 5 pl applications, as required
achieving the proper concentration.
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Table 1 — lonic Contamination and
Concentration Levels

1 2 8 4 5
Chlorides Cl- 1.0 2.0 3.0 5.0 10.0
Bromides Br- 1.0 3.0 6.0 12.0 15.0
Fluoride F- 1.0 2.0 3.0 5.0 10.0
Acetate CCOO- 1.0 3.0 5.0 7.0 10.0
Formate COO- 1.0 3.0 5.0 7.0 10.0
Nitrite NO2- 1.0 3.0 5.0 7.0 10.0
Nitrate NO3-- 1.0 3.0 5.0 7.0 10.0
Phosphate PO4- 1.0 3.0 5.0 7.0 10.0
Sulfates SO4- 1.0 3.0 5.0 7.0 10.0
Weak Organic Acid WOA 10.0 20.0 25.0 35.0 50.0
Sodium Na+ 1.0 3.0 5.0 7.0 10.0
Ammonium NH4+ 1.0 3.0 5.0 7.0 10.0
Lithium* Li+ 1.0 2.0 3.0 5.0 10.0

Methane Sulfonic Acid* MSA 0.1 0.2 1.0 3.0 5.0
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Electrodes

(12) Contaminants x (5) Levels of Concentration x (5) Replications x (3) Trace Gap Spacing Test Matrix = 900 Coupons.
* Lithium, MSA and mixtures were not included in the testing due to time constraints and would be included in next phase of testing.

Figure 1 - Electrode (6 mil spacing)  Figure 2 - Electrode (10 mil spacing)  Figure 3 - Electrode (50 mil spacing)

Figure 4 - Doping Area for 6 mil  Figure 5 - Doping Area for 10 mil Figure 6 - Doping Area for 50 mil
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Doping of Electrodes

Doped Sample Prior to Drying Tray of doped Electrodes in Oven at 37° C
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SIR Testing

After the samples were doped to the
appropriate level and cleanliness
analysis was conducted on a subset
of samples before testing

All the sample electrodes were
randomized in the chamber on 12
socketed assembly boards with 12
sockets per board.

All samples were processed through
the same production humidity
chamber - ran for 168 hours at
40°C/90%RH in a non-condensing
humidity condition over 7 weeks.

APEX
=XPO

IPC
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Chloride Contamination

Table 2 - Chloride Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value | Chloride of Prep Electrode| Cl of the Electrode after SIR Localized test After SIR testing Max Current | Corrosivity Index | SIR at 40C/90%RH with 5 v 168 hrs
Spacing (mil) ug/in2 ug/in2 ug/in2 Restlts Time [ vAof current | Current/Time SIR results SIR Minimum
Al-6-1t05 6 1 11 099 Clean 180 105 0.58 Passing>1.0e8 |  1.82E+10
A1-10-1t05 10 1 1.08 0.9 Clean 180 98 0.54 Passing>1.0e8 |  8.51E+09
AL1-50-1t0 5 50 1 110 0.94 Clean 180 110 061 Passing>1.068 | 2.14E+10
A2-6-1t05 6 2 2.23 202 Clean 180 123 0.68 Passing>1.0e8 |  1.48E+09
A2-10-110 5 10 2 208 187 Clean 180 12 0.68 Passing>1.0e8 |  1.70E+09
A2-50-1t0 5 50 2 2.16 191 Clean 180 130 0.72 Passing>1.0e8 |  1.62E+09
A3-6-1t05 6 3 321 290 Clean 134 0 187 Passing>1.068 |  6.76E+09
A3-10-1t0 5 10 3 324 281 Clean 141 20 178 Passing>1.0e8 |  6.04E+09
A3-50-1t0 5 50 3 3.38 2.8 Clean 142 250 L Passing >1.0e8 3.55E+09
Ad-6-1t0 5 6 5 521 520 Dirty 112 250 2.24 Failing<.0e8 |  8.60E+06
Ad4-10-1t05 10 5 518 521 Dirty 106 20 2.3 Failing<.0e8 |  7.84E+06
A4-50-1t0 5 50 5 519 506 Dirty 101 250 248 Failing <1.0¢8 1.38E+07
A5-6-1t0 5 6 10 9.98 954 Dirty 4 250 6.0 Failing <1.0e8 1.71E+06
A5-10-1t05 10 10 1007 9.64 Dirty 36 250 6.99 Failing <1.0e8 1.20E+07
A5-50-1t0 5 50 10 10.36 9.84 Dirty 40 250 6.33 Failing<.0e8 | ~ 1.70E+07
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Chloride SIR Performance

Chloride Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours
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Time - Measurements taken every 10 minutes for 168 hours

e Group A - Chloride findings of contamination levels of 3.0 pug/in? or less have good high SIR values and no
signs of electromigration for 6, 10 and 50 mil spacing, while levels of 5 ug/in? and 10 pg/in%? show low SIR
values and the presence of dendrite shorting, which is considered failing per the IPC criteria with values
less than 1.0e 8 ohms of resistivity or signs of electrochemical migration debris.

TECH/nowledgy APERo
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Bromide Contamination

Table 3 - Bromide Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value | Bromide of Prep Electrode Br of the Electrode after SIR Localized test After SIR testing Max Current | Corrosivity Index | SR at40C/90%RH with 5 v 168 hrs

Spacing (mil) Ug/in2 Ug/in2 ug/in2 Results Time [ uAfomC3 | Current/ Time SIR results SIR Minimum
B16-1105 6 1 L2 181 Clean 180 119 0.66 Passing >1.0e8 8.71E+09
B1-10-1t05 10 1 1.26 171 Clean 180 112 0.62 Passing >1.0e8 158E+10
B1-50-1t05 50 1 1.24 1.64 Clean 180 102 0.56 Passing >1.08 6.03E+09
B26-1105 6 3 3.56 417 Clean 180 107 0.59 Passing >1.0e8 6.17E+09
B2-10-1105 10 3 3.76 440 Clean 180 125 0.70 Passing >1.0e8 2.00E+09
B250-L105 50 3 357 411 Clean 180 142 0.79 Passing >1.0e8 1.29E+09
B36-L105 6 6 6.98 733 Clean 134 250 187 Passing >1.0e8 3.80E+09
B310-1105 10 6 7.06 751 Clean 141 250 1.78 Passing >1.0e8 5.89E+09
B3-50-L105 50 6 6.95 141 Clean 142 250 L Passing >1.0e8 1.10E+09
B4-6-1105 6 12 13.00 1359 Dirty 112 250 2.24 Faiing <108 5.61E+06
B4-10-1105 10 12 1297 13.68 Dirty 106 250 2.35 Failing <1.0e8 3.54E+06
B4-50-110 5 50 12 12.85 1373 Dirty 101 250 248 Failing <1.0e8 9.10E+06
B56-L105 6 15 1701 17.62 Dirty 41 250 6.09 Failing <1.0e8 9.98E+06
B510-1105 10 15 17.00 17.88 Dirty 3 250 6.99 Faiing <108 7.75E406
B550-110 5 50 15 16.95 17.86 Dirty 40 250 6.33 Failing <1.0e8 8.50E+07
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Bromide SIR Performance

Bromide Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours —e—8r at 1.0(6mil
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Time - Measurements taken every 10 minutes for 168 hours

e Group B - Bromide findings of contamination levels of bromide below 7.0 pug/in? or less have good high SIR
values and no signs of electromigration for 6, 10 and 50 mil spacing, while levels of 5 pug/inZ and 10 pg/in?
show low SIR and the presence of dendrite shorting which is considered failing per the IPC criteria with values
less than 1.0e 8 ohms of resistivity or signs of electrochemical migration debris.
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Acetate Contamination

Table 5 -Acetate Levels (mean levels of the 5 replicas)

Mean values of the Testing TargetValue | Acetate of Prep Electrode | Acetate of the Electrode after SIR Localized Test After SR Max Current | Corrosivity Index |  SIR at 40C/90%RH with 5 v 168 hrs

Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uAfrom C3 |  Current/ Time SIR results SIR Minimum
DI-6-1105 6 1 111 118 Clean 180 110 0.61 Passing >1.0¢8 1.28E409
DI-10-1105 10 1 1.2 114 Clean 180 139 0.77 Passing >1.0e8 7.85E+08
D1-50-1105 50 1 1.03 115 Clean 180 130 0.72 Passing >1.0e8 9,60E+08
D2-6-1105 6 3 287 3.06 Clean 180 115 0.73 Passing >1.0e8 5.27E+08
D2-10-1105 10 3 3.07 3.34 Clean 180 135 091 Passing >1.0e8 1,08E+09
D2-50-10 5 50 3 292 314 Clean 180 120 0.67 Passing >1.0e8 9.65E+08
361105 6 5 512 517 Clean 180 168 1.22 Passing >1.0e8 9,88E+08
D3-10-105 10 5 516 525 Clean 180 188 1.32 Passing >1.0e8 8.81E+08
D350-1105 50 5 512 5.24 Clean 180 1 0.97 Passing >1.0¢8 9.88E+08
D4-6-1105 6 7 120 1.15 Dirty 180 250 231 Faiing <1.0e8 4,67E+06
D4-10-1105 10 7 121 1.26 Dirty 180 250 249 Failing <108 1.00E+06
D4-50-110 5 50 7 128 129 Diry 180 250 245 Failing <108 1.00E+06
D5-6-1t05 b 10 10.42 10.26 Dirty 42 250 6.40 Failing <108 1.00E+06
D5-10-1105 10 10 10.54 10.41 Dirty 49 250 528 Falling <1.0e8 1.00E+06
D5-50-110 5 50 10 9.23 10.21 Dirty 36 250 7.08 Falling <1.0e8 1.00E+06
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Acetate SIR Performance

Acetate Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours
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*  Group D - Acetate findings of contamination levels of acetate below 5.0 pg/in? or less have good high SIR
values and no signs of electromigration for 6, 10 and 50 mil spacing, while levels of 7.0 ug/in? and 10
ug/in? show low SIR and the presence of dendrite shorting which is considered failing per the IPC criteria
with values less than 1.0e 8 ohms of resistivity or signs of electrochemical migration debris.
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Formate Contamination

Table 6 -Formate Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value | Formate of Prep Electrode Formate after SR Localized Test After SR Max Current | Corrosivity Index |  SIR at 40C/90%RH with 5 v 168 hrs

Spacing (mil) ug/in2 ug/in2 ug/in2 Resuls Time uAfrom C3 |  Current/ Time SIR results SIR Minimum
El-61105 6 1 0.93 0.89 Clean 180 104 0.58 Passing >1.0¢8 9.44E+08
EL-101105 10 1 0.93 0.89 Clean 180 98 0.54 Passing >1.0e8 1.27E+09
E150-1105 50 1 0.91 0.82 Clean 180 99 0.55 Passing >1.0e8 1.24E+09
E26-1105 6 3 2.88 250 Clean 176 127 0.72 Passing >1.0e8 1.11E+09
E2101105 10 3 3.07 259 Clean 172 125 0.73 Passing >1.0e8 9,69E+08
2501105 50 3 2.76 264 Clean 156 117 0.75 Passing >1.0e8 1.27E+09
E36-1105 6 5 499 4.62 Clean 146 163 112 Passing >1.0¢8 3.49E+09
E310-1105 10 5 521 448 Clean 142 161 113 Passing >1.0¢8 1.27E+09
E3-50-1105 50 5 519 447 Clean 139 m 1.24 Passing >1.0e8 1.36E+09
E46-1105 6 7 731 6.49 Clean 144 173 1.20 Passing >1.0e8 1.27E409
E410-1105 10 7 1.26 6.47 Clean 146 183 1.21 Passing >1.0¢8 7.81E+08
E450-1105 50 7 7.33 6.31 Clean 141 196 1.39 Passing >1.0e8 1.24E+09
E56-1105 6 10 10.23 9.43 Dirty 100 250 251 Failing <1.0e8 5. 72E+06
E5-10-1105 10 10 10.34 9.50 Dirty 94 250 2.67 Falling <1.0e8 173E+07
E550-1t05 50 10 10.36 9.40 Dirty 91 250 211 Failing <1.0e8 2.35E+06




Upgrade Your

TECH nowledgy ~EXPO

IPC APEX EXPO 2015

Formate SIR Performance

Formate Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours
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1.0OE+11 §} == Form at 5.0 (50mil)
—@— Form at 7.0 (6mil)
—@— Form at 7.0 (10mil)

o 1.O0E+10 —&— Form at 7.0 (50mil)
o
E Form at 10.0 (6mil)
13
T § Form at 10.0 (10mil)
2 1.00E+09 |
k] Form at 10.0 (50mil)
w
E
5 Level 10 fail SIR

1.00E+08

1.00E+07
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*  Group E - Formate findings of contamination levels of formate below 7.0 pg/in? or less have good high SIR
values and no signs of electromigration for 6, 10 and 50 mil spacing, while levels of 10 pg/in? show low SIR
and the presence of dendrite shorting which is considered failing per the IPC criteria with values less than
1.0e 8 ohms of resistivity or signs of electrochemical migration debris.
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Phosphate Contamination

Table 9 -Phosphate Levels (mean levels of the 5 replicas)

Mean values oG the Testing Target Value Phosphate of Prep Electrode PO, after SR Localized Test After SIR Max Current | Corrosivity Index | SR at40C/90%RH with 5 v 168 hrs

Spacing (mil) ug/in2 ug/in2 ug/in2 Restlts Time uAfrom C3 |  Curent/ Time SIR results SIR Minimum
H1-6-110 5 6 1 0.92 0.85 Clean 180 98 0.55 Passing >1.0e8 1.15E+09
HL-10-1105 10 | 1.01 0.86 Clean 180 112 0.62 Passing >1.0e8 1.21E+09
H1-50-110 5 50 1 1.24 079 Clean 180 113 0.63 Passing >1.0e8 7.80E+08
H2-6-110 5 6 3 318 2.68 Clean 170 241 143 Passing >1.0e8 1.33E409
H2-10-1t0 5 10 3 321 256 Clean 168 247 148 Passing >1.0e8 1.42E409
H2-50-110 5 50 3 321 242 Clean 170 242 143 Passing >1.0e8 2.53E409
H3-6-1105 6 5 534 447 Dirty 101 250 2.49 Failing <1.08 2.48E+06
H3-10-1105 10 5 537 454 Diry 88 250 2.83 Failing <L.0¢8 1.50E+07
H3-50-Lt0 5 50 5 5.39 444 Dirty 93 250 2.10 Faiing <L.0e8 3.24E407
H4-6-L105 6 7 725 6.49 Diry 47 250 543 Failing <1.0e8 5.56E+06
H4-10-110 5 10 7 132 6.54 Diry 51 250 498 Falling <1.0e8 8.95E406
HA-50-110 5 50 7 7.36 6.38 Diry 51 250 501 Failing <L.0¢8 6.05E+06
H5-6-110 5 6 10 1119 10.29 Diry i 250 16.89 Falling <1.0e8 3.20E406
H5-10-L10 5 10 10 10.40 9.53 Diry 14 250 18.36 Failing <1.0e8 9.59E+06
H5-50-1 10 5 50 10 10.53 9.07 Dirty 18 250 1447 Failing <1.0e8 9.06E:+06
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Phosphate SIR Performance

Phosphate Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours

=== P04 at 1.0 (6mil)
—8—P04 at 1.0 (10mil)

1.00E+13 | PO4 at 1.0 (50mil)

] PO4 at 3.0 (6mil)
L —8=— P04 at 3.0 (10mil)
1.00E+12 o —8— P04 at 3.0 (50mil)

i —8—P04 at 5.0 (6mil)

‘ == P04 at 5.0 (10mil)
1.00E+11 =@ P04 at 5.0 (50mil)
—@— P04 at 7.0 (6mil)
—®—P04 at 7.0 (10mil)

1.00E+10

[
{ —8—P04 at 7.0 (50mil)
{
|

P04 at 10.0 (6mil)

PO4 at 10.0 (10mil)
PO4 at 10.0 (50mil)

L00E+08 :"' M" et gy LoVl 5 7 and 10fil SIR
I he EWji

1.00E+07

1.00E+09 §

ohms of resistance

1.00E+06
IPC SIR Limit of 1e8 ohms of resistance

1.00E+05

e Group H - Phosphate findings of contamination levels of phosphate below 3.0 pg/in? or less have good
high SIR values and no signs of electromigration for 6, 10 and 50 mil spacing, while levels of 5.0 up to 10
ug/in? show low SIR and the presence of dendrite shorting which is considered failing per the IPC criteria
with values less than 1.0e 8 ohms of resistivity or signs of electrochemical migration debris.
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Sulfate Contamination

Table 10 -Sulfate Levels (mean levels of the 5 replicas)

Mean values of the Testing TargetValue | Sulfate of Prep Electrode S0, of the Electrode after SR Localized Test After SR Max Current | Corrosivity Index | SR at 40C/90%RH with 5 v 168 hrs

Spacing (mil) ug/in2 ug/in2 ug/in2 ResLlts Time uAfom C3 |  Current/ Time SIR results SIR Minimum
11-6-110 5 6 1 093 0.19 Clean 180 127 071 Passing >1.0e8 1.81E+09
1-10-L10 5 10 1 091 0.68 Clean 180 9% 0.53 Passing >1.0¢8 2.07E409
1-50-110 5 50 1 092 0.76 Clean 180 170 0.96 Passing >1.0¢8 1.31E+09
61105 6 3 2.10 2.21 Clean m 29 1.35 Passing >1.0¢8 2.10E+09
R-10-1105 10 3 2.56 2.36 Clean 172 24 1.25 Passing >1.0e8 2.20E409
2-50-110 5 50 3 2.39 2.66 Clean 172 240 1.40 Passing >1.0e8 3.95E+09
361105 b 5 5.16 450 Dirty 104 250 242 Faling <1.0e8 3T2E407
3101105 10 5 5.08 4.35 Dirty 97 250 2.58 Faling <1.0e8 2.35E407
350-L10 5 50 5 5.32 4.35 Dirty 102 250 247 Faling <1.0e8 5.07E407
61105 b T 1.30 6.42 Dirty 50 250 5.12 Faiing <1.0e8 5.19E407
101105 10 1 733 6.40 Dirty 45 250 563 Failing <1.0e8 LA0E+07
W-50-L10 5 50 T 1.36 6.41 Dirty 58 250 434 Faiing <L.0e8 0.46E+06
561105 6 10 10.33 9.57 Dirty 29 250 8.97 Failing <1.0e8 140E+07
B-10-1105 10 10 10.42 9.46 Dirty 22 250 1151 Failing <1.0e8 150407
B-50-110 5 50 10 10.35 941 Dirty 19 250 13.23 Failing <1.0e8 142E+07
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Sulfate SIR Performance

Sulfate Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours

—8—504 at 1.0 (6mil)
—8—504 at 1.0 (10mil)
1006113 S04 at 1.0 (50mil)
{ 504 at 3.0 (6mil)
5[ —8—504 at 3.0 (10mil)
—8—504 at 3.0 (50mil)
—e—504 at 5.0 (6mil)
—6—:504 at 5.0 (10mil)
—8—504 at 5.0 (50mil)
—8—504 at 7.0 (6mil)
——504 at 7.0 (10mil)
—e—504 at 7.0 (50mil)
S04 at 10.0 (6mil)
ﬁ S04 at 10.0 (10mil)

1.00E+12

1.00E+11

l
1.00E+10
{
{

1.00E+09 |
S04 at 10.0 (50mil)

I FFW Levels 5, 7 and 10fail SIR
'k m‘:ﬁum-m

ohms of resistance

1.00E+07
1.00E+06
IPC SIR Limit of 1e8 ohms of resistance
1.00E+05
HOG’!WF‘-#W‘PMNHOQ’}WF\WW OO @~V T Moo O @D
MW Mo mMmMOUaO NS N~NOMWO HN OO ANN WA TH~NOAN W@
o NN NN MmN N S ST OO OO D

Time - Measurements takeng‘;v?ryml

e Group | - Sulfate findings of contamination levels of sulfate below 3.0 pg/in? or less have good high SIR
values and no signs of electromigration for 6, 10 and 50 mil spacing, while levels of 5.0 up to 10 pg/in?
show low SIR and the presence of dendrite shorting which is considered failing per the IPC criteria with
values less than 1.0e 8 ohms of resistivity or signs of electrochemical migration debris.
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WOA (Succinic acid)

Table 11-WOA (Succinic Acid) Levels (mean levels of the 5 replicas)

Mean values oG the Testing Target Value WOA of Prep Electrode WOAof the Electroe after SR Localized Test Ateer SR Max Current | Corrosivity Index | SIR at40C/90%RH with 5 v 168 hrs

Spacing (mil ugfin2 ugfin2 ug/in2 Results Time | uAfomC3 [ Current/ Time SR results SR Minimum
J161105 6 10 10.19 9.57 Clean 180 112 0.62 Passing >1.0e8 L02E+09
J110-1105 10 10 1043 941 Clean 180 103 0.57 Passing >1.0e8 LOTE+09
JL50-110 5 50 10 10.46 9.19 Clean 180 139 0.1 Passing >1.0e8 6.91E+08
1261105 ) 20 20.36 19.15 Clean 144 115 081 Passing >1.0e8 LITE+09
3210105 10 20 2033 18.89 Clean 146 250 174 Passing >1.0e8 1.26E+09
J2:50-110 5 50 20 2046 18.64 Clean 157 250 159 Passing >1.08 2.24E+09
1361105 6 25 26.09 24.33 Clean 136 250 1 Passing >1.0¢8 7.90E+08
33101105 10 Pk 26.04 24.40 Clean 148 250 1 Passing >1.0e8 4.99E408
J3:50-1105 50 % 26.08 24.10 Clean 155 250 162 Passing >1.08 1.54E+09
J6-1105 b 3 35.30 33.64 Dirty % 250 262 Faiing <1.08 24E407
4101105 10 3 3583 33.96 Dirty 14 250 344 Failing <1.0¢8 7.92E406
JA50-110 5 50 3 3591 34.14 Dirly 68 250 381 Faiing <1.0e8 5.36E+06
3561105 6 50 50.76 48.38 Dirty 14 250 17,70 Failing <1.0e8 7.40E+06
J5-10-1105 10 50 5045 4111 Dirty 15 250 1718 Faiing <1.0¢8 8.49E+06
J5-50-110 5 50 50 5040 45,60 Dirly 14 250 18.11 Faiing <1.0e8 8.02E406
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WOA SIR Performance

WOA (succinic acid) Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours

—&—WOA at 10 (6mil)
——WOA at 10 (10mil)

l‘OOE+13
WOA at 10 (50mil)

4[ WOA at 20 (6mil)

1.00E+12 == WOA at 20 (10mil)

—&—WOA at 20 (50mil)
—8—WOA at 25 (6mil)

1.00E+11 ‘
—&—WOA at 25 (10mil)
i

{
1
i —8—WOA at 25 (50mil)
[

1.00E+10 | —8—WOA at 35 (6mil)

L3 1
£ ‘ ' —8—WOA at 35 (10mil)
k] ]
7 1 —&—W0A at 35 (50mil)
z 1.00E+09 |} ]
6 WOA at 50.0 (6mil)
"
_g { { WOA at 50.0 (10mil)
1.00E+08 ;
aaiaii® %99 | Levels 35 and 50 fail SIR
1
'b Il
1.00E+07 (- -q__;
1.00E+06
IPC SIR Limit of 1e8 ohms of resistance
1.00E+05
— o O O~ g NN g YNNI
Mmoo FOoOMNMOUOOANTHROMNOIOINLLWNAMNMOOANLWL 0T~ WU ®
SN NN NS ST NGN OO OONRNNROROOO OO
Time - Measurements taken every 10 minutes for 168 hours

*  GrouplJ - WOA findings of contamination levels of WOA below 25.0 pg/in? or less have good high SIR
values and no signs of electromigration for 6, 10 and 50 mil spacing, while levels of 35.0 up to 50 pg/in
show low SIR and the presence of dendrite shorting which is considered failing per the IPC criteria with
values less than 1.0e 8 ohms of resistivity or signs of electrochemical migration debris.
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Sodium Contamination

Table 12 -Sodium Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value | Sodium of Prep Electrode Sodium after SR Localized Test After SR Max Current | Corrosivity Index |  SIR at 40C/90%RH with 5 v 168 hrs

Spacing (mil) ug/in2 ug/in2 ug/in2 Results Time uAfom C3 [ Current/ Time SIR results SIR Minimum
K1-6-L105 6 1 1.24 1.23 Clean 180 120 0.67 Passing >1.0e8 9.92E+08
K1-10-1105 10 1 132 120 Clean 180 118 0.65 Passing >1.0e8 1.04E+09
KL-50-L105 50 1 1.33 1.16 Clean 180 150 084 Passing >1.0e8 6.70E+08
K2-6-1105 6 3 344 3.23 Clean 175 194 112 Passing >1.0¢8 1.14E+09
K2-10-1105 10 3 3.66 3.34 Clean 178 197 1 Passing >1.0¢8 1.22E409
K2-50-110 5 50 3 348 342 Clean 178 208 117 Passing >1.0e8 2.17E+09
K3-6-L105 6 5 546 518 Dirty 99 250 2.53 Faling <L.08 204407
K3-10-1105 10 5 549 531 Dirty 97 250 2.58 Faling <L.08 1.29E407
K3-50-110 5 50 5 544 521 Dirty 9 250 2.66 Failing <1.0e8 4.60E+07
K&-6-1105 b 1 754 146 Dirty 53 250 474 Faiing <1.08 4.49E+07
K4-10-110 5 10 li 758 140 Dirty 45 250 5.56 Failing <1.0e8 7.69E+06
K4-50-110 5 50 I 157 1.30 Dirty 45 250 5.61 Faling <1.0e8 5.57E+06
K5-6-1105 6 10 10.90 10.96 Dirty 20 250 13.46 Failing <1.0e8 7.69E+06
K5-10-1t0 5 10 10 10.69 10.69 Dirty 16 250 15.67 Faling <1.0e8 8.24E406
K5-50-1t0 5 50 10 10.70 10.57 Dirty 13 250 19.74 Failing <1.0e8 1.78E+06
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Sodium SIR Performance

Sodium Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours

—8— Na at 1.0 (6mil)
—8— Na at 1.0 (10mil)

1.00E+13 Na at 1.0 (50mil)
‘lf Na at 3.0 (6mil)
1 —&— Na at 3.0 (10mil)
1.00e+12 ¢ —&— Na at 3.0 (50mil)
i —@— Na at 5.0 (6mil)
—@— Na at 5.0 (10mil)
1.00E+11 i —8— Na at 5.0 (50mil)
; —&8— Na at 7.0 (6mil)
1 —@— Na at 7.0 (10mil)
o LO0EF10 i —8— Na at 7.0 (50mil)
& | Na at 10.0 (6mil)
7 ; ; ; . : Na at 10.0 (10mil
g L00£+09 + B o, — =R 2t 10.0(10miD
s 5 Na at 10.0 (50mil)
g !
5 I Levels 5, 7 and 10 fail SIR
— L!" ..f' ) A P .f' ﬁ' ﬁﬁ'
1"} ‘ 1
ﬁﬂ,—hm rorPar h*'h*"h-"-'
1.00E+07
1.00E+06
IPC SIR Limit of 1e8 ohms of resistance
1.00E+05

228N IANESeRERATON
MmN W - FMoOoMUAATROMO AN L
HH A AN AN N T T T 0N

e

Time - Measurements taken every 1

Group K - Sodium findings of contamination levels of sodium below 3.0 pg/in? or less have good high SIR values
and no signs of electromigration for 6, 10 and 50 mil spacing, while levels of 5.0 up to 10 pg/in? show low SIR
and the presence of dendrite shorting which is considered failing per the IPC criteria with values less than 1.0e
8 ohms of resistivity or signs of electrochemical migration debris.
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Ammonium Contamination

Table 13 -Ammonium Levels (mean levels of the 5 replicas)

Mean values of the Testing Target Value Ammanium of Prep Electiode NH, after SR Localized Test After SR Max Current | Corrosivity Index | SR at 40C/90%RH with 5 v 168 hrs

Spacing (mil ugfin2 ugfin2 ugfin2 Results Time | uAfromC3 | Curent/ Time SRR results SIR Minimum
1161105 b | 0.95 L1 Clean 180 137 0.76 Passing >1.0¢8 4.07E409
L1101t 5 10 1 0.98 127 Clean 180 118 0.65 Passing >1.0e8 4.27E409
L1501 105 50 1 0.94 117 Clean 180 17 0.65 Passing >1.0e8 2.T5E+09
1261105 b 3 285 32 Clean 174 236 1.36 Passing >1.0e8 4,68E+09
(2101105 10 3 214 330 Clean 178 198 11 Passing >1.0e8 5.02E409
[2-50-1105 50 3 215 341 Clean 180 189 1.05 Passing >1.0e8 8.92E409
1361105 b 5 4.86 547 Dirly 9% 250 257 Failing <1.0¢8 LT9E+07
13-10-1105 10 5 485 550 Dirty 9 250 264 Falling <1.068 L13E407
1350-1105 50 5 484 497 Dirty 91 250 276 Falling <1.068 4.00E407
L46-1105 b 1 6.85 142 Dirty 5 250 5.19 Failing <1.0e8 3.93E407
L4-10-1105 10 1 6.83 1.3 Dirty 9% 250 459 Failing <.0e8 7.89E+06
L450-1105 50 1 6.80 147 Dirty 58 250 436 Failing <1.0e8 7.04E406
1561105 6 10 9.82 10.38 Dirty 14 250 18.36 Falling <1.068 6.12E406
15-10-110 5 10 10 9.78 10.44 Dirty 15 250 16,77 Falling <1.068 1.37E406
15-50-L105 50 10 9.81 10.29 Dirty 19 250 1362 Failing <1.0¢8 6.80E406
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Ammonium SIR Performance

Ammonium Minimum SIR values for all Doped Levels and Spacing
at 40C/90% RH using 5 volt bias for 168 hours

=== NH4 at 1.0 (6mil)

1.00E+14 =@=NH4 at 1.0 (10mil)
NH4 at 1.0 (50mil)

NH4 at 3.0 (6mil)

L00EHS —8— NH4 at 3.0 (10mil)
He ——NH4 at 3.0 (50mil)

|
1.00E+12 )

—8— NH4 at 5.0 (6mil)
—=8—NH4 at 5.0 (10mil)
—8— NH4 at 5.0 (50mil)

1.00E+11 § —8—NH4 at 7.0 (6mil)
. : —&— NH4 at 7.0 (10mil)
I; 1.00E+10 | —8—NH4 at 7.0 (50mil)
0
-E { NH4 at 10.0 (6mil)
% { NH4 at 10.0 (10mil)
E 1.00E+09 ! NH4 at 10.0 (50mil)
g "

S k‘i Ik‘l L‘I “ “' A A '.L‘.lm._, Levels 5, 7 and 10 fail SIR

Al Aah A ()

. CRIEr BE e eremie "

1.00E+06
IPC SIR Limit of 1e8 ohms of resistance
1.00E+05
Hommmgmﬁ-mm\—«ommr\wm#mwv—commr\mmﬁ-mw\—«omwr\
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Time - Measurements taken every 10 minutes for 168 hours

*  GroupL-Ammonium findings of contamination levels of sodium below 3.0 pg/in? or less have good high
SIR values and no signs of electromigration for 6, 10 and 50 mil spacing, while levels of 5.0 up to 10 pg/in?
show low SIR and the presence of dendrite shorting which is considered failing per the IPC criteria with
values less than 1.0e 8 ohms of resistivity or signs of electrochemical migration debris.
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* The focus of this research was to determine at what level each ionic contaminant on
nominal lead spacing in electronic hardware (IPC Class 2 and Class 3) will cause current

leakage and corrosion problems to occur, using the IPC J-STD 001 rev E SIR for a pass
fail criteria.

* This limit has a historical value of SIR for passing above 1.0e8 ohms of resistivity during
exposure to SIR humidity conditions of 40°C/90%RH; a 5 volt bias; monitoring every
ten minutes.

* The below levels of contamination correlate to good passing SIR values for each of the
individual ionic species.

Figure 10- Post SIR Chloride Sample
@ 5.0 pg/in? Showing Dendrites
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A — Chloride limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

B — Bromide limit on 6, 10 and 50 mil spacing is 7.0 ug/in? to ensure good electrical performance.
C - Fluoride limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.
D — Acetate limit on 6, 10 and 50 mil spacing is 5.0 pg/in? to ensure good electrical performance.
E — Formate limit on 6, 10 and 50 mil spacing is 7.0 pg/in? to ensure good electrical performance.
F — Nitrite limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.
G — Nitrate limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.
H - Phosphate limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.
| - Sulfate limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

J—WOA (Succinic Acid) limit on 6, 10 and 50 mil spacing is 25.0 pg/in? to ensure good electrical performance.
K - Sodium limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

L- Ammonium limit on 6, 10 and 50 mil spacing is 3.0 pg/in? to ensure good electrical performance.

As noted, the subjected tests showed little difference to spacing of the electrode copper trace spacing during the
168 hours.

The results of these tests show a similar concentration failure threshold for each trace spacing of the three tested.
Follow on research is to show combined levels of ionic contamination and effects on sensitive active circuitry, such
as battery, clock, RF, and high impedance circuits and SIR at 6 mil spacing.
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