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1. Synopsis: In today’s high reliability electronics industry, the demand on the performance of the electronic devices

and their components is ever increasing.

This paper aims at analyzing and confirming the reliability performance of copper coils in an inductor. The Paper

focuses on conditions for electrical and visual failure, experimental results and also on suggestions to mitigate the

failure.

2. Introduction:

Inductor is one of the core components of the high end crystal oscillator and the performance of this component is

very critical for achieving frequency stability specification.

So, it was decided to study the reliability performance of the inductor component. Various tests (thermal, electrical

and mechanical) are possible to explore the reliability aspects of an inductor. However, Damp Heat test and High

Temperature Storage test were chosen as indicative reliability tests since the high-end crystal oscillators normally

operate at high temperatures typically around 75-105degrees celcius(C).

i) Damp Heat test/Humidity (steady state): MIL standard 202 Method 103

ii) High temperature storage test/Life at ambient temperature: MIL standard 202 Method 108

Objective of these tests was to observe any electrical or visual failures on inductors. 

3. Experiment Details:

3a. Damp heat test: 85 degree C, 85% RH for 240 hours 

Test pattern: Random samples of 10 numbers each from 3 different types of inductors were randomly selected 

and kept inside the test chamber as shown in figure 1. 

Measurements:  The inductance values of samples were measured after 240 hours. Measured inductances are 

presented in table 1. 

Test results: It was observed that measurements of inductors were within the specification mentioned by 

manufacturer and shown in table 1. Close observations were made for any visual abnormalities like whiskers and 

other anomalies. Whiskers/foreign debris were not evident on inductor and is shown in figure 2. 
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Figure 1: Damp heat test chamber 



   Table 1: Measurements of inductances before and after damp heat test 

 3b.   High temperature storage test: at 140 degree for 1000hours 

Test pattern: Random samples of 24 inductors from same type (3.9uH nominal value) were taken and mounted 

on a test board through reflow process as shown in figure 3. The board was then subjected to 140degree C inside 

an oven as shown in figure 4.  

Note: 140 degree C temperature was chosen for the test as this was the maximum ambient temperature specified in 

manufacturer’s datasheet for this inductor type. This test was performed by inductor manufacturer at their facility 

with our inputs.  

Measurements: Electrical parameters were measured at intervals of 300 hours, 650 hours and 1000 hours. Close 

observations were made for any visual abnormalities like whiskers and other anomalies. 

Figure 3: Samples of 24 inductors on test board 
Figure 4: Inductors kept inside the oven 

Figure 2: No visual abnormalities on inductor 
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Test results: 

Measured inductances (L) and resistances (DCR) of samples were within the specification mentioned by 

manufacturer. Measured electrical values at different intervals are presented in table 2. 

Whiskers/foreign debris were not evident on inductors. However epoxy cracks were observed on the plastic    cap 

of inductors meant for pick and place as shown in figure 5. 

3c. High temperature storage test at 140 degree C for 1000hours in hermetically sealed environment. 

The earlier 2 experiments were performed in the open environment in which the inductors were not enclosed. So it 

was further decided to perform the reliability test in an enclosed environment to simulate the nearest working 

environment of the device housing this inductor. 

   Figure 5: Visual appearance of Inductors after completion of 1000 hours test 

Table 2: Electrical measurements before and after high temperature storage test at 140 degree for 1000hours 
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In this regard, high temperature storage test at 140 degree C for 1000hours was chosen as an indicative reliability 

test since the earlier damp heat experiment did not show any impact of humidity on the inductors visually or 

electrically. 

Test pattern: Random samples of 10 bare inductors each were kept inside 3 test devices in a hermetically sealed 

environment and subjected to high temperature storage test at 140 degree C for 1000hours as shown in figure 6. 

Note: Test devices shown are not exactly the working devices but only consisted of the mechanical packaging and 

PCBs of the device. There were no electronic components in the test devices. Inductor samples were not even 

soldered onto the PCB to avoid any impact of solder paste on the inductors. 

Measurements: As before, the inductance values were measured at different intervals namely 350hrs, 650hrs and 

1000hrs by unloading one device each at every interval. 

Test results: 

After 350 hrs: First test device was unloaded and decanned. No visual abnormalities like whiskers were noticed 

and inductance measured within specification in all 10 inductors.  

After 650hours: Second test device was unloaded. All the 10 inductors inside exhibited growth of whiskers and 

enamel coating on copper coils were found disturbed or compromised as shown in figure 7.  

So, third test device was also unloaded and decanned after 650 hours. Totally, 8 out of 20 inductors measured from 

test devices 2 and 3 failed in inductance values and whiskers noticed in all 20 inductors as shown in figure 7.  

Note: The test was not continued for 1000hours as the whiskers and electrical failures were evident after 650 

hours itself. 

Figure 6: Test devices housing 10 bare inductors each inside 
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 Figure7: Whiskers on the copper coils after completion of 650 hours of test at 140 degree 



    3d. Additional tests to validate failure conditions: 

 As we noticed whiskers as well as inductance failures in the test performed as described in 3c, it was decided to 

conduct 2 more experiments using the similar test conditions of 3c test but at lesser temperatures namely 100 

degree and 110 degree. 

These tests were planned to evaluate whether the temperature plays any significant role in the development of 

whiskers or in electrical failures in a hermetically sealed environment. 

3d(i). High temperature storage test at 100 degree C for 1000hrs: 

Test pattern: Random samples of 10 bare inductors each kept inside 3 test devices in hermetically sealed

condition as in figure 7 were subjected to high temperature storage test at 100 degree C for 1000hrs.  

Measurements: The inductance values of samples were measured at different intervals namely 500hrs, 650hrs and 

1000hrs by unloading one device each at every interval. 

Test results: Measurements of inductances are presented in table 3. No inductance failures noticed and visual 

abnormalities were NOT evident in the inductors even after completion of 1000hours. See figure 8. 

3d(ii). High temperature storage test at 110 degree for 1000hrs: 

Test pattern: As in test 3d(i), random samples of 10 bare inductors each kept inside 3 test devices in hermetically

sealed condition as in figure 7 were subjected to high temperature storage test at 110 degree C for 1000hrs. 

Measurements: The inductance values of samples measured at different intervals namely 500hrs, 650hrs and 

1000hrs by unloading one device each at every interval. 

Test results: Measurements of inductances are presented in table 3. No inductance failures noticed and visual 

abnormalities were NOT evident in the inductors even after completion of 1000hours. See figure 9. 
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Figure 8: Inductors at 100 deg C after 1000hours Figure 9: Inductors at 110 deg C after 1000hours 



4. Note: Inductor Sample 10 marked in Table 3 couldn't be measured due to winding damage due to handling.

results of EDX/SEM are presented in figure 11.

Figure 10:  Electrically failed samples observed with growth of whiskers on copper oils 

Table 4: Inductors at 110 deg C after 1000hours 
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Table 3: Inductors at 100 deg C after 1000hours



Summary of SEM/EDX analysis results: 

 Elevated levels of C and O detected during EDX analysis and lack of any other metallic residues except copper

(Cu) show that the whiskers are organic in nature. See SEM analysis 1 from figure11. Copper peaks detected in the

EDX spectrum were from the inductor copper coils.

 Wire insulation on the bottom turns of inductor samples analyzed found to be compromised and exposed copper

underneath. See SEM analysis 2 of figure 11.

 Chlorine levels were found to be elevated in the damage insulation areas. See SEM analysis 3 of figure 11.

5. Conclusion:

 Based on test results from 3a, 3b, 3c, 3d(i) and 3d(ii), it is evident that growth of whiskers on inductor coils is

possible when inductor component is subjected to a temperature of 140 degree C for about 650 hours in a

hermetically sealed environment.

 From SEM/EDX evaluation results of observed whiskers, it is evident that the whiskers are organic in nature.

 In summary, development of whiskers observed on copper coils of inductor which eventually resulted in electrical

failure was caused by the wire insulation becoming brittle or fibrous and getting detached from the wire when the

inductors were exposed to the conditions of 140 degree for 1000hours in a hermetically sealed environment.

Figure 11: EDX /SEM analysis of 2 failed samples observed with copper whiskers 
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SEM/EDX analysis for failed samples with whiskers on copper coils 



6. Suggestions to mitigate the development of whiskers and electrical failure:

 By avoiding or reducing the use of materials containing chlorine and other harmful halogens when the inductor is

exposed to high temperature in a hermetically sealed environment.

 By customizing the inductors such that it withstands the possible harmful effects of materials used inside the

device when it is operating at high temperature in a hermetically sealed environment.
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