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It is desirable for component manufactures to perform hipot on multiple components at once.  Many 
testers today come equipped with the ability to connect to a scanner/Matrix or may even have one 
built in.  Although the tester has the ability to connect to multiple components, and allows for voltage 
to be applied to multiple components at once, the tester does not have the ability to determine which 
component has failed unless each component is tested individually. 

 

Testing individually in a sequence versus all at once can reduce throughput significantly.  One 
manufacture wanted to know if their product fails, will the tester detect the failure if testing multiple 
components at once, or could the other parts “mask” the failed product.  This application note 
investigates this inquiry. 

 
Case 1: Component is purely resistive 
The leakage current will increase proportionally to the number of components being tested.   
For example a part which is tested at 1200V and leakage is 1mA, has an impedance of 1.2Mohm.  
Testing was performed at 1200V using a 1Mohm resistor. 
 

# of “parts” tested  Total Current Real Current 

1 1.2mA 1.2mA 

2 2.4mA 2.4mA 

3 3.65mA 3.65mA 

4 4.87mA 4.88mA 

Table 1: Results testing 1Mohm at 1200V 
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These results make sense as ohms law holds true: V=IR for one part 1200/1M = 1.2mA.   
When testing multiple parts the parts are in parallel so the impendence is: 
1/[(1/1M)+(1/1M)+(1/1M)+(1/1M)]= 1/0.00004 = 250,000 or 250kohm.   
Apply ohms law: 1200/250,000 = .0048 or 4.8mA 
 
If a part was to have low impedance (low insulation), the same formulas apply.  For instance if one part 
had an impedance of 500kohm instead of 1M, the overall impedance of the four parts would be 
1/[(1/1M)+(1/1M)+(1/1M)+(1/500k)]=200kohm.  
Using ohms law the calculated leakage current is 1200/200,000 = .006 or 6mA 
 
Obviously 6mA is greater than 4.8mA so a high limit could be set to detect a defective part.  Parts would 
need to be consistent for this method to be reliable. 
 

Case 2: Component is capacitive 
Once again the leakage current will increase proportionally to the number of parts being tested.  For 
example, loads of 470pF were used and the calculated impedance is 5.6Mohm (1/(2*pi*f*c)).   
Apply ohms law: 1200V/5.6M = .21mA.   
 
Results in Table 2 show that one part had a leakage current of .28mA (note the value of the capacitor 
may vary).  Note the real current (resistive current) is very low. 
  

# of “parts” tested Total Current Real Current 

1 0.28mA 0.02mA 

2 0.52mA 0.03mA 

3 0.76mA 0.04mA 

4 1.02mA 0.05mA 

Table 2: Results testing 470pF at 1200V 

If a part was to have low impedance the same formulas as case 1 would apply.  If parts are consistent in 
makeup (total vs. real current), applying the proper limits would detect a bad part. 
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Case 3: Cartridge Heater 
As with the resistor and capacitor the heater will also increase in leakage current proportionately to the 
number of heaters being tested.  Testing was performed using 3 “good” heaters. 

 
# of “parts” tested Total Current Real Current 

1 0.11mA 0.02mA 

2 0.21mA 0.02mA 

3 0.29mA 0.02mA 

Table 3: Results testing cartridge heaters 

The results show the heaters are predominately capacitive.  Using ohms law the calculated impedance 
of the heater is approximately 10Gohm.  Since a “bad” heater was not available, one of the heaters was 
replaced with a 20Mohm resistor to act as a heater with low insulation properties. 

# of “parts” tested Total Current Real Current 

2 heaters & 1 20M 0.22mA 0.08mA 

Table 4: Results testing with 2 heaters and one resistor simultaneous 

Table 4 shows that the leakage current is similar to that of testing good heaters, the Real Current has 
increased because the third part is a pure resistor, however looking at the total current, a part with 
poor insulation may not be detected.  Testing was repeated to measure the leakage of each part and 
the insulation of each part. 

Part tested Total Current Real Current 

Heater 1 0.11mA 0.02mA 

Heater 2 0.11mA 0.02mA 

20 Meg resistor 0.07mA 0.07mA 

Part tested Resistance  

Heater 1 2.2Gohm NA 

Heater 2 1.6Gohm NA 

20 Meg resistor 20Mohm NA 

Table 5: Testing Breakdown 



Application Note 

© Chroma Systems Solutions, Inc.  Page 5 of 7 

 

Results in Table 5 show that the total leakage current of the 20 M resistor will not produce a failure.  
However looking at the insulation resistance it is quite obvious that the “third part” has low insulation.  
The Real Current also detects the change in insulation and is represented by the higher current value. 

Since a resistor alone is not comparable to a cartridge heater, testing was repeated using a 470pF 
capacitor in parallel with a 20Mohm resistor to represent a “bad” heater.  Testing was repeated at 
1200V.  The results are shown in Table 6. 

Part tested Total Current Real Current 

Cap and resistor 0.34mA 0.12mA 

Heater 1 0.11mA 0.02mA 

Heater 2 0.11mA 0.02mA 

All parts together 0.52mA 0.12mA 

Part tested Resistance  

Cap and resistor 20Mohm NA 

Heater 1 1.79Gohm NA 

Heater 2 3.02Gohm NA 

All parts together 19.7Mohm NA 

Table 6: Results using Cap and Result to simulate heater 

The results in Table 6 show that the higher leakage with the capacitor and heater can be detected.  
However, given the capacitance value used, the impedance of this simulated heater is much lower than 
that of a good heater; which very well may be representative of that of a bad heater. 
 
Table 3 shows testing three good heaters the leakage current was 0.29mA so a reasonable limit may be 
0.3mA.  The model using a resistor and capacitor to simulate a bad heater shows the failure would be 
detected by hipot alone.  Performing an Insulation Resistance test in conjunction with Hipot will 
certainly safeguard from any anomalies and will detect a low insulated part. 
 
The test results in each table use a low insulated part as the faulty component.  If there is complete 
breakdown in insulation, the hipot test will fail for any of the cases; leakage will exceed the tester’s 
capability. 
 
Testing multiple components simultaneously provides a significant time savings for parts which 
have  high yields.  For components with many failures, sorting the faulty parts from the good can be 
time consuming and may outweigh the savings of simultaneous testing. 
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Chroma’s 19035 Series Wound Component EST Scanner contains a sub step function to help determine 
the faulty component(s).  The tester has built-in logic. If the test passes, the tester will indicate a pass. If 
the test fails it continues to a “sub” step of tests where each component can be tested individually.  
Figure 1 shows the test path of a programmed sub step test. 

Result = Pass Yes
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Test Complete

 

Figure 1: Sub Step Logic 

Figure2 shows a simple test programmed with Sub step.  The Main test perform 1000V AC Hipot 
applied to Channel 1 – 7 of the scanner.  If this test fails, Step 1.A will execute; as shown in the 
lower right corner, Channel 1 is now only being used.  A sample test could have 8 sub steps to cover 
all channels. 



Application Note 

© Chroma Systems Solutions, Inc.  Page 7 of 7 

 

 

Figure 2: Sample Sub Step Program 

In conclusion, testing multiple components at once will speed up the testing process if individual data is 
not necessary.  Narrowing down any failed components can be done with logic such as Sub Step.  To 
learn more about Sub Step or about Chroma’s line of Hipot and Electrical Safety Testers, contact us at 
(949) 297-4848. 

 

 

 

 

 


