ATE Fixture Preventive Maintenance


The focus of this article is to describe a technique that we have started using at Radisys to perform preventive maintenance of our HP3070 ATE fixtures.  Specifically this article only addresses the aspect of probe maintenance.  Probe maintenance refers to the replacement of probes in the fixture that have become degraded.  Although this is specific to HP3070 ATE fixtures the general concept could be applied to other ATE systems/fixtures as well.

REASONS FOR PROBE DEGRADATION


In a pristine controlled environment a probe could last for 1 million cycles before failure.  However, in manufacturing use there are a number of factors that contribute to the degradation of probes.  Typically this degradation is seen as an increase in resistance of either the probe or the contact between the probe and the board under test  

· Contamination:  Dust, flux and other contamination found in a manufacturing environment can degrade the probe.  This contamination can either affect the internals of the probe or affect the probe tip.

· Probe wear:  Side forces affecting the probe during its travel can cause an uneven wear of the probe that could eventually deform the probe resulting in a friction force that reduces the working force of the probe.  With less working force the probe will not be as effective in penetrating through oxide layers on pcb testpoints.

REASONS FOR PERFORMING MAINTENANCE


The main reason for doing fixture maintenance or probe replacement, is to maximize the productivity of the test process.  As probes begin to degrade the rate of false test failures will increase.  These false failures will either require time spent retesting the failing boards, time spent on debugging the failures or time spent debugging the fixture or tests.  In some cases the result may be that the tolerance of a test is adjusted to the point that the effectiveness of a test is reduced.  In other cases a test might become disabled if it is not immediately clear that the cause of the failures are contact problems resulting from degraded probes.  Time spent performing a controlled maintenance of the fixture can result in an overall increase of productivity and result in higher quality tests.

METHODS OF FIXTURE MAINTENANCE


One method used to maintain ATE fixtures is to replace all the probes in the fixture after a certain cycle count has been reached.  While this is an effective means of fixture maintenance it has some disadvantages.  Due to various factors, all the probes in a fixture do not degrade at the same rate.  When changing all the probes in a fixture at the same time there will be many probes that are replaced prematurely and could have lasted much longer.  On the other hand there will be probes that should have been replaced long before the maintenance cycle came up.  In some cases the probes that fail prematurely will cause false failures during testing. 


Another method of fixture maintenance it the concept of waiting until it breaks and then fixing it.  Maintaining a fixture based on its cycle count is only practical for high volume manufacturing.  In a low volume manufacturing environment, a fixture may not have enough volume run across it to justify setting up a maintenance interval based on cycle count.  In this case other factors besides cycle count may have more of an impact on probe life, such as probe contamination.  In this environment fixture maintenance may become a daily battle of getting boards to pass, which over time could result in lower quality tests.

RADISYS FIXTURE MAINTENANCE


At Radisys, we have developed a method to deal with the problem of fixture maintenance in a low volume, high mix environment.  This method would also be beneficial to a high volume low mix environment by the reduction of fixture maintenance costs.  The method we are using is to develop a unique test for each fixture that will report probes that are measuring above a specified resistance threshold.  This turns the task of fixture maintenance into controlled process.  When a probe fails, the location of the failing probe along with a reference to the testhead interface pin is reported making it a simple matter of resolving the problem.


Our preventive maintenance tests involve the use of a shorting plate.  The resistance between various probes is measured with simple resistor tests.   Sets of 3 probes in the fixture that are wired to each module of the HP3070 are designated as common probes.  These are selected to be on different channels to avoid multiplexing conflicts.  The individual resistance of each probe plus the wiring resistance is calculated by measuring resistance between the common probes and solving the simultaneous equations.  The rest of probes wired to a particular module would be tested with a resistor test using the particular probe in combination with one of the common probes depending on the multiplexing.  The common probe resistance is subtracted from the measured value to obtain the approximate value of the probe resistance.  If the calculated value is higher than a specified threshold than the part is failed and an error message is printed with the failing information.  A key to using this method is software to automate the process of generating a preventive maintenance test.  We have developed software that takes a few fixturing files as input and produces all the necessary files for this test.  Another key to the success of this maintenance method is obtaining quality shorting plates.  Currently we are using solder plated copper clad boards.  We expect over time for these to wear out and will likely need replacing.  After repeated fixture cycling the probes will eventually start penetrating through the copper cladding into the printed circuit board substrate resulting in poor contact.  There are many options that can be explored in selecting the best material for use in shorting plates.  Some items of consideration would be cost, conductivity and reliability.

MODELING OF FIXTURING RESISTANCE


There are many factors that combine in the overall resistance between the board under test and the testhead circuitry.  These are illustrated below.  

· Rft - Resistance between the fixture and the testhead.  This is mainly affected by the contact resistance between the testhead “mint” pins and the fixture “personality” pins and the resistance through the mint pin.  The testhead mint pins is a large waffle type pin and can collect contamination causing contact problems.  Additionally due to the nature of the air flow through the 3070 testhead contamination can build up within the testhead “mint” pin.

· Rw - Resistance of the wiring within the fixture.  This is affected by the length and size of the wire and by the quality of the wire wrap connection.

· Rp - Internal resistance of the probe.

· Rpb - Contact resistance between the probe and the board under test.

· Rb - Resistance between probes on the shorting plate.  This is related to the separation of the probes and the quality of the shorting plate.





To make the fixture maintenance process practical, this model has been greatly simplified lumping all factors in the board to testhead resistance into 1 element.  This assumes that the probe resistance and probe contact resistance contribute the most to the overall resistance with all other factors being negligible.  It is not possible to isolate the individual items that contribute to the overall resistance. 


Below is a simplified model of the fixture resistance.  This is the model that is used to determine the resistance of the common probes.  Once the resistance of the common probes is known the resistance of other probes can be estimated by subtracting the resistance of the common probe from the resistance seen between the combination of a common probe and the probe under test.




· R1_common = (R_3_1 + R_1_2 - R_2_3)/2

· R2_common = R_1_2 - R1_common

· R3_common = R_3_1 - R1_common




In addition to using this method for performing maintenance of fixtures we are also planning a similar technique to verify the HP3070 testhead mint pins.  This would involve a specific fixture, which would be nothing more than a shorting plate attached to a frame and a test to check each of the resource pins on the testhead.
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