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Figure 1: Typical Test Program
UUT State
Test Name Input V Output 1 Output 2 Output 3
Ramp Up Set Input V
Setup test Conditions Set Load Set Load Set Load
Input Current Read |
Output Voltage 1 Read V
Output Voltage 2 Read V
Output Voltage 3 Read V
Efficiency Read | & V Read | & V Read | & V Read | & V
Line Regulation OP 1 Set Line Low Read V
Set Line High Read V
Line Regulation OP 2 Set Line Low Read V
Set Line High Read V
Line Regulation OP 3 Set Line Low Read V
Set Line High Read V
Load Regulation OP 1 Set Load Set Load Set Load
Read V
Load Regulation OP 2 Set Load Set Load Set Load
Read V
Load Regulation OP 3 Set Load Set Load Set Load

Figure 1 shows a typical test programme for a three-output AC/DC converter, including input current,
voltage, efficiency, line regulation and load regulation tests. It shows clearly the duplication of
measurements typical of traditional test programming. For example, the efficiency test repeats
measurements already made for the output voltage and input current tests.

Figure 2 shows the changes in state of the power supply unit during the test. Every time the state is
changed, the test programme has to wait for the unit to settle before measurements can be taken.

Figure 2 UUT State Changes
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Intepro’s new test concept eliminat  es this duplication of measurement using a series of ‘acquire’ tests
to measure and store all the values required for the test programme. Each measurement is performed
only once, and the power supply unit passes through each state change only once. The measured
values are then made available to a series of evaluation tests which calculate the required results such as
output voltage, load regulation, line regulation, efficiency and so on.

As an example of the test time savings achievable with this approach, consider a line regulation test on a
DC-DC converter power supply with multiple outputs:

e Line regulation = abs(V, — V4) x 1000
Where:

V, = output voltage at maximum input voltage
V4 = output voltage at minimum input voltage
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Under the traditional approach, each set of measurements would have to be made for each output, at
line-high (maximum input voltage) and line-low (minimum input voltage) settings.

e Test time = (source settling time + PSU settling time + measurement time) x 2 x no outputs

Using the new concept, the low line level is set and the output voltages are measured, then the high line
level is set and the outputs are measured again.

e Test time = (source settling time + PSU settling time) x 2 + (measurement time x 2 x no outputs)

If the source settling time is 20ms, PSU settling time is 25ms and measurement time is 20ms (for
example), then for a five output power supply, the time to carry out the line regulation is reduced from
650ms to 290ms by using this method. This is a test time saving of more than 40%.

Note: Further test time savings can be made by using the method described above to measure the
maximum and minimum input voltages and store the results in memory for reference by other tests in the
programme.

Minimising PSU settling times

As demonstrated above, eliminating duplication of measurement means that duplication of the associated
settling times is also eliminated. Figure 3 shows the changes in state of the power supply unit during the
test using the new concept. This alone has a significant impact on the total test time, but it can be further
improved by reducing to a minimum the amount of time allowed by the programme for settling of the PSU.

Figure 3 UUT State Changes
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Traditionally, ATE test software allowed a predefined, fixed amount of time for the PSU to settle following
a state change, before making a measurement. The settling times allowed were based on experience
and gave a sensible margin. No measurement was made until after the allotted time. Neither was the
settling time allowed related to measurement resolution.

Intepro’s new test concept  reduces the time allowed for settling to its absolute limit for each individual
measurement. A programming loop is used to constantly verify the actual state of the power supply.

Figure 4: Fixed delay before measurement vs. looping technique
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As soon as the unit is sufficiently settled to allow the measurement to be made with statistical certainty,
according to the resolution as defined by the programme (see Measurement speed below), the
measurement is implemented. This not only reduces the time allowed in the test for settling, but also
improves the accuracy and reliability of the test results.

Figure 4 represents the settling process for a typical DC-DC converter. Conventional ATE methods
require an arbitrary fixed time delay before a measurement is taken. By implementing a loop technique to
verify the UUT status, the delay can be reduced to an absolute minimum. By reducing the time allowed
for settling in this way, significant savings on overall test times can be made.

Program development

In a discussion like this, it is worth remembering that a major factor governing test times in any test
environment is the quality of the test programme as developed by the engineer. The ATE software can
only make tools available. In practice the skill and expertise of the test engineer to interpret the test
specification is paramount.

Time spent generating the programme must be weighed against test time, in the light of production
volumes and available resources. For example, test times may be reduced by making sure the test
programme requires no operator decisions. Decisions take time, and carry a risk of error. Extra
programming time spent creating a series of simple, clear instruction screens can save significant
amounts of test time in the long run. These could include a virtual start button to invoke the next test
programme, for example, or a built-in bar code reader for automatic identification of serial numbers.

Measurement speed

Resolution

ATE software which gives the test engineer / programmer full control of measurement resolution of the
hardware allows further reduction of test times.

There are significant speed advantages to be gained in selecting the most appropriate measurement
resolution, according to the test specification. The lower the resolution required, the faster the DVM
measurement is made. For example, if tolerances on auxiliary outputs are wider than those on the main
output, then a lower resolution may be acceptable for auxiliary measurements. The test time savings to
be made may be considerable. Test time for a two-output DC-DC converter from one of Intepro’s
customers was reduced by 119ms, by optimisation of measurement times alone. This result was typical
of those looked at in research.

Scanning

A single, multi-measurement module helps to increase test speed by eliminating the time required to scan
between separate measurement instruments. Where a single module performs four functions - ripple &
noise, voltage, resistance and interval timing measurements, for example - signal conditioning and
switching time is reduced by 75%.

Parallel measurement

There is some confusion amongst manufactures of test equipment, and their customers, about the term
parallel measurement in this context. It is clear that the ability of the ATE to take more than one
measurement at a time will improve test speed. However, the term is frequently used to cover a variety of
concepts, some of which have more impact on overall test times than others.

The only measurements that can be performed truly ‘in parallel’ on a single output are ripple & noise and
DC output voltage, as these are the only two which require a similar PSU state. Since these are the most
time consuming of all PSU measurement operations - requiring averaging of repeated measurements - the
potential test time savings are worth considering.



