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- ACCELERATED RELIABILITY TESTING -
-- ProStar and SunSaver Controllers: July 1997 --

1. Objective

Development HALT (Highly Accelerated Life Testing) is an intensive process to
uncover design and manufacturing weaknesses in an electronic product. The test
units are subjected to progressively higher stress levels by extreme temperature
transitions, vibration, and combined environments. The intent is to stress the product
well beyond normal operating conditions and determine the operating and destruct
limits of the product.

As each failure occurs, the failure is repaired so testing can continue to higher stress
levels. This allows a sequence of failures to occur up to the extreme stress limits.

The ultimate goal is to determine the root cause of each failure, and then correct each
failure mode. This process can allow the product to reach the fundamental limit of its
technology. This will dramatically reduce failures in the field due to aging or other
stressful operating conditions.

2. Test Procedure

ProStar and Sun Saver controllers were tested by QualMark Corporation in July 1997.
A Morningstar engineer was present to repair failures and support the testing. Sandia
National Labs also provided support for this testing.

Before beginning the HALT testing, four controllers were subjected to HAST testing.
The HAST process is a relatively new test program, and it creates a high-temperature,
high-pressure and high-humidity environment in a QualMark test chamber. Two
ProStars and two SunSavers were placed in the chamber and powered up without
loads for 200 hours.

For the HALT testing, three ProStar controllers and two SunSaver controllers were
tested. To find the operating and destruct limits of the ProStar and SunSaver designs,
four groups of tests were done. These tests included the following:

Thermal Step Stress
Rapid Thermal Transitions
Vibration Step Stress
Combined Environment

Each controller on test was operated under load. The PV input was connected to a dc
power supply at 13.5 volts, and the output was loaded between 2 and 10 amps.
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Each ProStar was subjected to 3 of the 4 HALT tests, and each SunSaver was
subjected to all 4 tests.

3. HAST Test

The test units are stressed to failure in an accelerated time under the following
conditions:

110°C temperature

85% relative humidity

1.20 atmospheric pressure
200 hours duration

HAST testing duplicates failure modes that result from the standard 85/85 testing, but
the tests take far less time.

Overall the test controllers performed very well, with 3 of the 4 units still functional
after the test. Although some components cracked or failed, this was expected. While
the bare board assemblies only suffered minor damage, the value of the conformal
coating protection was evident.

4. Thermal Step Stress Test

Each test controller was subjected to cold thermal steps by decreasing the
temperature from +20°C to -100°C in 10°C increments. The hot thermal steps range
from +40°C to +120°C with the same increments. The controllers were operated
through a full functional test sequence at each temperature.

The controllers passed each temperature step with the following exceptions or
comments:

ProStar ProStar-LCD SunSaver
- 60°C pass fail’ pass
-100°C pass fail® pass
+ 60°C pass® pass pass
+100°C pass fail* pass
+120°C pass fail® pass

1 - The LCD display was not visible

2 - The LCD meter amplifier became unstable

3 - The ProStar overtemperature protection circuit was manually disabled to continue
the tests



4 - The LCD Display was not legible
5 - The LCD driver was damaged

5. Rapid Thermal Transition Test

Each controller was subjected to 5 rapid temperature cycles from -100°C to +100°C.
The rate of temperature change was 65°C per minute (i.e. 200° temperature change in
3 minutes). The units remained at each temperature extreme for 10 minutes.

All of the test units passed with no problems or comments with one exception. The
exception was a ProStar meter unit that failed after the 4th cycle to +100°C when the
red disconnect button case softened and stuck in the disconnect position during the
function test check. The button released and continued to function normally during the
next cold cycle.

6. Vibration Step Stress Test

Each controller was subjected to vibration steps that began at 5 Grms and increased
in 5 Grms increments up to 50 Grms. Each vibration step was continued for 10
minutes. All testing was done at 20°C. Vibration was applied in 6 axes (rotational /
directional).

The SunSaver units passed all the tests with no problems. The ProStar units passed
without problem up to 50 Grms. At 50 Grms the following failures occurred:

e 2 ProStar units had FET leads break
e 1 ProStar LCD capacitor had a lead break

The 50 G forces imposed on the controllers were at the limit of the test equipment.

7. Combined Environment Test

After completing the tests above, each unit was finally subjected to rapid temperature
cycles from -100°C to + 100°C combined with vibration. The thermal transitions were
very fast (3 minutes), and at the end of each thermal cycle the vibration was increased
by 10 Grms for a 10 minute interval.

This resulted in 6 thermal cycles, each with a 200°C temperature range, and vibration
levels increasing from 10 Grms up to 50 Grms.

There were some additional FET and capacitor failures on the ProStar. The SunSaver
passed all the tests.

8. Summary

The SunSaver and ProStar controllers (both first generation designs) passed the
HAST and HALT testing with remarkable success. The test results far exceeded the
best expectations of Morningstar.



The controller models as tested (i.e., before any design modifications or
improvements) were given the following Operating and Destruct Limits by QualMark:

ProStar SunSaver
Operating Limits: -50°C (LCD) <-100°C

-90°C (no LCD)

+95°C >+120°C

45 Grms > 50 Grms
Destruct Limits: <-100°C <-100°C

+120°C > +120°C

50 Grms > 50 Grms

The "<" and ">" signs indicate that the rating exceeds the limits of the test setup and

equipment.

Some basic design upgrades will significantly extend the operating limits of the
ProStar controllers. The purpose of this HAST/HALT testing is to identify areas of the
design that can be modified to increase the limits of the device. Morningstar will
address the following areas for the second generation ProStar design:

Replace leaded parts with surface mount parts

Modify the LCD meter circuit (an upgraded and more simple
meter circuit design has been in progress)

Upgrade the red disconnect button

Replace the battery select pin with a rotary switch (one pin was
damaged in the vibration testing, and this replacement had
already been identified)

Upgrade the calibration process (the HAST testing caused a small
drift, and upgraded methods of calibration have been identified)

Morningstar's goal is to expand the operating and destruct limits of the company's
products with continuous design improvements. Even though the first generation
designs provided very high limits, expanding these limits will further reduce the effects
of aging and ensure very high reliability margins over a long period of time.
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