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Evervy product Storage Technology develops is cvaluated utilizing broad
cnvironmental stress conditions. Developing wide operating margins helps cnsure the
robustmess and long term reliability ol the product. The processes we use are Highly
Accelerated Life Test (HALT) and Highly Accelerated Stress Screens (IHASS). Advanced
Manufacturing Engineering also unlizes an enhancement on HALT evaluations thev call
Stress Margin And Robustness Test (SMART) in which involves noise injection and
frequency margining under stress conditions for individual circuit boards. In this paper we
would like to give a short guideline on the basic process evaluations of IIALT and ESS at
Storage Technoiogy.

First. there are a few ground rules that need to be followed for production
environmental stress screens. It is very important that the screen must not use up significant
fatigue life of the product. It can not induce flaws. The screen should not reject product
because of intermittent test results. due to applying environmental stresses too close to the
operating limits. It shouid not be a test specification. The screen is developed to stress the
product. based on observed stress limits ot the product as measured, not pre-determined
before design. Most products when built without defects or design flaws will generally
have robust margins capable of developing and withstanding an effective screen.
Specifving a predetermined environmental stress level to design engineering adds
ummecessary costs and becomes a specification. Having a predetermined environmental
stress specification would limit the development of a good screen for the assembly, as a
good screen must be based on the products capability to withstand the stresses, not a
generic specification.

There are many considerations to screening PWAs, card cages. and finished box
level systems. Each forms a major category in regards to the test fixtures and screen being
applied. Within each category the methods tend to be very similar yet it is very important to
understand that every product is unique. No one screen is applicable to all products. Even
the same generic tvpes. such as power supplies. may each require entirely different screens.

A good screen requires the product be powered on, operating and significant
interfaces monitored. Generally a good thermal screen is run with at least 100°C
temperature differential. If the system is unable to operate at the high or low temperature
peaks. a screen may need to be run in the non-operating mode. Although there are
reasonable thermal limits that some electro-mechanical assemblies cannot be operated at,
such as a tapertape head interface, low margins should be examined very carefully to
identify the limiting components. It should be determined that the thermal limits are
reasonable and that they are the fundamental limits of the technology.



A screen is not a process that is created and the limits set and lefl forever. [tis a
dvnamic process that needs 1o be monitored frequently  for its cffectiveness and. il
necessary. changed to meet product improvements. {cedback from iailure analvsis and ficld
failure information. Varialions in operaung margins change during the producton life of a
product. EC changes. component vendor changes, and manutacturing changes can affect
the product margins. and consequently. the safe screening parameisrs dramatically. Over
time a product under screen should be re-evaluated under the HALT process 1o reconfirm
the product limits. If the product margins have deteriorated. the stress screen may have 1o
be temporarilv lowered to safe limits to avoid injecting flaws into the product. The
problems shouid be fixed and the screen levels returned to normal as soon as possible.

During the HALT process it is very important that each failure be analvzed to root
cause. [t must be determine that the failure was cither a latent defect or caused be excessive
screen stress. A determimation can be made then whether there is enough margm 1n the
failing system or additional design changes need to be made for product improvement. This
is best done with cross functonal rcpresentatives from design, test and manufacturing
engineermg areas.

The stimuli of thermal and vibration are each unique in the resulting response of the
product and effects on components. In order to have a better understanding of the effects of
cach stimuli they should be developed separately and then combined for increased
throughput in manufacturing and increased precipitating conditions. The levels of thermal
and vibration should be the highest possible without damaging the product. Also screens
should utilize the shortest thermal soak time to provide a shorter cycle time for
manufacturing. Highly Accelerated Stress Screens (HASS), those that are used at
StorageTek. can reduce the overall cycle time by precipitating defects normally found in a
long bumn-in process. This has been confirmed in many of our ESS processes. The method
that is used to verify that good hardware is not damaged by the screen is through the Proof-
of-Screen (POS) process. A POS is done by subjecting the a minimum of 3 units to 10 to
20 more cycles of the ESS regime and verifying that the applied stress has not had a
significant impact on useful life of the product screened.

The development of an ESS process begins with a Highly Accelerated Life Test
(HALT). Almost all of the parameters used in the ESS manufacturing operations are
determined from the data derived from the HALT test. HALT testing establishes the upper
and lower thermal operating limits, upper vibration operating limits and the destruct limits
for thermal and vibration. Additionally, if voltage margm testing is done the upper and
lower voltage operating limits can be established. In the early prototype stages the
information found in HALT is fed back to engineering to indicate any problems found and
to improve the design before the product is put into manufacturing. Many costly design
weaknesses have been eliminated from StorageTek products, long before they go into
manufacturing, through the HALT process. HALT testing is generally done in the early
stages of product development. but it is also useful to evaiuate the product periodically
throughout its life as the product is subjected to changes in vendor componemts and
engineermg changes.

The basic flow chart for the HALT development process is
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