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Abstract: HALT & HASS technology uses a combination of accelerated stresses to expose product flaws early in the design
and manufacturing stages (often at board level), improving product reliability and customer confidence. HALT & HASS will
be defined and compared to traditional compliance testing to a pre-written test standard. We will discuss why companies are
using HALT & HASS and finding success. The basic steps of HALT & HASS testing will be covered along with some
examples of types of defects that can be precipitated and detected during HALT testing.

HALT & HASS is used to uncover many of the weak links inherent to the design and fabrication process of a new product as
well as during the production phase to find manufacturing defects that could cause product failures in the field. The types of
HALT & HASS chambers available in the market along with the equipment capabilities will be reviewed along with how they
used for detection of flaws in design, making the product more rugged and reliable. These capabilities are key to precipitation
and detection of product defects.

Introduction: HALT (Highly Accelerated Life Tests) is a method aimed at discovering and then improving weak links in the
product in the design phase. HASS (Highly Accelerated Stress Screens) is a means of finding and fixing process flaws during
production. Both techniques use stresses far beyond the normal operating condition. The process uses discovery testing in
which problems are found by testing to failure using accelerated stress conditions. HALT is a discovery test as opposed to a
compliance test. The goal is to find problems, remove them and improve the product making it more robust.

HALT is an acronym for Highly Accelerated Life Tests that was coined Dr. Gregg Hobbs in 1988 after having used the term
"Design Ruggedization™ for 18 years. In these tests, every stimulus of potential value is used to find the weak links in the design
and fabrication processes of a product during the design phase. These stimuli may include vibration, thermal cycling, burn-in,
voltage, humidity, and whatever else will expose relevant weaknesses (including stresses that will not occur in the real world if
they generate real world failure modes). The stresses are not meant to simulate the field environments at all but to find the weak
links in the design and processes using only a few units and in a very short period of time. The stresses are stepped up to well
beyond the expected field environment in order to obtain time compression in finding design weaknesses. HALT has, on many
occasions, provided substantial (5 to 1000 times) MTBF gains. Even when used without production screening it has reduced the
time to market substantially and also reduced the total development costs.

HASS is an acronym for Highly Accelerated Stress Screens. HASS uses accelerated stresses (beyond product specifications and
as determined appropriate by earlier HALT testing) in order to detect product defects in manufacturing production screens.
The accelerated stresses of the HASS program shorten the time to failure of defective units and therefore shorten the corrective
action time and the number of units built with similar flaws. Many issues caused by process changes after HALT screening
were previously seen only as early life failures in the field. With an appropriate HASS implementation, these defects can now
be detected and corrected prior to shipment.

HASS is generally not recommended unless a comprehensive HALT has been performed, since without HALT, fundamental
design limitations and flaws will restrict stress levels that can be applied in the HASS process. HASS can generate significant
savings in screening costs as less equipment (shakers, chambers, monitoring systems, power and liquid nitrogen) is necessary
due to time compression in the screening process. As with HALT, HASS is discovery testing as compared to compliance
testing.

The HALT Process:

In HALT, every stimulus of potential value (temperature, all-axis vibration, humidity, UV, radiation, etc.) can be used under
accelerated test conditions during the development phase of a product to find the weak links in the design and fabrication
processes. Accelerated stresses in combination (e.g. high-temperature ramp rates and all-axis vibration levels together) are
necessary to compress or minimize the time to failure. Once again this method is aimed at discovering and then improving
weak links in a product during the design phase. This is a discovery test with the goal to find problems.



The chart below shows where design flaws were discovered during the HALT process and why all-axis vibration is
important.*
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Figure 1. Defect by Test Type
* Chuck Laurenson, Parker Hannifin

Therefore, 74% of the flaws would have been missed without simultaneous, all axis vibration

By stressing the product beyond its design specification, operational and destruct limits can be determined, and decisions can
be made on how to increase these margins. Each weak link provides an opportunity to improve the design or the processes,
which will lead to reduced design time, increased reliability, and decreased costs. Used properly, HALT compresses this
design cycle while providing a significantly more reliable and mature product at introduction. Studies have shown that a six-
month advantage in product introduction can result in a lifetime profit increase of up to 50% for the market mover.!

Basis Steps in HALT/HASS Detection Process:

Precipitation means to change a defect which is latent or undetectable to one that is patent or detectable. A poor solder joint is
such an example. When latent, it is probably not detectable electrically unless it is extremely poor. The process of precipitation
will transpose the flaw to one that is detectable, that is, cracked. The stresses used for the transformation may be vibration
combined with thermal cycling and perhaps electrical overstress. Precipitation is usually accomplished in HALT or in a
precipitation screen.

Detection means to determine that a fault exists. After precipitation by whatever means, it may become patent, that is,
detectable. Just because it is patent does not mean that it will actually be detected as it must first be put into a detectable state.
Assuming that we actually put the fault into a detectable state and that the built-in test or external test setup can detect the
fault, we can then proceed to the most difficult step, which is failure analysis.

Failure analysis means to determine why the failure occurred. In the case of the solder joint, we need to determine why the
joint failed. If doing HALT, the failed joint could be due to a design flaw; that is, an extreme stress at the joint due to vibration
or possibly due to a poor match of thermal expansion coefficients. When doing HASS, the design is assumed to be satisfactory
(which may not be true if changes have occurred) and in that case, the solder joint was probably defective. In what manner it
was defective and why it was defective needs to be determined in sufficient detail to perform the next step, which is corrective
action.

Corrective action means to change the design or processes as appropriate so that the failure will not occur again. This step is
absolutely essential for success. In fact, corrective action is the main purpose of performing HALT or HASS. One of the major
mistakes happening in the industry is that manufacturers “do HALT” and discover weaknesses and then dismiss them as due to
overstress conditions. It is true that the failures occurred sooner than they would in the field, due to the overstress conditions,
but they would have eventually occurred in the field at lower stress levels.

Verification of corrective action needs to be accomplished to determine that the product is really fixed and that the flaw that
caused the problem is no longer present. The fix could be ineffective or there could be other problems causing the anomaly
that are not yet fixed. Additionally, another fault could be induced by operations on the product, and this necessitates a repeat



of the conditions that prompted the fault to be evident. One method of testing a fix during the HALT stage is to perform
HALT again and determine that the product is at least as robust as it was before and it should be somewhat better. If in the
HASS stage, performing HASS again on the product is in order. If the flaw is correctly fixed, then the same failure should not
occur again.

The last step of the six is to put the lesson learned into a database from which one can extract valuable knowledge whenever a
similar event occurs again. Companies that practice correct HALT and utilize a well- kept database soon become very adept at
designing and building very robust products with the commensurate high reliability. *

Comparing HALT and HASS chambers:

Figure 2. HALT/HASS Chamber Figure 3. HALT Testing

There are many factors that need to be considered when evaluating a HALT chamber purchase. One of the first obvious
criteria is to look at a size which will handle the size of your DUT. Other factors to consider are the high and low vibration
limits of the chamber, and the characterization of the table (how well is the vibration distributed). A safety door interlock
system should be in place to prevent the door from being open when liquid nitrogen is flowing into the chamber. It would also
be useful to have multiple cable ports for any connections you need to make to your DUT, and front and rear doors on the
larger size units. You will also want to check out the nitrogen and compressed air usage along with their sound levels.

With liquid nitrogen being the cooling media predominantly used in HALT testing, you need to consider how many tests you
will be running per day, per month, to try to get a handle on the amount of Liquid nitrogen that will be required (you do not
want to run out during the middle of a test.). You can then contact a local gas supplier to find out what is the most cost
effective solution to choose. If you currently have a source of liquid nitrogen in your facility, you will need to find out where
it is located and where you plan to locate your chamber. Running the vacuum jacketed connection lines from the source to the
chamber is very expensive (estimates at approximately $200/running foot). It is also a good idea to put an oxygen sensor in
your lab, in the event that too much nitrogen is escaping into the lab.

An ideal situation is to be able to run your DUT on a chamber before you make a purchase decision. Many chamber
manufactures will have a chamber available for your use and | would suggest that you take them up on their offer. This will
also give you an opportunity to determine what fixtures will be necessary. They can also guide you through the first steps in
setting up your HALT test.

Using fixturing that does not transmit the stress to the product under test can be a problem because sufficient levels of stress

never reach the product. Three examples are:

1. Using a vibration fixture that will not transmit the frequencies associated with critical modes of vibration of the product
under test or isolates the mid-and high-ranges.

2. Using a thermal fixture that does not transmit the conditioned air to the product such that the product can be rapidly
changed in temperature over a broad range.

3. Using electrical overstress and having some circuitry such as the lightning arrestor circuitry bleed off the high voltage
before it gets to the internal circuits.

If the stress does not get to the product, then nothing has been accomplished. 2



The basic steps of HALT

Determination of operational and destruct limits for temperature and vibration is an important part of HALT. Some companies
do not test to destruction due to the high costs of test units (like aerospace products). Some engineers incorrectly think that
HALT only consists of determining operational and destruct limits. However operation margins are important indicators of
product robustness, and therefore reliability. The figure below shows the operating and destruct levels relative to the product
specification.
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Figure 4. Operating & Destruct Limits

Usually the starting point for HALT testing is to begin with each stress being applied separately, in a step-like fashion and
then in combination. IPC-9592A Requirements for Power Conversion Devices for the Computer and Telecommunication
Industries makes the same recommendation. A typical progression of HALT would be:

e Cold Thermal Step Stress (see chart below from IPC-9592A)

e Hot Thermal Step Stress
Rapid Thermal Shock Stress
Vibration Step Stress
Combined Thermal and Vibration Stress
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Figure 5. Low Temp Test Graph



You may also uncover some intermittent failures that the traditional HALT method may not uncover. Experience has shown
that modulated six-axis vibration combined with slow temperature changes have exposed many flaws that could not be found
any other way. Modern HALT and HASS equipment will easily do the modulation and it increases detection efficiency by at
least a factor of ten or more in many cases. It has been repeatedly demonstrated that patent defects could not be found until
the Modulated Excitation was done. Many times, 100% of the patent defects cannot be found without it. This is especially
true for cracked plated through-hole solder joints and cracked surface mount solder joints. Very low vibration levels are

important if not essential.’

Since HALT and HASS may identify failure modes using “unrepresentative” stress conditions, it is easy for engineers to
ignore important product improvement opportunities. Corrective action should also be verified, which may require a re-HALT
to verify that a problem has indeed been solved (and that new problems were not introduced).’

Summary: Every weakness found in HALT offers an opportunity for improvement. Large margins translate into high
reliability and that can result in improved profit margins. Today, HALT is required on an ever-increasing number of
commercial and military programs. Many of the leading companies are using HALT and HASS techniques successfully;
however, most of the leaders are being quiet about it because of the phenomenal improvements in reliability and vast cost
savings attained. The basic philosophy is, "find the weak spots however we can and then make them more robust."

Correct application of the techniques is essential to success and there are many incorrect sources of information on the
techniques today. Consistently, completely and correctly used HALT and HASS always works to the benefit of the
manufacturer and to the benefit of the end user. A typical return on investment for the techniques was 1,000:1 some 20 years
ago and, with the improved techniques and much better equipment available today, we can do much better. This is why the
real leaders do not publish.*

G.K. Hobbs, Accelerated Reliability Engineering: HALT & HASS, Hobbs Engineering, 2005

2G.K. Hobbs, “Pitfalls to avoid in HALT and HASS”, 2007

*A. Barnard, “The Ten things You Should Know about HALT & HASS, 2012 IEEE

-IPC-9592A Requirements for Power Conversion Devices for the Computer and Telecommunications Industries, 2010
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The Technology

HALT (Highly Accelerated Life Tests) uses
accelerated test methods applying stresses
significantly higher than the field
environments to expose and then improve
design and process weaknesses. These
proactive techniques are designed to
Improve product quality, not simply to
measure reliability or comply with a spec.

HASS (Highly Accelerated Stress Screen)
uses accelerated stresses (at levels
determined by HALT testing) in order to
detect product defects in manufacturing
production screens.
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Why pa—
HALT and HASS ($$$

Decrease Costs &
Increase Profitability

« Design time and cost reduced
« Qualification or DVT assured
« Time to market shortened

* Product reliability increased

« Warranty costs decreased

BETTER, FASTER, AND CHEAPER!



Cost of Fixing a Design Defect

INFORMATION that INSPIRES INNODVATION

The Cost of Falling to Correct
Problems Until “Later”

$35 during design

$177 before procurement
$368 before production
$17,000 before shipment
$690,000 on customer site

Savings Factor
19,712:1
3,898:1
1,875:1
41:1
1:1

From EuroPACE Quality Forum , Horoshi Hamada, President, Ricoh
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The Additional Cost of Fallures

* For every customer that complains, 26 remain silent
« Average ‘wronged” customer tells 8 to 16 people

* 91% of unhappy customers will never buy again from
the offending company

 |If efforts are made to remedy the complaints, 90% will
stay with the company

* |t costs at least 5 times as much to attract a new
customer as to retain an old one

Technical Research Programs, Washington, DC
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- HALT
Highly Accelerated Life Test

* Discovery test to rapidly find weaknesses using
accelerated stress conditions.
» Find a weakness...
» Improve the weakness...
» Find another weakness...
» Improve that weakness...
» Continue until:

v’ There are no identifiable weaknesses that could cause field
failures: or

v"Remaining weaknesses are not cost-effective to resolve
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HASS

Highly Accelerated Stress Screen

e Screening process to expose latent defects in
components and assemblies.

« Used during production to ensure ongoing product
guality and reliability

« To be effective, screening must be customized to the
product under test

« Safety of screen insures sufficient life remains for end
user requirements.
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The Basic Steps in HALT and HASS

* Precipitation

« Detection

* Failure Analysis

Corrective Action

Verification of Corrective Action

Enter data into a data base

Analyze field failures. What happened?
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Precipitation and Detection

* Precipitation screens are run to compress time in
damage accumulation and may be above some product
operating limits. The goal is to create all relevant failure
modes as quickly as possible.

« Detection screens within the operating limits are run to
detect what has failed in the precipitation screens.

» Low vibration levels expose many precipitated defects that are
not observable at high vibration levels!
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Using the HALT Diagrarh
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Equipment Selection

* Proper selection is critical to success.

« All product stresses must exceed those in the field for a
true HALT.

« The stressing equipment should be able to perform
automatically and manually and easily switch back and
forth in modes of operation to facilitate the 7 step
process.

« Equipment efficiency will strongly affect operating
costs.

« “Try before you buy” Most vendors will give you the
opportunity to run your product on a HALT chamber
prior to your making the decision.



RFQ Considerations

Size of product(s) to be tested determines table size.

Weight of product(s) determines table spring requirements (rare
Instance where larger springs required).

Power and compressed air requirements (specified on data
sheets and quotes for each model).

Liquid nitrogen requirements. Smaller units will run on dewars. A
typical HALT test will use 3-5 dewars over a week. Larger units
may require tank for optimal performance or for convenience &

continual ongoing use. Tank recommended for HASS testing.
http://www.airproducts.com/company/company-overview/worldwide-locations.aspx

Any local safety or installation regulations that would
affect manufacturing or operation of the chamber.

INFORMATION that INSPIRES INNODVATION
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HALT & HASS Install Considerations

Main Power — 480V- 60 Hz or 400V- 50Hz (As specified)

LN2 Connections
— 20 1to 50 psi

— Standard insulated LN2 line
« 20 ft or less preferred

— Vacuum Jacketed lines for longer lengths
« Very expensive but will receive return on investment
Exhaust Ventilation
— 75 ft maximum duct length unobstructed at same size as connection
— Longer distances may require power assisted or larger duct sizes.
— Insufficient ducts will cause LN2 backpressure/leakage
— Verify adequate room ventilation.
Compressed Air
— 95 psi sustainable supply air
— CFM requirements
— Oxygen Sensor — Optional
— Mount 3 ft from door opening.
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Configuration Options

« Oxygen concentration monitor & alarm (chamber connection recommended).
— Although nitrogen is not a hazardous gas, it does displace oxygen and
can (in sufficient quantities) create a hazardous condition if not
exhausted.

— The chamber needs to be exhausted to the outside atmosphere and all
access ports need to be sealed against nitrogen gas leakage.
— If the chamber door is opened too soon after a fast thermal change down

ramp, or while the chamber is being held at a cold level, a large quantity

of LN2 may escape into the room and may set off the oxygen monitor
alarm. The area where the chamber or chambers are located should also
have good air circulation, to aid in mixing of the LN2 and air, should small
leaks occur. Without good air circulation, a pocket of LN2 may set off the
oxygen monitor alarm, when in reality no hazardous condition exists.
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Configuration Options

Spectrum Analyzer Data Acquisition 4-8
Channel w/o accelerometer

* Option provides monitoring of the vibration
levels and spectrum for the product under test.
Also shows power spectrum vs. frequency profile.
Includes signal input module and Signal Analysis
software along with cabling to connect to the
customer supplied computer. Adhesive Mount
Accelerometers sold separately for each vibration
channel to be monitored — 2 included

Customer Event Option for extra monitoring

* Includes 15 event outputs, connection panel & removable plug connectors.
Designed to turn customer’s electronic product ON/OFF at various stages
of the profile. Each output may also be configured to perform other
operations including alarm or profile status indicators.
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HALT/HASS Stresses

* Anything that will bring out design or
process flaws, even stresses that do not
exist in the real world of the product.

» Vibration.

» Temperature.

» Humidity.

» Corrosive atmosphere.
» Electrical.

» Radiation.
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Expedite Failure Modes

INFORMATION that INSPIRES INNODVATION

« Most fallure modes have an exponent on
the stress in the damage equation.

« Therefore, a slight increase In stress causes
a very non-proportional damage increase.

* |Increase the stress a little bit and accelerate
the damage exponentially!

« This fact is why HALT and HASS work!
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Failure % by Stress Type*

Order of application and discovery:

« Cold Step Stress 14%
Hot Step Stress 17%
Temp Transition 4%
6 Axis Vibration 45%
Combined 20%

 Without simultaneous, all axis vibration, 65% would
have been missed!

“Summary of HALT and HASS Results at an
Accelerated Reliability Test Center” by Mike Silverman
Based on 49 products from 19 different industries
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A Typical Progression of HALT
Testing

* Cold Thermal Step Stress
 Hot Thermal Step Stress

* Rapid Thermal Shock Stress
* Vibration Step Stress

* Combined Thermal and Vibrations
Stress
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Low Temperature Limits Test
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Some Defects Precipitated
by Vibration

« Poorly formed leads

« Poor solder joints

* Loose hardware

* Loose wires

« Poorly mounted components
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Bottom Line:

« HALT can dramatically lower the time and cost to bring a
fully-mature product to market.

« HASS ensures the ongoing reliability of a product in
production.

« HALT and HASS focus on improving reliability, not in
simply measuring it.

« With proper equipment and technique, HALT&HASS can
SAVE your company significant development time,
warranty/repair costs, and a damaged reputation !
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Challenges you may hear...

« But we've always done it this way!

« WEe'll fix that after manufacturing release.

« Oh, that's just a freak. It won’t happen again.
« But it only happens below —20 degrees C.

« Of course it broke, you took it beyond spec!

« It wasn’t designed for that!

* We have never seen that failure mode before.
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