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HIGHLIGHTING THE NEW RIAC WEBSITE

Aaron Riesbeck, RIAC (Quanterion Solutions Incorporated)
Peter Zarubin, RIAC (Quanterion Solutions Incorporated)

The Reliability Information Analysis Center (RIAC) is char-
tered by the DoD to support both government and commer-
cial customers that have needs and interests in the areas of
Reliability, Maintainability, Quality, Supportability and In-
teroperability (RMQSI). To meet its mission objectives, RIAC
provides customers with RMQSI-related information, tools,
training, and consulting expertise. With the release of RIAC’s
new and improved website (http://theRIAC.org), accessing
technical content from the RIAC has never been easier. The
redesign and expansion of our website allows the user to eas-
ily access the extensive body of RMQSI knowledge available
from the RIAC.

Whether you are new to the reliability discipline, or are an
expert reliability engineer, finding information on the RIAC
website is a snap. With the new interactive home page (see
Figure 1), which is updated frequently, you can view all the
latest news concerning community events, as well as infor-
mation pertaining to RIAC product releases and announce-
ments for upcoming training courses. You can even access
electronic copies of the RIAC Journal (released quarterly),
including advance copies of the upcoming issue before it’s
been mailed to our customers.

We have also placed an extensive amount of high-value
RMQSI-related documents directly on our site. This infor-
mation can be used for training purposes or it can provide
the knowledge and background needed for you to manage
your programs or solve complex technical problems.

RIAC Desk Reference

The most exciting feature of the redesigned RIAC website is
our new on-line technical resource known as the “Desk Refer-
ence”. The intent of this feature is to freely distribute select,
high-value documents and other information to all mem-
bers of the RMQSI community. To populate this resource,
the RIAC has worked diligently to convert many relevant
documents into web-friendly formats that facilitate user ac-
cess and convenience through the use of search engines. We
have also developed and implemented exciting information
technology solutions along the way that facilitate your abil-
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ity to use our information so that you can become proficient
in new tasks or find solutions to challenging RMQSI prob-
lems. Later in this section we will discuss some of these fea-
tures, including a vastly improved interactive navigation bar
which was specifically designed to help guide you through
some of our more lengthy articles. Other highlights of the
Desk Reference include a fast document searcher, a “Recom-
mended Readings” sidebar, a “Read Later” list, and even
customized reading suggestions based on articles that you
previously viewed.

One of the key features of the “Desk Reference” enhance-
ment is the powerful method we’ve employed to help you
find the documents you need. Our previous website con-
tained no dedicated search capability and relied mainly
on Internet search engines to send people directly to the
content they desired. While we still employ this strategy
and have greatly improved the ability for search engines
to index our site, we also created our own internal search
engine which allows you to search through our extensive

Figure 1: New RIAC Homepage
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database of articles and other technical content for specified
keywords. In addition to searching through this database,
the new search engine allows you to simultaneously search
through the new RIAC Discussion Forum. Conducting a
search in such a fashion enables a user to rapidly find com-
plementary information. The search tool was constructed
to allow the results of the document and forum queries to
be displayed concurrently, thus facilitating the ability to
analyze and employ all applicable information that resides
on the website.

Figure 2 displays an image of an article viewed through the
Desk Reference interface. In addition to the article itself, this
interface employs a number of different components, includ-
ing the navigation menu, a “Read Later” list, links to suggest-
ed articles, a “My Desk” feature, and the Discussion Forum.
Each of these features is discussed in more detail below.

Navigation Menu

The navigation menu allows users to perform a multitude
of tasks related to the article being displayed. One such
task involves the capability to help the user navigate and

Figure 2: Desk Reference Interface
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read lengthy documents. The sidebar (Figure 3), which is
displayed adjacent to the document being read, constantly
updates itself so that you can look at the document’s outline
in the navigation menu and easily determine what section
you are currently reading. As you scroll down the article
and into a new section, the navigation menu updates and
expands to show the detailed topics and content within that
particular section. Another feature is that the menu allows
you to change your view by parsing lengthy documents so
that only the specific sections of the article or document being
viewed are presented on your monitor. We also implemented
a “Save My Spot” feature, which saves your location within
the document. When returning to the page at a later time,
you are instantly brought back to the location that you
were last viewing. We have added a button that launches a
Printer-Friendly version of the article to make printing more
efficient. Finally, we’ve made our articles more accessible to
the visually impaired by adding the ability to increase and
decrease the font size of the article. Of course, if you don’t
need all of these features, we have included the ability to
minimize the navigation window.

Figure 3: Desk Reference Sidebars
continued on next page »»
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Read Later List

On the right-hand side of the page is the “Read Later” list.
While reading individual documents and articles within the
Desk Reference, you will come across our recommendations
for documents that provide additional in-depth perspectives
on relevant topics. Next to our suggestions will be a plus
sign, which, when clicked, will add a link to that article into
your own “Read Later” list. The contents of the “Read Later”
list remains accessible throughout the time spent using the
Desk Reference. If you register for our free service, it can be
saved for future access using the personalized “My Desk”
feature, which is discussed below. Depending on the article
being viewed, the RIAC’s recommendations for further read-
ing will appear in the top of the right hand pane, or placed in
proximity to a relevant section within a larger document.

My Desk

The “My Desk” feature has been specifically designed to
help you receive the most benefit from the Desk Reference.
Since there is an extensive amount of information available
through the Desk Reference, we felt it important to provide
a capability that would help the user select articles that may
be of interest and to help track which have been read. One
capability that is resident within “My Desk” is the ability to
store and access your individual “Read Later” list. This, in
conjunction with the “Save My Spot” button, gives the user
the ability to completely leave the Desk Reference and come
back at a later date and pick up exactly where he or she left
off. The most valuable feature of “My Desk” is the suggest-
ed reading section. The tool analyzes your reading history
and provides you with a list of suggested articles and other
products based on the specific keywords of interest that were
used during your searches.

Discussion Forum

The RIAC has released a new on-line forum to allow for
quick and easy inquiry submittals and community discus-
sion. We have implemented an interface that is rich with
features, but also easy to use. Posts from our past forum
have been organized into specific topics within each of
the RMQSI topical areas. The forum also includes its own
search engine which allows you to search through the
entire collection of discussions. In addition, the search
engine allows you to search within a specific topic or for
posts from a specific user.
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RMQSI Library

The RIAC website now offers enhanced access to our exten-
sive Library, which contains more than 150,000 RMQSI-re-
lated citations. To access this information, simply click on
the “RMQSI Library” button, or choose the option from our
quick links drop-down menu. This will enable you to search
through the entire RIAC collection. We have also redesigned
the library search algorithm so that results can be displayed
much faster and with greater relevance to your query. RIAC
understands that people need up-to-date information when
making critical decisions. The library is continually updated
by adding new citations and documents so that the latest
knowledge can be located and applied to your needs.

RIAC Products

The procedures implemented through the new RIAC web-
site have completely revamped the product ordering process.
Products are now grouped into easy-to-follow categories that
include Analysis Guides, Application Guides, Data Books,
Best Practices, Quality Improvements, Reliable Application
of Components, Software Products, Software Reliability, Web
Downloadable, Quality, Reliability, and Supportability. In ad-
dition, an improved search capability that enables customers
to rapidly identify products of interest has been developed
(see Figure 5). The new tool employs a keyword searching

Figure 4: RIAC Forum
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algorithm that will screen not only titles and product codes,
but also individual product descriptions. This will allow you
to rapidly find the products that you need.

We have implemented a completely new shopping cart inter-
face and order forms so that placing your order is fast and
easy. The user is allowed a great deal of flexibility with re-
spect to receiving the products selected. Since most RIAC
products are available in multiple formats, the website now
groups products together and allows you to choose the for-
mat that best meets your needs. If your needs aren’t imme-
diate, many products allow you to have either a hardcopy
or CD version of our product mailed to you. However, if
a product is needed quickly, we also provide the option to
download most products after purchase. All online product
orders are processed immediately and an email is sent to the
purchaser confirming the order. This email includes track-
ing information that allows you to monitor the status of your
order.

For those who prefer to purchase their order off-line using a
check, money order or purchase order, we can still accommo-
date your needs. In order to purchase products in this fash-
ion, simply follow the same purchasing steps that you would
normally employ to purchase on-line products and then click
the “Buy off-line” button at the end of the last step. All the
information you provide is captured and a printable order
form is displayed, eliminating the need to fill in your billing,

shipping, and order information by hand.

Registering online for our RIAC training courses has nev-
er been easier. We now provide the ability to group your
training course registrations and other RIAC product re-
quests into the same order. Instead of individual registra-
tions, one person from your organization can now place
an order to register as many training course attendees as
desired, which eliminates repetitious registration actions
(see Figure 6)

Conclusions

The RIAC continues to dedicate itself to providing our cus-
tomers with up-to-date information pertaining to all aspects
of RMQSI. We take great pride in being a leader in the RMQSI
community and continually strive to raise the bar to enable
improved customer satisfaction. Our redesigned website,
along with our new “Desk Reference” information resource,
has been specifically designed to make it easier for you to ob-
tain and employ the information we possess in our database.
We invite you to check out the revitalized RIAC website and
its extended capabilities.

Figure 5: RIAC Product Search

Figure 6: Training Registration Form
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SPARES OPTIMIZATION ALGORITHM FOR

CALCULATING RECOMMENDED SPARES

Vito Faraci, Jr.

Introduction

A typical problem that logistics engineers very often have
to deal with is that of answering the question “How many
spares will be required for successful completion of a mission
or objective”. The following is a typical example:

An aircraft carrier has 50 fighter airplanes on board. All
planes utilize a certain black box that must be operational for
mission success. There is no repair facility on board the car-
rier for this particular box, and the ship is usually out at sea
for months at a time.

So naturally the question arises as to how many spare black
boxes should be taken on board so that the carrier will have
enough replacements for anticipated failures. The meth-
od most commonly used for calculating the recommended
quantity of spares is the Cumulative Poisson Probability Al-
gorithm, stated mathematically as

where,

A = failure rate

t = operating time during service period of interest

n = quantity of items to be supported

C = confidence level that there will be a spare available when
needed

k = recommended spares quantity where the cumulative
Poisson probability F(k;nit) exceeds the pre-selected
confidence (adequacy) level C.

The objective of this article is to explain why and how the

above equation (algorithm) works and to provide some in-
sight into its origin.

Binomial Distribution

Because the Binomial Distribution provides the foundational
combinatorial mathematics required to perform spares calcu-
lations, and is easier to comprehend mathematically, we will

THE JOURNAL OF THE RELIABILITY INFORMATION ANALYSIS CENTER

start by discussing the Binomial so as to understand the Pois-
son Distribution with more clarity and detail. The Binomial
Probability Distribution (also known as the Binomial Expan-
sion) is, in fact, more commonly known and, as mentioned
before, easier to understand. However, what is not so com-
monly known is that the Binomial Probability Distribution
can also be used as a spares calculating tool.

Recall from basic probability theory that the Binomial Prob-
ability Distribution is defined as follows:

Example: Let p = 0.9, q = 0.1, and n = 3. Then,

(p+a)"=1-p*+3-p’q+3-pg’+1-¢°
=(9+.1)°=1-(90°+3-(9)?(1)+3" (9)(1)?+1-(1)
=0.729 +0.243 +0.027 + 0.001 = 1

The coefficients 1, 3, 3, and 1 are called the “Binomial Coef-
ficients” = cmb(n, k) =___ 0!

(n—K)! -k!
where cmb(n, k) = number of ways k items can be selected from
n items. Close examination of each term reveals that the expo-
nent of p is equal to the number of components operational, the
exponent of q is equal to the number of failed components, and
the sum of the exponents of each term is always n.

In Microsoft Excel, cmb(n, k) can be calculated using the “COM-
BIN” function. Refer to Appendix 1 for an alternate method of
calculating cmb(n, k) using the famous Pascal Triangle.

In the field of Reliability, the binomial expansion (p+q)" is
used to calculate the probabilities of failure of n components
with same failure rate operating in parallel (meaning all com-
ponents operating at the same time), where p = probability of
success, and q = probability of failure of any one component.

As an example, three black boxes are operating in parallel also
referred to as operating “Active Redundant”. What are the prob-
abilities that no boxes fail, exactly one fails, exactly two fail, and
exactly three fail, if the reliability (probability of success) of each
box is 0.9? Thereforen=3,p=0.9,and q=0.1,and
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1= (p+a)®
1=p°+3p%q+3pg°+¢°
1=(9)*+3(.9)°(.)+3(.9)(.1)* + (.1)°

T

P(exactly 0 failures)
P(exactly 1 failure)

P(exactly 2 failures)
P(exactly 3 failures)

Answers:
0 fail = 0.729, 1 fail = 0.243, 2 fail = 0.027, 3 fail = 0.001

Note the above distribution of probabilities of failure can
also be expressed as a distribution of probabilities of suc-
cesses as follows:

1= (p+q)’
1=p®+3p’q + 3pg® + ¢°
1= (.9)° + 3(.9)°(.1)+3(.9)(.1)* + (.1)°

P(exactly 3 successes)
P(exactly 2 successes)
P(exactly 1 success)

P(exactly 0 successes)

Note the two ways of saying the exact same thing.

Table 1: Cumulative Binomial Distribution

With respect to components operating in parallel, in many ap-
plications mission success is defined as “all 3 operational”,
“2 or more operational”, or “1 or more operational”. A simple
example of a “1 or more operational” mission success profile
would be a 3 engine airplane designed to fly on one engine. By
laws of nature, if an airplane can fly on one engine, it can also
fly on two or more to achieve mission success. In this case, the
“n or more operational” probabilities can be calculated using
sums of selected terms of the binomial expansion as follows:

1= (.9)% + 3(.9)2(.1) + 3(.9)(.1)% + (.1)°

P(all 3 operational) = 0.729 (sum of first 1 term)

1= (.9)% + 3(.9)2(.1) + 3(.9)(.1)% + (.1)®

P(2 or more operational) = 0.972 (sum of first 2 terms)

1= (.9)% + 3(.9)2(.1) + 3(.9)(.1)% + (.1)®

T
[

P(1 or more operational) = 0.999 (sum of first 3 terms)

This progressive list of sums of terms of the binomial expansion
shown above is known as a Cumulative Binomial Distribution
expressed mathematically and listed in the following table.

0 3 0.729 0.729 3

1 2 0.243 0.972 2 or more
2 1 0.027 0.999 1 or more
3 0 0.001 1 0 or more

continued on next page »»
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SPARES OPTIMIZATION ALGORITHM FOR CALCULATING RECOMMENDED SPARES

Example of a Typical Spares Problem
using Cumulative Binomial Distribution

The following example refers to the “typical problem” cited
in the introduction using some hypothetical numbers:

An aircraft carrier has 50 fighter airplanes on board.
All planes utilize a certain black box that must be op-
erational for mission success. There is no repair facil-
ity on board the carrier for this particular box, and the
ship is usually out at sea for 26 week time intervals. All
planes fly for an average of 3 hours a day, five days a
week. The failure rate of one black box = A = 131.521267
failures per million hours (FPMH). How many spare
black boxes should be kept on board for a desired 95%
confidence level that the carrier will have enough black
box replacements for anticipated failures? How many
for a 99% confidence level?

Solution:

From the mission profile, the total time requirement for mis-
sion operation is t = 3 x 5 x 26 = 390 hours. Using Probability
of Success (Reliability) = p = e™, p and q are calculated as:

p = e T131:521267t/1000000 = 0 95 and q = 1 — p = 0.05 and the follow-
ing Table 2 is constructed:

Note: A = 131.521267 was chosen as the example such

that p = e™ = 0.950000000244673, which is very close
to 0.95.

Table 2: Determining Confidence Level

Based on a mission profile, the confidence level is determined
by a table look-up. Note from Table 2 (column 4), that there
is a greater than 95% probability that 5 or less failures will
occur. Therefore, if 5 spares were carried on board the carrier,
it can be concluded that mission success would be achieved
with greater than 95% probability (or 95% confidence level).
Similarly, if 7 spares were carried on board, greater than 99%
probability of mission success would be achieved.

Poisson Relationship (Correlation)

Thereis a theorem (see Appendix 2) that proves thatifnislarge
and Atis small, the PoissonDistributionisagoodapproximation
for the Binomial Distribution. Stated mathematically,

(nAY*-e™
k!

failures, is approximately equal to cmb(n,k) - p** - g* term for
term. Table 3 illustrates the correlation.

P(nit, k) = = probability of exactly k

Note the correlation between the Binomial and Poisson ex-
pressions for exactly n-k successes (columns 3 and 4), and the
cumulative expressions (columns 5 and 6).

Note that a closer observation reveals that even with a small
n, a large p will yield very close approximations, as can be
seen in Table 5. See how the “Cum Deltas” decrease as p
increases.

0 50 0.076944976 0.076944976
1 49 0.202486779 0.279431755
2 48 0.261101371 0.540533126
3 47 0.219874838 0.760407964
4 46 0.135975228 0.896383191
5 45 0.065840636 0.962223828 « greater than 95%
6 44 0.025989725 0.988213552
7 43 0.008598104 0.996811657 <« greater than 99%
8 42 0.002432358 0.999244015
9 41 0.000597421 0.999841437
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Table 3: Binomial - Poisson Correlation

0 50 0.076944976 0.076944976 0.076944976 0.076944976
1 49 0.202486779 0.197338065 0.279431755 0.274283041
2 48 0.261101371 0.253052985 0.540533126 0.527336026
3 47 0.219874838 0.21633202 0.760407964 0.743668047
4 46 0.135975228 0.138704774 0.896383191 0.882372821
5 45 0.065840636 0.071146248 0.962223828 0.953519068
6 44 0.025989725 0.030411045 0.988213552 0.983930114
7 43 0.008598104 0.011142019 0.996811657 0.995072133
8 42 0.002432358 0.003571943 0.999244015 0.998644076
9 41 0.000597421 0.001017871 0.999841437 0.999661946

Table 4: Determining Confidence Level (Using Poisson)

0 50 0.076944976 0.076944976
1 49 0.197338065 0.274283041
2 48 0.253052985 0.527336026
3 47 0.21633202 0.743668047
4 46 0.138704774 0.882372821
5 45 0.071146248 0.953519068 <« greater than 95%
6 44 0.030411045 0.983930114
7 43 0.011142019 0.995072133 <« greater than 99%
8 42 0.003571943 0.998644076
9 41 0.001017871 0.999661946
Conclusion

As previously mentioned, the method most commonly used
for calculating the recommended quantity of spares is the
Cumulative Poisson Probability Algorithm. This algorithm is
basically a table construction and look-up as illustrated in
Tables 2 and 4.

The Binomial Distribution provides the framework for the
proper combinatorial mathematics required to perform a
Spares calculation. Theoretically, it will yield solutions with

greater accuracy since the Poisson is an approximation. How-
ever, with large n, the cmb(n, k) terms of the Binomial can get
very large, and by themselves may induce “round off” error
in the calculations. Although with modern day computers,
it remains to be proven which algorithm will yield the least
amount of error. Also, in light of the fact that many times
there is a margin of error in the failure rate calculations, any
additional error yielded by either distribution will be insig-
nificant in the final analysis.

continued on next page »»
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Table 5: Correlation with Small n

p=0.95 g=0.05 t=390 hrs, A\=131.521267
0 3 0.857375 0.857375 0
1 2 0.99275 0.989307765 0.003442235
2 1 0.999875 0.999458664 0.000416336
3 0 1 0.999979337 2.06629E-05
p=0.9, q=0.1, t=390 hrs, A=270.155168
0 3 0.729 0.729 0
1 2 0.972 0.959423448 0.012576552
2 1 0.999 0.995839748 0.003160252
3 0 1 0.999676588 0.000323412
p=0.8, q=0.2, t=390 hrs, A=572.162952
0 3 0.512 0.512 0
1 2 0.896 0.854748495 0.041251505
2 1 0.992 0.969471669 0.022528331
3 0 1 0.995071406 0.004928594
p=0.7, g=0.3, t=390 hrs, A\=914.551138
0 3 0.343 0.343 0
1 2 0.784 0.710018517 0.073981483
2 1 0.973 0.906377981 0.066622019
3 0 1 0.976414482 0.023585518
p=0.6, q=0.4, t=390 hrs, A =1309.809291
0 3 0.216 0.216 0
1 2 0.648 0.547015004 0.100984996
2 1 0.936 0.800651423 0.135348577
3 0 1 0.930215405 0.069784595
Appendix 1
Ca|Cu|ating cm b(n, k) using Pascal’s Tria ng|e With respect jco the.triangle, n = row number and k = position
Recall also from basic probability theory a simple way of number starting with k = 0.
calculating Binomial Coefficients using the famous Pascal’s Example ecmb(7, 2) = 7! / (5!:2!) = 21.
Triangle. See 7™ row, position 2.
Pasca'l 7 'I;rlarll(g);:i | Notes:
? n: 1 n‘l- e e Table entries also known as combinatorial numbers
2 1 2 1 e cmb(n,0) =1 and cmb(n, n) =1
3 13 3 1 e cmb short for combinations
4 1 14 1 06104 1 1 Note that each entry in the Triangle is the sum of the closest
Z 1 65 15 20 155 6 1 two entries in the row immediately above.
7 17 21353521 7 1

k=01 2 3 45 67
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Appendix 2
Theorem: (Poisson Approximation to the Binomial)

k
1
If nis large and At is small,andp=e_7‘t, then P(k) = Lpn_qu = w-e_nu
k!(n —k)! k!
Proof : «— kterms —
k
n! n-k k _nm-DHn-2)---(n-k+1) -k k N -k k _. ;
P(k) = —— = . =~ since n is large
O = e ¢ k! T s
— ﬁ(e—)\‘t)n—k (l_e—}\ut)k — i i e_nlt '(l_e—;bt)k - ﬁ i e—n?ht . (l_e_lt)k
k! kI kM k! (e Mk
. ﬁ . e—nlt _(elt_l)k
N
2 3 4 2 3 4
Now eM =140+ BT A7 D7 Mo WO° D7 AT
2! 3! 4! 2! 3! 4!
At (A2 ()2 A 2 (w? )
eM_1 =\t [+ —+—+—+---]:> M-k = (X [+ = 4 + + ]
2zl Sl 4! 2! 31 4!

k k
since Atissmall (e’Lt —l)k = (?Lt)k ‘1= Pk) = 1_' oM -(lt)k _ (Hﬁ) CehM
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Fishing For
Data

DoD has authorized a revision of MIL-HDBK-217, the leading method for electronic reliability
predictions. A working group consisting of government and private industry has been organized to lead
this effort. The working group is soliciting part data to capture current part performance that can be used
in the failure rate models to predict reliability. NSWC Crane is the Preparing Activity for MIL-HDBK-
217 and is leading the revision effort.

Recognizing the business sensitivity of part data, all submissions to support the MIL-HDBK-217 update
effort will be screened, qualified and processed through the DoD-funded, DTIC-sponsored Reliability
Information Analysis Center (RIAC; formerly known as the Reliability Analysis Center - RAC). As part of
its charter as an unbiased, third-party agency of the DoD, the RIAC routinely executes Nondisclosure
Agreements (NDAS) to protect proprietary data. The RIAC will ensure that all submitted data is properly
sanitized, such that no proprietary information will be provided to the at-large MIL-HDBK-217 Working
Group.

NSWC Crane would like your help in collecting two types of part data: test and field data. The following

is the information we would like to have for all part types covered by MIL-HDBK-217 but we will accept
any dependable data that is available. The more that is known about the data we receive, the better the
failure rate predictions can be. For more information on this process, please contact Jeffrey Harms
at NSWC Crane (Jeffrey.harms@navy.mil).

Part Field Data Part Test Data

« Part Information This type of part data could be from end-user, third-party or

— Type/Family
— Technology
— Package Style (DIP, Flat Pack, SM, Ball Grid Array, etc)
— Part Quality Level
» Commercial

the part or part family

*Test
— Test Environment/Conditions
» What was the test temperature for the part?

: ,Ior\]:tl:;;g?ilve » Number of test hours or cycles?
- Military * Bias (Was voltage, current, dynamic patterns
* Space applied during the test?)

— Failures
* Number of parts that failed the test?
* Root Cause (What was the part failure mode and
the predominant failure mechanism?)
* Time/Cycles to Failure (When did the device fail?)
» Sample size? (Total quantity under test)

— Product Maturity (How long in service?)

* Application
— Mission Profile (How was the part used)
* Operating & Non-Operating

— Time (Cycle time)

— Environment (List various environments and
temperatures the part has been
exposed to)

— Failures
* Number of parts that have failed during the
operation?
* Root Cause (What was the part failure mode and
the predominant failure mechanism?)
* Time to Failure (Operating hours to the failure?)
» Sample size? (Total quantity in the field)
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PREDICTING RELIABILITY OF MMICS USING MONTE CARLO

ANALYTICAL TECHNIQUES (PART 3 OF 3)

Aris Christou
RIAC (University of Maryland)

Part 1 of this article, published in the 1st Quarter 2008 issue
of the RIAC Journal, addressed the methodology used to es-
timate monolithic microwave integrated circuit (MMIC) high
temperature performance. Part 2 in the series, published in
the 2nd Quarter 2008 issue of the Journal, covered MMIC
model development. This last installment will discuss vali-
dation of the MMIC reliability model.

Validation of MMIC Reliability Model

The two circuit examples previously presented in Part 2 of
this article have been simulated. For Case 1, the correlations
between FETs of both the transimpedence amplifier (TIA)
and the low noise amplifier (LNA) have been estimated by
SPICE circuit analysis, and the Monte Carlo reliability simu-
lations for both MMICs have also been performed. For Case
2, the LNA and power amplifier have been analyzed for vali-
dation.

LNA and TIA High Temperature Analysis

The assumptions for the reliability analysis are:

1) The relationship between channel temperature (T].) and
median life (¢,) is given by the Arrhenius equation as:

L =1 exp

Ea
k (7; + 273

where, t =8.332x10" for power type or 1.405x10" for the
LNA, and
k = 8.6x10% eV /°K

2) The median life t_ at temperature T, can be estimated by
the given activation energy (Ea), test temperature (T ) and
median life (¢ ):

Ea

1 1
"(f * 7)

m

=1 exp

The overall activation energy was calculated to be 1.6eV for
each of the individual FETs.
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3) Time to failure data of the MMIC components tested pre-
viously by the manufacturer most closely fits a lognormal
distribution. Therefore, lognormal distributions are used
for all FETs. The lognormal probability distribution func-
tion f(t) is given as:

1
f = o /n exp

1 (lnt - lntm)2
2 o

where ¢ (standard deviation) and ¢, (median life) are two pa-
rameters that are given to determine operational lifetime ¢.

4) The interactions between FETs can be estimated by apply-
ing a weighting factor, W, = 1/(1 - r) to modify the time
to failure of the surviving components as previously dis-
cussed in Part 2 of this article.

5) The life performance of passive components can be ne-
glected. The computational schematic for Monte Carlo
technique applied to the TIA and the LNA MMIC reliabil-
ity analysis is shown in Figure 1, and its algorithm is the
following:

INPUT N (the desired sampling size)
While number of sampling n <= N
{For each sampling
{Input number NC of components of the system and
Group them into dependence or independence
groups individually
While i <= NC
{Input sigma s and median life tm
Select a random number x
Transform random number x to random
time to failure TTF based on its life distri-
bution}
Determine the component which is failed
first and let its time to failure be T1.
While j <= NC - 1
{Modify the time to failure of all surviving
components with a weighing factor w(ni,
nj) based on their correlated relations.}
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Determine system time to failure Ti
Compute reliability, MTTF and error

Jy >
g

call random
(seed, rndnum)

n=n+1 | Determine (refer to
Mtrnd next page)
A
L no
-~

MTTF = Mttf/iN
R = N./N
Error = 200.*SQRT[R/N*(1 - R)]

Figure 1: Flow Chart for Calculation of MMIC MTTF

LNA and Power Amplifier Reliability Analysis

The reliability analysis of both the amplifiers is similar as in
the previous case, except that the s-dependent groups must
be identified and weighting factors must be estimated by

N

the equation under assumption 2. With some minor modi-
fications, the algorithm and computer program for both TIA
and LNA are still applicable for both the LNA and the power
amplifier, (see Figure 2).

If the first failed
component belong to
s-dependence
groups?

yes

A4

Modify the times to failure T’ of
the surviving components by

T =T+ AT/W(n;, ny)

Finish modification?

Determine the system’s time to failure

Figure 2: The subroutine to estimate the modified MMIC time to
failure

Simulation Results

The results of the reliability simulation for TIA, and the LNA
and power amplifier based on discrete component data are
shown in Figures 3 to 51. The simulations by Monte Carlo
techniques for both the dependent (modified by a weighting
factor) and independent (based on the MIL-HDBK method)
cases have been performed. The results show that the esti-
mation of MMIC life, including interactions between FETs,
is closer to experimental data than the estimation without
taking into account the interactions. The results also indicate
that interdependencies between devices is an important con-
sideration and cannot be ignored.

continued on next page »»
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PREDICTING RELIABILITY OF MMICS USING MONTE CARLO

ANALYTICAL TECHNIQUES (PART 3 OF 3)

Figures 3 to 5 show that the simulations give a conservative
estimation of the MTTE. The excellent agreement even holds
for the temperature range of 225°C through 325°C, thus indi-
cating that the simulation technique is applicable for high tem-
perature simulations, where large non-linearities exist in the
circuit’s material properties. This investigation has therefore
presented the simulation methodology for analog circuits op-
erating in microwave systems such as MMICs. The approach
outlined in this paper may be used for analog type circuits
where the correlation coefficients have been identified.

1000000 5 --s— Experimental
31 o —+— Monte Carlo - Dep.
— N - -
100000 N —A— MIL-HDBK-Indep.
~ 10000 3
4 3
T 3
s ]
e 1000
= 3
> -
100
10
1 L L B O BN R L B |

[N
n
o

140 160 180 200 220 240 260
Temperature (°C)

Figure 3: MTTF versus Temperature for TIA

1000000 4~ —-- Experimental
e —e— Monte Carlo - Dep.

~ —— MIL-HDBK-Indep.

100000

10000

1000

MTTF (Hrs.)

100 . . : . .
150 170 190 210 230 250

Temperature (°C)

Figure 4: MTTF versus Temperature for the LNA
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Figure 5: MTTF versus Temperature for the LNA and Power
Amplifier

Conclusions

In the case of a complex MMIC circuit, it is not plausible to
attain the analytical reliability by the Markov approach for
constant failure rate, which perhaps is the best and most
straightforward analytical approach to computations in sys-
tems with dependence. The equations become numerous
and out of control for a large MMIC system, and the Markov
method may break down when failure rates become non-con-
stant. We have shown that the Monte Carlo technique is the
appropriate methodology for predicting reliability of such
complex circuits. We have successfully established a new re-
liability simulation model for MMICs and have shown that
it has a wide applicability to analog circuits in general. The
reliability model will be applicable over a wide temperature
range and hence may be used for microwave systems.
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THE RIAC 217PLUS™ TRANSISTOR AND THYRISTOR

FAILURE RATE MODELS

David Nicholls, RIAC (Quanterion Solutions Incorporated)

In a previous edition of the RIAC Journal [Reference 1], we
provided a high-level introduction to the 217Plus™ compo-
nent failure rate prediction models, and in the last five edi-
tions we presented the 217Plus™ capacitor and diode failure
rate models [Reference 2], the integrated circuit and inductor
failure rate models [Reference 3], the transformer and opto-
electronic device models [Reference 4], the switch and relay
models [Reference 5] and the connector and resistor models
[Reference 6].

In this edition of the Journal, we present the Transistor and
Thyristor component models in their entirety. A brief exam-
ple will be provided at the end of the article.

217Plus™ Transistor Failure Rate
Model

The failure rate equation for transistors [Reference 7] is:

Av = 6 (Aos oo Tro + AsToven Tre + Aacn WerTEor) + Asss Wimr + Ao

where,

A, = Predicted failure rate, failures per million
calendar hours
n. = Reliability growth failure rate multiplier:

o=e (~B(Y — 1993))

B = Growth constant. Function of transistor
type (see Table 1)
Aoy = Base failure rate, operating. Function of
transistor type (see Table 1)

T, = Failure rate multiplier for duty cycle,
operating:
DC
/A =
DCO DClop

DC, == Constant. Function of transistor type
op
(see Table 1)
T,, = Failure rate multiplier for temperature,
operating:
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( —Eagy

1
0.00008617 (TAo + Tk + 273 ﬁ))
o =¢€

Ea,, = Activation energy, operating. Function of transis-
tor type (see Table 1).

T, = The junction temperature rise above the ambient
operating temperature (T, ). The junction tempera-
ture is therefore T, + T,. T, can be determined in
several ways:

T = Default temperature rise
(see Table 1)

Rdefault

T, = Actual (measured)
temperature rise, if known

T,=0,*P
where 0, is the junction-to-ambi-
ent thermal impedance and P is the
power dissipated by the transistor

T =0 *P
where O is the junction-to-case
thermal impedance and P is the
power dissipated by the transistor

If this option is used, then T,/
should be replaced by T, the com-
ponent case temperature, in the
equation for m

T,= AT*S
where AT is the difference in junc-
tion temperature between no pow-
er dissipated and full rated power
dissipated, and S is the stress ratio
and is equal to the actual forward
current divided by the rated for-
ward current
7, = Failure rate multiplier stress

For Bipolar transistors:
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T, =021

V = _Caplied
s =
CErated

For all other transistor types, wy = 1
Default V= Constant. Function of transistor
type (see Table 1)
A, = Base failure rate, environmental (see Table 1)
oy = Failure rate multiplier, duty cycle -
nonoperating:

T

TTpen = %
nonop

DC

Inonop

= Constant. Function of transistor
type (see Table 1)
n,. = Failure rate multiplier, temperature —

humidity:
( — Ednonop ( 1 1 ))
0.00008617 | Ty + 273 ~ 298
Trp =€ .
Ea = Activation energy, nonoperating. Func-

nonop

tion of transistor type (see Table 1)

A, = Base failure rate, temperature cycling (see Ta-

ble 1)
T = Failure rate multiplier, cycling rate:
CR
Ter = 75
CR CR1

CR, = Constant. Function of transistor type
(see Table 1)
T, = Failure rate multiplier, delta temperature:

2
g = [To+ T — TAE)
DT D];
DT, = Constant. Function of transistor type
(see Table 1)
A, = Base failure rate, solder joint (see Table 1)
= Failure rate multiplier, solder joint delta
temperature:
2.26
s — (7:\0 + Y;e — ’CE)
SIpT 44

Tsipr

Ayp = Failure rate, electrical overstress (see Table 1)

Table 1: Transistor Parameters

Bipolar, 0.001586 | 00007359 | 0.000965 | 0.02954 |.0015|0281| 023 | 02 60 5 077 03 |[75438| 80
Germanium

Bipolar, High Frequency, | 4 100106 | 00005206 | 00000536 | 0.003106 | 0015 | 0269 | 023 | 02 60 5 077 03 |[75438| 80
Microwave

Bipolar, Low Frequency 0.000235 | 00001657 | 0.00016 | 0.008899 | 0015|0281 | 023 | 02 60 5 077 03 |[75438| s0
Bipolar, Multiple 0.000621 | 00004759 | 0.000648 | 0.00754 | 0015|0281 | 023 | 02 60 5 077 03 |[75438| 80
Field Effect, High 0001049 | 00004674 | 0.000225 | 004541 |.0015] 0397 | 023 | 02 60 | NA| 077 03 |75438| 80
Frequency, Microwave

E:ﬁg)iﬁecn Low Frequency.| 500195 | 0000333 | 0000255 | 001099 |.0015| 0397 | 023 | 02 60 | NA| 077 03 |75438| 80
Field Effect, Multiple 000022 | 00004209 | 000076 | 0.01618 |.0015| 0269 | 023 | 02 60 | NA| 077 03 |75438| 80
Field Effect, Unijunction 0.000143 | 00002657 | 0.0000278 | 0.002462 | 0015 | 0397 | 023 | o2 60 | NA| o077 03 |75438| 80
General 0.0000776 | 0.00002607 | 0.0000193 | 003433 | .0015 [ 0397 | 023 | 02 60 5 077 03 |[75438| 80

continued on next page »»
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THE RIAC 217PLUS™ TRANSISTOR AND THYRISTOR FAILURE RATE MODELS

NOTE: Environment-type and equipment-dependent default ambient operating temperature (T, ). The
values for DC, TAO, TAE and CR were previously presented junction temperature is, therefore, T, +T,.
in Reference 1, where, T, can be calculated in several ways:
DC = Duty cycle (the percent of calendar time that T iuar = Default temperature rise
the system in which the component is operat- (see Table 2)
ing is in an operational state)
T,,= Ambient temperature, operating (in degrees C) T, = Actual temperature rise, if
T,.= Ambient temperature, nonoperating (in de- known
grees C)
CR = Cycling rate (the number of power cycles per T,=06,*P
year to which the system is exposed). In this where O, is the junction-to-ambi-
case, it is assumed that the system transitions ent thermal impedance and P is the
from a nonoperating environment to an oper- power dissipated by the transistor
ating environment at the same time that the
power is applied. Ty=0,*P

where O is the junction-to-case
thermal impedance and P is the

217Plus™ Thyristor Failure Rate power dissipated by the transistor
Model

If this option is used, then T,
should be replaced by T, the com-
The failure rate equation for thyristors [Reference 7] is: ponent case temperature, in the

equation for m
Ar = 6 (Aos oo Tro + AwsTEoon Tre + Aacn WerTEor) + Asis Wimr + Ao

T,= AT*S
R
A, = Predicted failure rate, failures per million calen- where AT is the difference in junc-
dar hours tion temperature between no pow-
7. = Reliability growth failure rate multiplier er dissipated and full rated power

dissipated, and S is the stress ratio
and is equal to the actual forward
current divided by the rated for-

Mo = e(*ﬁ(Y—lQ%))

B = Growth constant. Function of thyristor ward current
type (see Table 2).
A, = Base failure rate, operating (see Table 2) 7, = Failure rate multiplier stress
Tpeo = Failure. rate multiplier for duty cycle, (V)l_g
operating e T, = ﬁ
Tl pco = DC..
” _ VOltag eApplied — blocking
DC,, = Constant. ~ Function of thyristor s Voltage,,.,
type (see Table 2)
o = Failure rate multiplier for temperature, Default V, = Constant. Function of thyristor
operating type (see Table 2)

A, = Base failure rate, environmental (see Table 2)

(O'O‘Ofggg - (Tm - ﬁ)) T,y = Failure rate multiplier, duty cycle -
o =e¢ nonoperating
7. - 1=DC
Euop = Activation energy, operating. Function pen Dclnom,p
of thyristor type (see Table 2). DC,, ., = Constant. Function of thyristor type (see
T, = The junction temperature rise above the Table 2)

THE JOURNAL OF THE RELIABILITY INFORMATION ANALYSIS CENTER THIRD QUARTER - 2008



n,; = Failure rate multiplier, temperature
— environment

—Ednonop ( 1 1 )
e 0.00008617 \Tar + 273 298

T =

Eamop = Activation energy, nonoperating. Function
of thyristor type (see Table 2)
Ao, = Base failure rate, temperature cycling (see Ta-

ble 2)
T = Failure rate multiplier, cycling rate
CR
TTeor =
CR CR1

CR, = Constant. Function of thyristor type
(see Table 2)
n,, = Failure rate multiplier, delta temperature

- _(7;0+TR—TAE)2
Dr — DTl'

DT, = Constant. Function of thyristor type
(see Table 2)
}\«S]B = Base failure rate, solder joint (see Table 2)

Ty = Failure rate multiplier, solder joint delta tem-
perature:
2.26
sior 44
Apnp = Failure rate, induced (see Table 2)

As with the Transistor model, the environment-type and
equipment-dependent default values for DC, TAO, TAE and
CR were previously presented in Reference 1.

Example Calculation

What is the predicted failure rate of a field effect, high fre-
quency microwave transistor manufactured in 2006. The
transistor operates in a “Ground, Mobile, Heavy-wheeled”
vehicle with an assumed operating temperature of 55°C, a
dormant temperature of 14°C and a relative humidity of 40%.

Table 2: Thyristor Parameters

The temperature rise of the FET is unknown. The operating
profile of the equipment is typical of military ground equip-
ment, with a duty cycle of 45% and a cycling rate of 263 cy-
cles per year.

The failure rate equation for a transistor [Reference 7] is:

2fP = ﬂG (AOBﬂDCOﬂm + A/EBHDCNHTE + A’TCB”CR”DT) + ASIB”SJDT + AIIND

where,
o = e PY=1999) = 0.005736
where B =0.397 (from Table 1) and Y = 2006 (given)

Aoy = 0.001049 (from Table 1)

DC

Tooco = e = 1966
lop

DC = 0.45 (given as 45%)
DClop =0.23 (from Table 1)

[ooomaser i 27~ 35
000008617 \Tao + Tr + 273 298

Mo =€ =6.090
anp =0.20 (from Table 1)
T,, =55 (given)
TRMM = 60 (from Table 1)
n;, = 1 (Field effect transistor)
Agp = 0.0004674 (from Table 1)
_1-DC
Tpen = DCoon = 0.7143
DC = 0.45 (given as 45%)
DC, =0.77 (from Table 1)
nonop
ﬂTE — e(OEOE(;JSgIg‘h(TAEl 273 ﬁ)) — 0.6390

Ea  =0.30 (from Table 1)

nonop

T,. =14 (given)

0.000393 0.004602 0.001756 0.01219 . . . .
SCR 0.000324 0.001011 0.00203 0.02001 .00087 0.2 0.26 0.4 60 37 0.74 0.4 508.77 73
Triac 0.000576 0.007286 0.00199 0.01636 .00087 0.2 0.26 0.4 60 .37 0.74 0.4 508.77 73

continued on next page »»
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Ay = 0.000225 (from Table 1)

Tegr = gfié =0.3486

CR =263 (given)
CR, = 754.38 (from Table 1)

2
7oy = (Lot Te= T lgkﬂ_ L)~ 1594

T,, = 55 (given)
TRdefault = 60 (from Table 1)

T, = 14 (given)
DT, = 80 (from Table 1)

Ay =0.0015 (see Table 1)

Tgpr = Failure rate multiplier, solder joint delta tem-
perature:
T,+T,—T,\"
T, =\ 42 "E) = 6.540

T,, = 55 (given)
T = 60 (from Table 1)

Rdefault

T, = 14 (given)
Ao = 0.04541 (from Table 1)

A, = (0.005736)((0.001049)(1.966)(6.090)(1)+(0.0004674)(0.7143)
(0.6390)+(0.000225)(0.3486)(1.594))+0.0015)(6.540)+(0.04541)

kP = 0.05529 f/10° calendar hours

Next Issue

The next issue of the RIAC Journal (4™ Quarter 2008) will pres-
ent the 217Plus™ software failure rate model in more detail.

References:

1. “An Introduction to the RIAC 217Plus™ Component Fail-
ure Rate Models”, Journal of the Reliability Information
Analysis Center, First Quarter 2007, available for PDF
download from the RIAC at http://theRIAC.org

2. “The 217Plus™ Capacitor and Diode Failure Rate Models”,
Journal of the Reliability Information Analysis Center, Sec-
ond Quarter 2007, available for PDF download from the
RIAC at http:/ /theRIAC.org

3. “The 217Plus™ Integrated Circuit and Inductor Failure
Rate Models”, Journal of the Reliability Information Anal-
ysis Center, Third Quarter 2007, available for PDF down-
load from the RIAC at http://theRIAC.org

4. “The 217Plus™ Transformer and Optoelectronic Device
Failure Rate Models”, Journal of the Reliability Informa-
tion Analysis Center, Fourth Quarter 2007, available for
PDF download from the RIAC at http://theRIAC.org

5. “The 217Plus™ Switch and Relay Failure Rate Models”,
Journal of the Reliability Information Analysis Center,
First Quarter 2008, available for PDF download from the
RIAC at http:/ /theRIAC.org

6. “The 217Plus™ Connector and Resistor Failure Rate Mod-
els”, Journal of the Reliability Information Analysis Cen-
ter, Second Quarter 2008, available for PDF download from
the RIAC at http:/ /theRIAC.org

7. Denson, W.K., “Handbook of 217Plus™ Reliability Pre-
diction Models”, Reliability Information Analysis Center
(RIAC), 26 May 2006, ISBN 1-933904-02-X

8. “An Overview of the 217Plus™ System Reliability Assess-
ment Methodology”, Journal of the Reliability Information
Analysis Center, Fourth Quarter 2006, available for PDF
download from the RIAC at http://theRIAC.org

)) THE APPEARANCE OF PAID ADVERTISING IN THE RIAC JOURNAL DOES
NOT CONSTITUTE ENDORSEMENT BY THE DEPARTMENT OF DEFENSE OR
THE RELIABILITY INFORMATION ANALYSIS CENTER OF THE PRODUCTS

OR SERVICES ADVERTISED®

"Paid advertising appears on pages 13, 16, 17, 27, 30 and 31.




e Quantitative Risk Assessment ¢ Reliability
. . » Safety

Reliability and Risk Solutions

Software Tools, Support, Training & Consulting

* NASA® Sponsored Project

C
O
O
O

Over

7,000 @,

satisfied ' e
customers S o f t w a r e

worldwide. USA Office:

UK Office:

© 2007 ITEM Software



OCTOBERS M T W T F s 11th Annual Systems Engineering Conference // San Diego, CA

T2 3 4 | October20, 2008 thru October 23, 2008
s 6 7 8 9 10 11| Contact:Meredith Geary//P 703.247.9476//F 703.243.1659 // mgeary@ndia.org

1213 14 15 16 1718 | 16th Annual SMRP Conference // Cleveland, OH

190200 21 22 23 24 25| October 20, 2008 thru October 23, 2008
2% 27 28 29 30 31 Contact: Gabi Mahn // P 703-610-0265 // gmahn@meetingsmanagmentgroup.com

International Applied Reliability Symposium // Singapore

October 22, 2008 thru October 24, 2008
Contact: ReliaSoft Corporation // P 520.886.0410 // InfoAsia@ARSymposium.org

DoD Maintenance Symposium and Exhibition // Denver, CO

October 27, 2008 thru October 30, 2008
Contact: Nicole lorfido // P 724.772.7570 // niorfido@sae.org

NOVEMBER s m 7 w & £ s 19th Annual Symposium on Software Reliability Engineering // Redmond, WA

1 November 11, 2008 thru November 14, 2008
5> 3 4 5 ¢ 7 g | Contact:P800.810.4333 or732465.7810// ISSREO8reg@ieee.org

AIAA Missile Sciences Conference // Monterey, CA

160 1718 1920 21 221 November 18, 2008 thru November 20, 2008
23 24 25 26 27 28 20 | Contact: www.aiaa.org/content.cfm?pageid=2308&lumeetingid=1868&viewcon=overview

|IEEE GLOBECOM 2008 // New Orleans, LA

November 30, 2008 thru December 4, 2008
Contact: Becky Lynn // P 800.810.4333 or 732.562.6368 // F 732.465.6447 // globecom08reg@ieee.org

DECEMBER

wn
<
—
=
-
-
wn

RIAC Open Training Program // Orlando, FL

T2 3 4 5 6| December2,2008thru December 4, 2008
2 8 o 10 11 12 13| Contact:Pat Smalley, Reliability Information Analysis Center // P 877.363.7422 or 315.351.4200
// F351.351.4209 // psmalley@theRIAC.org

21 2 23 2 25 2 2 |23rdInternational Maintenance Conference // Bonita Springs, FL

28 29 30 31 December 8, 2008 thru December 11, 2008
Contact: P 888-575-1245 or 305-735-3746 // www.maintenanceconference.com/imc/index.ntm

JANUARY s oM 7w T F S | 2009 Annual Reliability and Maintainability Symposium // Fort Worth, TX

T2 3| January 26,2009 thru January 29, 2009
4 5 6 7 8 o9 10| Contact http://rams.org

18 19 20 21 22 23 24

25 26 27 28 29 30 31

THE JOURNAL OF THE RELIABILITY INFORMATION ANALYSIS CENTER THIRD QUARTER - 2008



Please fax completed survey to
315.351.4209 - ATTN: Journal Editor

RIAC JOURNAL SURVEY

THIRD QUARTER - 2008

Journal Format E{Hard Copy [] wWeb Download

How satisfied are you with the content (article technical quality) in this issue of the Journal?

[] Very Satisfied [] satisfied [] Neutral [] Dissatisfied [] Very Dissatisfied

How satisfied are you with the appearance (layout, readability) of this issue of the Journal?

[] Very Satisfied [] satisfied [] Neutral [] Dissatisfied [] Very Dissatisfied

How satisfied are you with the overall quality of this issue of the Journal (compared to similar magazines, newsletters, etc.)?

[] Very Satisfied [] satisfied [] Neutral [] Dissatisfied [] Very Dissatisfied

How did you become aware of this issue of the Journal?

[] Subscribe [] Colleague [] Library [ ] RIAC Website [] RIAC Email [] Conference/Trade Show

Would you recommend the RIAC Journal to a colleague?

[] Definitely [ ] Probably [ ] NotSure [ ] Probably Not [] Definitely Not

Please suggest general changes / improvements to the RIAC Journal that would improve your level of satisfaction:

Please suggest further topics for the RIAC Journal that might help it to better meet your needs:

Overall satisfaction

[] Very Satisfied (5) [] satisfied (4) [] Neutral 3) [] Dissatisfied (2) [] Very Dissatisfied (1)

CONTACT INFORMATION (opTIONAL)

Name Position/Title

Organization Office Symbol

Address City

Country Email

Phone Fax

My Organization Is ] Amy [ Nawy  [] AirfForce  [] Other DoD/Government — [] Industry [ Academic ~ [] Other

I need help with a reliability, maintainability, quality, supportability, or interoperability problem. [ ] Please contact me
http://theRIAC.org




Patricia Smalley

RIAC Training Coordinator

Toll Free 877.363.RIAC (7422)

P 315.351.4200 // F 315.351.4209
psmalley@theRIAC.org

RELIABILITY http://theRIAC.org/Training

RIAC Training in Orlando, FL // December 2-4, 2008

Choose From
Reliability 101

Seymour Morris, Quanterion Solutions
$1,195.% per attendee

Weibull Analysis
Wes Fulton, PhD

$1,395.% per attendee

A Systems Approach to Reliability in Design
Richard Ciocci, PhD and Steward Kurtz, PhD,
Pennsylvania State University Hosted at the Stetson University Center, Orlando, FL

00
31,195.% per attendee For more information and to register visit

http://theRIAC.org or call 877.363.7422

Advanced Methods for Reliability Analysis
Reza Azerkhail, PhD, University of Maryland

$1,195.% per attendee *Disco.unFs apply to multiple registrations from_ an
organization. Please contact the RIAC for details.

Expertise You Can Count On

Rely on Relex® Reliability Consulting Services for Your MTBF Analysis Needs

Looking for a top-notch service provider for your reliability analysis needs?
Call on the team with a portfolio of success: Relex Reliability Services. With
real-world expertise and years of experience, our engineers offer a diverse
array of services including MTBF analysis, reliability program establishment,
and staff augmentation. You can rely on Relex Reliability Services

for cost-effective, high-quality reliability solutions.

To learn more call 724.836.8800 today!
www.relex.com




r . : r)e
Reducing Program sl

I'nrough Independent Testing
c

Wyle Laboratories, Inc. has provided trusted agent test and evaluation services

for more than 57 years. Throughout that period, Wyle has provided quality data that

has been key to reducing program risk, resulting in increased system effectiveness for the
warfighter. From component testing in the early development phases to independent test
engineering services s u p p o rting the operational test phase, through ongoing life cycle evaluation

and support, Wyle’s exceptional services have been unparalleled across the test continuum.

> TEST CONTINUUM =

Advanced. .- ‘Advance Contractor:Developmenta ~ Initial Live Fire: . - Operational Initial Follow-on- - Joint Test
Concept Technolo Test and I Operational - - Testand . -Assessment - Operational .- Operation and
Technology :: Demonstration Evaluation Test and Test and - ‘Evaluation Test-and Testand - Evaluation
Demonstration Evaluation Evaluation Evaluation - - Evaluation

Through its dedication to provide high level engineering expertise at all stages of the testing process, Wyle
today significantly improves the operational performance, effectiveness, and suitability of sea, air, land and space

systems and platforms. With capability, capacity and commitment, Wyle reduces program risk, getting the very

best systems fielded for the warfighter.
wyle

www.wylelabs.com e-mail: service@wylelabs.com ‘ N



) http://theRIAC.org Save‘time a.nd money at the RIAC’s opline sjcore where you can browse, order,
and immediately download electronic versions of most of the RIAC's products.

Y Online Product Store

) RMQSI Library

) Technical Answers

) TheRIAC Journal

) Upcoming Training Courses

) What'’s New at RIAC

PRSRT STD
U.S. Postage
Paid
Utica, NY
Reliability Information Analysis Center Permit #566

6000 Flanagan Road | Suite 3 | Utica, NY 13502-1348



