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Project No: 5519 
Contract No: F3G502-74-C-0091 
Ef for t T i t l e : Laser Re l i ab i l i t y Prediction 
Contractor: Martin Marietta Aerospace, Orlando, Florida 

This contractual program was the f i r s t major e f f o r t w i th in the 
DoO to aodress the area of laser r e l i a b i l i t y using the standard 
r e l i a b i l i t y engineering methods of co l lec t ing f a i l u re and l i f e t ime 
data, analyzing the data, and formulating quant i tat ive r e l i a b i l i t y 
predict ion models bac,ed on the data. In this way, models have been 
constructed for the s ix laser types which comprise over 90 percent 
of the to ta l number of lasers presently in use. This kind of 
quant i tat ive answer to the question of 1aser r e l i a b i l i t y has a great 
and ever incre&sing signif icance to the DoD in view of the mul t ip ly ing 
numbers of lasers and laser applications and the need to conserve 
resources through greater system r e l i a b i l i t y . 

The impetus for th is e f f o r t was the r\ee6 to revise and expand 
sections of Hil-HDBK-217B, "Re l i ab i l i t y Prediction of Electronic 
Equipment", a DoD M i l i t a ry Standardization Handbook prepared by R/\DC 
which w i l l now include the laser r e l i a b i l i t y models developed here. 
This area of emphasis is covered in the RADC Technology Planning 
Objective Number 13, " R e l i a b i l i t y " . 

PAUL H. UENDZIKOWSKI 
Capt USAF 
Project Engineer 
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1.0 INTRODUCTION 

Although the cornmercial, nodical, mtl.ir.irv, and aerospace use of 
lasers has increased tremendously irv the last, decade, no standard reference 
for laser reliability prediction methods, model:;, .\nd failure data has been 
assembled to date. Mindful of the importance of lasers to the DoD opera-
tional inventory and desiring to obtain comprehensive and current quantifi-
cations of laser reliability, Rome Air Development Center (RADC) awarded a 
contract to,Martin Marietta in Decenber 3973: 

"LASER RELIABILITY PREDICTION" 
Contract Number F3O6O2-74-C-0091 

The purpose of the contract was to formulate models for predicting 
the failure rates of co'. erent light emitting devices :;uch as lasers and 
laser diodes. Such ir-odels have been constructed, exercised, and validated. 
They will facilitate reliability assessment based on device type, complexity, 
application, stresses, operational environment, or other significant influ-
ence factors. This report details the results of the contractual effort by 
providing a complete listing of the data collected by laser item type, 
discusses the methodology for data analysis and modeling, and gives the 
assumptions and procedures followed for constructing laser reliability pre-
diction models and failure rate data suitable for future incorporation into 
Section 2.4 of MIL-KDBK-217B. 

1 

Downloaded from http://www.everyspec.com

http://mtl.ir.irv


2.0 SUMMARY 

This repeat comprises the results of a 15-month program conducted 
by Martin Marietta Corporation. The pu-pcse of cht; program was to locate 
collect, and analyze laser reliability data, to construct laser reliability 
prediction models, and to prepare revision shi-ets suitable for inclusion 
as Section 2.4, Lasers, of MIL--KDBK-217B. The actual revision sheets to 
Section 2.4 have been provided as Section 6.0 cf this report. 

The information used to prepare the future revision for Section 2.4 
was obtained as a result of an extensive data collection program. This 
program extended to laser manufacturers, aerospace contractors, government 
facilities, research organizations, and educational institutions through-
out the United States and Canada. The collected laser data were grouped, 
analyzed, and statistically tested for homogeneity before being combined. 
In addition, two-sided limits cf the 90 percent confidence interval were 
calculated for all laser component data under evaluation and for which 
greater than zero failures vere observed. This report contains a complete 
component type listing of the data used to generate the operating failure 
rates for Section 2.4. 

More than 10 million item-hours and 4 billion item-pulses of operating 
data have been collected from a sample of 1321 lasers, 2206 laser dioaes, and 
1750 laser subassemblies. The data cover over 50 maior laser items, components, 
subassemblies, and assemblies. A new determination of laser life characteristics 
has been made with analysis concentrated on the yttrium-aluminum-garnet, argon 
ion, helium/neon, helium/cadmium, carbon dioxide, and ruby types which comprise 
greater than 90 percent of the total number of layers presently in use. 

2 
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3.0 i.).*.TA COLLFXTTON 

3.1 Literature Review 

Data have been collected by Martin Marietta from mors than 200 con-
tractors, institutions, and government .'<;;i:ncier.. A comprehensive literature 
review of approximately 300 documents was also n.ade to obtain laser 
information and data pertinent to this study. The majority of th^se doc-
uments were obtained from Defense Documentation Center (DDC), KAi)C, NASA, 
and other government installations or agencies. Documents were also ob-
tained from several private contractors, vendors, research institutions, 
educational institutions, and other nongovernment sources. 

The primary source was DDC from which classified bibliographies, 
microfiche, microfilm, and technical reports were obtained. These Materials 
were reviewed for data, and appropriate documents were requested for addi-
tional re\tew. All pertinent documents obtained from DDC, as well as those 
obtained from other sources, are listed in the bibliography of this report. 

3.2 Data Source Contacts 

V rcximately 400 potential data sources were initially contacted 
by Jftk.. r questionnaires in which personnel were requested to describe any 
U s e i omponent life test or laser system field data that they may have 
accumulated in the past 5 years. 

The responses were reviewed and a determination made of all those 
sources which appeared to have pertinent data. Each of these sources was 
then contacted by telephone. Useful data were subsequently obtained by a 
telephone request or by personal visits. 

A summary of the 200 sources contributinf, to this study program 
is shown in Appendix A. 

3 
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4.0 LASER FAtLl'PE MODE MECHANISM DATA 
AMI) RELIABILITY DF.SICN NOTES 

Laser failure mode and nv.chanî ni data togetbei with some design 
note inforiration were obtained from telephone conversations and visits 
to major component and system manufacturers as well as from a broad cross-
section of users. The objective ot this comprehends j-e industry survey 
was to identify problem areas and, wherever possible, suggest methods to 
improve reliability of future laser systems. The collected failure mode 
and mechanism data for the various laser categories are presented in the 
following sections. Table 4.0-1 presents a sutrmary of the kind of infor-
mation which was collected. 

4.1 Argon Ion Lasers 

Argon ion lasers have not been used extensively by the military 
services; they have, however, a number of commercial and research applica-
tions. Among the most important of these are detached retina photocoagu-
lators, dye pumping, spectroscopy, holography, optical memories, and medical 
research. Typical power output for these lasers range from 200 mW to 
greater than 10 watts. 

The major failure modes with argon ion and other gas lasers are enve-
lope integrity problems, outgassing, and diffusion. A primary source of out-
gassing can be avoided by using inorganic materials and optically flat seals 
for Brewster windows instead of epoxy seals. Continuously active flash-type 
barium getters can be employed to eliminate unwanted passes. It is often 
advisable to flash the getter after an extended period of storage. Brewster 
windows and outside mirrors prevent mirror coating damage from hard ultra-
violet radiation, but solarizstion can alsu occur with quartz windows. 
Lither beryllium oxide (EeO) or graphite have been used for the bore of 
the plasma tube. There were a number of failures attributed to the use of 
BeO in early lasers, but the reliability of this material is now believed to 
be equal to that of graphite. 

V 
1 \ 

Many argon ion lasers are water cooled. There has been experimentation 
using oil and fluorocarbon coolants when high resistivity or low-temperature 
operation is desired. There hive been reports of tube failures attributed 
to the use of hard tap water in water-cooled machines. A pulsed, air-cooled 
model is also available. 

Argon ion lasers sometimes use gar. refill systems, but this may not be 
necessary providing the gas cleanup rate is very low. Cas cleanup is the 
term used to describe the sputter entrapment of helium or of argon ions on the 
tube wall. This changes the gas pressure and can cause malfunctions. 

-X\ ' ^ 
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Capillary tube bore erosion is a phenor>anon causiag discharge insta-
bility and results in an end-oi'-Iife which has been reported to occur from 
1350 to 6000 hours (see Table 6.3-1). End-cf-lifs ;.r- a function of output 
power. High discharge curranta result in whore lifetimes. hanufacturers 
have been found to provide warranties for argon ion lasers which range: from 
1000 hours to 1 year of unlimited use; normally, very few users operate 
these lasers more than 1500 hours per ye?r. 

Infant mortality failures associated with minute leakage have been 
reported. This phenomsnon results in hard starts (2 or 3 minutes delay 
before lasing). To overcome this, some manufacturers nave employed a 
100 hour burn-in to screen out this type of defect. The power output of 
argon ion lasers tends to slowly degrade throughout its life. This problem 
has been attributed to solarization of the windows, contamination on the 
windows, or disassociated bore material in the capillary tube. Improving 
the purity of the window material may overcome the solarization failure 
mechanism. The use of a hermetic seal between the tube and the mirrors 
eliminates dust and moisture contamination which has been another major 
cause of unreliability. 

4.2 FLOWING C02 LASERJ 

Flowing C02 lasers typically use a vacuum pump connected to one end 
of a glass tube. The tube is evacuated, and mixed gasses such as He, N2, 
and CO2 are introduced at a low bleed rate at the opprsite end of the tube 
from the vacuum pump. CO is sometimes substituted for N2, and Xenon has 
also been tried. Metal anodes and cathodes are normally made of nickel 
although zirconium, platinum, tungsten, and silver have also been used. 
A water jacket may be added for cooling with a totally reflective (TR) and 
partially reflective (PR) mirror attached to each end of the tube. Erewster 
windows may be included at the tube ends co isolate the mirror -s from the j '< J 

discharge. ; y • 1 

Many investigators believe that low power (<50W), flowing CO2 lasers 
have an infinite life, prqviding that mirror cleanliness has been properly 
maintained whenever exposed to an environment containing contaminants or 
particulates. The principle reason for this infinite life appears to be 
that the flowing gas acts as a purging medium by removing the contamination 
introduced by electrode sputter. 

Typical wattage of flowing CO2 machines is from 1 watt up to sev-
eral kilovatts. Window replacement is often required on the high power 
lasers. Their applications include hole drilling, heat treating, cutting, 
and weldiir, of metal parts. 

<"-\ « v 

i: v 
\ • 
«... 

\ 4 
j 
1 

»u^r-

• > 

J 

•1:,. ^ t . - - : ^ C s* .'-

Downloaded from http://www.everyspec.com



• * . • ! 

4.3 Sealed CO^ Lasers 

Scaled CO- lasers are B.iniilar in construction to the low power, flow-
ing COp lasp.rs except that the tube has been titnled. It Is normal for these 
laseru to be warrantied for 1 yuir of unlimited use, and power ratings are 
in this 1 to 20 watt range. Soaa of the latserp contain a high vacuum valve 
so the. tube can be refilled. 

CC>2 lasers are considered to have a mrgiual reliability for fire 
control applications because they lack, stability at temperature extremes. 
Vibration may also be a problen. Hard starting has been reported at low 
temperature, and in one instance, a Tesla coil had to be utilized to 
ionize the gas. In the last 5 years, mirror coating vendors and window 
crystal suppliers have improved the quality of their product so much that 
failures of these components are now rarely observed. So many variables 
influence sealed C02 leers' end-of-life (average = 3000 hr), that it is 
very difficult to pinpoint the exact siechanism cf failure. tube leaks, 
CO2 disassociation, electrode deterioration, and helium diffusion are most 
often advanced as the primary reasons. Some researchers recommend the use 
of a metallic alloy to seal Brewster windows to the tube as opposed to 
epoxy or optically flat glass seals. Manufacturing burn-in is necessary 
to screen out bad seals. In later life, the tubes tend to devitrify around 
and near the electrodes. Dirt or improper cleaning can result in surface 
damage to mirrors. 

m 
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Applications for sealed CO2 lr.sers include vocal cord surgery, hole 
drilling, ceramic scribing, spectroscopy, atmospheric measurements, communi-
cations experiments, and air pollution monitoring. 

Figure 4.3-1 is a sketch of a typical Healed CO2 gas laser. E, and 
E2 are the two electrodes;. The glass or q.j.xrr,: tube is terminated by exit 
windows, W^ and W-, which have bean oriented at Brewster's angle to eliminate 
reflections and polarize the output beam, Lasing action is provided by two 
external mirrors carefully aligned with the axis of the tube.. R^ is a 
totally reflective (TR) mirror. R^ is a partially reflective (PR) mirror and 
provides the exit port for the laser beam. 

11 &ar=sUi, u 

High Voltage 
Power Suppl} 

Sf- -c=» 
Rl and R2 a*e curved mirrors with 
coating on discharge side. 

E\ and E2 are electrodes. 

WJL and W2 are flat glass windows 
oriented at Brewster's angle. 

$ % • • 

^1 
' • " • • ( 

1 ^y 

Figure A. 3-1. Typical Sealed CO.. Laser Schematic 
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4.4 Dye Lasers 

Dye lasers fall into two jr̂ iu'ral categoricr.. There are those that 
are flashlamp pumped and thos^ thai; contain dye; cells or jetfi pumped by an 
external laser (typically argon Ion) . There are ;>. large number of dyes 
which have been found to lase, but the rr.oi;r. erficient dye in corcmon usage 
is rhodamine 6G (R6G). Other w»'.ll known dyes are fluorescein, coumarin, 
cresyl violet, and nile blue. 

Typical solvents for the dye include <?.r.hyl alcohol, dimethyl sulfoxide 
(DMSO), ethylene glycol, or water. Loss of dye fluorescence yield, which has 
been termed as bleaching, occurs over extended usage. It is the only life 
limiting photochemical stability phenomenon which has been reported in the 
readily available literature. The output of one R6G dye laser was observed 
to have degraded about ?0 percent after having beep, operated at a rate of 
5 hourc each week over a 6 month calendar period or an approximate lasing 
factor of 130 hours in 6 months. 

Dye lasers have been employed primarily in research applications to 
date. Additional pertinent data <_i; dye lasers can be found in References 
1, 2, and 3. 

4.5 Flashlamps 

Solid-state lasers using yttrium-aluminum-garnet (VAC) or ruby rods 
are pumped with flashlamps. The two most common types are filled with xenon o 
krypton, and can be formed in either the linear cr helical configuration. In 
addition to these variables, some lamps .ise a graded seal between the elec-
trode? and the quartz tube. The graded seal contains three different "grades" 
of glass to minimize stress problems caused by coefficients of: expansion. A 
second concept also in general usage is a metal end-cap type which uses z. 
mechanical solder seal. A third rier-ign utilizing an inner seal inside the 
quartz tube rather than outside haa recently been undergoing evaluation 
testing. At present, there appears to be little correlation between seal 
design and lamp life. 

By far the most predominant failure mode of flashlampr, is degradation 
sputter resulting from a deposition Mechanism which is L function of derating 
as shown in Figure 4.5-1. Degradation cai also be caused by light absorption 
in color centers formed by impurities (chit fly aluminuir. and lithium) in the 
quartz tube. Failure of pulsed flashlamps i. defined by different users as 
anywhere from 20 to 50 percent degradation from the initial or original 
output. Many investigators believe that liquid cooling will improve lamp 
life by one order to magnitude as opposed to gaseous cooling. Design of the 
pulse forming network (PFN) can effect lar.-.p life because if current overswings 
are not eliminated, electrode sputtering occurs. Prepulsing or simnering each 
lamp may lower peak power, but will increase lamp life. Oscillatory currents 
or current reversals cause the anode %c sputter rapidly because it temporarily 
acts as a cathode and is not designed for that purpose. 
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Moat military lasers that have been designed in designators or range-
finders employ small linear xenon lampi; derated to no more than 15 to 20 per-
cent of the explosion energy (the energy required to cause the lamp to ex-
plode). Fiashlamp life in r.his application can then typically be expected 
to be equal to or greater than otis million (10° ) flashec or "shots." Fusion 
research applications require higher power and employ larger and longer lamps 
with approximately a 50 percent derating. Tor this application the linear 
helical lamp lift will be in the 10J "shot" range. Again, the failure mech-
anism is noncatastrophic electrode sputtering and the mode is decreased out-
put. Helical lamps are preferred for soma high power lasers because of their 
longer arc length, but these entail special manufacturing considerations since 
it is difficult to wind a stress-free helix. In addition, high quality quartz 
must be utilized and is not readily available. Procurement presents a problem. 
Impure quartz entraps energy and results in a hotter tube. This causes the 
entrapped impurities to boil off and contaminate the xenon or krypton gas. 

Manufacturing burn-in is both a desirable and useful tool to screen 
leaking or unreliable flashlamps. One supplier operates his lamps for 0.5 
hour at a high energy level to remove defective products. 

Krypton lamps, in general, will not last as long as xenon because their 
arc is hotter. Many commercial YAG lasers used in semiconductor scribing 
employ continuous wave (CW) linear krypton flashlainps which have a lifetime 
of about 200 hour3 when operating at full or nearly full power. Other similar 
lasers contain tungsten filament/halogin CW lamps which exhio.'t" approximately 
the same life as the krypton lamp. 

4.6 Helium/Cadmium Lasers 

Helium/cadmium lasers are similar .' > construction to other gas lasers 
except that they contain a cadmium reservoir near the ar>cde end. Over the 
lifetime of the laser which is typically 2000 hours, the cadmium vapor is 
gradually transported to the cathede tnd where it is deposited. When the 
cadmium has been depleted the machine will cease to lase. While it is 
theoretically possible to provide more cadmium to extend life, another fail-
ure mechanism begins to predominate. This mechanism is triggered by cadmium 
sputter trapping the helium ions near the cathode. The use of a helium 
ballast tends to counteract thin problem by replacing the lost gas. Another 
important design consideration is the control of the location of cadmium 
deposition to avoid excess entrapment of helium ions. An alternate design 
concept known as "diffusion return" recirculates the cadmium vapor. Loss 
of power over the life span of this configuration has also been noted in the 
literature. 

The main use of these lasers is for facsimile machines, blood cell 
analyzers, pollution monitoring equipment, and Raman spectroscopy. Its blue 
beam is absorbed efficiently by dry-processed film and is more easily detect-
able than the red output of helium/neon lasers due to the greater energy in 
the photons of helium/cadmium lasers". 
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Typ:;.ccl pov;er range of he).iun/cadjiua laters is irons 5 to 40 roW. 
VJarrantie.,-3 cf 1000 hours ar-j av;:il<?;>le i.ro:;. s^ruiffacturers. K.»nufacturing 
burn-in for 24 hours is ad'.'isr.bif", < ad nils should be extended to 50 hours 
if there Js any evidence of heii;;i c:i?anuy problems. 

4.7 Helium/Neon Lasers 

It ha3 been estimated that sore than. 100,000 low power milliwatt-
range helium/neon lasers have. bear, manufactured, and this type is the 
most widely used of any laser. Low-coat types are available with mirrora 
epoxied to the gas tube, but other nodelu may use Brewster windows to isolate 
the mirrors. Manufacturing burn-in ranges from 24 to 3o hours and is neces-
sary to eliminate oxygen which outga6sec or escapes from bubbles in the 
epoxy. The aluminum cathode itself ac:s ar a gatter ic achieving gas clean-
up. When epoxy bonding is not used, helljm difrusion through the quartz 
tube may become the principal failure necnanlsm. Tie rate of diffusion 
through glass is much leas than for quartz. 

The usual manufacturers' warranties range from 18 months up to 2 years 
of unlimited use. Life test failures observed have been mostly seal problems 
or discharge contamination. Average life has been found to be about 12,000 
hours. It is possible for humidity to penetrate epoxy seals, and this can 
result in storage related malfunctions. Hard, optically-flat, glass seals 
are -.nore cosf.ly, but they have been shown to withstand a 1 year humidity test. 
In addition, glas.^ to metal electrode seals appear more desirable than epoxy. 

A barium getter can be used to eliminate unwanted gases in a tube, but 
once the getter has been exhausted, many tubes will have failed within 2 or 3 
months. Intermittent or cyclic operation of low power aelium/neor. lasers has 
been found to, result in problens. A $;renter reliability can be attained by 
continuous laser operarion. Outgassing frosri epoxy may become serious after 
3 months storage; to prevent problems, laser operation for 24 hours, once a 
month, has been recommended for gas cleanup. Other researchers believe that 
turning thft laser on two or three tines a year is sufficient, while a third 
scientist operates his machines 15 minutes, once a week, while on the shelf. 
Data collected by the Bureau of Radiological Health (Figure 4 7-1) indicates 
that the aging problem may not be too serious, but additional controlled 
experiments are required tr provide a definitive answer. 

A study ha3 shown that introducing minute quantities of hydrogen or 
water vapor can extend helium/neon laser life. Optimization during design 
and close control of the ratio of helium to neon gas during production are 
also important. 

The many uses of helium/neon lasers include alignment applications 
in the construction and mining industries, metrological purposes, zip code 
sorting in the Postal Service, light sources for automated supermarket check-
out systems, scanners for trar.sceiving news pictures, and. gyroa which employ 
three helium/neon ring lasers arranged in mutually perpendicular axes. 
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.'i8 Ueterojunctlon Gallium As sontdc. Injection Lasers 

Injection lasers are small components s 1 mi 1 ar in size to light 
omitting diodes (LRU's). Gallium ari^al^o (G;'As> and gallium aluminum 
arsenide (G.sAlAs) devices lase in wavelengths taking between 800 and 
v)04 nanometers. Single laser diodes are oein;.', produced with room temper-
ature poaic powers tros i to 50 watt;-, .:r.J higher power stacks can produce 
greater than 300 watts. Typical ;mirv rate is in the neighborhood of 3 
ktlr.. with a pulse width of 120 r>a,, Those device:-, appear to have a nonlinear 
failure me, nanism which is a function ol pulse width. Thus, if pulse width 
la lengthened to 200 ns, more failure;* will be observed. 

Design life for these devices Is in excess of 5000 hours, but no 
verification data are available because tests-to-failure have been truncated 
prior to attainment of this duration. Substantial, statistically significant 
samples have been tcsced for 1000 hours and for 4000 hours with no catastrophic 
failures observed. Drift type failure has been defined in various literature 
sources as greater than 20 or 25 percent degradation. Typically 10 percent 
degradation In output power has been observed after 500 hours of operation, but 
3,000 to 10,000 hours of operation may be required to reach 20 percent degrada-
tion. This observation has been extrapolated from the curve of the mean life 
value derived from the samples tested. It appears that a major factor In 
cathode degradation Is the result of impurities released from the metallic 
anode which are then absorbed on the emitting GaAs surface. Additional data 
on this subject can be found in Reference 4. Occasional weak junctions and 
distorted beam patterns have been observed in the field. Very few crystal 
defects have been observed by users; however, a well-designed heat sink is 
advantageous for many applications. 

Manufacturing screening test.*; hive been run at high and low tempera-
ture with a fallout of about 2.5 percent. Ten to 20 percent overstress has 
also been used as a production burn-in with good success. While burn-in Is 
desirable for high reliability systems, it may not be required with the 
mature commercial product. Warranties of up to 1 year of unlimited use are 
;*.iven from the manufacturer. 

Vises for laser diodes include v.ma 11 lightweight ranging devices as 
well as designators employed In tactical war gar.e maneuvers. Laser diode 
chips are also incorporated in'o hybrid flatpaek transmitter assemblies for 
remote sensing of air pollutants. 

'..9 Solid State Lasers 

Flashlamp-puinped solid-state lasers, using a ruby rod, were first 
demonstrated in 1960. More recently, neodymium doped glass rods (Nd: Glass) 
have been used for high-power applications, but the large majority of solid-
ntate lasers use neodyciuia doped yttriur.-alumlnum-garnet (Nd:YAG) rods. 
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The solid-state laser rod and i .lash lamp refer t.o Figure a.9-1 and --2, 
are usually housed ii. an elliptical cavity, the inner surface of which is a 
highly reflective gold-plated mirror. :)e-ionized water or other suitable 
fluids flow through the cavity for coding purposes. Military lasers ordi-
narily use liquid fluorocarbons or vatet --glycol mixtures for low temperature. 
operation. As with gas lasers, a TR rulrroi is positioned at the far end of 
the cavity and a PR mirror is nornallv used at the output tnd. Other compo-
nents may include a mode selector between the cavity and the TR mirror plus 
a telescope-type beam expander at the exit end. The optical train (see Figure 
A.9-2) is completed by a "Q" switch located between the PR mirror and the 
cavity. "Q" switching is a technique for obtaining short duration laser 
pulses from a rod pumped by a CW lamp or for decreasing the time scale of 
the pulse when the rod is pumped by a flashlamp. As a result, peak, power 
p^r pulse is increased by several orders of magnitude. "Q" switch technology 
has progressed from rotating prisms or mirrors to electro-optical (E/0) 
Pockels Cells. At the present time the most reliable method appears to be the 
acousto-optical (A/0) solid state switch. Solid-state laser components are 
discussed in more detail in Section (».13. 

There is considerable evidence available to prove that solid-state 
lasers do not wear out. The major life-limiting characteristic is a require-
ment for periodic replacement of flashlamps. Greater than 90 percent of the 
"random" type failure mechanisms are associated with dust on optical surfaces, 
misalignment, or the cooling system. The dust problem is being eliminated by 
protective bellows type shields to completely enclose the optical train. New 
designs are available which are aligned at the factory and do not require 
adjustment in the field. Cooling system malfunctions ecu be eliminated by 
proper selection of the tubing and heat exchanger materials as well as by 
placing a de-ionizer upstream of the cavity. With unsealed designs, it may 
be necessary to control coolant temperature to avoid humidity condensation 
on the rod ends. 

Manufacturers' warranties on commercial solid-state lasers range from 
6000 hours to 1 year of unlimited use with lamps excluded. Some evidence has 
been seen that leads to the conclusion that certain commercial YAG lasers have 
achieved better MTBF's than military YAG lasers for both .'..Moratory and ground 
environments. The probable reason for th'.: unusual occurrence is that intense 
competition has forced the î-.-cr ••oration of improved process control, simpli-
fication, rugged construction, or other beneficial design innovations. 

Applications for solid state lasers up to the megawatt peak power 
range include welding, hole drilling, fusion experiments, resistor trimming, 
and scribing of chips in the semiconductor industry. The military uses these 
lasers in the lower power milliwatt range tor target illumination, designation, 
or rangefinding. Rangefinders measure distance by timing the interval between 
a transmitted laser pulc.e and the reflected return iron the target object. 
This time interval is then converted to a digital display of range. Ranging 
errors have been experienced at low temperature but this appears to be an elec-
tronics design problem. Designators are used by ground or aircraft observers 
to illuminate the target for tactical missiles equipped with photodiodn type 
sctkers. 
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Figure 4.9-1. Typical Solid State Laser 
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Figure 4.9-2. Typical Solid Sun to Laser Optical Train 

4.10 TEA Lasers 

Trr.nsversely excited atmospheric prossuve (TF.A) lasers typically 
utilize a nixture of CO2 - N2 - lie gases flowing through a pulsed discharge 
which is formed transverse to the axis of the tube. Experiments have also 
been conducted with other gases such as HF, DF, CO, and N2O as well as with 
sealed tubes. A major advantage of these lasers is that they can provide 
hJgh peak powers of greater than one Kw in a very lightweight compact machine. 
The devices are capable of operation at high repetition rates and appear tc 
be useful for a number of communication r.nd radar applications. 

Pulsing of TEA lasers is achieved by either spark-gap circuitry or a 
thyratron. Thyratron life in this application has been found to be about 2000 
hours of operation although it its only warranted by the manufacturer for 200 
hours. It is possible to burn spots on the electrodes when the laser has been 
operated with a bad thyratron because an arc is struck instead of the usual 
glow discharge. Spark gaps require periodic maintenance of cleaning on the 
average of once a month after 50 to 300 hours of operation. 

TEA laser life is dependent on the optics which typically require 
cleaning once a month and replacement after 1000 hours of operation. Because 
of this problem, optics warranties are restricted to a maximum of 10-> pulses. 
Warranties for the rest of the machine range from 1000 hours to 1 year. It is 
possible to extend the life of the optics by lowering the high voltage level 
or adjusting the gas mixture. Charging capacitor:; occasionally fail, but this 
is to be expected because the lasers ore being used lor research applications 
in which the capacitors have little or no electrical stress derating and are 
subjected to high repttition rates. These highly stressed capacitors exhibit 
a failure rate that is two orders or magnitude (100 times) greater than ident-
ical charging capacitors conservatively derated. 

4.11 Laser Power Supplies 

Data on laser power supply p^rt failures and operating hours were 
collected fvom several different sources during the course of this relia-
bility study. Electronic part failure rates were calculated from this data. 
Although this data base was much smaller than is available from conventional 
electronic equipment, the failure rates fell into the same order of magnitude. 
As a further check, the observed failure rate of a statistically significant 
quantity of laser power supplies in operational use was compared with the 
predicted failure rate using MIL-HDBK-217B piece-part data. The result of 
this exercise (see Table 4.11-1) indicated that the observed and predicted 
values were in very close agreement. Therefore, it was decided not to uti-
lize the collected power supply part fa.'lute rates from the smaller laser 
data base, but to employ the accepted MIL-HDBK-217B data as described in 
Section 6.0 and thus achieve a higher degree of confidence in the resulting 
predicted values. 
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TAlfLE 4.11-1 

Laser Power Supply Observed versus Predicted Reliability 

Part Type Quantity 

34 

8 

21 

4 

9 

34 

114 \ 
3 

7 3 

48 

24 

1 

6 

2 

3 

13 

B<ase Failure 
(failures/10c 

0.9800 

1.6000 

0.6800 

0.8500 

1.2800 

0.0048 

0.0240 

0.3300 

9.5000 

0.4400 

0.0005 

0.0012 

0.0560 

0.0600 

4.5000 

0.5100 

Rate* 
hr) 

Tot 
(fa 

al Failure Rate 
ilures/106 hr) 

32.3200 

12.8000 

14.2800 

3.4000 

11.5200 

0.1632 

2.7360 

0.9900 

28.5000 

21.1200 

0.0120 

0.0012 

C.3360 

0.1200 

13.5000 

6.6300 

Transistor, NPN 

Transistor, PNP 

Diode, general purpose 

Diode, zener 

Integrated circuit 

Resistor, MIL-R-39008 

Resistor, MIL-R-11 

Resistor, MIL-R-26 

Resistor, Var., MIL-R-22097 

Capacicor, MIL-C-11015 

Capacitor, MIL-C-39003 

Capacitor, MIL-C-14157 

Transformer 

Choke 

Relay 

Connector 

Predicted totals 324 149.4284 

Fredicted MTBF (hours)* 

Observed Ml'BF (hours)** 

6,692 

6,081 

* Source: Section 3.0 of MIL-HDSK-217B 

** Source: Best estimated based on actual field 
data in airborne inhabited environmant 
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A majority of investigators .igree that the charging capacitor is 
the laser power suppjy part with which the.v exper unite the most trouble. 
As discussed in Section 4.10, the r.aior reason iVr this problem is the fact 
that many power supply designs do not provide adequate derating for this part. 
Several designers have commented that they believe that the charging capacitor 
failure, rate increases with very hij\h repetition rates. Actual data to 
quantify and support this contention could not be collected. Figure 2.6.1-1 
of MIL-HDBK-217B does contain information on temperature increase effects 
caused by pulsing plastic filn capacitors. One manufacturer for the military 
market subjects storage capacitors to an environmental laboratory altitude 
test to screen marginal parts, and this procedure has greatly decreased the 
failure rate observed in the field. In another early airborne military laser 
system, a charging capacitor cyclic failure rate in the order of 10^ shots 
has been documented. 

The second most frequent laser power supply malfunction is associated 
with high voltage cables and connectors. A significant portion of thin prob-
lem appears to be related to improper cable routing. MIL-STD-810 tests in 
both the humidity and altitude environments are a valuable aid to achieving 
product improvement and high reliability laser power supply designs. 
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4.12 Limited Use Items 

There are a number of different kinds of limited use. gas lasers for 
wiiich it was not possible to collect sufficient reliability data to construct 
realistic failure rates, failure Ixodes, or nachr.-matical models. In general, 
these lasers are used for fusion_studies £»d othsr laboratory research pro-
jects where the characteristic wovu length is of interest. The. helium/ 
selenium, nitrogen, xenon, DF, n.r.'l KF gas lasers are typical of the machines 
which fall into the limited-use category. Many of the failure modes pecu-
liar to other gas lasers, such, as gas cleanup, polarization, envelope, integ-
rity, and diffusion should be expected to occur and to be observed as experi-
ence is gained. 

For reliability prediction purposes, estimates can be made either by 
using the component building-block approach or by choosing a math model based 
on similarity to other lasers. The helium/selenium laser is similar to 
helium/cadmium while the other limited-use lasers listed are perhaps closest 
to the argon ion or CO2 systems. 

A.13 Laser Components 

Recent failure mode and mechanism data on major laser components 
are discussed in this section as they pertain to typical usage in operating 
commercial and military laser systems. Materials damage information from 
very high power research applications has been omitted sir.ee thir, area is 
outside the scope of the study. Several investigators have stated that there 
are perhaps five orders of magnitude between damage thresholds and nominal 
energy levels being used in the lasers for which reliability predictions are 
required. Most researchers are unanimous in their opinion that the quality 
of laser components has improved significantly in the last 5 years. 

4.13.1 Crystals 

Crystals are used in a wide variety of laser applications including 
frequencer doublers or second harmonic generators (SHG). In the case of YAG 
lasers, deuterated cesium dihydrogen arsenate (CD*A) is used to go from the 
1.06 to the 0.532 micron wave length. Other crystals in common usage are deute 
rated potassium dihydrogen phosphate (KD*F), lithium iodate (LHO3), and 
lithium niobate (LiNb03). With adequate derating, there is no evidence that 
these crystals themselves wear out; ho'./ever, the coatings may degrade if 
subjected to excessive heat. There have been examples of fractures of CD*A 
crystals when operated at 100° C. The problem has been jolved by substituting 
CDA for CD*A and reducing the operating temperature to ''0CC. 

4.13.2 Mirrors 

Laser mirrors being used in the late 1960's exhibited a large number 
of quality control problems associated with improper coatings. In recent 
years, the major vendors have improved their manufacturing process controls 
and the currently available production mirrors ere highly reliable. 
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Mirror coatings fall Into t..io t̂ nara.l categories, TR and PK. The 
TR type is typically prepared by depositing either a gold or oultilayered 
dielectric or both types of material on a oilicon or other metallic substrate. 
Dielectric materials in co.saon usaj>e are r.â nesintn fluoride (MgFo), cadmium 
tellurite (CdTe), and zinc fmifide C":iS). As many as 25 layers of these 
materials may be required l.c get 0.999 reflectivity. The PR coating can be 
made of the same construction except than fewer layers are used, and a trans-
mitting material is substituted as the subutra-e. 

To achieve lowest Iocs and least impurities, vacuum deposition 
methods are employed with either a resistance heater or an electron beam 
to evaporate high temperature material. The electron beam approach is pre-
ferred by many manufacturers because J.t provides good adhesion at the molec-
ular level and minimizes scattering. Dust contamination is the major cause 
of mirror coating failure, and substrate heating must also be avoided. There 
have also been reports of coating damage caused by inadvertent contact with 
leaking liquid fluorocarbon coolants. Certain unsealed laser designs require 
that maintenance action to clean mirror coatings be dene on a periodic basis. 

A.13.3 "Q" Switches 

In order to provide the function described in Section 4.9, early 
solid-state layers employed the spinning mirror "Q" switch. The mirror was 
mounted on the end of a miniature electric motor shaft and jas found to be 
unreliable because of bearing wearout, dust contamination, misalignment and 
balancing problems. 

The next generation "Q" switch was the E/0 Pockels cell. Crystal 
materials used for this purpose include ammonium dihydrogen phosphate (ADP), 
KD*P, potassium dihydrogen phosphate (KDP) , LiNl03. The KD*P is perhaps 
most commonly employed, and it is often immersed in a liquid fluorocarbon 
for index matching and hygroscopic protection. An alternative design for 
KD? Pockels cells utilizes a hermetic seal and desiccant approacn. The 
dfsired E/0 "Q" switching is caused by varying the refractive index of the 
crystal axes with an impressed electric fi'jid, thus modulating the light 
neam. Typical Pockels ceo.1 failure modes are leakage of the index matching 
fluid, coating damage from misalignment, arid bubbles in the cell caused by 
fi]amenting or not spots in the beam. In some applications, LiNb03 nay re-
quira a gaoeous oxygen bleed as the crystal loses oxygen with time. 

A major Pockels cell manufacturer has recently switched production 
entirely to A/0 "Q" switches because of the improved reliability advantage 
of this new design. The typical A/0 type "Q" switch utilizes a transducer 
to introduce a sound wave to a prism in the laser's optical train. The 
elastic wave acts to deflect the light beam off the mirrored surface, thus 
alternately achieving reflection and transmission. Early designs experienced 
occasional bond failures between the transducer and the quartz prism. At 
present, grease bonds are being used with great success, and a large quantity 
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cf putt hours bjvi: i>'."?ii acc-.-j; U'.: u-j v.iiu no lailiires. Solid-state YAG 
laser scrihers, uluh A/0 :'Q" '.-wi L<W:;E, havi. operatud reliably 24 hours 
per cl.iy for 120re than 30 month'.:. A;; long as dust contamination is kept 
off the component, no "Q" switch failures are observed. 

4.13.A Rods 

Solid-state laser rods consist primarily of one of three materials, 
ruby, Nd:Glass, or Nd:YAG. Early lasers experienced rod failures, but the 
major reason for this problem was minute impurities which .ere introduced 
during manufacturing. Very pure rods*. 'ire now available and rod failures 
are rarely observed in low and medium power applications such as military 
designators, rang^finders, and coaxtaercial semiconductor scribers. 

The typical laser rod uses antireflective (AR) coatings on both 
ends which may consist of a single layer of magnesium fluoride (MgF2) dielec-
tric material. Du^t must be kept off the rod ends. Fcr high-power laser'-!, 
rod coating damage can result from hitting a retlective target. Optics 
misalignment can also cause reflected energy which will burn the rod coati:.^. 

Amino compounds are not compatible with ruby rods and they should 
be avoided. One user of a YAG laser reported no rod problems in over 3 
years fieid experience with daily operation. Ruby rods which were not kept 
clean required replacement between 5 x 1CP and 5 x 1Q& shots. 

4.13.5 Brewster Windows 

Brewster windows are utilized on gas lasers to isolate the mirrors 
from the discharge. Orientation at the proper Brewster angle .prevents reflec-
tions which would result in power loss. The actual AR angle employed varies 
with the refractive index of the material used for the window, and with 
sodium chloride (NaCl) and dost glasses the. ancle is <.bout 56 degrees. Any 
material which transmits the particular laser ladiatioa involved can be used 
as a Brewster window. Glass or quartz ere usually employed as long as the 
wavelength is within its transmission rafij;o which extends through the visible 
to the near infrared (IR). Beyond this range, some other material must be 
used. Salt is a good window material for infrared lasers, but it lias a very 
short life in humid environments. Even with average relative humidities 
below 30 percent, NaCI window replaccr.f.".:ts nay be required after approximately 
5 weeks. Potassium chloride (KC1) is more conraonly used fcr Brewster windows, 
because it is not as hygroscopic as NaCl. Zincselenide (Z:iSo) and CaAs have 
also been used with success. Metallic fold/Indium compounds have been used 
as a reliable method to attach Brewster windows to the laser tuL° . 
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3.0 DATA AMALYSIS 

5.1 Statistical Methods, Assumptions, and Ground Rules 

Operational failure data on laser devices have been collected, 
analyzed, and summarized in the form of failure rates for individual laser 
item types. The following sections describe the basic ground rules and 
assumptions used in this analysis and del int. the statistical tests used 
in combining the data. The methods used for calculating failure rate con-
fidence limits are included. Numerical example! are given for the statistica 
tests and for confidence limit calculations. 

5.1.1 Assumption of Exponential Distribution 

It is generally accepted that failure times for most electronic 
parte are exponentially distributed. Although this acceptance does not 
extend to some laser items, the assumption and use of the exponential failure 
distribution has ordinarily been extended to performing reliability calcu-
lations for these items. Two primary factors are involved in the widespread 
use of this assumption: 

1̂  It greatly simplifies the reliability prediction techniques; 

2_ There is a pronounced lack, of time-to-failure data on most 
laser items, so that a more descriptive failure distribution 
cannot be established. 

The second factor was evident during the data collection phase of this study 
program. Many sources could provide only the total quantity of item-hours 
and failures rather than tirae-to-fallure data. It was, therefore, necessary 
to assume the exponential distribution during the calculation of failure 
rates for this program. 

Based on the exponential distribution, failure rates with respect 
to functional and environmental applications have been calc lated for the 
items for which data were available. 

5.1.2 Calculation of Confidence Limits 

Two-sided limits of a 90 percent confidence interval have been 
derived for the failure rates in this report with one exception: 

When the item type under evaluation had zero 
failures, the failure rate point estimate was 
calculated as a function of total item-hours, 
and the chi-squart (\ ) value obtained from 
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y* (l-a/2, 2r+2) 
2T 

Upper confidence limit, 

a/2 = the 5„percent percentile coordinate used to determine 
the xZ value at the lower confidence limit 
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the upper single-sided 60 peitei.': confidence 
level at 2 degrees of frc^dor.. Therefore, 
no confidence lirrritc ore given for failure 
rcces calculated in this manner. 

V s 

Before calculating the 90 percent. tv.'o-sided confidence limits it 
was first necessary to deternine vhc.i-nar the- item data were time or failure 
truncated. As far as could be deterin.'.ned, no known instances of failure 
truncated information were reported, received, or documented; therefore, it. 
vas assumed that the data were, time truncated. The upper confidence limit 
was obtained by using the component item-hours and the upper 95 percent chi-
square value at 2r + 2 degrees of freedom. The lower limit value was like-
wise obtained using the component item-hours and th2 lower 5 percent chi-
square value at 2r degrees of freedom. If the data had been failure, trun-
cated, the value for the upper limit would still have been obtained at the 
95 percent level, but at the 2r degrees of freedom coordinate. The lov*-.r 
confidence limit value would not have changed. 

The general equations used for obtaining the upper and lower 
confidence limits on the item failure rates in rhis repo-t are as follows: 

2T 

: 1 

f. 

li 
Lower confidence limit 

where: 

r = the number of failures which determines the degree-of-
freedom coordinate used in determining chi-square (x ) 

:i > 

5';"' 

l-a.12 = the 95 percent percentile, coordinate used to determine 
the x -value at the upper confidence limit 

T =» the total number of component item-hours. 

As an example, three failures on helium/cadmium lasers occurred 
during 0.0393 x 10^ item-horn of operation. To calculate the failure rate 
and associated 90 percent two-sided confidence limits, a table of x^ values 
from Reference 5 is used to establish the values of the upper and lower 
90 percent confidence limits. The results are as follows: 

1 .4. 
•A • 
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nii .. Failures 3 , •,-, Failures Failure rate •» — = TT^TTSQ—Tn6 Z5.37 . r Tr n Item-Hours U.0 3y8 x iu" io°  Item-Hours 

.. . ,. ... y} (0.05. 6) 1.64 20.60 Failures 
Lower confidence limit ^ - ^ - 7JT0T%xToS " 10b Item-Ho^ 

r , . ,, , v2 (0.95. 8) 15.5 194.72 Failures 
Upper confidence limit - i — - * OT^^OO* TtfTlZen^P 

5.1.3 Test of Homogeneity of Data 

When billions of item-hours of data are collected from many 
different sources, the analyst is faced with the task of determining how 
the data should be combined. Obviously, it is imperative that homogeneity 
of item populations be maintained. If not, the introduction of bias and 
loss of precision in item failure rates would result. Therefore, all line 
items of failure rate data were carefully studied and evaluated. These 
data items were then reordered and categorized on the basis of laser item 
type, item subgroup type, functional application, and environmental applica-
tion. 

Before the data could be combined, an additional evaluation was 
also necessary ; a statistical test for homogeneity. The Dixon Criterion 
teBt was chosen to statistically detect and identify those data entry fail-
ure rates which might significantly deviate from the family of failure rate 
entries under analysis. The ground rules and statistical assumptions used 
for thin Dixon Criterion testing .ire as follows: 

1_ Failure rate observations derived from each line 
entry come from a single normal population. 

2_ Population mean and standard deviation of the 
failure rate observations are unknown. The data 
sample, consisting of the failure rate Line entries, 
is the only source of information. 

3_ The probability of risk ( ° 0 for rejecting an observa-
tion that truly belongs in the group is 10 percent. 
Line items significantly different at either end of 
a 90 percent two-sided confidence interval are culled 
from the sample before a final combined failure rate 
estimate io calculated. (See Section 5.1.2 for a 
discussion of the method used for calculating confi-
dence intervals.) 
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4 A minimum c£ three ix.v. (.utrî c 03 failure rate data 
aire necessary in teat in;; tf:e 1 •ofcogeneity ot the samples. 

5_ When a data line entry ha& zei'u failures, one failure 
has been assuned in calculating the data entry failure 
rate. Such an. entry iu tasted only to determine whether 
its failure rate ia ^i^nif ;..cenv.'.y lover than the others 
in the sample. Exur^cKly low failure rateu rn&y indicate 
overzealous censoring of failures by the data collecting 
activity. A failure rate calculated by assuming one 
failure is not included in the Dixon Criterion test if 
it is ranked at the high end of the ordered failure rate 
data entries, since a high failure rate with no actual 
failures ia•meaningless. The item-hours, however, of 
that entry are combined in the final failure rate calcu-
lation. 

As an example, Table 5.1.3-1 contains the three lowest and the 
three highest ordered line items of failure data received on mirrors and the 
equations for identifying outliers at the upper and lower ends for a data 
base of 25 observations. 

To test acceptability of sample X^ at the low-end, the applicable 
failure rates in failures/10" item-hours are substituted into tTie correspond 
ing formula, and the result obtained ia: 

X3 ~ X 1 . 1 ^ 3 3 5 _ ^ _ 8 8 2 _ _ 
X 2 3 - X 3954.306 - 5.852 

This value is less than 0.406; therefore, the lowest ordered failure rate 
is within the acceptable boundary. To test acceptability of saraple entry 
X25 at the high end, the applicable values arf again substituted into the 
corresponding formula, and the result obtained is: 

X25 " X23 _ 12082.601 - 3954.306 
X,5 - X " 12082.601 - 157385 " 

0.674. 

This v«-ilue is greater than 0.4C6. Therefore, the failure rate of 12,082.601 
and its associated item-hours and failures must be rejected. These would 
not be combined in the final failure rate estimate. 

This iterative testing process using the Dixon Criterion is con-
tinued until all unrealistic outliers have been eliminated. The data and 
tables used for determining equations and statistics to be applied were 
obtained from Reference 6. 

Downloaded from http://www.everyspec.com



•JY.S-LK 5 . 1 . 3 - 1 

I E x a m p l e of 
CJ i i ib ina t j . i ' i i of F ; i i l i n i ' D a t a L i n e E n t r i e s 

•MIRRORS, GtfNT.RAL 

Failure Rate 

23 

*24 

25 

tern-Hours) 

5.882-

13 .699 

1 5 . 3 8 5 

3 , 9 5 4 . 3 0 6 

7 , 0 2 9 . 8 7 7 

1 2 , 0 8 2 . 6 0 1 

I t em-Hours 

170 ,000 

73 ,000 

6 5 , 0 0 0 

2 ,276 

2 ,276 

4 ,552 

Failures 

55 

For a sample of 6 from a J.ita base of 25 observations, if the 
low end is suspect, 

x3 - Xl 
reject X^ if — — • - 0.406. 

23 '"1 

For a sample of 6 if the high end is suspect, 

X25 - h > 
reject Xor it" 

5 - X ) 
0.406. 

26 

> i 

'• \t. ...... A 

v." .! S 

Downloaded from http://www.everyspec.com



b . - Item Classes and F.» i X v. i «> K.Kcr. 

Tho purpose ot this proc,rar>. !-.CIK bee.i to construct rnlels an J. 
,is:iodiU' failure :,iii data that arc sut'oblo lor future revision ol Soot Ion 
r.'i of MlL-HiT>K-21/B. This was done chrour,n tho collection, study, and 
analysis of laser Iters veil ,i!>t! i t y CJC.I ar.d ins. .ij-r.a: inn . llu'.-,e data, col-
loeted, studied, ,nu! analyzed, ha\o been ear. e>;o r >.,-.c>f bv spec i f i c iter.-, tvpe 
and i'iivi ronr.ont.'l appi icat von. i he remits are pre.icnten in Tabic b.J-I. 
No laser devices wore tested to obtain data, but rnthor an extensive data 
survey and collection effort was undertaken to locate an.! obtain necessary 
data. Appendix A lists the sources from which th:> data were collected. 

The equipment, studied were typical of those used in military 
f.round and airborne environments, as veil as in eo.-nere ial applications. 
Most of the failure, rate data are in the t'cra of failutos/lG0 i tern-hours of 
operation; however, .soap failure rates are in terras of t'ai iuros/lO0 item-
pulses. These failure rates are annotated in Table b.'-' by an asterisk (*) 
in t!ie Item-Hour COIUITSTI. The pulses are nynninie rather than static. 

A limited amount of qualitative failure mode and mechanism data 
were obtained during the data collection effort. These data are summarized 
in Section 4.0 for several general classes of lasers. No significant amount 
of quantitative data was obtained. 

5.3 Weibull Analysis 

In Soptccioor Hil, tee Swedish professor Waleddi Weibull pub-
lished a distribution function which is I.IOPL generai in fori.1 and capable 
oi completely describing the three classical re!lability periods of decreas-
ing, constant, arid increasing failure rate:;. 

While the distribution was apparent Iv first conceived tor the 
solution of mechanical engineerittf; wearour problems, it has more recently 
been locopni-ed as a powerful tool for the statistical analysis of life 
tests involving, both electronic and mechanical component parts and equip-
ment. It has been used for ana I v.- ini; life tests of vacue.n tubes and is 
coming into more general use for study inp, the re 1 ic.bil i t v ot semiconductors 
and capacitors. 

Because ^i its versatility, the distribution which bears Professor 
U'eibull's name continues to find increasing practical application in the 
elect tonics and aerospace industries. 

Tho Weiball distribution is a three parameter distribution defined 
as follows: 

:»7 
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F(X:a, ti, Y> a 
. t i - 1 (X - Y ) B , , x p - - ..-

u 
for : X > Y 

Y 1 0 
a > 0 
6 > 0 

0 ochrevise 

where: 

a - scale parasietei 

B •• shape parameter 

Y « location parameter 

The Weibuil shape parameter (8) is of extreme importance because 
it describes the region yf failure; that is: 

When S*l, the failure, rate is said to be constant with time. 
This is the random failure region. 

When 8<1, the failure rate is said to be decreasing with tine. 
This is normally the burn-in region. 

When 6>1, the failure rate is said to be increasing with time. 
This is normally the wearcut region. 

The parameter ft' is called the characteristic, life and denotes 
the point where approximately 63 percent of the population has failed. 

The gar.una parameter (y) , which can also be interpreted as a 
warranty period, is calied the location parameter or minimum life below 
which no failures should occur. In the following analysis, the assumption 
is nade that all items placed on test are subject to failure from the instant 
they are put on CJ-at; hence, the location parameter equals zero. 

5.3.1 Helium/Neon Laser Weibuil Analysis 

A limited nrcount of test-to-failure data were collected on he1 lur,/ 
neon laser from several different sources. Initial Inspection revealed that 

\ • • • > • • » < • < \ V : 
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a deeper mathematical investigation was nocessary to categorize and define 
with a greater degree of accuracy tha reliability parameters of these devices 
It. appeared that the data would full into two distinct quality levels as 
described in Section 2.0 (b), Tart (Juality, of MIL-KDIMC-217B. It was not 
immediately obvious whether these two quality levels were attributable to 
infant mortality stemming from manufacturing variations as opposed to end-
of-lil'e wearout inherent in the device design. To resolve this question, 
Weibull analyses, as described in Reference 7, were employed. 

5.3.1.1 Quality Level 1 Data 

A statistically significant amount of quality level 1 data were 
received from two different sources and were coded Group 1 and Group 2. 
The times-to-failures for each of these groups were independently subjected 
to a Weibull analysis. The results are depicted in Figures 5.3-1 and 5.3-2. 
Surprisingly, both groups'initially exhibited a sharply increasing failure 
rate (3 = 4.32 and 5.32) during early operation of up to approximately 13,000 
hours (12,000 for Group 1 and 14,000 for Group 2). This first period was 
followed by a second period marked by a slightly increasing failure rate 
(B =• 2.25 and 2.23) for both groups cut to beyond 30,000 hours of useful 
operation. In other words, those units which survived 13,000 hours were 
very good units and, on the average, tended to last a very long time. 

Tile mean life for the Weibull distribution depends on both the 
scale parameter (a) and the shape parameter (8). The mean life .is termed 
the characteristic life (n) and is expressed by: 

1. 

n = a6. 

The characteristic life for Group 1 and Group 2 are also shown on Figures 
5.3-1 and 5.3-2, respectively. During the first period, n was found to be 
approximately 17,300 hours and 17,600 hours. For the second period, n was 
observed to be about 26,000 and 22,000 hours. 

Because of the apparent similarity in the reliability parameters 
exhibited by both groups of quality level 1 data, a Kolreogorov-Smirnolf 
test, Reference 8, was performed on (.roups 1 and 2 as shown in Figure 5.3-3. 
This test revealed that there is no significant difference in the two groups 
at th*-. 95 percent level, and they can, therefore, be combined without undue 
bias. Figure 5.3-4 displays the combined quality level 1 data which exhibit 
a characteristic life of about 20,000 hours. It should he noted that for a 
true exponential distribution (B~l), the characteristic life (n) is equal to 
the mcan-time-between-failure (MTBF - <i). Mien i-3.25, the distribution be-
comes normal. The analysis of the. combined quality level 1 data (Figure 5.3-
indicates that failures are normally distributed through a large portion of 
the useful life. The remaining devices are very good units and exhibit a 
constant or slightly decreasing failure rate until end-of-life. The failure 
mechanisms which contribute to this phenomenon are discussed in Section 4.0. 
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5.3.1.2 Quality Level 2 Data 

Quality level 2 data were received from ! 
and were subjected to We.ibull analyses as t;hov-n in 
This quality level is neither typical not suitable 
fied or required for military applications. 

•wo different sources 
V'Ljures 5.3-5 and 5.3-6. 
n.r Laser devices speci-

Group 1 data exhibited a distribution v.hich might be expected 
of the exponential distribution or constant failure rate hardware. Group 
2 data approximated the normal distribution throughout their life and did 
not shew the decreasing failure rate observed in Group 1 later life. 

5.3.1.3 Observations 

Quality le.vel 1 "helium/neon lasers use higher cost construction 
and have better manufacturing process controls than quality level 2 
devices, and are generally applied to military applications. Quality level 
2 applies for commercial use. 

The total amount of helium/neon laser data is small. So when the 
data from quality level 1 were combined as described in Section 6.0, it 
was determined that use of the constant failure rate would btst fit the 
overall situation for laser predictive modeling purposes. 
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6.0 LASER RELIABILITY PREDICTION 

This section contains failure rate models and failure rate data 
suitable for predicting reliability of operational laser systems. System 
models are provided for six major .laser types. This encompasses greater 
than 90 percent of the hardware presently in use. 

In addition, laser device and component data are also presented. 
These data way be used to facilitate predictions for new, limited-use 
research lasers and require the conventional building block approach to 
perform a reliability assessment. 

Finally, updated laser life characteristics have been included to 
allow users to estimate the time range when wearout might be expected and 
better plan for those equipments that are life limited. 

•V 
•-..I 

r* 
IV' 
k 

6.1 Laser System Failure Rate Prediction Models 

This section presents failure rate prediction models if or six major 
classes of laser systems: 

"N 

Helium/Neon 
Argon Ion 
Carbon Dioxide, Sealed 
Carbon Dioxide, Flowing 
Solid State, Nd:YAG Rod 
Solid State, Ruby Red 

Because each laser family can be desig 
proaches, the system failure rate prediction mod 
on four basic laser functions or categories whic 
families, but may differ in the hardware impleme 
Three of the categories are mandatory and must b 
typa. They are identified as the laslng media, 
_>ump, and the coupling method. In addition to t 
iliary category must be considered in order to i 
terns that may be required for cooling or for gas 
functional approach to system failure rate predi 
pleteness, but allows flexibility so that ^.11 ma 
mental application factors, or hardware peculari 
accounted for and systematically evaluated. 

Sect.6. 
S-Lt.6. 
Sect. 
Sect. 
Sect. 
Sect. 

ned using a variety of ap-
els have all been structured 
h are common to all laser 
ntation of a given function. 
e considered for every laser 
the pumping mechanism, or 
hese mandatory ones, an aux-
nclude peripheral laser subsys-
flow regulation purposes. This 

ction for lasers ensures r.om-
jor laser elerocTits, tnviron-
ties within a family can be 

.jY 

In order to clarify this system failure rate prediction approach, 
the general laser model is an additive model concept; i.e. 

LASER XMEDIA + XPUMP + XC0OTLING + XAUXILIARY 
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The individual values and expressions within each additive term 
have bc-en iteratively derived and validated from laser device field exper-
ience. The initial teres and expressions utilized were obtained either from 
.system engineering judgements based on a review of the data or from suggestions 
in the literature for special cases. 

Examples of meci«"-related ha.dware and influence factors are the 
solid state rod, the gas, the v,nr, JVTPSSI; r», the vacuum integrity, the gas 
mix, any outgassing, and the tube diameter. The electrical discharge, the 
flashlamp, the power supply, and the eiier̂ y level are examples of pump-related 
hardware and influence factors. The coupling category contributors are the 
"Q" switch, mirrors, windows, crystals, substrates, coatings, and level of 
dust protection afforded. The auxiliary functional grouping includes coolants, 
de-ionizers, filters, heat exchangers, seals, O-rings, pumps, pressure regulators, 
gas flowmeters, tubes, fittings, vacuum valves, and degj.ee of contamination 
control afforded. 

6.1.1 Helium/Neon Lasers 

XHe/Ne " ^E XMEI)IA + XPUMP + *E XCOUPLING + XAL'XILIARY 

where: 

is the helium/neon laser failure rate in faiiures/10" operating hours. 

), 

He/Ne 

*E 

*MEDIA 

PUMP 

is the environmental application factor, and its value is determined 
from Table 6.1.1-1. 

is the failure rati"; contribution of the lasine media, and its value 
is 84 failures/10 operating hours for helium/neon lasers. 

is the failure rate contribution of the pumping mechanism which, for 
helium/neon lasers, is the power supply. The power supply failure 
rate is to be calculated by the detailed part, stres:. analysis pre-
diction method prescribed for electronic devices in the appropriate-
sections of MTL-HDBK-217. 

COUPLING is the failure rate contribution of the laser coupling hardware, 
and its value is 0,1 failures/10" operating hours for helium/neon 
lasers. 

^irivTirmv ls the failure rate contribution of the auxiliary equipment. Since AUXILIARY , , . , , , .. I I L j-, . ' , helium/neon lasers do net normally have auxiliary equipment, its 
value is normally zero. 

It should be noted that the helium/neon laser failure rate prediction 
model can be simplified ;;nd rewritten as: 

He/Ne 84 1 TI + >. 
F. POWER SUPPLY 
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trie r.-n.j.uire r a t e l o r ru> :.uji/neor. lasers .uso Baited on te;jt-to-faiI'.ire J-it̂  
appears to be constant over che najor portion of the laser's expected life 
range or epan. Reliability, therefore, of r.eliu«/ncon lasers cannot be 
improved by preventive luaintfcnance replacement; i.e., no limited life items. 

TABLE 6.1.1-1 

Application Environmental Factor, tf„ 

APPLICATION 
ENVIRONMENT 

Ground, Benign 

Space Flight 

Grour.d, Fixed 

Airborne, Inhabited 

Naval, Sheltered 

Ground, Mobile 

Naval Unsheltered 

Airborne, Vtiihabited 

Satellite or Missile 
Launch 

SYMBOL 

GB 

SF 
GF 
AI 
Ns 
GM 
N'u 
*> 
"U 
«L 

! 

"E 

0.2 

0.2 

1.0 

5.0 

5.0 

5.0 

5.0 

8.0 

8.0 

.___ ' 

He
li
ua
/N
ao
n 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Ar
gc

n 
Io
n 

V 

X 

-__ 

™ r - r " • 
o 
n] 
'J 
(.I 

CM 

O 
o 

X 

X 

V* 

O 

O 

X 

X 

So
li

d 
St

at
e 

Nd
:Y

AG
 

X 

yr 

X 

X 

' X 

X 

X 

u 

-a 
•rt >, 
o o 

X 
t 

X 

X 

X 

X 

X 

x 

Note: 

X Indicates current or past application. 
TheBe data were derived from operational 
syutems sû .h as the ground mobile AN/WS-1 
and the airborne AN/AVQ-9. 
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6 . 1 . / ' Ar^Oii I o n ' . S M - V S 

\\I = " E XMF.I>IA + Xrn/>ff ":" ^K 'COUPLING ' "AUXILIARY 

where: l
; 

\ is Che argon ion layer failure rale in failures/10" operating hours. 
AI 

* E 
is the environmental applicat!-i'i factor and its value is determined 
from Table 6.1.1-1. 

XM_nTA is the failure rate contribution of the lasing media, and its 
value is 457 failures/10& operating hours for argon ion lasers. 

p l „_ is the failure rate contribution of the pumping mechanism which, 
for argon ion lasers, is the power supply. The power supply failure 
rate is to be calculated by the detailed part stress analysis predic-
tion method proscribed for electronic devices in the appropriate 
Sections of MIL-HDRK-217. 

VmiPT TMP *s t'le failurt" rate contribution of the laser coupling hardware, 
and its value is 6 failures/10 operating hours for argon ion 
lasers. It should be noted that the predominant r.rgon laser 
failure mechanism is related to the gas media (as reflected in 
^MEDIA^» houever, when the tube is refilled periodically (pre-
ventive maintenance:) the mirrors (as part of ^COUPLING) c a n b e 

expected to deteriorate alter acproxinately 10^ hours of operation 
if in contact with the discharge re,.;ion. 

*>I!VTT T»r>v is-the failure race contribution of the auxiliary cooling equip-
AUAlLiAni 

rnent, ana its value is co be <.• i J rul ated from tne aprropriato item 
failure rater; listed ir. T.rJjli; J.2-1 and the p.-jrus count rsthod 
described in Section 3.0 of MIL-HLhK-217. 

It should be noted that the argon ion failure rate prediction model can be 
simplified and rewritten, as: 

*AI ~ A 6 J "E + ;POWER SUPPLY + 'AUXILIARY 

6.1.3 Carbon Dioxide, Sealed Lasers 

XC0„ SEALED " "f. "0 ^B \'!EDIA + '"'PUMP + "E r0S ^COUPLING + ^AUXILIARY 
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where: 

C0„ SEALED is Che carbon dioxide re*lea latrv tailure rate in taiiures/lu 
operating hours. 

n is the environmental ^rpHcat'.on factor, and its value is 
determined froTa Table c.Y.I-t. 

it is the gas overfill fact or, an J it;.; v«li)» is determined from 
Table 6.1.3-1. 

it is the ballast factor, aad its value is determined from Table 
6.1.3-11. 

\ Kr-DIA 
is the failure rate contribution of the lasing media, and its 
value is determined fro® Table 6.1.3-111 which is based on the 
empirical expression: 

MEDIA 
69 I - 45Ana 

Ima 

r failures 
10b operating hours 

PUMP 

OS 

\. COUPLING 

AUXILIARY 

where: I » Current in mllliaoperes and * lOna and 
< ISO nia. 

is the failure rate contribution of the pumping mechanise, which, 
for carbon dioxide sealed lasers, is tlie power supply. The power 
supply failure rate is Co bo calculated by the detailed part 
stress analysis prediction method prescribed for electronic 
devices in the appropriate Sod tons of M1L-HPHK-217. 

is the active optical svsrface application factor, and its value 
is determined from Table n.l.T-lV and Figure 6.1.3-1. 

is the failure rate contribution of the laser couplinc, hardware; 
that is, lenses, mirror*, prions, exit vindows, etc. Its value 
is 10 tailures/lO°  operating hours lot carbon dioxide scaled Last-
is the failure rate contribution of the auxiliary cooling equip-
ment, and its value is to bo calculated from the appropriate iter 
failure rates listed in Table -c.2-l and the parts count method 
described in Section 3.0 of ^lt.-HDBK-:i7. 
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.1 v> 

TABLE 6.1.3-1 
-".AS OVERFILL FACTOR, u 

C02 OVERFILL 
PERCENT * 

0 

25 

JO 

0 

1.00 

0.75 

0.50 

*Ov«srfill percent is based on the percent increase over the optimum 
CO, partial pressure which is no-mally in the range of 1.5 to 3 
Torr for most sealed CO2 lasers. 

TABLE 6.1.3-II 
BALLAST FACTOR, ir„ 

a 

PERCENT OF BALLAST 
VOLUMETRIC INCREASE 

0 

50 

100 

150 

200 

*B 

1.0 

0.5 

0.3 

0.2 

0.1 

IN 

A ,1 

. \ ' .1 

/ 

•, n ••'.' ' 
•r ' \ -

/ SrC. 

i) 

< • '• \ 

J • ,,-.>V '• 

. . i f ' " 
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rAiiLF. 6.1.-5-1II 

>•»..-„*, Values lor CO., Scaled U-iavs MEDIA J. 

- - — — - ' — • • " — - ' — - • • — " - — - , 

Current:, I* 
(in raiili.iinperes) 

10 

20 

30 

40 

50 

100 

150 

XMEDIA 
(Cailures/iO hours) 

240 

930 

1,620 

2,310 

3,000 

6,4.50 

9,900 

* The current I is tube current, and the values for I must be equal 
to or greater than 10 and equal to or lass than 150 milliaaperes. 

TABLE 6.1.3-IV 

Optical Surface Factor, T 

— ' ' ; :—-1 
Numt»«' r o ( 
Active* 

Optical Surfaces 

I 
••> 

3 

4 

5 

b 

7 
3 

IT 

OS 

1 
•) 

3 

u 
5 

6 

7 

O 

* ONLY ACTIVE OPTICAL SURFACES ARE COUNTED. AN ACTIVE OPTICAL SURFACE 
IS ONE WITH WHICH TOE LASER ENERGY OR BEAM INTERACTS. See Figure 
6.1.3-1 for descriptions. 
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TOTALLY REFLECTIVE 
(TR) MIRROR 

-1 

JLUMI 

LENS/WINDOW e -
PARTIALLY REFLECTIVE 
(PR) MIRROR 

B -
PRISM* 

One Active Optical Surface 
Count ™ 1 

Two Active Optical Surfaces 
Count « 2 

* PRISM has only 2 active 
surfaces-, because interior 
surfaces are not subject to 
to external- particulate 
contamination 

Laser Beam 

FIGURE 6.1.3-1. Examples of Active Optical 
Surfaces and Couni: 
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6 . 1 . ' Carbon D i o x i d e , Flowing l.CiOfr^ 

XC0, FI.OWING " ^E *MELUA + XrUI-f? + rfE "03 ACOUPLING + ^AUXILIARY 

where : 

Xr C0o FL( WING is. the carbon dioxide flowing laser failure rate ii* failures/ 
10 operating hours. 

'MEDIA 

XPUMP 

"OS 

is the environmental application factor, and its value is 
determined from Table 6.1.1-1. 

Is the failure rate contribution of the lasing media and 
its value approaches zero for carbon dioxide flowing lasers. 
This is because this type of laser is much less susceptible 
to leaks and long term gas decomposition than a sealed system. 
The flowing gas also acts as a purge in removing contamination 
and precluding its entrapment. Therefore, except for tube 
breakage (which has rarely been observed) optics deteriora-
tion appears the predominant failure mechanism and this is 
accounted for under *C(KfpL I N G > 

is the failure rate contribution of the pumping mechanism which 
for carbon dioxide flowing lasers is the power supply. The 
power supply failure rate is to be calculated by the detailed 
part stress prediction method prescribed for electronic devices 
in the appropriate Sections of M1L-HDBK-217. 

is the active optical surface application factor, and its 
value is determined from TabJe 6.1.3-IV. 

r: 

\ ' ' 

• • / • 

s 

'COUPLING is the failure rate contribution of the laser coupling hard-
ware; that is, lenses, mirrors, prisms, exit windows, etc. 
Its value is determined from Table 6.3.4-1 which is based on 
the empirical expression: 

'COUPLING 
300 P 
"lKw 

failures 
10° operating hours 

where P «• average power in kilowatts 
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4 / . '•-. 

AAI,vTr TARY i s t h c fa:i-lure rate contribytion of the auxiliary cooling 
equipment and the gas flow regulation equipment, and their 
values are to be. calculated from the appropriate item failure 
rates listed in Table 6.2-1 and the parts count method de-
scribed in Section 3.0 of K1L-HDEK-217. 

It should be noted that the carbon dioxide flowing laser failure 
rate prediction model can be simplified and rewritten as: 

,\ 

^C02 FLOWING *P0WER SUPPLY + (300 P) nE n0-J + ^AUXILIARY y^:\ 

TABLE 6.1.4-1 

XC0UPLING V a l u e s * f o r C 02 F l o w i n & Lasers 

Power 
(Uilowatrs) 

0.01 

0.1 

1.0 

ACOUPLING 
(failures/106 hours) 

3 

30 

300 

*Note: The values shown are valid only for power levels up to one 
kilowatt. Beyond this range other glass failure mechanisms 
begin to predominate and alter the '^COUPLING values. It 
should also be noted that COT flowing laser optical devices 
are the primary source of failure occurrence. A preventive-
maintenance program on optical devices would greatly extend 
laser life; however procedures must be tailored to the indi-
vidual design of each system. Typical optical cleaning 
r _,ds are as follows: 

1. Use dry, pressurized air and a camel hair brush to 
remove dustv particulates, etc. 

2. Rub with high quality lens tissue using moisture 
from breath (if necessary). 

3. Flush with distilled water and a mild laboratory 
detergent (if necessary). 

4. Cautions -
a. Use of special gloves for handling recommended. 
b. Careful use of 20 to 30 percent alcohol solutions 

with sterile cotton swabs (change swabs frequently) 

iv •' -
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S o l i d S t a t e , Nd:YAi. ho.: 

*Nd:YAG '* ,TE *MEI)IA + "PUMP + "C "OS ^COUPLING + ''AUXILIARY 

where : 

is the solid state neodymium doped yttrium-aluminum-garnet rod 
laser failure rate in fai.luris/10" operating hours. 

is the environmental application factor, and its value is deter-
mined from Table 6.1.1-1. 

is the failure rate contribution of the lasing media, and its 
value is 0.1 failures/10 operating hours for Nd:YAG lasers. 

is the failure rate contribution of the pumping mechanism which, 
for solid state lasers, is highly affected by the flashlamp or 
flash tube contribution as well as the power supply contribution 
and can be expressed as: 

XPUMP = ^E XPUMP 
HOURS 

POWER SUPPLY 

where: 

is the environmental application factor, and its value 
is determined from Table 6.1.1-1. 

PUMP 
HOURS 

is the failure rate contribution of the flashlamp or flash 
tube in f ai lures/10 opera t-vng hours, and its v»nlue is 
determined by convert 

pulses 10fc 
rting pump pulses from failures per 

to failures/10 ' operating 
hours. The value for X. 

PUMP 
HOURS 

in Figures 6.1.5-1 and 6.1.5-2 

is determined as indicated 

POWER SUPPLY is the failure rate contribution of the laser power 
supply electronics, and its value is to be deter-
mined by the detail part stress analysis prediction 
method prescribed for electronic devices in the 
appropriate Sections of MIL-HDBK-217. 

is the coupling cleanliness factor, and its value is to be deter-
mined from Table 6.1.5-III. 

is the active optical surface application factor and its value is 
determined from Table 6.1.3-V and Figure 6.1.3-1. 
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COUPLING 
is the failure rate contribution of the laser coupling 
hardware; that is, lentea, mirrors prisims, exit window, 
etc. Its valuft- is 16.'.) failuvcs/10°  operating hours for 
solid state Nd:YAG lasers. 

AUXILIARY 
is the failure rote contribution of the auxiliary cooling 
equipment, and its values art: to be calculated from the 
appropriate item failure rates listed in Table 6.2-1 and 
in the parts count method described in Section 3.0 of 
MIL-HDBK-217. 

It should ba noted that the solid state Nd:YAG laser failure rate 
prediction model can be rewritten as: 

XNd:YAG + ffE (XMEDIA + XPUMP + *C ^OS ^COUPLING5 + *P0WER SUPPLY + *AUXILIARY 
HOURS 
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t 

The empirical formula used to d"t:ev:-.ine A tor /.enon l.-imps is: 

r '- \ 8.58j r 

PUMP 
HOURS 
XENON 

where: 

XPUMP 
HOURS 
XENON 

71 REP 

REP 

/f" 

1TCOOL 

*Koter 

2000 

pu;-;? 
HO'JRS 

If* f a i l u r e s ;il . < i 'COOL j xOf' operating-hour. dL/T / J L J L J 

is the failure rate contribution cf the xenon flashlamp or flash-
tube* in failures/10fe operating hours. The flashlamps evaluated 
herein are standard, linear types used for conventional military 
solid state laser systems. 

is the pulse or repetition rate factor used to convert from 
failures per 10" pulses to failures/10 operating hours, and its 
value is determined from Table 6.1.3-1. 

is the flashlamp or flashtube input energy per pulse in joules, 
and its value is determined from the actual or design input energy 
parameter except that for input 3nergy levels equal to or less 
than 30 joules Ej = 30. 

is the flashlamp or flashtube inside diameter in millimeters, and 
its value is determined from the actual design parameter of the 
flashlamp utilized. 

is the flashlamp or flashtube arc length in inches, and its value 
is determined from the actual design parameter of the flashlamp 
utilized. 

is the truncated pulse width in microseconds, and its value is 
determined from the actual Jer.ign parameter of the pulse forming 
network (PFN) used to pulse the flashlamp or flashtube. Pulse 
tails do not affect iftliability, and the maximum value of T is 100 
microseconds for any truncated pulse width exceeding 100 micro-
seconds. For shorter duration pvlses, pulse width is to be 
measured at 10 percent of the maximum current amplitude. 

is the cooling factor due to various cooling media immediately 
surrounding the flashlamp or flashtube, and its value is deter-
mined from Table 6.1.5-11. 

Typical values for Xenon flashlaraps in military Nd:YAC rangefinders 
and designators are E-t =» <i0 joules, d = 4 millimeters, L = 2 inches, 
and T *• 10C microseconds. The repetition or pulse rate ranges from 
1 to 20 pps, and the lamps are normally liquid cooled. 

Figure 6.1.5-1 Determination of *py>rp for Xenon Flashlamps 

HOURS 
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TABLE 6.1.5-1 

Repetition Rate Factors, '; _, 

Repetition or 
Pulse* Rate 

(pulses per second) 

1 

5 

10 

15 

20 

RF.P 

3,600 

18,000 

36,000 

54,000 

72,000 

*Note: Repetition rates for military solid state lasers 
are generally in the 1 to 20 pps range. Repetition 
rates other than shown have not been observed and 
corresponding TT values certified. 

TABLE 6.1.5-II 

Flashlamp Cooling Factors, TJ 
COOL 

COOLING 
MEDIA 

Gas, Aii-

Gas, Inert 

Liquid, Teionized Water 

Liquid, Water-Glycol 

Liquid, Fluorocarbon 

"COOL 

1.0 

1.0 

0.1 

0.1 

1 ... 
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TABLE 6.1.5-ill 

Coupling Cleanliness Factor 

CLEANLIKSP3 LL'V'EL* 

Rigorous clean Li nesti procedures, 
equipment, and trained mainte-
nance personnel. Plus bellows 
provided over optical train. 

Minimal precautions during open-
ing, maintenance, repair, and 
testing. Plus bellows provided 
over optical train. 

Minimi! precautions during open-
ing, maintenance, repair, and 
testing. !•.'<•> bellows provided 
over optical train. 

^C 

1 

30 

60 

*N0TE: Although sealed systems tend to be reliable once 
compatible materials have been selected and proven, 
extreme cart- must still be taken to prevent the 
entrance of particulates during manufacturing, 
field fl." arcp replacement, or routine maintenance/ 
repair. L._ntamination is the major caus<.- o'" solid 
state laser malfunction, and special provisions and 
vigilance must continually be provided to maintain 
the cleanliness level required. nc values can vary 
from 1 up to 60. 
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The emperica.l formula used to determine A},t for Krypton lamp is: 

HOURS 

PUMP 
HOURS 
KRYPTON 

IT 
[625J[10

(° -9 "i-> j 11 COOL I 
failure.') 

^0&operating-hours 

whsre: 

XPI;MP 
HOURS 
KRYPTON 

is the failure rate contribution of the krypton flashlamp or flash-
tube in failures/lC opsrating hours. The flashlamps evaluated 
herein are the continuous wave (CW) type and afye, most widely used 
for commercial solid state applications. They-are approximately 
7mm in diameter and 5 to 6 inches long. Average power is 
typically k KW. 

P is the average input power in kilowatts, and its value is 
determined from the actual design parameter for the 
fla° blamp utilized. 

L is the flashlamp or fl^shtube arc length in inches, and 
its value is determined from the actual design parameter 
of the flashlamp utilized. 

COOL is the cooling factor due to various cooling media 
immediately surrounding the flashlamp or flashtube, 
and its value is determined from Table 6.1.5-II. 

Figure 6.1.5-2 Determination of Apr,.™ for Krypton Flashlamps 

HOURS 
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6.1.6 Solid State, Ruby Kod Lasers 

XRJBY = *E *MEDIA + X?UMP + "E nC V s ^COUPLING '*" XAUXILIARY 

RUBY 
is the solid state, ruby rod laser failure rate in failure/JO 
operating hours 

is the environmental application factor, and les value is 
determined from Table 6.1.1-1. 

MEDIA is the failure rate contribution of the nuiaping mechanism in 
failures /106 operating hours, and its value is "determined by 
converting from failures per 10" pulses to failures/10" operating 
hours. The value for ^M£ojy\ is determined as indicated in Figure 
6.1.6-1. 

PUMP is the failure rate contribution of the pumping mechanism which 
for solid state lasers is highly affected by the flashlamp or 
flashtube contribution as well as the power supply contribution 
and can be expressed as: 

XPUMP = ^E WPUMP + ^POWER SUPPLY 

where: 

HOURS 

is the environmental application factor, and its value 
is determined from Table 6.1.1-1. 

PUMP is the failure rate contribution of flashlamp or 
HOURS flashtube in failures/106 operating hours, and its 

value is determined by converting from failures per 
10" pulses to failures/10 operating hours. The value 
for A is determined as indicated in Figures 

HOURS 
6.1.5-1 or 6.1.5-2 »s applicable. 

POWER SUPPLY is the failure rate contribution of the laser power 
supply electronics, and its value is to be determined 
by the detail part stress analysis prediction method 
prescribed for electronic devices in the appropriate 
Sections of MIL-KDBK-217. 

53 

,A V: / <! <<\..\\ V'jJV } . . . , / \ -
/ 

Downloaded from http://www.everyspec.com



is thci coupling r.i.catM i.ncss factor, and its valus 1s r.o be deter-
mined from Tabic* 6.1.5-III. 

OS is the active optical surface application factor, and its value 
is determined from Table 6.1.3-IV and Figure 6.1.3-1. 

COUPLING is the failure rr.te contribution of the laser coupling hardware; 
that is, lenses, rrirvors, prisms, exit windows, etc. Its value 
is 16.3 failures/10 operating hours for solid state ruby lasers. 

AUXILIARY is the failure rate contribution of the auxiliary cooling equip-
ment, and its values are to be calculated from -the appropriate 
item failure rates listed in Table 6.2-1 and the parts count 
method described in Section 3.0 of MIL-HDBK-217. 

It should be noted that the solid state ruby failure rate predic-
tion model can be rewritten as: 

XRUBY = "E (XMEDIA + XPUMP 
HOURS 

+ ^C *0S XC0UPLING> + XP0WER SUPPLY + XAUXILIARY 

The empir 

where: 

"REP 

F 

ical formula used to determine Xw„,.. is: 
MEDIA 

XMEDIA " nREP 
2 52 

43.5 ? ,:> failures 
10^ operating-hours 

is the pulse or repetition rate factor used tc convert from failures/ 
10" pulses to f ail'jr [•'/./1.0' operating hour? and its value is deter-
mined from Table 6.1.5-1. 

2 
is the energy density in Joules per centimeter over the cross 
sectional area of the laser beam which is nominally equivalent to 
the cross sectional trea of the iaser rod, and Its value is deter-
mined from the actual design parameter of the laser rod utilized. 

Figure 6.1.6-1 Determination 
MEDIA for Solid State R^by Lasers 
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6 . 1 . 7 Ksar.tp u ' s oi l.is<M ; ' ;<;:u:c il .ne l i e d ' oi i c.t 

6 . 1 . 7 . 1 Example o! K a i l u r e Kale <"a l o i . l a t ion l o r Ho/Ne L i t e r s 

Given. A he l ium rteeii l a s e r ii;-\ t>.•»- t o be used in a tni l lC-iry ground 

Step 1 

A he l ium i-.con .t.isev d;-\ 
mobi le appl i i a t i o n . 

Ttte f a i l u r e r a t e rode I > o c t ion t ? . l . l a p p l i * 

\u-/Ne * vS",! ^i: ' ro'..iR surriA 

\ 

Step 2 - From Tab le <>. 1 , 1 - 1 , v. 5.0. 

Step 3 - Calculate X 

Step 4 

row£R SITWA : 

Prepare a part stress failure rate estimate per appropriate 
Sections oi MIL-HPBK-J1; based on the detailed power supply 
parts list, including part description, quality, electrical 
stress, thermal stress, and othnr applicable influence factors 
and base failure rates. .Such an analysis might yield a A power 
supply oi lo5.6 failures/100 operating hours in a ground mobile 
application. 

Calculate X ,., : 
He/Nd 

X . » iSi.l r. + X 
He/No f riWR SUPPLY 

- S4.1 (5) + ;o.S.f 

" M ? tul i a i l u t <•••:•,' 10 hou r s jn a ground *nobilc a p p l i c a t i o n . 

f: 
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Ix.ir.ipli' of i'.ii Lure K.if1 t'ai cul..u. ion .irii! Reliability Prod icL ior. 
tor .1 Solid State, NJ:Y.-\<; Hod Laser 

military aircraft", carried Nd:YAG laser designator utilizing 
.\ .\cnon fiashlainp which Is cooled by a eutectic watei-giycol 
solution. Design parameters include: 

^ulse or Repetition Rate - 10 pps 
'lashiamp Input energy (per pulse) = 30 ionics 
."I ashlorcp inside diameter = •< ir.il 1 i met ITS 
F'ashlamp arc length =* 2 inches 
Pulse width (including both tails) = 120 microseconds 
Oprteal train enclosed in bellows. 

In addit.on, strict field maintenance, repair, and test procedures 
will bo vitten, validated, and provided for use by trained spe-
cialists i." appropriately clean and controlled facilities. 

Airborne failure rate ('^N^YAG^ an^ probability of success:ully 
completing a one hour operational mission. 

The failure rate model of Section 6.1.5 applies: 

" E ^ MEDIA* XPUMP + ^C ^OS XC0UPLINC XP0WER SUPPLY+XAUXILIARY' 
HOURS 

From Table 6.1..1-1, n = A = 5.0. 

From Paragraph 6.1.5, \ - 0.1 failures/10 operating hours 
for solid state Nd:YAG lasers. 

Calculate \„„„, for Xenon flashlarr.ps from PUMP 
HOURS 

X 
FUH? 
HOURS 
XENON 

REP 2000 
dL/T COOL 
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From r. le £ivoi; npr,i|',a ;\n . ..us .in., iieuro i) 1.5-1 notes: 

'», - V., " 30 iouifs 
b .) 

d " 4 mm 

L = 2 in 

T = 100 us (refer to Figure 6.1.5-1) 

i - From Table 6.1.5-1.:. "• 1Q1 " 0.1 for Liquid, Water-Glycol 
cooling media. 

Ad " 'PUMP* ( 3 C ' J 0 0 ) 

HOURS 
XENON 

2000 

8.58: 

30 

4x2/100 (0.1) 

«= 1,591 failures/10 operating hours 

From Table 6.1.5-111, IT = 1 for the most stringent cleanliness 
level (n? is cpccilied). 

- From Table 6.1.3-IV and Figure 6.1.3-1, determine n 

6 - Hake parts list and count of optical train: 

(1) One totally reflective (TR) mirror 
(2) One Prismatic "Q" Switch 
(3) One partially reflective (PR) mirror 
(4) One exit lens or window 

6, - Determine active optical surfaces: 

(1) One TR mirror = 1 
(2) One "Q" Switch « 2 
(3) One PR mirror - 2 
(4) One exit lens •= 2 

Active Optical Surfaces = 7 total 

OS' 

From Table 6.1.3-IV, IT OS 

Fror.: Paragraph 6.1.5, \-;o;'PI,ING " 16.3 failures/10^ operating 
hours for solid State Kd:VAG lasers. 
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Step B - Calculate X ^ ^ ^ ^ 

Prepare a part serosa failure rate estirate per appropriate 
Sections of MT1.-HDBK-217 based on the detailed power supply 
partti list, including p.irt description, quality, electrical 
stress, thovm;il stress, and other applicable influence factors 
and base failure rates. Taule. 4.11-1 is Just such an analysis 
for an airborne, Nd:YAG laser power supply; utilizing this pre-
diction xpn!.„. POWER SUPPLY 

149.4 £ailures/lOb operating hours. 

Step 9 - Calculate >. AUXILIARY 

Make parts list and count of auxiliary items. (Cooling only; 
Gas regulation not applicable). Assign item failure rates 
obtained from Table 6.2-1 or RADC-TR-74-268 and sum: 

Step 10 

- X 

(1) Cne Hydraulic Pump, Coolant 649.5/10 
(2) One Heat Exchanger 2.8/106 

(3) Tubes, Coolant 600.0/lQ6 

I - 1,252.3/106 

a 1,252.3 failures/10 operating hours COOLING SYSTEM 

Calculate X 
NdrYAG" 

*Nd:YAG = "E^MEDIA"*" XPl'NP + *C ^OS ^COUPLING* + "POWER SUPPLY + ^AUXILIARY 
HOURS 

- (5)[o.1/106 + 1.591/306 + (1)(7)<16.3/106)1 + 149.6/.106 + 1,252.3/10£ 

«• 9,927.9 failures/10 operating hours 

Step 11 - Calculate reliability, assuming the exponential: 

The probability of successfully completing a one hour mission 
would be: 

-At -(9,927.9/106)(l) 
Pc, , . = R » e = e 
S(one hour) 

- 0.990 

Note: This value is in very close agreement with the observed operational 
reliability for n similar system. 
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d.2 Laser Horn Failure K.ir.es 

System math models for the more commonly deployed laser systems 
.ire j;,iven in Section 6.1 and should be used for norrnal military applications. 
Reliability inodoly, however, tor some research type lr.ners or other special 
type lasers are not given in Section o. 1. Reliability predictions for ;.hese 
low population laser device types can bo calculated using the item failure 
rate data in Table 6.2-1 and the functional parts building block method de-
scribed in Section 3.0 of MIL-UUBK-217." 

The item failure rate information contained in Table 6.2-1 is 
based on a composite average computed from field data observed in the 
ground and aircraft environments for several different kinds of lasers 
operated at various power levels. Predictions resulting from these generic 
type of data should not be completely expected to agree with the more rig-
orous method? given in Section 6.1. 

The failure rate data of Table 6.2-1 will also be useful for making 
preliminary estimates when complete stress data are not available, such as 
during concept formulation or early design phases. The initial prediction 
thus made should be updated and revised by the nore rigorous methods of 
Section 6.1 as detailed design information is made available. 

The failure rate for any items for which zero failures were observed 
is a point estimate calculated as a function of total item-hours and the Chi-
Square (x^) value obtained from the upper single-sided 60 percent confidence 
level at two degrees of freedom. The 90 percent two-sided confidence limits 
have been calculated and shown for all items for which one or more failures 
ware observed. This has been done because the magnitude (item-hours) of the 
laser data bases is much smaller than those available for conventional elec-
tronic parts and components. 

When a failure rate cannot directly be established from field data 
on an laser item of special interest, a failure rate can be synthesized from 
another laser item which is similar in function, construction, and applieatio 
For instance, the general mirror failure rate is listed in Table 6.2-1 as „r. 
average expected value of 18.« failures per million hours. To establish a 
failure rate for an etalon mirror, one might assume item similarity In func-
tion, construction, and application and presume find assign a value of 13.A 
also. This Vi" 1 ue may be adjusted because of mitigating stresses or condi-
tions within the band of 10.9 and 29.2 failures per million hours as defined 
by the Lower Confidence Limit (LCL) and Upper Confidence Limit (UCL). 

All observed failures in Table 6.2-1 are catastrophic failures 
except lamps and lasers which are a mixture of catastrophic and end-of-
life; i. e., degradation of a magnitude which precluded proper operation 
as defined by the system specification. 
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iAtU.E b.?-] 
SUMMARY OF DATA OOLU'CTUJ !3Y LASER ITEK 1 

LASER ITEM DESCRIPTION ! 

Anode, gas laser 

Bellows, dust protective 

Cathode, gas laser 

Cavity, elliptical 

Crystals, various* 

De-Ionizer, coolant system 

Dye, laser 

Dye, laser* 

Electrode, general 

Filament, gas laser 

Filter, gaseous, coolant system 

Filter, liquid, coolant system 

Filter, exit 

Flowmeter, gas 

Fitting, hydraulic 

Gasket, r.oolant system 

Grating, diffraction 

Heat exchanger 

Lar.p, krypton linear 

i! 

r:" H 
1.1. -'-1 
:•! H 
in i-i 
l£) 

o 

0 

3 

0 

3 

2 

0 

2 

0 

0 

0 

Use 

Use 

2 

2 

Use 

Use 

0 

Use 

"1 

si 
• J! 

< 

__' 

Ri 

& 

RV 

R/ 

R/ 

Reft 

!/> C/) 

:-•• w 
O .J :n :_> 
X O 1 £ a 
I-* H < 

{xlO6} 
^ ^ ^ • ^ — , 1 1 ! ..,1.1—.„!.!••. 

0.073 

0.04C 

0.048 

0.167 

0.009* 
pulses 

0.154 

0.001 

0.450* 
pulses 

0.093 

0.001 

1 
FAILURE RATE (X) 

FAILURES "| 

10 hours or pulses*] 
EXPECTED! \ U C L 

11.7 

75.0 

19.1 

18.0 

222.2* 

6.0 

1923.1 

2.0* 

9.8 

909.6 

DC-TR-75-22** 
| 
1 

DC-TR-75-22** 

0.002 

0.033 

DC-TR-75-22* 

378.7 

60.6 

t 

1 
1 

DC-TR-75-22** 

0.065 

DC-TR-75-22* 

r to T.ible 
6.3-1 

14.1 

• * 

20.5 

4.9 

39.5* 

____ 

341.8 

156.2 

10.6 

___ 

193.7 

46.5 

700.0* 

6057.7 

2768.0 

190.9 

* Ind ica te s Pulses 60 
** AD-005657 

Downloaded from http://www.everyspec.com



SLSMAKY l)i-
'!.'. 6 ..' - ! (o< :H timed) 
(,:>;,:.':CT' ;* i-y I,'V-;.K !Ti:i 

Lamp, 

Lamp, 

Lamp, 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Laser 

Lens, 

LASER ITEM DESCRIPTION 

tunpsten halogen 

xenon helical* 

xenon linear 

argon 

, CO2, flowing 

CO2, sealed 

. gyro 

heli un/cadmi urn 

helium/neon 

hetcrojunction CaAs 

krypton ion 

ruby 

TEA 

YAG 

optical instrument 

s 

ill LJ 

•;". 7\ f: 
O... 1.'1 ,-t 
U) H .-! 

1 ££ fl« 

r-; <-• J . 
fO -C 1 Hi -'J 

I (xio'') 
- — - — ! 

liefer 

14 

Refer 

Refer 

Refer 

Refer 

1 

Refer 

26 

1 

Sefor 

10 

Refer 

8 

to Table 
6.3-1 

1.677* 
pulses 

to Table. 
6.3-1 

to Section 
6.1 

to Section 
6.1 

to Section 
6.1 

0.027 

0.040 

to Section 
6.1 

3.567 

0.005 

:o .Section 
6.1 

0.039 

to Section 
6.1 

0.045 

FAILURE RATE (X) 

FAILURES '1 

10 hours or pulses*] 
EXPECTED 

8.3* 

36.5 

75.4 

7.3 

198.4 

256.4 

177.6 

LCTT 

5.0* 

1.9 

•20.6 

5.1 

10.2 

139.7 

88.4 

UCL 

13.1* 

173.0 

194.7 

10.1 

941.5 

434.6 

320.8 

* Indicates Pulaes 61 
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lAili.E D . 2 - T ( c o n t i n u e ) 
SUMMARY OK DATA CO] ELCCTED BY iASER HTM 

: ~r-

USER ITEM DESCRIPTION 

a in 

•U H -i 
uo •-< M 
tq < 
O U4 

O .-J 

:.i ;_> 

>: o i 

U10f') 

FAILURE RATE (*) 

FAILURES 

10 Hours or oulsos*! 
EXI'I: 

=?= 

Hours or pulscs* 
•CTEFJ LTtrrTTT 

Mirrors, general 

Mounts, general 

Optical devices, misc. 

0-Ring, coolant system 

Pockels cell ("Q"-switch E/0) 

Prisms, general 

Pumps, coolant 

Pumps, vacuum 

"Q"-switch, A/0 

"Q"-swicch, E/0 

"Q"-switch, rotating 

Regulator, pressure, f,as 

Rod, Nd .-Glass* 

Rod, ruby* 

Rod, YAG, CW 

Rod, YAG* 

13 

0 

1 

Use R4DC-

2 

10 

3 

Use R/ 

0 

10 

0 

o 

0.706 

0.011 

0.016 

TR-75-22** 

0.003 

0.010 

18.4 

85.2 

61.1 

579.5 

1046.9 

10.9 

3.1 

103.0 

570.6 

29.2 

289.7 

L825.5 

L774.5 

Use & DC-TR-75-22** 

I 
Use U^DC-TR-75-22** 

0.1 61 

See Pcjckcls cell 

0.002 

'DC-TR-75-22** 
0.100* 
pulses 

3.260* 
pulses 

0.164 

524.1* 
pulses 

12.4 

1318.1 

9.2* 

3.1* 

5.6 

0.02* 

:.2 

360.3 

39.0 

3^05.1 

1.7* 

0.01* 

5.2* 

0.03* 

* Indicatea Pulats 

** AD-005657 
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;MMAI(V I)!-' 1>AT. ..!; c:',.-.:; ;,,Y ;M:YM i ;T.M 

LASER ITEM DELPHI I'TION 

Seal, coolant system 

Seal, epoxy 

Spark gap* 

Tube, gas general 

Tubes, coolant system 

(hos and fittings) 

Valve, pneuma-.ic, vacuum 

Window, Brewster 

a •.>••. j 

!lJ .. H 

C/J r-< > -I I 
M < ! 

U'i 1/1 

n-5 UJ 

o ,J 
I ,C CM 

r: o i 
1-i (". 

6, I j (x.10 ) EXPECTED 

j i 
Use RADC-TR-75-22** 

FAILURE RATE (X) 

FATLUKES 

10 hours or puiscs* ; nr pnises* 

I UC'" 

2 

4 

44 

9 

Use R 

30 

UDC-TR-75-22** 

0.691 

0.078 

144.986* 
pulses 

0.260 

0.015 

25.6 

0.03* 

169.1 

600.0 

43.3 

4.6 

0.01* 

129.& 

313.0 

31.2 

00.8 

0.06* 

217.5 

1046.7 

58.9 

* Indicates Pulses 
** AD-005657 

&3 
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6.3 Laser Life Characteristics 

Ihe laser life characteristics sur.-.n/ir .i y.vd in Table 6.3-1 have been 
obtained basically from USITH who operated laser:; in field environments. This 
table has been supplemented to im-.li.idc manur'.TC tiuers' information derived from 
lasers returned for warranty repairs or replacement. 

Failure definition has been expressed as a percent of output power 
degradation. A range has heen chown because of the variation within laser 
device families, and certain applications are not as sensitive to degradation 
as are others. The reliability models in Section 6.1 are derived from the 
average of this range. The data base from controlled experiments was not 
sufficiently large to construct curves of degradation versus derating or the. 
several other pertinent influence factors which effect end-of-.'.ife. 

Sealed gas lasers are typically operated at from 100 to 50 percent 
of rated power. CW laser lamps are usually operated at full power, while the 
xenon flashlamps in military designators/rangefinders are derated to between 
10 to 20 percent of the energy which will cause the tube to explode. Addi-
tional tests-to-failure would be necessary to determine mean-operating-life 
for laser diodes and TEA lasers. 

The mean-life values for lasers were derived primarily from manu-
facturer test-to-failure data and warranty information. Lamp life was 
calculated from user operational data and from manufacturer's life tests. 
The reliability models are valid for th<? antire useful life span of a 
laser system; however, they do not attempt to predict the effect of preventive 
maintenance such as flashlamp replacement prior to wcarout. In actual mili-
tary practice, flashlamps ,.ri' not replaced unless a prcflij^ht checkout 
indicates that this maintenance action is required because of low output 
power. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

Martin Marietta has thoroughly conducted and successfully con-
cluded the RADC sponsored program, "Laser Reliability Prediction," Contract 
F30602-74-C-0091. 

More than 10 million item-hours and 4 billion item-pulses of 
operating data have been collected from all sources. This data base has 
been used to prepare a future update for the existing laser information 
in Section 2.4 of MIL-HDBK-217B. 

Laser reliability characteristics (Table 4.0-1) have been 
summarized in one convenient report. This includes design parameters, 
manufacturing burn-in and warrantee information, application notes, and 
common failure modes. Additionally, in depth discussions on Argon Ion, 
Flowing CO2, Sealed CO2, Dye, HeHum/Cadmium, Helium/Neon, Heterojunction 
CaAs Injection, TEA, Solid State Lasers, and their major components have 
been provided. 

It has been necessary to assutte an exponential failure distribu-
tion for the components covered by this study. This is due to a pronounced 
lack of time-to-failure data on most lasers thus precluding determination 
of the exact failure distribution of each device. 

Quality grades are not well defined for most laser components. 
Therefore, to categorize thPse components to some quality grading scale 
would require extensive, searching through component specifications and 
drawings. Data contributors me ger rally reluctant to incur large expendi-
tures to further refine the data and information that they provide free of 
charge. They arc also hesitant to allow visitors unrestricted access tc 
their detailed records. Therefore, quality levels for most laser items have 
not been included in this study. The basic assumption made is that the 
combined data reflects average failure rates for items over the quality grade 
spectrum specified for and used in most military equipment. 

Using the limited quantity of ciine-tc-f allure data available; 
Weibull analyses were performed to obtain estimates of the failure distri-
butions. The results indicated that some nr;l'l.um/neon tubes may exhibit a 
constant failure rate, and, in some cases, a decreasing failure rate prior 
to the wearout (increasing failure rate) period. Therefore, the assumption 
of an exponential distribution may provide reasonable estimates of the relia-
bility. More effort is needed in this area before definite conclusions can 
be drawn as this analysis was baaed on only a small amount of data. 

66 

Downloaded from http://www.everyspec.com



s 

.; Laser system failure rate- ortuicclon models have been defined, 
J quantified, and validated en si:. laser familiar, -- helium/neon, argon ion, 
I CO2 sealed, CO2 flowing, solid-state Nd:YAG, and solid-state ruby. Section 
I 6.1 presents these models end explains choir use and limitation. 

J 
£ For low population and research type lasers, laser item failure 
I rates have been provided. Thus, by utilizing these data and a part count 
I reliability prediction method, failure rate, estimates on these one or two-
| of-a-kind lasers can be made. Section 6.2 contains this information. 

The laser life characteristic data of Table 6.3-1, which have 
been collected during this study, were compared to the existing information 
in Section 2.4 of MIL-HDBK-217B. Significant increa3Gb In average lifetime 
have been noted for both helium/cadmium and sealed CO2 lasers. These data 
indicate that reliability growth has been taking place, and the state-of-
the art is still improving. 

7.2 Recommendations 

The following recommendations are submitted for consideration 
and possible implementation: 

1 A concerted effort should be made to generate and collect 
more time-to-failure data on laser components. Consideration should be 
given to the feasibility of restructuring or of incorporating the means 
by which large quantities of time-to-failure data can be collected through 
existing military data collection systems. This type of data is required 
to more fully understand laser failure distributions. 

2_ Additional studies should be made to determine the failure 
rate versus stress relationships for applicabl. la<,er components. In many 

! cases the data collected during this study were not complete enough to 
j accurately determine these relationships. Extensive research and study 
I would be required to obtain such data. 

j 3 Section 2.A of MIL-KDBK-217B should be -ipdated and revised 
! approximately every two years. This would promote retention and analysis 
\ of field data on a current basis. Much data that are over two years old 
• are either lo~t or thrown away, and the data of this vintage which can be 
: obtained are sometimes difficult to trace. In addition, changes in the 

state-of-the-art would be reflected on a timely basis. 

h_ The benefits of a low key effort to collect laser reliability 
data, when and as it 'y generated, should be Investigated. In the study just 
completed, a growing tendency has been noted. This tendency is a reluctance, 
on the part of major military systems contractors, to furnish uncontracted 
for data free of charge. This is due to material and manpower costs incurred 
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by uhec; in rcconatructlnj' or resorting past or present applicable data and 
not receiving r/ionelary compensation for the added scope. This reluctance 
is further heightened by current cutbacks in military defense spending which 
directly results in purse-string tightening on the part of private contractors. 

5_ A separace effort, should be initiated to update the proposed 
failure rate prediction nodeIn for laser components to be incorporited In 
MIL-HDBK-217B. This effort would inclu-ie a specialized data collection pro-
gram, data analysis, and mathematical modeling. 

68 

Downloaded from http://www.everyspec.com



8.0 KI'.VTVU'.Nva'S 

; 1. .;••!>.*, ' . V.. ot a t . , " S i x t e e n Kcv l n ! r . m \ ! l..>sor Dyes E x c i t e d by a 
; S tripVo 1 ir.'.c» Fl . i shlarcp, ' ' Ir . tensativMi.i l O'.'.intum E l e c t r o n i c s Conferor .ee , 
• IV.pei '.-'..<., Jvo.\ F v a u c i s c o , CA, Jwie i ° , : ~ . 
i 

; ;. lirc\:uso, K. !•.. "What's Ahead in L.iser rv.-s," Laser Focus, March 1973. 

| i. StoiTW, F, 0., "The Dye Laser," Has tears Oraanic Chemical Bulletin, 
Vol, 46, No-. :., Eastman Kodak Company, Rochester, N. Y., 1974. 

i 

J 4 . Kres . so l , U. , e . a l . » "GaAs D e g r a d a t i o n , " T e c h n i c a l Repor t AFAL-TR-71-8?, 
AK.SC, W r l j i h f - r . i t t e r s o n AFB, Oh io , A p r i l 1 9 7 1 . 

j 
I 5. H..U, A., ".^tvVttstical Tables and Forau.la;-," John Wiley and Sons Inc., 
i New York, ll>>:. 

| 6. N.itrclla, hUty C. , "Experimental Statistics." National Bureau of 
'< Sca«J*v«Js U.uulhook 91, pp. L7-1 through, 17-3, August 1963. 
i 
i 

i 7. IMuor,, J. A.x "The Weibwll Distribution, Its Advantages and Practical 
j Application with Tables PI Confidence Limit Multiplers," OR 6206, 
\ Martin MavW'tt.-i Corporation, September 19i>i, 

, f, M.issev, 1'v.r.ik .'., "The Kolp.ogorov-S.:ii rr.ol':' Test," J. An. Statist. Assoc, 
: Vol. M , pp. (-8-78, March 1956. 

A' 

y ^ 

'..\ ;:^ . ,.V "-VA-Y A, .-^Wt . -..>v,P'v. > vv." 

Downloaded from http://www.everyspec.com

http://Ir.tensativMi.il
http://Conferor.ee


LIST OF DATA SOURCES 

X . 

, - • • * • * • N - • 

i ' 
>; A 

\-
\ v 

-

V 

i\ 
\ " \ , 

iU N 

APPENDIX A M V 
i 

• I ' • 

• A 
v, . * 

V- \ 
; - ^ > -

7 0 v 

v. 

Downloaded from http://www.everyspec.com



UNITED STATES 

NONGOVERNMENT 

Advanced Kinetics, Inc. 
Costa Mesa, CA 

American Laser Corporation 
Winter Park. FL 

American Laser Systems 
Goleta, CA 

American Optical Company 
Keene, NH 

American Optical Corporation 
Buffalo, NY 

Apollo Lasers 
Los Angeles, CA 

Aremco Products 
Ossinlny, NY 

ARO, Incorporated 
Arnold Air Force Station, TN 

Atomergic Chemical 
Carle Place, NY 

AVCO - Everett 
Everett, MA 

Bell Telephone Laboratories 
Murray Hill, NJ 

Be'il Telephone Laboratories 
Holrcdel, NJ 

Block Engineering, Incorporated 
Cambridge, MA 

Britt Corporation 
Los Angeles, CA 

Burleioh Instruments, Inc. 
Last Rochester, NY 

Carson Astonomical Instruntents, Inc. 
Valencia, CA 

Ceraniaseal» Incorporated 
New Lebanon, NY 

Chromatrix 
Mountain View., CA 

Cleveland Crystals 
Euclid, OH 

Coherent Radiation 
Palo Alto, CA 

Colorado State University 
Fort Collins, CO 

Consolidated Ceramics 
Hampton, NJ 

Cord in Company 
Salt Loke City, UT 

Coming Glass Works 
Corning, NY 

Crystal Technology, Incorporated 
Mountain View, CA 

Data Opti;s 
Yipsilanti, MI 

DaUl ight 
Blcornfield, CT 

Davidson Optronics, Inc. 
West Covina, CA 
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Dement Labs 
Portland, OR 

Denton Vacuum 
Cherry Hill, HJ 

Fr<i;er-Volpe Corporation 
Warrington, PA 

GCO, Incorporated 
Plymouth, MI 

i .', 

Diqalab 
Cambridge, MA 

Ditric Optics, Incorporated 
Marlboro, MA 

Donnelly Mirrors 
Holland, Ml 

Dow Chemical Corporation 
Freeport, TX 

EG&G, Incorporated 
Salem, MA 

Electro Optical Industries 
Santa Barbara, CA 

Electrophvsics Corporation 
Nutley, NJ 

Eneryy Sciences, Incorporated 
Burlington, MA 

Energy Technology, Inc. 
San Luis Obispo, CA 

ESCO Products 
Oakridoe, NJ 

Evaporated Coatings, Inc. 
Huntington Valley, PA 

Evaporated Metal Films, Inc. 
Ithaca, NY 

Fairchild Semiconductor 
Mt. View, CA 

General Llectric Company 
Cincinnati, OH 

General Laser Corporation 
Natick, MA 

General Photonics Corporation 
Santa Clara, CA 

Grayco Optical Corporation 
Lindhurst, NY 

STE Sylvania 
Mountain View, CA 

GTE Sylvania 
Waltham, MA 

Hadron, Inc. 
Yonkers, NY 

Hallicrafters Company 
Rolling Meadows, IL 

Harris Electronics 
Melbourne, FL 

Harris Manufacturing Company 
North Bill erica, MA 

Harshaw Chemical Company 
Solon, OH 

Heliotek 
Valencia, CA 

Holobeam, Incorporated 
Paramus, NJ 
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Honeywell Incorporated 
St. Paul, m 

Honeywell Incorporated 
Waltham, MA 

Hoya Optics USA 
Menlo Park, CA 

Hughes Aircraft Company 
Culver City, CA 

Hughes Research Labs 
Malibu, CA 

Hughes Industrial Products Division 
Oceanside, CA 

Hughes Aircraft Company 
Torrance, CA 

Hutson Corporation 
Arlington, TX 

IBM Corporation 
Gaithersburg, MO 

ILC Technology, Inc. 
Sunnyvale, CA 

Illumination Industries, Inc. 
Sunnyvale, CA 

International Laser- Systems, Inc. 
Orlando, FL 

Image Information 
Monsey, NY 

Ionics, Incorporated 
Watertown, MA 

Isomet Corporation 
Oakland, NJ 

I*;ek Corporation 
Lexington, MA 

Joc'on Engineering 
Ann Arbor, MI 

Komi H e Labs, Incorporated 
Chicago, IL 

Klinger Scientific 
Applications Corp. 

Jamaica» NY 

KMS Industries. 
Van Nuys, CA 

Korad 
Sar.ta Monica, CA 

Laboratory Optical Company 
Plainfield, NJ 

Laser Ccmp. Systems Corporation 
Hamden, CT 

Laser Consultants, Incorporated 
Huntington, NY 

Laser Diode Labs 
Ketuchen, NJ 

Laser Energy, Incorporated 
Rochester, NY 

Laser Image Systems 
Mountain View, CA 

Lasermation, Incorporated 
Philadelphia, PA 

Laser Optics, Incorporated 
Danbury, CT 

Laser Precision Corporation 
Yorkvllle, NY 
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Lansing Research Corporation 
Ithaca, NY 

Laser Sciences 
Bethel, CT 

Lawrence Llvermore Laboratory 
Livermore, CA 

Lenox Instrument 
Philadelphia, PA 

Lexel Corporation 
Palo Alto, CA 

Liberty Mirror 
Brackenridge, PA 

Liconix 
Mountain View, CA 

Lockheed NSD 
Huntsville, AL 

Lockheed Palo Alto Research Lab 
Palo Alto, CA 

Lockheed SSD 
Sunnyvale, CA 

Martin Marietta Aerospace 
Denver, CO 

Martin Marietta Aerospace 
Orlando, FL 

Maxwell Labs 
Sandiego, CA 

McCowan Laboratories 
Tempe, AZ 

McDonnell Douglas 
St. Louis, MO 

McDonnell Douglas Electronics Co. 
St. Charles, MO 

McDonnell Douglas Research Lab 
Huntington Beach, CA 

RERET Incorporated 
Santa Monica, CA 

Metrologic Instruments, Inc. 
Bellmawr, NJ 

Microcoatings, Incorporated 
Burlington, MA 

MIT Lincoln Labs 
Lexington, MA 

Motorola I/C Center 
Mesa, AZ 

Neslab Instruments, Inc. 
Portsmouth, NH 

New England Laser Corporation 
North Bill erica, MA 

J. A. Noll Company 
Monroeville, PA 

Northeast Scientific Corporation 
Acton, MA 

Optical Coating Lao , Inc. 
Santa Rosa, CA 

Optical Industries 
Ccsta Mesa, CA 

Optical Systems & Technology, Inc. 
Bedford, MA 

Optics International 
Tenafly, NJ 
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Optics Technology, Inc. 
Redwood City, CA 

Cptimation, Incorporated 
Concord, MA 

Owens-Illinois Technical Center 
Toledo, OH 

Pacific Optical 
Los Angeles, CA 

Perkin Elmer Corporation 
Norwalk, CT 

Philips Met.. Ionics 
Lewiston, MF 

Photon Sources 
Livonia, MI 

Pratt & Whitney Aircraft 
West Palm Beach, FL 

Precision Instruments 
Santa Clara, CA 

Precision Optics, Inc. 
Eatontown, NJ 

PSR, Incorporated 
Oak Ridge, TN 

Quantronix Corporation 
Smithtown, NY 

Raytheon Laser Development Center 
Waltham, MA 

RCA Laboratories 
Lancaster, PA 

Recognition Systems, Inc. 
Van Nuys, CA 

Reich Associates, Inc. 
Plans, TX 

Republic. Lens Company 
Bronx, NY 

Rockwell International 
Aneheim, CA 

Sandia Laboratories 
Albuquerque, -NM 

Sandia Laboratories 
Livermcre, CA 

Santa Barbara Research Center 
Goleta, CA 

Schott Cptical Glass, Inc. 
Duryea, PA 

Science Spectrum 
Santo Barbara, CA 

SCI-METRICS 
Tullahoma, TN 

Semi Elements, Incorporated 
Saxonburg, PA 

Servo Corporation of America 
Hicksville, NY 

Space Optics Labs 
Chelmsford, MA 

Spawr Optical Research 
Corona, CA 

Spectra-Mat, Inc. 
Watsonville, CA 

Spectra Optics 
La Crescer.ta, CA 
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Spectra Physics, Inc. 
Mountain View, CA 

Technological Research, Inc. 
Ann Arbor, HI 

Texas Instruments 
Dallas, TX 

Thermal American Fuzed Quartz, Co. 
Montville, NJ 

Three B Optical, Co., Inc. 
Gibsor.ia, Pa 

Tropel 
Fairport, NY 

TRW Systems 
Redondo Beach, CA 

II-IV Incorporated 
Glenshaw, PA 

United Aircraft Research Labs 
East Hartford, CT 

University of California 
Santa Barbara, CA 

University of Chicago 
Chicago, IL 

University of Cincinnati 
Cincinnati, OH 

University of Maryland 
College Park, MD 

University of Minnesota 
Minneapolis, MN 

University of Southern California 
Los Anyeles, CA 
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