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Damage Test Desc riptions 

Introduction 
Quantel USA provides a  full range of laser exposure test servic es.  This doc ument p rovides a  
genera l desc rip tion of a  rep resenta tive test sta tion, its c a lib ra tion, op tic s hand ling , test 
p roc edure and  doc umenta tion assoc ia ted  with laser exposure testing of c ustomer-supp lied  
op tic a l samp les.  A wide va riety of test sourc es, p rovid ing key laser wavelengths from the UV to 
IR, a re ava ilab le.  Only the q -switc hed  Nd :YAG test sta tions a re desc ribed  here, but the overa ll 
methodology in testing  is simila r in a ll Quantel USA laser sourc es. 
 
Test Station Layout 
A rep resenta tive exposure test a rrangement is shown in Figure 1, and  pertinent pa rameters, for 
two Nd :YAG test sta tions, a re summarized  in Tab les I and  II.  The test sourc es a re flashlamp-
pumped , elec tro-op tic a lly q -switc hed , Nd :YAG osc illa tor-amp lifiers c onstra ined  to opera te in a  
sing le transverse mode (TEM00) using  an intrac avity aperture.  The three c olor sta tion has 
frequenc y doub ling and  trip ling  c rysta ls.  It uses a  thin intrac avity eta lon to limit the number of 
long itud ina l modes, resulting in a  smooth tempora l waveform (with approximately 5% high 
frequenc y amplitude modula tion superimposed on it).  Pulse wid th is set to the required  va lue by 
a ltering  q -switc h timing, laser resonator length or both. 
 
The output of a  test sourc es is set to the desired  level with a  va riab le a ttenua tor, c ombined  a t a  
d ic hroic  with the visib le beam from a  helium-neon laser (HeNe), and  delivered  to the test 
sample loc a ted  a t or behind  the foc us of a  best form positive lens.  Use of a  lens permits 
genera ting  destruc tive energy densities (fluenc es) a t the test sample. The lens is mounted  on a  
transla tion c a rriage whic h a llows setting  the irrad ia ted  spot size to the desired  va lue; one set, the 
spot size is held  c onstant during  the test.  The samp le is mounted  in a  p rec ision multi-axis 
manipula tor whic h is used  to position d ifferent test sites in the beam, and  to set the inc idenc e 
angle.  The pola riza tion sta te is selec ted  with a  wavep la te.  The inc ident laser pulse is sampled  
with unc oated  quartz wedges; portions of the beam a re d irec ted  to va rious detec tors for 
measurement of tota l pulse energy, spa tia l p rofile and  tempora l waveform.  The samp le surfac e 
and  the visib le laser rad ia tion sc a ttered  from it a re observed  with a  20x op tic a l mic rosc ope (not 
shown). 

 
 

Figure 1: Produc tion (20/ 20) Nd:YAG Test Station Layout. 
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Table 1 
Three Color Nd:YAG Test Station Spec ific ations 

 
Wavelength 1064 nm, 532 nm, 355 nm 
Pulse Energy 750 mJ, 300 mJ, 100 mJ 
Repetition Ra te Up  to 20 Hz in d isc rete 

steps 
Tempora l Profile Eta lon smoothed  

waveform 
Pulse Dura tion 10-35 nsec , FWHM 
Spatia l Profile TEM00 
Spot Size Up  to 8 mm, FW1/ e2 
Inc idenc e Ang le Norma l to grazing 
Pola riza tion Sta te Linear or c irc ula r 

 
Table 2 

Produc tion (20/ 20) Nd:YAG Test Station Spec ific ations 
 

Wavelength 1064 nm 
Pulse Energy 100 mJ 
Repetition Ra te Up  to 20 Hz in d isc rete 

steps 
Tempora l Profile Sing le maximum 
Pulse Dura tion 20 nsec  
Spatia l Profile TEM00 
Spot Size 0.5, 1, 1.5, 2 mm 
Inc idenc e Ang le Norma l to grazing 
Pola riza tion Sta te Linear or c irc ula r 
Exposure Sequenc e Fully p rogrammable 

 
 
Laser Pulse Charac terization 
Damage test results a re usua lly reported  in terms of maximum (peak) fluenc e (J/ c m2).  The 
pa rameter routinely va ried  in an exposure test, however, is the tota l pulse energy (J), sinc e this 
c an be done easily and  ac c ura tely by ad justing  the a ttenuator and  measuring energy per pulse 
inc ident a t the sample under test.  Eva lua tion of the energy d istribution in spac e (spa tia l p rofile) 
and  time (tempora l p rofile) is more c omplex, and  is performed  period ic a lly.  Rigorous 
rela tionships between pulse intensity, fluenc e, and  energy follow from integra tion of the pulse 
p rofiles. 
 
Absolute sing le-point c a lib ra tion of the energy monitoring  system is performed  by removing the 
sample and  a llowing the laser pulse to enter a  c a lib ra ted  volume-absorb ing d isk c a lorimeter 
d irec tly.  The c a lorimeter is a  c ommerc ia l devic e, with manufac turer’ s sta ted  ac c urac y of 3%, 
NIST trac eab le.  Period ic  c a lib ra tion verific a tion is performed  by d irec t c omparison to a  sec ond 
c a lorimeter and  in ac c ordanc e with MIL-C-45662A. 
 
The tempora l p rofile is observed  with a  fast silic on photod iode and  c a lib ra ted  400 MHz 
osc illosc ope.  A typ ic a l q -switc hed  pulse waveform is shown in Figure 2.  The shape is nearly 
Gaussian, but w ith an extended  ta il whic h c onta ins a  non-neg lig ib le frac tion of the pulse 
energy.  Numeric a l integra tion of this waveform yields the ra tio of tota l pulse energy to pulse 
peak power.  This ra tio is c a lled  the effec tive pulse wid th.  The photod iode is a lso used  to monitor 
shot-to-shot va ria tion in the tempora l p rofile whic h is typ ic a lly less than 5%. 
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Period ic a lly, a  c omplete two-d imensiona l ana lysis of the spa tia l p rofile is performed  with a  
BEAMCODE d iagnostic s system using a  silic on a rray c amera  and  video frame grabber.  The 
c amera  a rray is loc a ted  p rec isely in the ta rget p lane or equiva lent.  Da ta  ac quired  by the frame 
grabber a re transferred  to a  c omputer for near rea l-time ana lysis of ind ividua l laser pulses.  
Software permits quantita tive determina tion of pulse energy and  maximum fluenc e, and  
p rovides graphic s d isp lays of the spa tia l p rofile in severa l forma ts (Figure 3).   
 
 

 
 

 
 
 
 
 
Independent verific a tion of the rad ia tion d istribution in the ta rget p lane is ob ta ined  by sc anning 
a t tha t loc a tion with a  p inhole and  silic on photod iode.  Figure 4 shows the exc ellent agreement 
between BEAMCODE measurements and  p inhole sc ans.  Numeric a l integra tion of this extremely 
Gaussian spa tia l p rofile yields the ra tio of tota l pulse energy to maximum fluenc e in the ta rget 
p lane.  This ra tio is c a lled  the effec tive a rea .  Shot-to-shot va ria tion of effec tive a rea  is typ ic a lly 
less than 5%. 
 

Figure 2: Temporal Profile Pulse duration: 20 nsec , FWHM 

Figure 3: Spatia l Profile Obtained with Array Camera 
Spot size: 1.65 mm, FW1/ e2 
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Test Samples 
The damage test station is equipped with a variety of interchangeable fixtures to permit 
mounting test samples of different geometry.  When certifying laser damage resistance to a 
drawing or other procurement specification, it’s preferable that actual laser optics, rather than 
witness samples, be tested to be assured of representative parts.  Where used, witness samples 
usually are coated glass pieces; typically one inch in diameter by 3/8 inches thick.  In most 
cases, one surface (the entrance face) has been carefully polished and coated while the exit 
face is generally uncoated and has a commercial grade “window” polish.  It’s best that 
transmissive samples with an uncoated exit face have a 30 wedge.  Pieces of unusual geometry 
occasionally require fabrication of specialized holders. 
 
Before testing, any loose particulates are removed by applying a low-pressure stream of 
nitrogen gas, followed by drawing a lens tissue saturated with methanol, acetone or other high 
purity solvent across the test surface. More vigorous cleaning procedures are performed if 
required by the customer.  After exposure, samples are returned to the customer or archived at 
Quantel USA for possible additional testing. 
 
Exposure Test Proc edures 
There are five major types of laser exposure tests: damage threshold, optical durability 
certification, transmission vs. fluence, optical density and specialty (such as lifetime testing).  
Each is described briefly here; variants are mode depending upon the optic and test 
specifications. 
 

1. Damage Threshold :  “Damage” is usually defined as any permanent laser-induced 
change which is observable at high magnification with a differential interference contrast 
of dark field microscope.  It may be defined differently if the application requires.  
“Threshold” is defined to be the lowest fluence sufficient to induce damage at any test site.  
To determine the damage threshold, a number of samples sites are irradiated at different 
fluences.  Each site is observed immediately before, during and after irradiation with the on-
line 20x microscope, and any visible change, plasma formation, or change in the scatter of 
the HeNe laser beam is noted.  After exposure and if required by the test, the test sites are 
examined microscopically to confirm damage and characterize laser-induced changes.  
Color photomicrography in several formats is available. 
 
Damage Frequency Method:  This is the standard damage threshold procedure specified 
by the International Standards Organizations.  The test sample is irradiated at several 
different fluence levels with a predetermined number of sites (usually 10) at each level.  The 

Figure 4: Spatia l Profile Comparison, BEAMCODE to Pinhole Scan 
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levels a re purposefully c hosen so tha t a t the higher fluenc e levels a  high p robab ility of 
damage exists whereas a t the lower levels, a  low p robab ility of damage exists.  The 
perc entage of fa ilures a t eac h fluenc e is p lotted  aga inst the fluenc e levels.  A least squares 
linea r fit to this da ta  is c a lc ula ted  and  the zero perc ent fa ilure interc ep t defines the 
damage threshold  level.  A typ ic a l exposure da ta  set is shown in Figure 5.  This method  
p rovides the most ac c ura te measurement of damage threshold , but requires a  rela tively 
la rge sample, sinc e many sites must be exposed. 

 
 

                 
 

 
                              
 
 

 
Least Fluenc e Fa ilure:  An abbrevia ted  is used  when limited  sample a rea  is ava ilab le for 
exposure. As before, the fluenc e levels a re d istributed  approximately uniformly over a  
range inc lud ing the antic ipa ted  fa ilure level.  One site is irrad ia ted  a t eac h fluenc e level 
and  the least fluenc e fa ilure is taken as an estimate of the damage threshold .  If 
untested  sites remain, these a re exposed  a t lower fluenc e levels for c onfirma tion.  A 
typ ic a l da ta  set is shown in Figure 6.  If the damage/ no damage overlap  reg ion is sma ll, 
as shown, the least fluenc e fa ilure estimates the damage threshold  with good  
c onfidenc e. 
 

 
                               

 Figure 6: Typic al Least Fluenc e Failure Method Data 

Figure 5: Typic al Damage Frequency Method Data 
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On most laser op tic s, the surfac e damage threshold  is defec t d riven, meaning it will fa il 
a t weak, isola ted  sites.  If these sites a re c lose together c ompared  to the test beam size, 
rela tively few test sites a re needed  to determine the damage threshold .  In this c ase, the 
damage frequenc y p lot will yield  a  near vertic a l line and  the least fluenc e da ta  will have 
a  sma ll overlap .  Conversely, if the weak sites a re widely separa ted  c ompared  to the test 
beam size, a  low slope and  a  la rge overlap  will result. 
 

2. Durability Certific ation:  This test is used  to verify op tic  durab ility to a  d rawing or other 
p roc urement spec ific a tion.  Severa l test sites (usua lly c hosen on a  uniform grid  and  
sampling a  rep resenta tive surfac e a rea ) a re exposed  to laser rad ia tion a t one spec ified  
c ombina tion of fluenc e, repetition ra te, pulse dura tion, spot size and  minimum number of 
pulses per site.  The sample is observed  as before with the on-line 20x mic rosc ope and  
damage a t any site c onstitutes ª fa ilureº  in this test.  This test is usua lly done on op tic s 
intended for use in laser ha rdware and  seldom on witness samples. 
 

3. Transmission vs. Fluence:  Some op tic s, suc h as op tic a l power limiters, have a  nonlinea r 
transmission response with exposed fluenc e level.  This test genera tes the p lot desc rib ing  
this op tic  c ha rac teristic .  Suc h spec ia lized  exposure tests a re performed  to c ustomer 
requirements.  Test p roc edures a re on a  c ase-by-c ase basis. 
 

4. Optic al Density:  This test measures the ra tio of inc ident to transmitted  fluenc e (or 
irrad ianc e) under c ustomer spec ified  exposure c ond itions.  Quantel USA has fac ilities to 
perform suc h testing  under rea listic  tempera ture and  humid ity c ond itions as well. 
 

5. Spec ia lty Testing:  As an example, the lifetime test is an extended  version of the 
c ertific a tion test when durab ility must be demonstra ted  over a  p rolonged opera ting  
period .  The sample is exposed  for the spec ified  length of time or number of pulses.  
Photomic rographs of the test site before and  a fter exposure a re c ompared  to identify 
and  c harac terize c hanges.  Other examples of spec ia lty testing  inc lude simultaneous 
exposure a t two wavelengths, long pulse Nd :YAG and  g lass bulk da rkening threshold . 
 

Documentation 
Eac h test is assigned a  unique run number.  All pertinent fac ts perta ining to test sta tion 
c onfigura tion, sourc e c a lib ra tion, c leaning, mic rosc op ic  inspec tions, exposure pa rameters, raw 
da ta  and  reduc ed  test results a re referenc ed to this number and  reta ined  for permanent 
rec ord .  This enab les p rec ise dup lic a tion of test c ond itions as required . 
 
A Summary Test Report is standard .  It doc uments test type, exposure c ond itions, results and  
p rinc ipa l c onc lusions, and  is submitted  immed ia tely a fter testing  is c ompleted .   


