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ABSTRACT

In this paper, we report on a continuing multi-year empirical investigation into the nature of the laser
survivability curve. The laser survivability curve is the onset threshold as a function of shot number. This
empirical investigation is motivated by the desire to design a universal procedure for the measurement
of the so-called S on 1 damage threshold. In this year’s paper we investigate the usefulness of scaling
the fluence with shot number. First the scaling process is defined and applied to a result from our
experimental archives. The probability of damage curve for a single shot test is extrapolated to 10
shots. The scaled result is shown to be very close the observed results providing a basis for extrapolation
to very large values of n.

Keywords: Laser damage testing, laser optics qualification, S on 1 testing, ISO 11254-2, 1ISO 21254-2

Introduction

In this poster, we report on a continuing empirical investigation into the nature of the laser survivability
curve. [1,2,3,4] In this year’s report, we investigate a new method for processing data from S on 1
testing. Last year, we discussed a maximum likelihood method, using a binomial based probability
model. [4] Last year’s results seemed to produce very conservative estimated of the safe operating
fluence for large shot numbers.

Scaling Procedure

In this year’s investigation into the form of P(¢,n) a “remapping” of the effective fluence is used to
extrapolate to large values of shot numbers.

For this work, we assume a Weibull (two parameter) as the form of the damage probability curve

{3
P(g)=1-e"" . (1)
Equation (1) is rewritten to explicitly apply to the case of n shots with fluence scaling as
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P(¢,n):l—e(¢” ] ) (2)

The term fluence scaling is derived from the definition of ¢r(n) as a scaled representation of the true
fluence ¢.

The process for the determination of the scaling is:

1. Determine the probability of damage for n=1, P(¢, 1)
2. Determine the probability of damage for n=10,000, P(¢, 10"
3. Using (2) to determine the scaling factor r between fluences for the same P and different n

We used the data from a test performed at DLR earlier in our project. This sample is a conventionally
manufactured AR coating designed for 1064 nm. The test was conducted at 1064 nm, with a pulse width
of 3.5 ns and a spot size of 400 um mean diameter 1/e’ and a 100 Hz pulse repetition frequency. The
test procedure followed the ISO standard for S on 1 testing, ISO 21254 Part 3.[5]

Figure 1 shows the test results for n~1 and the corresponding probability of damage curve, P(¢,1). The S
on 1 data was segregated for data where n=1 and a maximum likelihood method used to determine
Weibull model parameters called for by Step 1. [6] The values determined for n=1, were 1;=9.8 J/em?
and [3;=6.5. Figure 2 shows the test results for n~10* and the corresponding Weibull model. The values
determined for n=10%, were N10k=8.5 J/em? and B1ok=6.4.
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To complete Step 2, r(n) must be determined. An arbitrary value of P, 0.7, is selected and (2) along
with the proper parameters for n=1 and n=10" are used to determine ¢1 and ¢10x . Figure 3 shows this
graphically, the curves for P(¢,1) and P(¢,104) are shown and the horizontal line is P=0.7
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Using (2) we can write

P(¢1’1)=P(¢10k’104) (3)
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(4" [ Busk(n) "
1—e ["?J :l_e(’ﬁ'mlgk ] (4)

Subtracting 1 from each side of (4) and equating exponents gives

ﬂ] ﬂlOk
(ﬁJ :(r(IOk)(éwk] . 5
U Thok

We chose a form for r(n) suggested by the theory of mechanical fatigue, r(n)=n“.[6] It should be noted,
that n® has the handy property that r(1)=1 for all .

Solving (5) for r(10k) gives
B! Brox
r(10k) = ’L—Ok(ﬁj . (6)
hor \ N
Since r has the form r=n®
B! Brok
Box \

Taking the logarithm of both sides of (7) and solving for a gives

ﬂl/ﬂl(]k
’n ’W(ﬂj
Boe \ 1,

o= 8
ﬁn(n) (&)
So since n=10,000, a is given
B! Brox
In ’71%[5151}
Boe 10, )
o= .
En(l0,000)

Evaluation of (9) gives, a=0.0152. The scaled (from n=1 values) is given

on « jﬂl

P(n,¢):1—e[ g (10)
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Figure 4 shows excellent agreement between the scaled curve, (10) and the measured curve for n=10".
There are three traces on Figure 4, P(¢,1), P(¢, 10%) and the scaled result from (10). There appear to be
only two, since P(¢, 10%) and (10) are nearly identical, a truly surprising and amazing result.
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Generalizing to other n values, via manipulation of (10) gives a general expression for the evolution of
the S on 1 threshold for various probabilities of damage (sometime before the n™" shot) entirely in terms
of the scaled result

¢(n,P)= i exp ifn /n ! ) (11)

| B 1-P

Figure (5) shows the plot for the safe operating fluence for an assumed risk (probability of damage, P)
and shot number. Note, that in contrast with previous predictions, there is no arbitrary cliff, in contrast
with last year’s results. [4]
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Summary & Next Steps

The method of scaling fluence produces smooth and at first viewing reasonable predictions. In order to
validate the generalizability of these results we must apply this method across our data set, and assure
ourselves that the method is stable. Watch for our results in 2015, we look forward to sharing them
with you.
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