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e T ABSTRACT

o An opt1cal data acqu1s1tlon and. process;ng 'system has'

e

!;been _assembled and used ‘to determ1ne -the..spat1al ,and,;

T

spectral characterlsths‘.‘f'va krypton . fluor1de (KrF)fyk
-hdischarge laser system. The 1mag1ng system 1s composed of a-ph
Vldlcon camera, a’ 256 X 256 X 8 b1t v1deo d1g1t1zer systemy}
'Q}WIth ":lts \ovnf _1nternal : video - memory, ,and.‘a d}d-bit
mzcrocomputer system for analys1s._7 | S

i

Software has' been developed t0‘ allow theﬂvuser’to“'

.analyze the- spat1al proflle of a laser beam or 'to‘-examlne

1nterference» fr1nges that appear upon pass:ng laser 11ght

_vthrough a Fabry Perot 1nterferometer and hence determ1ne the

laser l1new1dth These 1mage tanalys1s routines have been_t:‘c'
:;ncorporated 1nto a master control program -whlch can; f1re f:
'hthe laser,' analyze othe, dlglt1zed 1mages from the v1d1con"
';Camera, monltor the t1m1ng of varlous components of the KrF
'laSer ‘chaln and dlsplay energy readlngs obtalned from a | 7
L numb_JLphotodLQdes_and_calorlmé‘te;s. - : e

They system has been’ used to characterlze the spat1al

and spectral propertles ofi: | a krypton fluorlde (KrF)

.
dxscharge laser system Resolut1on of the laser spectra was.
achleved wlth an ultravxolet Fabry Perot 1nterferometer,'
whose 1nterference patterns were 1maged onto the surface ‘of

a v1d1con camera. S

iv
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1. INTRODUCTION
In laser pellet fu51on a small pellet of sol1d D T fuel
is 1rrad1ated from all d1rect1ons by pulsed beams of laser-

;llght where D and T ‘are atoms of deuterlum (’H) and tr1t1um,

'

'(3H) resPeCthEIY Thls energy . ‘absorbed - by 1nversefﬁhl;‘

LS

bremsstrahlung and resonance 'absorpt1on. processes at the
cr1t1cal IEYer n = 'mu’/4ne=' where fu A=. th/k the‘

frequency of the laser llght m = 9 11X10"' g is the mass_

of an electron and e =1, 60x10"°'e m.u. is -the' electronic

charge[1] A plasma shell forms aﬁg the . sUrface‘of.the .

~

‘.pellet wh1ch expands as the shell is heated The momentum

- fusion then occurs[2] - . il ‘ ' ‘o

Cof the expand1ng shell is used 1n a rocket llke react1on to

compress the central core of the pellet to the po;nt where_

The two- laser systems that have rece1ved the },greatest;

}amount of attentlon laser fu51on drlvers have7 been

*Nd glass (1. 06 pm) and. co, (10, 6 pm) due ch1efly toj_the’

h1gh power levels that have ’!!Ln ach1eved w@th _these

rsystems[3,4] The current trend 1n laser fus1on, however, 1si?"f

toward shorter wavelength lasers wlth a hlgher value of nc.j

o Important advantages of short wavelength vs. long wavelength:

1rrad1at10n 1nclude 1ncreased absorpt1on eff1c1ency, reduced

converszon of - laser 11ght to suprathermal_ electrons' which:

'preheat the core,. and increased hydrodynamic compression

cfficiencnyJ. '

~ . » } , o
With the, shorter wavelength however, there 1s an

increased need. for a more spat1ally un1form laser beam .with
i 4 ‘

| j 1

y



~

Lars

-~=wh1ch to 1rrad4ate the target. As‘the'wavelengthﬁdecreases}
so does the dzstance between _th : ablatlon and absorptlon '

'.' surfaces of the target whxch greatly 1ncreases the effect of

perturbatzons 1n the laser beam. profxle.a It ”fs 5fbrﬂ this

reason that ghe spat1al character1st1cs of the laser beam

must beé monltored

.

Of the short wavelength iasers that have been proposed

the mostspromzslng have been the ultrav:olet exclmer lasers.

'.Thpq 1dea ‘ofh'the bound free exc1mer laser system was flrst

<
P

' d1scussed in 1960 by Houtermans.j The term excimer ‘was

borrowed from organ1c photochem1stry where 1t had been used.
as a contract1on for_an_gxc1ted dlmer. It is. now used

descrlbe any molecular laser with a d1ssoc1at1ve lower laser
level _ Although the rare gas ha11de lase:s "weren t
d1scovered ‘untll 1975, they are presently the most h1gh1y
developed of all the exc1mer-1asers.{ The krypton ‘flourlde
(KrF) laser w1th a wavelength of 248 nm, ‘has: shown promxse

» to be eff1c1ent and scalable to h1gh enérgy per pulse[6]

Unfortunately, " the 'exc;mer lasers suffer. frém -the‘

problem 'of hav1ng ‘low 'energy' storage,  which - is a'

dlsadvantage for some appllcatlons (notably laser fu51on)

Pl

Th1s 1s due to the short lzfetlme of the upper - laser /}vﬁi_~//”/

(few ns)' and the h1gh st1mulated em1551on cross sectlon

»

(10"‘ cm’). Excimer lasers must therefore store 'energy in

“the form of’ a béam of photons,,hence the energy of. the o

- 'S ?

exc1mer laser 1ncreases w1th longer pump tlmes. In order _to

-

genesate the very short pulses (less .than’ 10 ns) of hzgh
N N « - ! - . ¢

A



v';ithe two techn1ques[9]

, theb.need exlsts for a spectral mon1tor on the laser beam as

.well

-~ PR S o . .

\C

delay1ng, . amp11fy1ng and stack1ng o pulses[?], us1ng,

’_stlmulated Raman scatterlng (SRS) to extract the energy in a

v
-

To .ach1eve eff1¢1ent backward Raman‘ compressaon :a?
. wspectnaily narrow pump pulse is requ1red The Raman gaan 1s

.1hlghly dependent "on the 11new1dth of the pump pulse and a
.spectrally broad pump pulse generates no backward rad1atlon

'Tlrrespect1ve of the 1nten51ty ot the; pump pulse[10] Thus

/

jénergy-sthat fare needed rr _use, as ‘a laser fus1on dr1ver“,

long pulse by counter-propagatxng a Stokes sh1fted probei-

;.pulse of the des1red pulse lengthIB]' or uszng a hybrxd f-;

: spec1a1 techn1ques must be employed such as beam spllttlng,;if.f'

L3
e

L3

\‘ .
-

-

"character1st1cs of the KrF laser beam,,Aan optlcal data’

.acqu1srt1on and proce551ng system was therefore assembled

‘In. order to determlne 'the spat1a1 andﬁvspectrala-'

This system ,ylbq composed of "a v1d1qon Camera,, afet

'256x256x8 b1t iv1deo d1g1t1zer system, and a. 16 b1t mlcro- -

computer for ana1y51s.. To generate the narrow lxnewzdth

"needed rfor eff1c1ent Raman compressxon, a' stack : '3}w51‘

Dt

angle~tuned etalons had to be des;gned for ‘use w1th the KrFl;;

'osc111ator. L1newidth measurements were made w1th the QZd of

a Fabry—Perot 1nterferometer."

[

Chapter 2 the background and theory of Raman pulse ﬂ'
. :compresslon 'isf dzscussed Xf study of the 3 Fabry Perot

'1nterferometer'{is made, rfollow;ng_.a, revrew of relevent

P R -
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a’

"-~apqu1sutlon"aTJiproceSS1ng needs Th1s manual descr1bes how

‘ routlnes used. f37~i“_” lyh_fﬁ“hﬁffd

outllnesl

S R IR B E R
, . , L

1nterference ‘ theory. i leferent methods gjofh"imagihg

ultrav;olet ltght are examlned and a 11st of - hardware and3’

o fm,

t\

‘software requ1rements of the analysxs system is provided.

Chapter 3 contalns descr1pt10ﬁs of the exper1mental KrE

laser

the. procedure' used to al1gn héf

;fFabry Perot

system, 1ncludrng the 11ne narrowlng etalons, and

1nterferometer. The data acqu;s1tlon and”imag1ng systems aregﬁ.f

dlscussed j{ ﬂ 7d B f KRR

A general dlscuss1on of exper1mental results 1s glven“

a‘s’ N N ‘ S {‘:...:.|l\

1n Chapter 4 The steps taken “to calxbrate ‘t:e 1mag/ng’f

system are c1ted and the results of theSe callbrat1on tests

a

‘-are descr1bed Some sample laser shots aren analyzed both

spatlally and spectrally and the measurements are dlscussed

Flnally, the strong and weak features of .the‘;system tareyt

stated ‘ ’.' ~ﬁ'g, e ~f¢ i '“'v‘ : 1’ i S
0“4 I s,_',‘, .‘ . . )

-

: Chapter 5 summarlzes what has been accompl1shed w1th

the sysbem to date and ﬂes!nlbes a number of 1mprovements tof

thé~5ystem wh1ch could be 1
AR

‘V Append1x121'descr1bes t e hand programm:ng unit’ in ‘Some

plemented at a later date,

3

detall and 1ncludes CltCUlt schemat1cs of the un1t Appendltf%

ft}?l contaxns the user s manual to the program ANALYZE wh1ch

the program 1s used ,as well as a desc;1pt1on of many of the

;developed to handle ?11_‘ h gopt1cal data' f“&f:



"ig.gaﬁcxénouunjxkn THEORY"

- 1 Raman Pulse CompresSzon'

¥

The pr1nc1p1e on wh1ch backward Raman pulse compress1on~
operates is shown in Flgure 2. 1 A long laser pump pulse
f“propagates from rlght to left through a Raman medlum
. produc1ng ga1n at the f1rst Stokes frequency v = vP_F, yg~,
Aﬁf.wheref VP lis; the pump frequency and v is’ the. frequency.of

. the Raman mode that has been exc1ted Just as the pump pulse‘ S

reaches the ex1t wxndow, a shorter pulse at frequency v
1n3ected 1nto the cell in the opp051te d1rectlon. As ‘the two
pulses move through'one another the Stokes pulse grows at
" the expense of the pump pulse. The net result 1is that the
long pulse at v; is - compressed 1nto the short pulse at - .‘
‘1 ' Murray et. al [11] have reported 6n some work ‘on Raman'

compre551on of KrF laser llght in methane. T'

,; -

‘.was produced by superfluorescence from the,pump

-}s-approxijata{i |

g = exp ( — 30' ﬁP 1, (2.1)
UL hv,,ﬁ(w +av, )| 9ﬂ

‘where P 1$ the densxty of scatterers, gn.l

have shown“ that the backward Raman gal

descr1bed by

»

the d1fferent1alr

: sEatter1ng cross sectlon, Ip is. the pump las_r 1ntens1ty and

the : - 1ntegral extends over “the length o% ¢ the . cell
iﬂ}Furthermore,‘;fA%;i' and hlﬁﬁ,i are the -HWHM‘

(half~w1dth

',half-max1mum) 11new1dths of the pump 1aser and Qe Stokes
. h ! e

Cy L ) N

I
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Figure 2.1 Schemat1c representat1on of

!
b
o
|

_wave Raman pulse compress1on.-
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st imulated ~ backward
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hmediuh.irespecfively. ”Nete>.thahyqefof"gmﬁnhane, AV iS'
approximately AconStant over the 'pfesSure‘fange from 1-10
atmospheres and has the value AV, ¥v0.15vcnf7;'Thusvthe<gain
is h1ghly dependent on the ‘laser. linewidth 'untll thef
linewidth of tlhe laser has fallen below ‘the linewidth of the'

»;‘,

-medium.

U2.2'Interferenee.
Oneiof. the most 'accurate techniques for linenidﬁh-
measurement \uses optical " interference phenomena, in
particﬁlar, Fabry-Perot - 'systems. .In' addition, 6pticai
interference can be used in narrowlng the - laser l1new1dth
It is therefore useful to review the~theory »beh;nd opt1calh

interference. Y

2.2.1 Two- beamilnterference

When two or more beams of light arev supefimposed . the
intensity in the' area 6f superp051t1on can ‘vary between.
maxima whieh'.eaceed "the sum of - theu; 1nd1v1dual beam'
intensities) and minima which can be zero. Th1s phenomenon
is known as intenfenence Con51der f1rst :the case of two
llght waves - of 1ntensity I. and I, propagatlng in the same
.fdlrect1on. The total 1nten51ty is then g;ven by :

| 1'=-1.”+ I, + 2&/_TTT cos &, . o (2.2)

where & is the 'phase'udiffesence hetween_ hhe fwd beams. -

Obv1ously there w1ll be a maximum of 1nten51ty

]



Imax= i; + 1, +t2 1.1, |

when . 161 =0, 2n, am, . . . , l.} ‘ . o (2.3)
| and a m1n1mum of 1nten51ty " l o '
I,,.,,n Iq'*' I,-2 /I_,I—,

when ":"16]h= ™, 3, L L | o - - (2.4)

2;2;2‘Mu1tip1e-heam ipterferehéef
When a beam of . light‘ is incident'.on .a transparent
‘parallel plate::with bath sides havirng high'reflectivihyt

'coatlngs, fthere ‘are . multiple reflectiéns at the plate~

“%surfaces. Suppose now that the parallel plate has thlckness

t and refract1v1ty M, and let a plane wave. of wavelength )
be 1nc1dent on the plate at an. angle 8. Between coﬁ%ecutlveb
beams, the optlcal path dlfference‘ w111 be 2utcos® or a

phase difference of

6 = (Zﬁ/X) Zpteose - - ‘3; - (2, 5)

Let A; be the complex amplltude of the electric vector -

of the’ 1nc1dent wave. Furthermore, R and T be the
reflect1v1ty and transmissivity_ of the plate surfaces
respedtively, whith are releted;by » o

R+T = 1. | | S (2:6)

The amplitude A, of the transmltted light due to the

,superpos1t10n of the first p reflect1ons 15-:7

i A ) = T(1+ Rt 4, + RP-telip-iibyy
R ._ 1._ Rpelps . . . .
- 1 Ta: o (2.T)
- - Rel® b R o : o

- wh1ch, as p-»dg, reduces to



=ni/(1 —Re‘S . ST B)

The correspondzng 1nten51ty it= At t of the transmltted:»
11ght 1s then gzven by. ) .
T’I »‘. T

1 —_— : :
‘1+R=-2Rcosé (1-R)’+4Rsm (6/2)

. (2.9

‘This formula ‘is known as AiPy s fonmula, and may be

rewritten u51ng (2 6), as

: S | g e
I{?' - . S (2.10)
1+ F sin2(é/2) : ,

, Vhere the measure of sharpness F is defined by
- 4R | P o
. F = — . " , S (2.11)
(1-R)= : : , _
The FWHM (full w1dth half maximum) llnew1dth W is readlly
calculated from (2. 10). 1f “the fringes are sharp en0ugh that
the half- ~width can be_replaced with its sine, then W as a
fraction of an order is |
| N 2 1-R o o ,
BN W = = B — . . _ ~(2.1’2)
‘A mJF n/R

Another useful measure is the finesse F of the system, wh?re
F=1/W = {1 /R)/(1-R). ”

‘The behav1our It./Ii. as /a* function of the phase
d1fference ) is shown for various values of R in Flgure 2 1
)

Note that as R » 1, the pattern consists of ‘narrow bright

f;lnges on- an almost almost totélly'dark background.
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'2;2.3'Fabrnyerot rnterferometer

. : 4 : .
" The Fabry-Perot. interferometer. is composed of - two
.quartz plates as shown in Fxgure 2.3, The outerrsurfaces are

wedged.- ~ 30-vm1nutes of' arc, away ‘from the highly

reflective inner surfaces so as - to]- avo1d unwanted‘

reflections' at the outer uncoated surfaces. The back plate‘

is mounted on a dove- ta1led ra111ng perpendlcular to 'the

housing and can be moVed l1nearly to perm1t a spac1ng of up

'to 20 cm. The front plate, wh1ch is fixed. 1n place,_~can bel"'

adjusted angularly with the aid. of two m1crometers mounted.

1n the chassis to a11gn 1t perpendlcular to the ‘back plate.

| ' The Fabry-Perot 1nterferometer 1s‘usually placed in one
of  two conflguratlons. In the standard.set -up, as shown in
F1guré 2:4(a), the 'rays wh1ch 1nterfere at a point. are

:parallel and form r1ngs at angular positions 8 given’ by nk

2ptcosB Let no be the -order of 1nterference at the centre

‘of the r1ng pattern (cosO = 1), then

n =-n1cose , . | S (2.13)

~The br1ght frlnges, wh1ch correspond to Lntegral values of.

h“n, are c1rcles with.a common centre at the focal po1nt. The’

fringes followv'the standard ‘Airy dlstr1but10n shown in

Fzgure 2,2 and appear only over the reglon covered by the,

'1mage of the source. Us1ng the. c051ne expan51on cosB =

1 - 6’/2 Born[tzl has shown that the angular radius of the -

pth r1ng is- approx1mately given by
= /BT INE, S : (2.14)

' where € is the fractlonal order at the centre and the med1um

»
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~ has refract1v1ty p=1 (i, e.‘a1r) The':diameter Dp .0f this .
frlnge is} then glven by DP = ZFB ' where f is the focal:'
-length of the lens L,. These fringes are :referred to ‘as;

~'Iocalfzed because they only appear at the focus of the lens

\\\\ln the alternate conflgﬁratlon shown in. Flgure 2.4(b),
the frlnges dlverge in’ cones- from the sourcel and vextend'
outwards from the 1nterferometer 1nto space and are hence
referred to as non-local ized.. In thlS case the rings become,

. larger as the screen is taken farther away from the source.
The d1ameter D, of the pth r1ng is 2L8p Y where' L is the
dlstance ‘from the source S to the screen. From (2. 14) this

h may be rewrltten ‘as ‘ . | _

B D, = 2L‘/(p—1+<))\/t N (2.15)

One advantage of thlS conflguratlon is that it allows ~ the

screen to be t1lted with respect to the beam path with the
1mage suffering only a geometrical dlstort1on.

The theory of the ring formatlon is as follows. As a
result of multlple reflect1ons, the effect at a p01nt P upon
a screen located a d1stancelL from a source § rs“equ1va1ent
to that prodUced by avseries.of point—shdrces S, S., S;;'
Ss, ...; » each a distance 2t apart. The path’difference

betweeri the two rays from s and sd can be written as:_
| D&éJY'f[L+2ntﬁ -y LT, B (2.16)

'whefe Yy is the distance.'from _the centre of the {fringe_

~pattern to nthe p01nt P. Tolansky[13] has shown that for
L > t, D, is approxlmately given by
§:‘ - .
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diffuser ‘ - . V'F\QCPQEH :

‘Figure 2.4 . Fabfyfperot intérfévometér (a). illuminated from
an extended source, and (b) illuminated from a point source.
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ey Cen (.

D = 2ntcose + 2n (t /L)c05951n’9 o (2;16)
where only f1rst order terms-ln t/L have been kept He goes?

.further to state .that 1f t/L is kept below _some 11m1t1ng¥”

factor,f say 10“‘2 there is .an' almost complete %1ry;f~

v . )

d1str1butlon." e o : : o B
T . " .

Usrngvxnstead 'thé”'éxact eXpressions,' the* intensityﬁ x

'-diStributions flt /1; have been calculated for a number of

dlfferent Values of p(t/L) and are shown in Flgure 2 5 fdr‘

}the case when A 248 nm and the reflect1v1ty of the etalonsv_"

1s 90% Instead of the symmetr1ca1 arrangement ’that is® a
'résult of the f1rst F P.,arrangement an asymmetrlcal frlnge»5

pattern appears, w1th secondary frlnges on .the“”out51de of

- each, ring. The peak 1nten51ty is found to decrease and the ,h,';

FGhM l1new1dth increase as the factor pl(t/L) gets; larger,
i.e; as one looks at fr1nges of higher order away from thev

central spot, as 1s 1llustrated in Flgure 2.6,

v
4

gl

-2 3 uv Imagzng Techn1ques‘ o

One of the most commonly used methods of analyzlng u.v.
laSen.nght is to form an 1mage on u.v, sens1t1ve paper° one
- such type commerc1ally available is called Dylux paper. This
%:paper undergoes an 1nstantaneous color change from. yellow to‘
mblue upon exposure to ultrav1olet rays wlth 1nten51t1es in
the range 1 200 mJ/cma thus prov1dlng a‘ low- contrast but‘
‘1nexpen51ve way of z;amlnlng the laser llght. After a few,.

»

hours' exposure to’ room llght the paper sets, at wh1ch poant
- ) i | /



the paper has turned completely blue (the shade of blﬁe’
dependent on ‘the laser 1ntens1ty to which 1t has been;i;
exposed) In order tp translate the shades 1nto an' accurate,

- record of the laser 1ntens1ty, however,-would require maklng-
D/opﬁlcal den51ty measurements of the beam 1mage. As, this -

is)" a t1me consumlng Dprocess, it is. 1ll-su1ted for real tlme'“‘

laier diagnostic w0rk

' \>~\xs. an alternat1ve, ‘a s1mp1e photo-emu151on (i.e. an

.
LR

undeveloped photograph) could be placed in front :of the
‘beam. When exposed to llght th dens1ty of the photo—l

'emu151on formed 1s dlrectly proportlonal to ‘the 1ntegrated*
£

light 1nten51ty that the photograph has been exposed to. The .

resultant photograph whlch has .an; 1ntr1n51cally h1gher

o

contrast than u. v sen51t1ve paper can be. analyzed u51ng a
' photoden51tomete;. Unfortunater thlS tbo,‘is a =slow and
inconvenient: process that doeS~not satlsfy the needs of aAA'

aoreal t1me d1agnost1c system.'

oo e

A " two- d1mens1onal array- of llght sens1t1ve detectors, ' Yg'

A

Or equ1valent1y a v1d1con 4camera, “has dynam1c range;

3 comparable to that of the photograph When comb1ned w1th a
v1deo dlg1t1z1ng system ~and a computer for‘“ 1mmed1ate

o proce551ng, ith can provxde real t1me analy51s of thewlaser‘{
| beam on a shot- by shot bas1s._It would be. preferable to use
. a-'u;vtu sens1t1ve v1d1con, but ‘1n_the absenCe‘of such an
| 1nstrument a system composed of a visible light' vidicon

-

focussed on a sc1nt111ator screen could be used Ihls 1n~ ,f“"

s .‘m—- N Ch ey A ‘.";;-.'

fact was the method employed due to tbe unavazlab1ley of -

r""“*}w-u_-..-.«_
. .
.
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‘u.v. vidicons.

".gz;4ﬂhﬁai§§is Requirements-f : ' 'd _ '_-;_ ) oo
'After asse551ng the . experimental - regu1rements,"a.

' detalled l1st of de51red hardware and software features was
'determlned to ach1evev»the de51red qg‘.gnatlon ot h1gh

\resolutlon high’ dynamlc range 1mage gatherlng and real- t1me:

1mage proce551ng and analysis, ‘
o . 2 . _ S

2.4.1 Hardware - | | |

To be useful as a laboratory diagnostic"tool; it was_'

.decided that :the”'v1deo digitizer. used should hayeh‘a\
.kresolutlon of at least 256x256 plxels (picture .elements)
with a m1n1mum grey scale of 6 bits/pixel. It:must‘befahle'
to digitize an entlre v1deo 1mage w1th1n :a‘ single' Video

. frame (16.67 ms7 and should 1nclude suff1c1ent memory to

5 i

store the. full 1mage. The" un1t should generate a standard
NTSC ‘v1deo s;gnal from the stored 1mage to d1rectly drlve‘
low cost colour.‘or black and whlte TV monltors. The
capability- of both readxng and wr1t1ng 1nd1v1dua1 pixels

andyor groups of p1xels must also be present

a-

A 16 bit mlcrocomputer was deemed necessary to analyze
the raw data. ‘The computer should be a mu1t1 user system,

w1th ‘the capab1r1ty of runnang ;n_e*realﬂtrme modexﬁl e.~ﬁ6';'“"

N ;"emporarlly turn off all other users to allow for real—tlmei

-q,.-o.,.-—.._..p-.-»‘.a.. P PR TS

data %atherzng) Langﬂage support shouId 1nclude Fortran 77 | )

- - -~ . - -

.3 .- R
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2

:'with;some means:of'triggering thejlaser.t”

and C. Another add1tlonal requzrement was due to the

A

laboratory S prior commltments to the purchasef'of other

structure. Interfa¢1ng was commerc1a11y ayailable between

h CAMAC bus and and the MUltlbUS, PDP-11 bus and LSI<11

“dlagnostlc _‘equrpment wh1ch operate from:,a CAMAC busv'

bus structures' therefore the m1crocomputer - as well as the

the three buS'architectures.

;A'“video~ camera is needed which is compatlble w1th the

video digitizer system. As most cameras do not respond to

) ultrav1olet ‘ght 4 there li"s the added problem of how ‘to

1mage the 248 nm light of. the KrF laser._ The first choice

" would be a ‘camera whose response curve extends far enough

into the far ultrav1oLet to be .directly useful in this

appllcat1on : however these cameras tend to be exorbltantly

expen51ve. Alternatlvely, one could d1rect the laser llght,

‘v1deo- d1g1t1zlng system, should he compatible w1th one of

to a sc1nt111ator screen which absorbs the ultrav1olet 11ght'

and re- emlts thls energy in- the form of v1s1ble llght \whlch

*:can be subsequently detected. by aecamera~focused on the

screen.

Add1t1onal hardware needs 1nc1ude a v1deo mon1tor and '

‘some sort of hard copy unit such as a prlnter. Although jthe“”

h przmary purpqse of the prlnter would l1e 19 the generat1onf~.f1g

of program listings; the ab111ty to‘““

4 Y

def1n1te ‘ass€t.  In addition, the"

- PRIV

nmput g4

~- oy -

raphxcs‘would be a.

RS >

t bée provided’
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Flnally, *the"equipment should. be shielded "from*
velectrlcal noise. As ‘the KrF. laser modules are all driven by
high voltage spark gaps, the electrical 1nterference that
this produces is cons1derable._Thls nece551tated plac;ng all
of the dlagnostlc equ1pment inside a screened room .with the
camera be1ng <the only p1ece of equ1pment that l1es in the -

unshielded laboratory environment.

2.4.2 Software
) The analy51s program should be menu- drlven. In command
:mode, all command opt1ons should - respond to a single
keystroke; After tr1gger1ng the laser, it must digitize the -
video 1mage from the camera and assemble the data from the
CAMAC  units, All ~ other analy51s operations must be
specificallyjrequested after'lhaving treturned to ;command
mode. -

| Spatial analysis ~should determinex the’ maxlmum'"and'
mlnrmum values, compute the mean and the standard dev1at1on
'about the mean and compute the amount of energy present in

hthe laser beam.’ If poss1b1e, it should also compute a-
" 'h1stogram of the energy levels and dlsplay the hlstogram on

Lthe user s term1nal | |

Spectral analysrs should determlne the maximum and .

‘iiJm1n1mum"va1ues and the background l1ght level It should '

"correct the Irznge pattern for any var1atlons due to spat1a1

nnnnn

'nbn un1form1t1es ‘in"the beam and compute the” l1newidth of

,the laser beam. If p0551b1e, it should also dlsplab the
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-

s laser s spectral profale on the terminal. F1nally, 1t should =
compute the percentage 1n3ectlon i.e. the percentage of the
laser’ beam s energy that has been successfully 1nJected 1ntoi
the, single 11ne whlch makes up the fringe. pattern shown on

» the screen. Obv1ously if the percentage 1njectlon is low

then most of the beam is. composed of broadband laser llght

Whlch cannot be used for efflcxent Raman pulse compre551on.



RS

3. EXPERIMENTAL N

[,

%,1 KrF. Laser System

The KRF discharge laser system as”shown in Figure 3.1
is similar to that developed at Lawrence. L1vermore Natlonal
Laboratory[?] and is reported elsewhere[9 14]. The _master

oscillator is, a stable resonatgl"composed -of a concave. ..

"

(r, 4m) 100% reflecting‘ mirror M, 'and a flat 90%

,reflectlng mirror M, {Vd has 30 cm of active galn length

The' injection-locked ampllfler is an unstable resonator
composed of ‘the flat mirror M, and a convex {r, = 0.6m) 2 mm
diameter meniscus mlrrOr M., with a one meter 'discharge
length. By placing a 5 m focal‘lengthﬂlens L. at a distance
of 1.52 m froh My, a beam wigh a dlvergence about . three
times the diffraction limit is formed. |

The oscillator bandwidth is controlled by - three angle
tuned etalons E,, E, and E, whlch are. an air- spaced 0 1 mm
gap and sol1d 0.5 mm and 3.0 mm fused silica flets:

respect1vely. All were- coated for . 75% -reflectivity . at

248 nm. Each etalon can be3considered as an interferemeter

which filters the- laser l1ght by wavelength _From (2 4) the

peak transmlss1on occurs for mx Zptcosa, where pt- is  the

opt1cal th;ckness of the - etalon i queStion. The
transmission curves of the etalons are shown Ln F1gure 3.2,
When properly adjusted only a single transmission peak,

whose passband_is‘0.2-‘en",. is_ above the thfeshpld for
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las1ng With mult1ple round trips,‘throughv"theh/oscillator
durang the bulldup of the pulse, the output 11new1dth is
marrowed to less than 0 1 cm"; The aperture A‘, set at 2 mm |
ﬂ‘dzameter controls the transverse' mode quallty whlle the"u“
,@perture A,, set at 4 mm. diameter, " blocks,7th'- reflected:
llght »s1gnals' from the: etalons. The aperture A, sets the“'
‘51ze of the output beam. |

The master osc1llator produces an output of 0. 2 mJ 1n a'

25 ns pulse when operatxng w1th a fresh laser gas 7f111 f

'28 psia. - The . injection- locked slave osc1llator produces a_é_”,]

' unlform beam with ‘a dross SECthnal area of ~ 8 cmz and up

400 mJ 1n a 25 ns (FWHM) pulse. ‘The- pump pulse is then

»agpassed through a beam, splltter BS. wh1ch drrects 'hout,-SO%Qf' A

of the pulse energy to laboratory experlments and the rest
\

R d1rected v1a a flat 100% reflectxﬁg\turnlng mirror M, -

'a Fabry Perot 1nterferometer for spectral analy51s.

3.2 Fabry—Perot'system for spectral analysis
The Fabry Perot cav1ty is® comﬁosed of two plano m1rrors‘

f h1gh ;reflect1v1ty,i‘allgned parallel to each other and;

perpendlcular fto' the 1ncom1ng llght. :ffhej'xFabry~Perot}'3” -

interferometer used for these experxments is. composed of one

fixed mirror and one- adjustablev mirror and has been

described in section 2.3.3‘(See Figure 2.3). These mirrors
were specially prepared for use with ultrav1olet light ang '

have. a maximum reflectance of 90% at 250 nm;»giving a

-
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»fineSSe'.F;‘}:'3p}‘ The reflect1v1ty rema1ns hlgh enough at
16237 nm, however to allow the . system to be allgned with a cw

’

He Ne laser.;

. The 1n1t1al al1gnment 15 done with ra_ecv He-Ne laser
’whlch, has been 11ned up to ﬁollow the ‘same optlcal path asf"
the KrF laser The f1rst step is to place the 1nterferometer~
perpendrcu{ar to the beam‘ by-ad}ustlng 1ts pos1tlon untll:°“‘

the-'hefNe. light .is centred on .the'.entrance and exit
'apertdres. This guarantees that the laser beam and the backfv
,mirror'.are perpendlcular to better than 0»2 " Next,
zexpanglond'optlcs ‘ate " piaced h‘ front of the Fabrererot -
»prov1d1ng the dlvergence to. produce 1nterference patterns 1n

" the output beam..,The expans1ou¢ optlcs then have to be

& T

”adjusted so that the beam pa551ng /through is ionce ‘again
centred on the entrance aperture., '

- _The.flnal al1gnment of the Fabry-Perot has to be' done
with:'theﬂ KrF Aiaser itself. A flourescent card is placed
fafter the interferometer, enab11ng the fringes to be seen _on
its surface. 1If at this point the two mlrrored surfaces of

.

the Fabry Perot are at a slxght angle to one another, _the' o
frlnge pattern“ wili appear Mbut w1ll be . off centred Thel e
“front etalon: 1s then adjusted until the fr1nge pattegn st o
centred 'onb the tard. At th1s po1nt_the Fabry Perot.. system :
has been fully allgned w1th the mirrors parallel to each

other and perpendlcular to the KrF 1aser beam.



~ 3 3. 1 Vldeo dxgit1zer and vxdeo memory e

-

B ST 'ﬂ - m.: A‘ | . L
3. 3 Data Acqn1sxt10n System o -

-~

con51sted of the followlng components. : .‘;,MQ Uf”i.\} -

-~ . e

-1. v1deo dlg1tlzer and vadeb memory,

”é; 16- b1t m1crocomputer~ s _'"7' R

¢ . i . g

3 hand programmlng 1ntertace unit,

R ) y B

.w‘_4. dot matr1x graphlcs prlnter,w

'“‘5; v1deo camera.

‘A

e as a
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‘*?he‘ laser d1agnost1cf system' that vas developed ,.

h..

The v1deo dlgltlzer system that was flnalLy chosen was =~

one offered by' MATROX Electronlc‘ Systems Ltd. which.

L 4

~~"consisted of the follow;ng items:

1. one FG 01/8 8- b1t frame grabber card,
ﬂé, two RGB 256 v1deo memory boards,

3. ane CCB 7 MultlbUS cha551s and back plane.'

o -

- The Matrox cards plug d1rectly 1nto IEEE 796 Multlbus,""'”

_’:although equlvalent vers1ons of the same cards are ava1lablev
ine both *PDP—11 and LSI-11 bus structures.:The 7- slot CCB 7:.
‘,;Multzbus cardcage and back plane was bought toh hougg the:
‘;Lrvxdeo cards and prOV1de extra slots for future expans1on.

The FG-01 1s a hlgh speed analog to dlg1ta1 converter”.,

- card.  The card permlts ‘the user” to d1g1tlze a standard

"monochrome video s1gnal (v p- p) and write the- d}g1t1zed

>

video fleld into the RGB-256 dlsplay refresh memory; AS

‘planes, two RGB 256 cards haVe to be comblned to store the7

. . . . -~

¢

each"

.....

RGB- 256 card features a- 256x256 dot resolutlon with 4 blthf-—'
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full B b1ts/plxel that the FG- 01/8 prov1des. ;,;‘\7h1::" v
| The system from MATROX prov1des software -controlled
frame grabb1ng on any of four camera 1nputs in 16 32 ms, The"

-image memory is fully addressable, with read and wrlte plxef
commands tak1ng only 1.4 psec. A built-in- scrorl reglster
allows the dls lay to be shlfted vertlcally with a one 1line
resolution. Additio 1 features include built-in NTSC color.
and grey- scale encoders \Qlch g1ve a total of 256 colors Or
grey levels.- . ¥‘ ' . P
The FG-01 board also permlts the system to be connected

to other mlcrocomputers or m1n1computers via an external
interface. On- board c1rcu1try allows the external computer
to access ~any .- device in the Multlbus 1/0 map through the

FG 01 board Thus the CAMAC crate controller card. could be7i

[ “

mplaced "1 ““the Multlbus cardcage and be. controlled by the
.other computer through the external 1nter£ace.

' < ;:The.vsystem “ig- capable of being run 1n{two d1fferent

‘modes- master sync and slave sync. In. the master Sync modeh,‘

the v1deo mémory cards generate required sync sxgnals

.‘1nternally anddthese 51gnals are- used t:'” rnally ‘drive
'the varlous cameras._External sync, on the other hand locks
lthe video. cards to the composite sync of the v1deo—output of
‘the cameras,jb1th an‘exact number of vert1cal -and hor1zontal
sync pulses. needed for ,good locklng of the tvo RGB-256

memory boards with each other. ..



N

3.3.2 Mierocomputer‘

~

‘In order to fulfill the comput1ng needs, a 16 bit WICAT .

150 Mult1user S B s purchased ‘At the heart of .the

. . K:}'

system is an MCGBOOO 16- b1t mxcrocomputer and 512 Kbytes of

RAM - (Random Access: Memory), wh1ch is expandahle‘ to'“

12 Mbytes. Inside the system is . an asynchronous 7 slot

MULTIﬁUS, 5 of. whxch were already f1lled when shipped out .

from the factory. Data storage is- achzeved via ’a- 10 Mbyte
5 1/4" Winchester hard disk aﬂd a 6]6 Kbyte 5 1/4" floppy
dr1ve for backup. It contalns a szngle parallel port -and 6
serlal RS-232 ports and can thus handle up to 6 term1gal

users szmultaneously

43The operating system is. UNIx—like,',supporting a

shell-like file structure," permitting di.):lect'or:l"‘es'~ and ~

sub-~ directorles. The software ‘1nc1udes _ ORTkAﬁ #'77;"

C p;ogrammlng language. and an_ Md'lOOO assembler. Source

files can be edited through the aid of a sophgstlcla-ted}"»

visual editor.
&

At the time of writing th1s thesis, a ‘bus- expander had

not yet been developed for. the ‘Wicat to  enable the‘ main

!

KN

system bus to connect directly with other Multibue,d

cardcages. This'meant that only the 2 free slots left in the

system 'bus were available for other Multibus boards. S1nce-

the MATROX imaging system alone needed three slots, ~the

- external interface of the' FG-01 ~board was xwired 'to»a
standard D-25 parallel port cbnnector.' Software'-w then:d{'

written to permit the Wicat's parallel port to control thef

4



. T . : : S " o e T
o B L . ot L FE I ST '.‘ >‘ g ’ Y
: . ) BRI . :
I ;u .‘ 5 PN

,‘mcards In*tﬁb external Multlbus cardcage at some sacr1f1ce of L

oy ae "o

speed but w1th more 1solatlon from’electrlcal 1nterferegpe,~

. . ooy : "; T . B -
B . . LR - . .'_-,,“' ' . : <
-t . . I . . [
ST g e T R oo e « AN .- oA
T . tyon o« . .\ oo

'3 3. 3 Hand-programmxng 1nterface unxt “vd
o v ) .
. For the purpose of testlng the Mult1bus Cards, as well
- as debugglng the software routlnes that had to be wrltten to

communlcate with sa1d cards, a hand- toggIe programm1ng un1t

’was assembled Thls unit operates in conjunct1on w1th the‘

external 1nterface of the FG01 1n one of two modes' as a

)

. .
stand alone unit 1t allows the . user to toggle 1n read/wr1te'

f,:1nstruct1ons directly, or as a buffer un1t it relays those
1nstruct10ns from the W1cat o ;' : '

) Upon the conclu51on of every read/wrlte Operatlon, each

:of the 16 address and data lines are latched and ~connected

up tdf'an 'LED (nght Em1tt1ng D1ode) thus dlsplaylng the

' faddress and data bytes in b1t format At the same time read

wr1te and acknowledge LEDs flash to 1nd1cate the state. of

the respectlve control lines.

23

APy

b

A method st111 had to be found to- trlgger the laser and

.the video dlg1tlzer s;multaneously Upon exam1nat1on of the

- v1deo d1g1tlzer board a lLae was’ found on the board that

g /
'goes low and stays low durlng a d1glt1ze or clear operat1on.

the connectlon between* the external 1nterface and the -

hand programm1hg unit was then mod1f1ed to pass this 51gnal

bto the hand programm1ng un1t where 1t was. used to send a 30

-volt trigger pulse to the KrF laser. Thus whenever the\

command is’ given to digitize,a video7picture}“the laser is
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as Well” as cirt t schematlcs are provaded 1n Append1x,v,;gw
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3 3 4 Prlnter

© . To«satlsfy thevneed for hard—copy 11st1ngs of programs,

.an EPSON MX-80 dot matr1x prlnter ‘with the GRAFTREX 80 h1gh

 serial buffer. interface for - the prlnter was also bought to

",;-resolutlon, graphlcs optaoni was purchased As the parallel

.ports of the 'Wicat m1crocomputer _was already used for

%Smhgqiéation with - the external Multlbus boards, a 2 Kbyte

- ) FU X S R

%

S m

“allow “the * printer to operate from one of the Wicat's €

”ser1a1 ports.

' possible . to produce high den51ty black & white pictures, or

i

- ‘ it : . e

lThe printer is capable of wr1t1ng 40, 66 80 or 132
characters,per line. In- graphics mode, the pr1nter can write
up to 180 dots per inch hor1zontally and 72 dots per inch

vertlcally Th1s hlgh density graph1cs capab111ty makes is

pseudo grey scale pictures in a reasonably swift and easy

fashion, -

3.3;5-vi§icon Camera

For maxlmum flexlblllty, any camera chosen had to allow

the vxdeo d1g1tlzer to operate in both sync modes. Although

most cameras were found able to be externally synchron1zeed

boards-;require, The only standard vidicon caﬁeras that were - -

-"triggered automatlcally. Further deta1ls of thzs 1nterface,‘

)
very few prov1ded a composate video output w1th full NTSC

standard sync signals w1th serrat1onsu whlch vthe_‘MATROx



‘tested vand met these specifications were manufactured by

RCA. Theser 1ncluded e ;fibrefopﬁically coupled cameras

. Wthh vere modified 'for ultrav1olet use by attachzng a .

. e e -

'sc1nt111at1ng mater1a1 onto the surface of the vxdlcon tube.
The or1g1nal sc1ntlllaton mater1al prov1ded was found to be
1nappropr1ate for the short 250 nm wavelength be1ng used in
these‘-experlments, exh1b1t1ng poor - sensativity and very

.nonunlform response across the surface. This shortcomlng, in

,add1t1on to a thermal _1nstab111ty problem, rendered them

.y N aw - » C e

unusable for the d1rect lmag1ng of the KrF laser 11ght as

they were + intended. Therefore, an ‘1nterim solution

~comprising aqsqintillatpr streen andmahhjgh’quallty, visible
light 2/3" wvidicon camera was found ' to - perform

satisfactorily.

3.4 Imaging System
In order _to image‘vthe ultrav1olet laser llght the
- 1light had to be directed to a flourescent screen whlch quld

absorb the . uv-l1ght and re-em1t _visible 1light; this

fluorescence was then detected'by the visible—light camera

o

- focused on the screen. Since the camera washto be scanned in.

a single T.V. frame (16'67'ms) aqy fluorescent screen used

»

had to have a fast response time, preferably much less than’

1 msec.

Two . standard u. V. sensitive thin layer chromogram

sheets made. by Eastman ﬂKodak_ were tested ~ for their

- ~

\

-
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applitability: an orange screen was found to have a lag. time
on"the. order of 15 msec' a green screen had a lag time of

about 1 msec. The slow response time resulted 1n a dlstorted

IR | ;'.."." :

v1dep output from- the -camera: those port1ons oﬁ the camera's .

sen51ng area that are first scanned show Quite ,low l1ght

levels, while those portions that are scanned last register

much nigher light levelé. The best . response by far was

obtaindd with a screen composed of sodium salicylate that .

- e » N
. - »
- sf“ oy

was prepared“in'tpe lab, - - [ S

A N I R

A

Sodium salicylate emits at 420 nm, has a QUantumA

efilciency of almost 90%, and has a fluoreecent decay time

of-TO—nsec{15]; The sodium salicylate, which was obtained in’
powder” form, was mixed with ethanol to form a saturated

_solution. This solution was poured onto the surface of the

screen, and was then placed under a,heat'lamp and'allowed to
evaporate,l leaving .behind a powdery whlte residue. Two or
three cdatings proved suff1c1ent to glve a unlform density
over the whole surface of the screen, :

The first sodium sallcylate screen was prepared- on a
3 1nch dlameter glass plate. A vidicon camera was placed
behind the 1nterferometer, w1th the plate placed between
‘them. The camera, focueed onto the plate, imaéed “the
flourescent light transmitted through the -glass‘ronto “the
surface "of the vidicon. . This set-up meant there was no
dlstortlon in the imaged picture, but it requ1red high light
‘. levels. In addltlon the image was blurred slightly due to

‘the flourescent light having to pass through the full
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thlckness of the sc1nt111at1ng mater1a1

A second scxnt;llator screen was then prepared on 'a"

‘47': 6" alumxnium plate This" plate was mounted.along with '

the camera on.a trlangular base and the whole assembly then‘-v

'1maged on_ the front surface of the sc1nt111ator, thus

redhcihg 'the‘:input ‘iight level requ1red for the camera.

a . s
> ¢ .

T N -

- PR VI P

image by a similar amount.

--------

' placed *in?'the ~output - beam. In thls set up the camera is.

However, in order to image the beam onto . the sc1nt111ator”
the ~ camera/scmtll'lator assembly ‘had  t&- b‘e“plaeedat»:»ah"

_angle of about 25° to the normal whiqh distorted the viewed



';,pfello&ing characterlstlcs need ‘to be determ1ned

'To4"°have quant;tab;ve- measurementﬂusystem, - the.

e

I EE A S

'tf(l)‘.transfer functzon response as a funct1on of pixel;;j
“fp051t10n' X,y and the dlglt1zed plxel value P(x,y)
at that p01nt
(é). plxel noise level
(3)'*geometr1c dlstort1on effects,

(¢) resolution capablllty; ST e

o e < “ 10 e e . o4 -o e -

x - - ax; B
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4.1 Calibration

Before the 1mag1ng system could be used for any

""-- -

sc1ent1£1c measnrements, it had to be cal1brated Th1s meant

determlnlng the transfer funct1on of the camera/scxntlllator

comb1natlon.xnmorder to convert the digitized plxel vqiues
, : _ y

P(x,y) “into .integrated’iﬁtensity values I(x,y) in units"of

»,pJ/ch’.‘In general the photocathode of a v1d1con tube 1is

not necessarlly equally sensitive at all points, i.e. equal

grey levels may not correspond to areas of equal br1ghtness

“

in the original image[16].

<

The first item that had to be,exaﬁined_was the system
noise., By iilﬁminating different portions of the screen with
light and ‘examining the pixel values of the resultant

pietures, it was found that the noise was strictly additive

- i.e. g = f + v, where the input picture f and the noise v

are uncorrelated. The noise itself was composed of two

9 LT '438 t

’
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}gfthe flrst, -a unlform, background Level that ?uas}5177'

Jessentially constant 70ver the full pictUre and hence coﬁld“ﬂi-

- be - subtracted outs - the, second - random pattern of - shot““’l'

noise whlch made ‘the” value of each 'pixel on the screen vary

'by as much as 15 counts (out of 256) from 1ts nelghbours.fé"

'Thls_shot ‘noise, however, can be reduced by averaging over a
number of points. Averag1ng over n po1nts should reduce the
'standard deviation of the no1se by the factor\/ﬁ'

The next step was to determ1ne the transfer function -

A - [

response of the camera/scxntxllator assembly. To accompiish T

thlsv task-*'the 1maglng - system rwas = pLaced n: . the -
conflguratlon shown in Flgure 4.1. The entire surface of the
scintillator was irradiated with a unlform 111um1nat1on of
:Aultrav;olet llght whlch was formed -by passing the KrF laser‘
light throughrtwo dlffuser plates, placed 132 cm from the
scintillator. The, diffusino characteristics of the Pplates
were prevxously measured using small (5 mm? ) photodlodes at
various angles from normal. | _

| By changing fllters F, and F. a number .of different
light intensities were generated and the energy associated
with each shot was cross- callbrated with calorimeters C1 and
C,. ‘Beam splitters BS, and BS, reflected 90% and 98% of
1nc1dent energy respectively, BS, vas a quartz flat whlch
reflected 4% of the incident energy of f each surface, for a
total of 8%. From these tests, the camera's response .was’
found to be f the .form I(x,y) = T(z) x F(x,y) where

z = P(x,y) is the d1g1tlzed intensity value at the pixel
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Figure 4‘1 Calibration geometry.
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,y, T(z) is the transfer functlon of the v1d1con camera to
’thei 1nten$1ty value z ‘and F(x y) is,a- correctlon factor :
iwhlch var1es over the entIre 1mage. i'“unM

';To; determlne ‘the transfer functon T(z) a number of

d1fferent parts of the image were examlned and the aVerage

) "value of each of. these areas were calculatedf After

.correcting for the d1fferent energy levels associated ?with
each shot, a curve was-drawn between the data pointsuoiving_
the transfer funct1on in arb1trary unlts (see Figure 4. 2)

The correctzon factor F(x,y) was much more, d1ff1cult to
characterlze.i Attempts_ to- use- \ least -squares f1t N tq;
"equatlons such as F(x,y) = 1/[k, (x ~X,)? +k (y- y ) ] failed:
. to produce a good fit to the data. Finally, a two
dimensional array of 17x17. elements was used for a s1mple
‘numer1cal f1t to an area of 224x224 p1xels. The edges of the
image were . rejected for analy51s purposes because of their
large deviation from the mean response at the center of he
f1eld of v1ew. W1th1n this area, the camera response vaid
from a h1gh of 147% (near the centre) to a low of 25% (lower.
left corner) of the average response. From these values, a
b111near 1nttrpolat1on was . then performed to calculate the.
ﬁcorrectlon factor for an 1nd1v1dual plcture element. With
this -simple method a standard dev1at1on of roughly-. 3% was
achleved over the entlre analysis area. |

With the dlffusers removed from the system the laser
beam was 1maged directly on the fluorescent screen. The beam

was then absolutely cross-cal1brated\w1th known photodlodes

4
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and calor1meters, u51ng sultable neutral den51ty filters ofi
nrenlously determlned transm1551on coeff1c1ents. From theSe*l
tests the transfer’ funct;on T(z) could ‘then be 'recomputed
from arbltrary un1ts 1nto real 1ntegrated Aintensity values
in un1ts of pJ/plxel The transfer-functlon of - the - vidicon
camera used for these expeg}ments is shown‘inﬁFigure'4.2 and
has an accuracy of 5% due to the calorimeters with which it
was referenced to. - o ‘ : o
Finally, the beam was sent through a square aperture ofhu
width 17.9 mm in order to determine the geometrlcal scallng'
factors, both- horlzontally and vertically. By examlnlng the
d1g1tlzed 1mage and taklng into consideration- the angle of
the plate w.r.t. the laser beam, thesevfactors qame‘ eut' to
be 3.9 pixels/mm (260 pm/pixei) in esch direction, or 1521
pixels/cm?. Horizontal and vertieel slits of width 150 um
were‘ introduced into the beam to dlscover the- 11m1t1ng
resolut1on of the system, whlch turned out to be a single

L]

pixel wide,

4.2 Spatial neasuréments' v

All spatial and speetral measurements are carried‘ out
autonatically- by the program ANALYZE,when requested from
conmand mode. Both the spatial snd~ spectral analysis
routines divide the: screen !into 32 aﬁfbws. Eaeh anrow

(ANalyzed .ROW) consists of 7. individual rows averaged

together for noise reductlon and contalns 224 elements. For

Al 4
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;example, the pth element of anrow #15 is given by
e ‘
A p) = 1/7 ZP(p, 15x7+1), (4.1)
_ v i=0 - S .
where ‘P(xly) 1s the digitized pixel value at the point x,y.

For further 1nformation regarding theseﬁ routines, consult-"

Appendxx 2.

While under901ng spat1al analys1s, each ‘elément of each

- of - the 32 anrows are processed and then categorlzed as to

the energy dens;ty range that it falls into, and the # of:

occurrences in. each range are stored in. memory and used to
hlstogram the % of total -energy.vs. energy densxty levels

(pd/cm?). These values are ‘also. used to determ1ne the ‘mean

Al .

energy density and the standard deviation from that value.

*

Each of the 32 anrows are also subd1v1ded into 32

subsect1ons, to prodﬁke a 32- "X 32-array of elements ‘each of

wh1ch con51sts ‘of the average energy densaty over an area of

7 x 7 pixels. This 2D array, wvhich can be opt1onally dumpedl

~to the line printer to be used as a low resolution map of
the *mage, is scanned.{or maximum and minimum energy density
levels and the entire array~ is totalled in"order_ to

"calculate the total amount of effexgy that has fallen on the

screen. //W‘\\

~ -

Finally, the raw image on the screen 1s replaced by a

, A
3D representat1on of the processed image, complete w1th

Y

.hidden line removal. Alternate anrows are dlsplayed with a
z-shift of 1 pikel for ‘every 0.1 upJd/cm®. ThlS is an

invaluable'aid in idenénfy1ng detalled features of the laser

/ R

o -

-
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profile, i.e. locating hot spets‘in the'beaml A
A compllcat1ng factot;"howeveq; is ‘the . effect ofv
background room light. This Sackground light, 'whlqh is. kept
to a mlnlmqm by sh1eld1ng the sc1nt111ator plate from dlrect
. room llght adds to the un1form n01se level of the system.
" 'An  additional problem is that the n01se level is not

.

constant, but gradually rises as ;the temperature of ' the
vidicon 'tube in, tne camera rises. To compensate for thls'
variation in the background noise ‘level the noise level'
must be periodically checked and the system.n01se varlable
adjusted to reflect the new value. Durlng the . course .ef
these exper1ments the system‘noise varied from a minimum of
2 counts to a maxlmum of about. 35 counts.(out of a maximum
of. 256 counts avallable) ‘

To exam1ne the spat1al prof1le of the KrF laser‘ beam:
the camera/sc1ntxllator assembly ‘was placed in the same'
position d@s shown in Figure 4.1; except with the dombie
‘diffusers removed from the beam path. The sc1nt111ator
screen was placed SO as to make an angle of 25° between the
-nq;mal and the beam path. Appropr;ate filters were placed jin
:;tpe beam;jﬁ order to keep the 1light intens;ty beiow,lthe'
| aturation level o

¥

_Féhe laser shot shown in Figure 4.3, thg, system
noise ‘;e \1 was determlned to be 301 counts. With this
level, . the peak ;bt:;rated intensity was found 'tq :be _
@.76 " ’0.24 pJ/cm?, the mean was 2.82 + 0.14 pJ/cm? with a

standard deviation of 1.14 t 0.06 uJ/cm?. The totai energy
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Figure 4.3 Spatial profile-of the KrF laser .beam (a) before:
processing, and (b) after processmg
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thati had been dumped"Aon"the scintillator screen  was
18.06 t 0. 90 pJ After con51der1ng all system losses due to
' mlrrors, fllters and quartz flats that lie alongvcthe “beam
- path, thlS translate§ﬁ to a main.. beam‘ energy ‘of-about.
1360 £ 18 mJ. | |
| As can be Seeﬁt i; Figure 4.35\theiintensity veried'

HEOnsiQerebly over the " entire ''laser beam. The histogram,
j'shown in Figure 4.4, reflects this nonuniformity in the
'beam The hole near the centre of the beam _ls» due to the

unstable resonator M, (see Flgure'3 1). There were:also a

‘number of hot- spots present in the beam, whlchiwere due in
part to a gradual buildup of mat sy 4 ‘dinslde of the
’1n3ect1on locked ampl1f§er s CaF,"windows.wdf though the
total energy in the laser beam changed -from shot to shot,

the overall prof1le of the laser beam stayed relat1vely.
‘constant No 1mprovement in the un1form1ty of. the laser ‘beam
was found untll the lasers underwent 3 rout1ne overhaul and

the amplifier's windows were cleaned.

4.3 Spectral measurements .

For all of the spectral measurements reported here, the
'Fabry Perot 1nterferometer was used 1nxthe conf1gurat1on
shown in F1gure 2.4(b). Instead ¢£ a single lens tov'proéide
d1vergence of the beam, however, a pair of lenses were used

a negatlve “lens w1th focal length _of' -10 em;'~and a -

pos1t1ve lens with a focal length of +25 cm, By altering the

N NG
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spac1ng between the two lens, the effectzve focal lgagth f
of‘the compound lens could’ then‘ be eas1ly altered ThlS
prov1ded . a means not only of controlllng the screen-source
distance L but‘vth llght intensity as well, since the
v1ntens1ty drops;off,as'(L/f)'. ‘ﬁ_‘ o
- ~The roUtine for spectral analysis "processes a
' pre—determined anrow - whose frlnges should be perpendlcular
to that anrow (i e.«the anrow is centred vertxcally on .the
'Fabry-Perot fr1nge pattern) S1nce each anrow 1s actually
the average of 7 consecutlee rows of 1mage data, the further
'off -centre the anrow is w.r.t. fr1nge centre the wider the
AJfrlnges will appear after’ averaglng. *

. All maxima in the row are 1dent1f1ed as such and their
positions are stored 'in' méﬁory. The criterion .'fOr
'determining maxlma is that the magnitude of each max1ma'and
minima must be separated by the factor threshold. From these
'max1ma, a least squares- th is used to find the order of the
_frlnges from- equatlon (2.14) whlch relates the frlnge order |
to 'the frlnge d1ameter Once the order of each frlnge is
known, its instrumental linewidth >Can be calculated from .
"7F1gure 2.5. 4 f | |

‘Since ' for t/L 2 .10;"'the instrumental‘ llnewidth’
inCreases.'rapidly_‘as . the ‘order 1ncreases, -the' program
. calculates the laser linewidth.on the bas1s of the first
complete fringe closest to the centre" of the frlnge pattern.

' As the rout1ne currently requ1res the fringe centre to be

located off to the rlght of the plcture for proper ‘order
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identification, the fringe closest to the centre is)éhenvthe
rightmost fringe in the scanned area.

’ The observed iinewidth AV, in orders isﬁf?o:nd by
_locat1ng the two half- 1ntens1ty poxnts of the frihge_ bedno'
analyzed, converting thelr poSltlons into orders and then
calculating AV, = n, - n.. The actual laser linewidth av is
subsequently calculated: using the“ﬂgussfan appPOXImaIIon.
AV’ = Av’—Av,, where AV, is the observed linewidth and. AV,

lthe 1nstrumental linewidth. This approxlmatxon is valid for

L
the deconvOlut1on of Gauss1an 11new1dths when Av, >>* AV,.

The accuracy wlth which the 11new1dth may be determined
is also limited by the resolutlon~of ‘the system. The ~ best
one can hope for is to identify the raw linewidth to n t 1/2
pixels. Thus an accuracy of "1/2n can be expected. )

Another important parameter is the % of the laser
beah‘s energy that has“been soccessfully, injection-locked.
As was shown in Chapter 2.2,‘only those portions of the’KrF
laser beam‘that'have a narrow -lihewidth; i.e. bhave been
'injection-locked :will be efficiently compressed via
backward Raman compress1on technxques. The % 'injection is
computed by ths follow1ng formula- ‘ . |

av(1-min)

% INJ = : . (4.2)+
C min + av(t-min) :

where Av is the ohserved“linewidth’in.orders;and min is.the‘
average of che minima (each averaged over 3x7 pixels)
'located' ‘between the fringes normalized _s.r.t.r their
respective maxima. This formula relies. on the-'energy per

[
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fringe in the injected‘signal beingbapproximately described
by v(1 -min) x fringe max1ma. For greater accuracy the energy
'1n the 1n3ected signal should be calculated by :ntegratingn
the Fabry-Perot fringe’pattern over one fringe order.

Measurements were taken of the resulting linewidth when
the oscillator is controlled by only 2 etalons (see Figure
4, 5(a)) ~and when controlled by all 3 etalons (see Figure
4.5(bl). Horizontal slices tNrough the ‘centre of the fringe
pattern are shoun in Figures 4.6 and 4.7 respectively. Note‘
that the- Structure that is visibje in the horizontal scans
is also.preséﬁt in;the raw data which is a real effect and
not due to noise alone. It remains unclear at this time,
however, how much of the structure is due to the spectral
lineshape of the KrF ' laser and how much is due td“the
secondary fringes that arise because of'the' arrangement of-
the'Fabry-Perot etalons (see‘Figure 2.5).

In the 2 etalon case, the plates »of.,the .Fabry- Perot
;idkerferometer were ‘separatedv by a distance t = 6.0 mm,
providing a free spectral range (F.S. R.) of 0. 83 cm" or
~ 25.0° GHz. ‘The effective screen-source distance L was 4.0 m,
hence t/L = 1, SX10". The fringe pattern shown in Figure.
4.5(a) was found to be centred on anrow #13, vhich is
grapned in Figure 4,6 after conversion to real intensity
. values, | | |
Froﬁ spectral analysis, the fringe centre was

v

calculated "to be at x = 218 and the order of the 1nnermost

fringe on the screen was N, = 0 20. Consequenty, from Figure



(b)

Figure 4.5 The output of a Fabry-Perot interferometer of the
K-F laser controlled by (a) 2 angle-tuned etalons E,, E, and
(b) 3 angle-tuned etalons E,, E, and Ea.

"
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2.6, the;instrumental linewidth for our.p(t/L) = 0.3x10-° -is
0.04 orders or 1.0 -GHz. Thus. the FWHM linewidth v was
dete;mined to be 8.4 GHz or 0.28 ycm-!', with 92 + 5%
injeetioh with a system noise level of 3 + 1 counts.

In contrast, forethe 3 etalon case, t was set fo.'1.50
em, .pgovidiﬁg an F.S;R. of 0.33 em~' or 10.0 GHz. The
s¢reen-source distance [ was 7.0_ﬁk hence t/L = 2.1x10-2,
. The fringe 'pettern shown in Figure 4.5(b) was .centred on
anrow #15; which is graphed‘in Figure 4.7. The frinée centre
was eafculated te "be at x = 330 and N, = 1.24. For the
‘cqrresponding p(t/L),= 2,6x10°%, the insgrumental _linewidth
ie ‘0.09 orders or 0.9 GHz. We _fherefore find a FWHM

linewidth Av = 2.1 GHz or 0.070 cm-" ¢
'with a system noise level of 3 + 1 counts.
With only two etalons controlling the oscillator, the

laser linewidth remained fafrly constant during these

experiments with valueggln the range of 8-9 GHz (0.27 .-

0.30 cm '), end ‘1njecF10n levels of 85-95£L With three
intracavity etalons, however, the system became more
suscebtible to ‘timing jltter getween the trlgger signals of
‘the oscillator- and the ampl1f1er modules. Linewidths ranged
from . 1.1 - 2.8 GHz (0,04.1.0 10 cm- ') with 1n3ect1$n levels
lthat varied from 40-95%.. It must be noted, however, that the
lower value's were obtained by subtractlng large 1nstrumental

linewidths from the observed llnewldths and the accuracy is

therefore 11m1ted.

» with 90 * 5% injection

[}



‘4.4 Discussion

For accurate measurements, the system noise level must
be elosely monitored, sihce this is a major source of error
in betﬁ spatial and spectral analysis routines. The syst::\i%
_noise of the camera has been found to rise at ,a rate of up
‘fo 4 cqunts per hour, depending on room temperature. For
spectral lmeasurements,*'however, an even greater somrce of-
potential error is caused by high values of p(t/L) which
broaden the 1nstrumenta1 width of the fringes. Care must be
taken to keep t/L as small as p0551b1e, preferably much less-
than 10"{ : L .?

An,additional factor to be concerned - about is the
effecr that tﬁe number of fringes in thg analysis area has
on the linewidth measurements. Although widely spaced
fringes will tend to‘increaSe the’accuracy with which the
linewidths may be determined, a minimum of 3 fringes must be
present in  the scanned area for proper fringe
identification.‘”Furthermore, 4 fringes are meeded to

correctly determine the fringe orders to less than 5% of an

order.
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5. CONCLUSIONS AND’ RECOMMENDATIONS FQ@ FURT,HER WORK

An optical 1maglng system‘hds'been des1gned to -meet a
veriety of eiber1mental requirements and subsequently used
to determine the spatial and speptrallcharagtefistics of a
krypton fluoride (KCF) discharge laser system. Narrow
linewidth (0.07 cm™t) outputs were measured in 20 ns FWHM
iaser pulses w1th energles of 360 mJ. The narrow 11new1dth
operation of the laser was achieved by placing ; stack of-
angle-tuned etalons ihside the laser cavity of the‘master
oecillator. Finely detailed sbatii} structure in the laser
bea@ was resolved to areas of the order of 1 mm?. '

| Handwarehwas implemented'%o allow a . microcomputer to
control "the video digitizer systeﬁ through-its parallel
port. A hand-toggle ptogramming“unit‘ was designed and
assembled to either allow the user te toggle in read/write
_Enstructions directly, or to act as a buffer unit between
the host eomphtet and the video diéitizef system}JAdditional
circuitty4was developed te' permit the interface unit ;te
trigger the laser 1in conjunctlon with d1gltlzat1on of the
video output of a monltorlng camera.

All software was written for the system, including
special routines written in both C and -MC68000 0macﬁ£p§,l
lehgpage to manipulate the patallel port data andAcont;ol
lines. The final software peckage that was developed allows
dthe::user to analyze the spat1al profile of the laser beam,

or to examlne the 1nter£erence fringes that appear after

passing the laser,nght thrpugh'en:ultraviolet Fabry-Perot

57 -



58

\fnterferometer, thereby determlnlng the laser llnew1dth
These | image ana1y51s routines have in turn‘ been
comblned with others whlch oontrol and 1nterpret CAMAC ~ data
‘acquisition modules present in an external CAMAC crate, into_
a single master control program whlch can t;;gger the laser,
s analyze the digitized . 1mages from the wvidicon camera,

/

monitor the t1m1ng of var1ous components o

She KrF laser'
chain and display energy readlngs obtained from a number of
photodlodes.and calorlmeters.

One system composed of a visible light vidicon damera
ano a sointillator 'soreen’ was completeiy calibrated. for
‘response to. ultrav1olet laser. lxght The system was tested

£
and used for the experimental analysis of KrF laser profile

e

and spectra. v .
A major;improvement to, the system would be to o;e
cameras' which are sensitive to direct exposure with
‘ultraviolethlight. At the time of ‘writing, the laboratory is
in th?b process of modifying ;twohfibre-optically coupled
cameras xfom RCA so that they will respond directly to
ultrav1olet‘;llght. When this has been accompllshed the
oameras cF/ be'callbrated in a similar fash1on to that used
fo; e is work Furthermore, the Fabry- Perot configuration
%glégbe altered to that of Figure'2.4(a) since this ‘will
étoréase; the instrymental ‘linewidth' to a sma®ler value
(6;g34 orders). The small size of the fringe pattern (<4 cm)
a;o the signlflcantly Jower.'light'.levels that this‘

"~conflguratlon w111 produce pose . no di:ficuity; since the
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sen51ng area of the vidicon is only about 1. 5 cm in d1ameter
and w1ll respond to quite low levels of dlrect 1llum1nat1on.

”ﬁnother improvement that could be made -fs ~in the
ﬁdeconvolution ~ of the spectra1' l1new1dth ‘Although “the
' Gaussian approxlmatlon is qu1te use;ul “and sxmple to- use,,zt
does not work reliably w1th nom—qauss1ap profiles. A.
pseudb-deconvolution such‘as that perf mea b; Jones et.
al.[17] should not prove too d1ff1cu1t to 1mplement _

For faster proce551ng _2f plctures, a hlgh 'Speed
Multibus extender could\7be used to couple the MATROX and
CAMAC cards into the main system bus. By not, havlng to pass
all;:1nstructlons through the . parallel port data transfer'?
t1mes could probably be halved (at the very least)

' Finally, there is “the problem of 11m1ted resolutzon.
Although the current 256 x 256 resolution is qu1te adequate;
for spatial’ analysis, higher resolution wbuld great
increase the accuracy of the* spectral analys1sl routines,"
Should(the dec151g; be made to -upgrade the system, there are
a number of manufacturers that 'nbw produce -a 512 x " 512
resolution video digitizer system, including‘MATRox.'Such a'
system would essentiallyv double the accuracy pf .all
measurements made w1th the current system. In addtt1on the

two systems cou;d be used at the same tzme for sxmultaneous’

spat1a1 and spectral analys1s.
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APPENDIX 1. HAND-TOGGLE PROGRAMMING tmx'r_,

"The - hand—toggle programming unit was des1gned to be

used 1n conjunct1on with the external 1nterface of the FG-01

. v1deo dlg1t1zer ‘board from MATROX in eéither  of two mode5° as

a stand-alone unit to hand toggle read/wrlte 1nstruct10ns

d1rectly;_or as a»buffer un1t to relay instructions from the
maxn computer.:At the back 'of ?the- un1ﬁ re two' 25 plnfﬁ
';D~style connectors-;connector P1 is deslgned to be jOlned tonw
. a s1m11ar connector at the back of 'the Multlbus cardcage
while connector P2 is to be 301ned to the. parallel port of
_the main computer.

The two connectors were originally designe to be
p1n compatlble wsth the parallel port on the WICAT but this
resulted .in cross talk between the var1ous control lines
(RD,. WR\ XACK). This was solved by rew1r1ng the connector to.
1nterpose ground llnes between all of the control 11nes.
This was easxly done. to- the Mu1t1bus connector, while a‘
small box was made and placed over the Wicat parallel port
connector to cross connect these l1nes back agaln.

On th | front panel are three sets of sw1tches, three
‘sets. of LEDs (l:ght emxttqng dzodes), a momentary switch and
a power swltch ‘The first set of swatches lets the user set
.the_ manual[ﬂrca’itmode, read/wrlte mode and 'trlgger/no'
trigger'zlmode. The second set controls the 8 address lines,
and the thzrd set controls the 8 data l1nes. Th: f1rst ASet'
of LEDs. 1s compobed of 3 LEDS which llght up 1n respons to.

w 1
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. signals on the RD, WR.ana:XACK controi lines. The second set
. of LEDS show the address Qfﬂ the last operation,  and 4the“
.third 4set‘ ehows the deba that was either written'of :eedi
“back.’ A | o )

To cbnt;ol: the.-system 4manua1¥§, ‘;he'fmanuaiYWieat'
‘switch is set ;to " the manuai position. The_ 'r'e‘aad'/write’l
toégle 'switdh’ eont}ols the type -of operatlon which is

trig

gered e1ther by the -momentary sﬁitch or by .a pull‘
‘in from a BNC connector on the: back of the un1t. For

-ad operatign only the address sw1tches have to  be set,

A

while ﬂbr a wrlte operat1on. both tbe address and data
switches have to be set.

. _ .
To ‘allow the system to tr1gger the laser-firing
‘ ~

sequence, one of the lines on the P1 connector 'is connected
\

up - a 51gna1 on the FG-=01 board wh1ch goes low upon .the
start of an erase for d1g1tlze' command.: The 'tr1gger/n01.
trigger' switch switches in/outv a 30 Volt battery which
supplles the power for the trlgger pulse. ‘The trlgger pulse

comes out ‘another BNC connector on the back of the unit.
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1. OVERVIEW S e

ANALYZE is a program designed to allow the user to fire the I aser,
digitize an image from a video camera and then perform a nusher of analysis
functions on the image. The program also 4llows the user toc analyze data
‘gathered from a number of CAMAC madules, including Time—to-Digital
Converters (TDC 2228A) and Analog-to Digital Converters (ADC 2232C). .

The program is designed to be run in bucquouﬁd mode, by the command

* W/ANALVZE .

: Sl R
The source code is written in C and MC&8000 assembl er code, and is -
contained within tRe following source files: e

ANQLYZE.C - contains the analysis -and control
' ) : routinesy S
CAMAC.C | - = contains. the subrou ines to access
CAMAC data aquisiti modul es;
"PORT.C . - contains low order i aging routines
such as r_pixel, w_pixel, etc.
DRIVER. 8 ~ ‘coptains ‘MC&6B000 ass ler routines

to allow the program \to enter and

. #xit supervisor mode.

o s Cor - L0 ’ [N
The program is controlled fros the device MONITOR", whikh is set to a
CYBERNEX XL-87D terminal. Output may also be directad to the device
*PRINTER’, which is expectad to be an EPSON MX-80 dot-—matrox printer with
the GRAFTREX option. It is desigred to run simul taneously with the :
praogram STATUS which kesps a continuous monitor on many of thﬁiydlxaq.l “
and currents in the laser modules. o ol

2. COMMAND SUMMARY ’ Y. .
e . ‘

- -

j“All commands are entered by pressing a single keystroke. The éompands
currently implemented are:

hs HELP command
~f1 FIRE commsand
t:' TDC command
| &8 ADC. command
¢« 1-01°- GRAPH command .
. m: . MATROX ANALYSIS command
cm CALIBRATE command g
-1, XFER command-
ds  DUMP command
Pﬂ~;x;—{VIDEO PIXEL EDITOR command
Pt  PARMS command
®1 EXIT command

K3

Any k-yprcis‘thqt does not have a corresponding command &ill default to-
the HELP command. - :

‘



3. COMMAND DESCRIPTIONS

3.1 HELP cammand ‘ -
This command displays the list of commands available in the current
implementation. A brief description of each is also Qgiven.

3.2 FIRE command

The fire command fires tha laser, digitizes a preset number of video
frames from the vidicon camera and gathers data from both the TDC 2228A
timiﬁto-diqitll converters and the ADC 2232C timc—toﬁgigitll converters
on the CAMAC crate,. The frame# (# of video frames that are digitized) can
be altered with the "pl’ command (see 3.11.1). Only the final digitized
frame will remain storwd in video memory. NOTE: a frame# = O will result
in no frames being digitized and will thus NOT fire the laser! - ’

Immodiatily following these steps, the routine continues automiticnlly
with the TDC command (see 3.3). i .

3.3 TDC command : S )

This command displays the timing results gathered from {the previous
laser shot and computes the snergy readings from 8 calorimeters in the
laboratory that occupy ADC channels 1-8. The CAMAC slot# of the TDC unit
to be analyzed is preset by the ’p3’ command (see 3.11.3).
3.4 ADC command : .

. . ~ ’

This command displays the ADC channel data from the previous laser .
shot., The data is paged through 14.cyclas at a time, with up. to 8 channels
. b.ing displayed simultaneously. Associated with each cycle is 'y nymborv

which represents _the time iA milleseconds relative to the firing of the
laser. Cycles 0~2, which will show negative times, are read before the
laser is fired and are used for baseline correction in calculating the
calorimeter energy measurements (see 3.3 TDC command). ’

.The number of cycles (ncycles) and the number of channels (nchans)
read per cycle are preset by the ’*p3’ command (see 3.11.3). In na Case
should ncycles x (nchans + 1) > 630, s only 450 elements have been
reserved for the ADC data. '

. . J : o L
NOTE: To reduce the effect of 40 Hz electrical noise, nchans should be
ad jUSted so that the timeq between successive reads is about 8.33 msec.
Averaging over two consecutive readins will Qf%.ctfvcly kill the noisae.

3.5 BRAPH .command

This command graphs the data gaﬁhcriq by the ADC scan. Pressing the
keys 1-0 will graph ADC channels: 1-10. Tha graph appears on the ’MONITOR’
and its size iw 34 x ncycles. . T L T :



3.6 MATROX ANALYSIS command

. ¢ -
This command lets the user perform one of 3 different MATROX analysis
functions:
ot (1) - Spatial analysis
(2) - Spectral analysis
(3) -~ Single row scan.

All 3 MATROX routines divide the sgreen into 32 horizontal ANrows
(ANalyzed ROW), where each anrow is composed of 7 individual rows of 224
elempnts averaged together.  The camera background level (sme 3.11.1) im
subtracting from each ealement, and the anrow is then analé;od in either
processed mode (converted into real intensity values in uJYem2) or raw
mode (analyzed in raw Pixel counts / 100, i.e. 0.00-2.5%).

_3.6.; Spatial analysis

Y

 The spatial analysis ruqtino cntiqqriz-- each ol.m.ng of esach of ”
the 32 anrows as to the enerqgy density range that it fallse into, with.
the # of occurances in wach ‘range used to histogram the % of total energ
vs. energy density levels. The histogram is displayed on the device o
"MONITOR’ and the values are used to determing the mean energy density
and the standard deviation from that value. = - o

- If auﬁo—#ringo =1 (see 3.11.2), then the. image is also l:.ﬁﬁcd-tp:

determine the vertical centre of the fringe pattern. This anrow Vvalue-
is then used fér all future spectral scans. ' R

: The spatial analysis routine alibdivides each of the 32 anrows into
32. subsections, to produce a low resalution 32 x 32 mapping of. the image.
This 2D array, which can be dumpdd'tQatﬁp "PRINTER’ (see 3.11.2), is i
scanned for.maximum and minimum energy density levels and the entire
array is totalled to calculate the total amount of energy .in the image.

 Finally, the original image is replaced by a 3-D representation
of the image, complete with hidden line removal. Alternate anrows are
displayed, with a z-shift of 1 p&x.l 1 0.1 uJ/em2 for processed data or
1 pixel 1 10 countws for raw data. .

3.6.2 Spectral analysis g

. The spectral annly.ii routine first lbcat-s all the fringe maxima in

in the pre-selected anrow. Using a running -average of ’neighbourhood’
Pixels, ‘each maxima and minima must be separated by. the factor ’thrashold’
(s@e 3.11.2). The threshold value should be kept: Bigh snough.‘that noise )
cfchtl do nat introduce secondary fringes. - :

TH- po;ition of* the maxima are uqﬁd to determine their respective f}inq.

.ord.rl.-Thip.is done by a-.least-squares method and requires a minimum of’
3I-fringe ‘maxima, although for best results 4 fringes should be used. 'After

the location of Jfringe centre and the order #’'s have been calculated, the
user is prompted for appraval. 1. the numbers do not seem reasonable, the
user may enter in his own value for the location'oi'frinqc centre and the
program will do a least-squares fit about this new value. This second
least-squares fit may be taken with as few a.,Z fringes and st€ill prowide
4 reasconable accuracy. ' . o . :

*
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The row is then normalized so that all maximna are set td 1000. The
minima and the hal f-maxima points (= (1000+mind / 2) are found between
the maxima and the locations of the half-points N1 & N2 of each fringe are
converted into orders, making the-raw linewidth W1 = N1 -~ N2 in orders.
Using the average valuas. of min and Wi the % injection values are found
bys ' . .
Y ) W1 x (1000 - ain)
4 INJ = X 100%

min + Wl x (1000 - min) .

The raw linewidth Wi is calculated for the innermost Q?iqhtmOlt)
fringe, while the instrumental linewidth W2 is set by the value of NO(t/L)

- where NO is the. order of the fringe and t/L is the ratio of the etalons

spacing to the effective SCreen-source distance. The corr
WO is found using the ’Gaussian approximation’ WOIWO = Wi

.

linewidth
= W2xw2.

6rd.r_N0 of
ayed are the
% injection, the free spectral range (F.S.R.) and the raw and corrected
linewidths in GHz and .a graph of the first 130 normal i zed elements.
) ) - . . o .
3.6.3 Single row scan

The maximumfahq minimum values, the # of maxima and t
Ehi’innqrmost Frlngq b.ing'analygnd are displayed. Also di

Single row scan scans the row ’Anrou’, computes the Max, Min and
Avg values in that row and displrays the selected row on the *MONITOR’.
The row is d§nplay¢d in double density graphics 34 x 112, wi each’
dot representing the average of 2 el aments of the anrow. .

3.7 CALIBRATE‘command

Assuming that the current image represents the camera’s response
to uniform illumination, this recalibrates the geometrical .correction
factor RESPONSE (x,y). It assumes thaq the camera responds as I (x,y)
= INTENSIT! [P (%,y) - noisel ¥ RESPONSE (x/7,y/7)'uh.r¢ INTENSITY [2
is the transfer function response of the camera, P (x,y) is the Pixel
value at x,y and noise is the camera background 1level (se® 3.11.1).

) Thé new values are displayed on the "MONITOR’ and optionally on
the ’PR;NTER’ and may replace the original values of RESPONSE. Each

" value represents the % response of that portion of the image compared

to the average response of the entire image. The defaul t valu.p arbl

58 67 75 @2 g7 92 97 106 112 116 114 117 116 112 108 102 94
62 73 83 88 93 o9g 105 113 118 123 12% 124 122 118 113 107 98
64 76 88 95 99 jox 110 120 127 130 132 133 129 124 1146 110 104
66 79 90 100 104 108 115 124 133 139 139 138 136 127 121 114 106
69 83 94 103 110 114 120 130 138 142 146 147 141 133 24 118 108
68 B4 96 106 113 118 124 133 141 146 147 144 144 134 125 119 109
68 B2 95 106 115 123 129 138 142 145 146 147 143 136 12% 115 106
67 B0 94 106 11% 12% 133 140145 1435 143 143 139 132 120 109 103
46 78 90 102 114 123.131 137 139,140 138 137 133 127 114 106 98
62 74 85 ‘56 106 116 123 127 131 132 134 132 128 122 113 102 92
58 70.80 89 o9g 108 111 117 122 124 126 125 121 114 108 97 a8
34 &5 73 83 91 100 104 108 112 117 120 117 112 107 102 91 g2
* 49 59. 70729 gy 94 98 101 108 111 109 107 103 99 o3 ga 74
44 5% 46 7% 81 gg 93 99 102 103 102 99 5 92 85 I3 e
39 30 59 &5 73 79 85 89 94 93 ?4 92 g9 85 77 69 &2
33 44 52 mB &% 74 77 82 85 85 Bs B% 81 76 70 &3 =
25 36 44 51 =g 65 70 73 785 79 v 74 70 &7 63 S8 S0



3.8 XFER commqn&,

'

7

This command gliow; the user to transfer pictures to/from éhp WICAT.
The user is first prompted far the direction of transfq;, followed by the

f;l-namoa‘Thilftlcri:»plaq.d or searched for in a predstermined WICAT

s

root directory which can be modifimd by the ’p4’ command (see 3I.11.4).
Pictures take up 64K of disk memory to store a 2%6 x 236 x 8 bit image. . -

3.9 DuMP cpmmand .
o

This éommlnd takes the

dumps it to the device.
printer with GRAFTREX .

picture stored in the MATROX videc boards and

'PRINTER’, which is assumed to be an EPSON MX-80
The picture can be repraoduced with pseudo grey scalns(:}

of 3, 5 or 9 grey shades. The ‘height of the. picture can be controlled, as
well as the method of choowing the threshold values, by‘*h¢~cohmand 4-1-2¢

(sme 3.11.5).

- 3.10 VIDEOD RIXEL EDITOR command

This command lets the
video boards an a pixel by
11 x 18 pixtgi, and-a flashing cursor indicates the position of the window

centre. The wirndow may bae

user examine and alter ph.‘picturct on the MATROX . -

pixel basis. The monitor displays a window of

moved in 8 directions by use of the numerical

keypad whose.range is set by the ’'r’ lRANBE)‘:ommaﬁd. Alternatively, the

window can be moved. to
The centre pixel in the

A brief help file ma
video Pixael editor press
appear in th-_lon.r left

in effect.

3.11 PARM command

an absolute position.x,y with the 'm’ (MOVE) command. *
window may be altered with the 'w’-(NRITE) command.

y be obtained by pressing thd ’h"k.§. To leave the
the <ESC> key. NOTE: a left square bracket *1’ will
corner of the displqy to ind{chth that the editor is

n

THis. command lets the user change a number of system parameters. Thpy
are brokgnvdaun into & basic types:

L4

1 - camera
2 - matrox
3 - camaé

4 - rootdir
S5 - screen dump
6 - shot#

For all options (except #4 -‘rootdir), the return key may be pressed
to skip that parameter without altering its vallie.

3.11.1 camera parameters:

Video' camera # (0-3) :
Camera background ]|evel (0—265) default value = 3

Geometrical calibration factor
# of pixels / cm2

o . _'
default value = Q

default value = 1521

Energy calibration fact?r (all processed data
a

‘is scaled by this

ctor) _ ' 'dc{au{t wvalue = 34800

Video frame # to grab‘when firing laser : .
(suqb3.2 FIRE tommand) ) E:#ault value = |
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3.11.2 matrox parameters:

_" Auto-printout (should a printout be generated _

- adtomatically) (O=no, l1=yes). ‘ default value = o
‘Procesded data (should the data be processed ) _— S
» .. into units of uJ/cm2) (Omno, l=yes) . © default value = 1
Noise threshold level (= smallest difference = ‘
: allowed between minima and maxima)  default value = 35
Neighbourhood size (for determing fringe ‘ S ) )
(for' spectral analysis) : ) default value = 3

Spectral scan row# (0~-31) : ) -
{rows# teo be analyzed) . : : - default value -.15
‘Auto—frtnqn (should spatial analysis search : 2

‘the 1maqi‘qhi ] protitsinqﬂto determine . *
the spectral anrow) (O=ng, lmyes) - deéfault value = 0
Screen-scurce distance (mm) . e default value = 4000 .. . -
Spacing of Fabry Perot (um) ‘ ‘ .. default’value' = 4000,
© 3.11.3 CAﬂAC_pirangt-rli“ ’ o f",',f?-' Thff' 
.# of ADC' chanhels to be scanned:-(1-16) . - - ldefault value = {1
. # of ADC cycles tc be scanned (0—&5) ’ ‘default value = 55
- TDC slat# 'in CAMAC crate (1~23) , ! default value = 1

R A - ) L
3.11.4 rootdir: oy

This option Tats the user set the default directory for picture .
transfers to/from the WICAT (see 3.8 XFER command). The directory name can 7
be a nakimuq of 30 characters long. Most commonly used names ares
ne . ‘ ) to transfer. to the user’s directory,
“_qu/rootdir/“ to transfer to the floppy disk.

'3.11.5 scrmen dunﬁ“pnran-tnrls

N T . .
.This option allows the user to modify the parameters used to produce
screen dumps of the video image to the printer {mew® 3,9 DUMP command).

# of grey shades (3,5,9) . - 1 default value = 3
Upper picture.line# (0-2%%) C ) ' default value = 9
Lower picturedline# (0-2%%) ‘ default value = 239
Method of chbo.tnq,thrgsho;d;yqtu-i» : ‘

1. Even spacing of values,

2. User specified values, .

3. Computer selwcted values. o | default value = 3

3.11.6 shot paramqgiﬁf'

This opthn'alioui the user to sat the last shot®. This number gets
incremented every time the laser is fired (see 3.2 FIRE command). . v

3.12 EXIT éommand

This éo@ﬂand allows the user Qxit'fromlthQ!ANALYZE progf;n.
, it : <

"



