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cLATTNI$ 

hat 'k qlainied is: 

1. A metho of laser wavelength control comprising: 

making: a p 	diction at first discrete intervals of the position of A prism in 
a. laser syste 	' 

receiving at seo 	d discrete inter.V0a a m6at§urouient of an outp4t 
wavelength of a inester oscillator chamber in the laser system, the second 
regular intervals be 	g longer than the first regular intervals; 

wherein during each 	at discrete interval:,  

if the of 	Wave ngth nieasurenrent has not been received 
during tho first disci te interval then computing in a PPIlt22P 
computer a control vo 	ge for the prigm Using the Predicted 
.0 osi ti.0: of the piisM, 

egt has been vi,voll during if the outpUt WAW310:gthati 
\
aM:1:Lim p.o 

the first cli§croto interval the, 	updating the predicted position of 
the priStil itSing the Output wavelength measurement and 
cornputirig ip. tho control computor a control, voltage for the prism 
using the updated predicted: posit Xn. of the prism, 

and 

outputting the computed control: - %oltag 	ivan the eoritrdi computer 
to electronics for positioning the prism, 

ram method of claim I who-rein making the prediction t first discrete 
intervals of the position of the prism 	uses a model of the pr •We movement. 

a, The method of claim 2 wherein the model of theprisas moVe lent IS 
based on the priStifil physical movement and dis0Arbances within k, le. Igser 
system, 
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4. The meth 	of claim 2 wherein the model in its inte.gral ferni i8::: 

,x6,i0 # 4.*(0 +. 4760'1.1nef - 0 dt 

5. The method. of 	UT' I wherein updating the Pretticted position a the 
prism using the. outp: 	wave:len ..h. tho-ouilhiiant uses the fOmulw 

Alk j 10 := (I - .11C0...,(kz I k - I) 4- L 00)

n. O. A method. of laser Wave: e: 	.th Control comp:Mil:10 

inaking a prediction at fit st isOrete intervals.  Of theposition of a prism in 
a laser system; 

l'eCeiving .at 00.0.7idt diseveteinte:  -yak a pagasurement of an. output 
wavelength of A nuastei oscillator ehaniber in the laser system, the siecoad. 
regular. intervals being  longer the, • the first regular inter/We; 

wherein. (Wing each first disl,ot,p. ill 	wail. 

itmo output wavelength menu 	meat hee not been. received 
during the: firSt discrete interval itien computing in, a control 
.-.;oniputer a. control voltage fog tho 	•iein using:the predicted 
p*tion of the. prism, 

if the output \•,..aveliangth•lileaatre.paerit. • as been .received during. 
. the first:: discrete interval then 

it the 'laser has fired 'again .s.ince red loing the OUtput 
wavelength measurementthen updatipg a previous. prism. 
_position prediction USing the output litkVelength,  
ineasurement, making a new of prisin p.bsition prediction 
based on. the updated previous priCm posfion prediction and 
tomyytithig in, the coilt.rol. comptlter the oolt :•••03: voltage for the 
prisr4 using-the net prism position predicti n 

and 
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if-the,  laser has not fired again Since receiving the output 
WavelOngth measurement then updating the predicted 
.. sition of the prism using the output wavelength 

it asuretiotit and: comOting in the control computer the 
cen tol voltage for the prism using the updated prism 
posit n prediction 

and 

outputting the c it:El:rated. control Voltage froth the control f6f-nputer 
to electronics for 1 - ̀.$ ,timing thp prism, 

7. Tti6 method ofelaim 6 wheve 	the first discrete intervals are shorter than 
the second discrete intervals:. 

8; The methed.of claim 6. wherein tha ting the predietien at first discrete 
interVals of the .pogitioh of the prism :n 	• a model 0. the prism's wovevent. 

9,. The hiethea of ejaiyn 	wherein the mode . of the prism's movement is 
based on the prism's physical movoment and ' isturbances within the laser,  
sy$te,m.. 

/D.A. priSTA controller method comprising: 

predicting affirst discrete intervals the p.010011° 	Iriain: using a prism 
movethent model 

receiving at second discrete. intervals .a measurement .f the output 
wavelength of a master oscillator chamhor.controlled bi,the prism,. the 
second regular intervals being longer than the first regni 	intervals 

wherein during each: first discrete,  interval: 

if the output wavelength measurement has nut been l. 	ived 
during the fir St diecrete it terVal then COthputintr,.  a cont r. 	Voltage 
for the prism q.sing the predicted position of the prism;  
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if the a Vut wavelength meaStatement has been. received daring 
the: firs0,iscrete interval then:  updating. the predicted position of 
the prism"wing the: outp ut.wavel ength measurement-and 
computing 	contiol voltage fer the mini using the updated 
predicted po *11 of the priSln, 

and 

cp4p14ting th6 c 	puted. conti,01 voltage to electronics for 
positioning the pr,  '(,,,,iu, 

mule th6thod of clairn 10 v4.1.6 t‘eirt the firet disci ete intervals,  are shOrter 
than the second discrete intovvg 

12,.Tho. method of Oeini IQ wherein i .8.10> g tlie-preact1,a4 at first discrete 
inter:Vats of the piosition Of the: prism. 	ee a. model of the priSites sieve neat. 

13; The inetheri Of olaini 12 wherein the ni ..del Of the priivi-6 /:41.-litorit. ;i8 

1).4.,sqd. op. the pvjapipilysica nwyement 4 ' 4 :41$0.1:6440:00. 1.3,,itilip.. the; laser 
system, 

14,The method of tdairii 12 wherein the model 1 its integol forth i'44; 

x(.4:)'-' e- 7V0 -1.- 1e7 a4:' Bii (V - r) dr.. 

1.. The method. of claim 10 wherein tiOilatiiite the Dte . eted-peSitiOn of the 
prim using the pAtpat wavelength measurement - 06:  W.:  hx,14:u1:0; 

,t(ki k).  ;--- (j -- L ,A),*(1.‘ 1 At - D + Lk  g.  ) . 
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CLAIMS 

What is claimed is: 

1. A method of laser wavelength control comprising: 

making a prediction at first regular discrete intervals of a position of a prism position in a laser 

system; 

receiving at second regular discrete intervals a measurement of an output wavelength of a 

master oscillator chamber in the laser system, the second regular discrete intervals being 

longer than the first regular discrete intervals; 

wherein during each first regular discrete interval: 

if the output wavelength measurement has not been received during the first regular 

discrete interval then computing in a control computer a control voltage for the prism using the 

predicted position of the prism, 

if the output wavelength measurement has been received during the first regular 

discrete interval then updating the predicted position of the prism using the output wavelength 

measurement and computing in the control computer a control voltage for the prism using the 

updated predicted position of the prism, 

and 

outputting the computed control voltage from the control computer to electronics for 

positioning the prism. 

2. The method of claim 1 wherein making the prediction at first regular discrete intervals of 

the position of the prism uses a model of the prism's movement. 

3. The method of claim 2 wherein the model of the prism's movement is based on the prism's 

physical movement and disturbances within the laser system. 

4. The method of claim 2 wherein the model in its integral form is: 

D=eATx(o+foTeArbi,su  X(t+ 	 (T-r)dt, 

wherein 

x(t+T) is the predicted state T-seconds before an initial state x(t); 

AT e 	is a state-transition matrix for a linear system; 
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B is an input matrix; 

u is a value of a transducer signal; and 

t is a dummy variable. 

5. The method of claim 1 wherein updating the predicted position of the prism using the output 

wavelength measurement uses the formula: 

x(kik)---- (1-LkCidX(klk-1)+Lky(k) 

wherein 

k indexes laser firing events; 

I is an identity matrix of n rows by n columns wherein n is a number of elements in a state 

vector x; 

Lk is a gain matrix that captures a tradeoff between trusting new data and believing a previous 

prediction; 

Ck is a mapping from a predicted state to a predicted output; 

x(klk) is an updated prediction given most recent data at index k; and 

x(14-1) is a non-updated prediction of the predicted state at laser firing index k given data 

from a previous laser firing event k-1. 

6. A method of laser wavelength control comprising: 

making a prediction at first regular discrete intervals of a position of a prism in a laser system; 

receiving at second regular discrete intervals a measurement of an output wavelength of a 

master oscillator chamber in the laser system, the second regular discrete intervals being 

longer than the first regular discrete intervals; 

wherein during each first regular discrete interval: 

if the output wavelength measurement has not been received during the first regular 

discrete interval then computing in a control computer a control voltage for the prism using the 

predicted position of the prism, 

if the output wavelength measurement has been received during the first regular 

discrete interval then 

if the laser has fired again since receiving the output wavelength measurement 

then updating a previous prism position prediction using the output wavelength measurement, 

making a new prism position prediction based on the updated previous prism position 

prediction and computing in the control computer the control voltage for the prism using the 

new prism position prediction 
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and 

if the laser has not fired again since receiving the output wavelength measurement then 

updating the predicted position of the prism using the output wavelength measurement and 

computing in the control computer the control voltage for the prism using the updated prism 

position prediction 

and 

outputting the computed control voltage from the control computer to electronics for 

positioning the prism. 

7. The method of claim 6 wherein making the prediction at first regular discrete intervals of 

the position of the prism uses a model of the prism's movement. 

8. The method of claim 7 wherein the model of the prism's movement is based on the prism's 

physical movement and disturbances within the laser system. 

9. A prism controller method comprising: 

predicting at first regular discrete intervals a position of a prism using a prism movement 

model; 

receiving at second regular discrete intervals a measurement of the output wavelength of a 

master oscillator chamber controlled by the prism, the second regular discrete intervals being 

longer than the first regular discrete intervals; 

wherein during each first regular discrete interval: 

if the output wavelength measurement has not been received during the first regular 

discrete interval then computing a control voltage for the prism using the predicted position of 

the prism, 

if the output wavelength measurement has been received during the first regular 

discrete interval then updating the predicted position of the prism using the output wavelength 

measurement and computing a control voltage for the prism using the updated predicted 

position of the prism, 

and 

outputting the computed control voltage to electronics for positioning the prism. 

10. The method of claim 9 wherein making the prediction at first regular discrete intervals of 

the position of the prism uses a model of the prism's movement. 
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11. The method of claim 10 wherein the model of the prism's movement is based on the 

prism's physical movement and disturbances within the laser system. 

12. The method of claim 10 wherein the model in its integral form is: 

=eATxm+f
o

TeAr -r-su  la x(t+T) 	 (T-1-)th 

wherein 

x(t+T) is the predicted state T-seconds before an initial state x(t); 

AT  e 	is a state-transition matrix for a linear system; 

B is an input matrix; 

u is a value of a transducer signal; and 

t is a dummy variable. 

13. The method of claim 9 wherein updating the predicted position of the prism using the 

output wavelength measurement uses the formula: 

x(k1k)=(I-LkCk)X(klk-1)+Lky(k) 

wherein 

k indexes laser firing events; 

I is an identity matrix of n rows by n columns wherein n is a number of elements in a state 

vector x; 

Lk is a gain matrix that captures a tradeoff between trusting new data and believing a previous 

prediction; 

Ck is a mapping from a predicted state to a predicted output; 

x(klk) is an updated prediction, given most recent data at index k; and 

x(klk-1) is a non-updated prediction of the predicted state at laser firing index k given data 

from a previous laser firing event k-1. 
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