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CLAIMS

Iy

What }Yg plaimed is

recaiving at second discrets fntervals o mensuvement of an outpit
wavelsngth of & ;§X ¢ ogeillator chamberin the laser system, the second
regular infervals | we)ggg longer than the frst vegular intervals;

wherein during each f\}i\x\st disorvets intérvals

if the gutpot wavelength weasuremsnt has been vecaived during
the fivst discrete inferval they updating the predisted position of
the prigm ising the oulput wakglength measuventent and
computing in the control compuber a control vollage for the prism
uging the wpdated predicted F'ﬂ&ii‘}‘&!n- of ths prisam,

and

- outpubting the computed control voltage\fram the control cainputer
to elecizonics for positioning the prism.

ivst ciscrety

2. The mathed of claim 1 wherein making the pmc%isfti@n:%; #
intervals of the position of the priswm uses 8 model of the px ;%;n‘a-’-'s movement.

\

3, The method of claim 2 wherein the model of the prismy’s movement ia
based.on the prigi’s physical movement and disturbances wiﬂlﬁin\f\i@e lager

gystem, . \
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5 The method of laim 1 wherein updating the predicted position of the
prism uging the fmt;:ﬁ wavelength measuienient uses the formulat

Kk | RY = (F = £, 0,000 | & =1+ L0

8. A method of lager wavelength control coniprising:
making a pradiction at fiest discrete intervals of the position of & prism in
a lager system]

wvalg o measurement of an output
“hantber in the laser sysiem, the second

recelving at sseond discrete fnte)
wavelength of & master oscillator
regular intervals being longer than the fivst regulay inteevals

wherein diving edch first discvéte i-:.}ﬁg_wafli

#the output w;{.veleﬁgfsig,me'a‘fz_;suz\ ment hag ngt heen regeived
during the flvet discrete fnterval then computing in a contrel

gputer a control voltage fur the prism nsing the predictad
¥ é EY B Y

position of the prisng, \

if the outpub wavelength m.easure-meﬁtx%ms been yecpived during
- the first discrete interval then Y\

\
if the laserhas fired again sinee zeé?hng the outpul
wavelength measurgment then updating a previgus prism
position pradiction using the sutput xﬁfﬁgﬁ@lémg 3
miedsturement, making & new of prism pasition prediction
based on the updated previous prism position prediction and
computing in the dontrol computer the ¢onbral voltage for the
prism using the new prism position prediction

_ \
and | \

\
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\

#4he laser hus nob fired again since receiving the output
wavelength meagurveriont then updating the predieted
position of the prism using the oulput wavelength
n&asmemeuz and computing in the control computer the
e;an\}_sml voltage for the prism using the updated prisw

p:asimg\i}' prediction

and \

outputiing the cuinduted contrel voltage fYors the conteol computer
to elegtronies for positioning the prism,
\

Y

7. The raethod of claim § xsfiieifé%%: the fivet discrete intervals arve shorter than
the second discrete inteyvals. %
%‘\
X‘x\
8. The methed of claim 6 whersitt ma}ging the prodiction at Hrst diserets
intexvals of the position of the prist useg & model of the prism’s movement.

8. The method of elaini 8 whevein the moé> of the prisw’s movement is
based.on the prisin’s physical mevement and disturbances within the laser

systent.

10. A prism condroller miethod comprising: Y

predicting gt first discrets intervals the position ef%% prism. tsing & prism

moventent model \
’ \

receiving at second diserete intervals A measurement é‘,{’ the oufput
wavelength of 2 nisster asglllatol chamber controlled b‘}*th% pyisn, the
seeond regulay intervals being longerthan the fivst regui{é;; intervals
\

\
i the output wavelengtl measurement has not heen raé:%i'ved
during the first discrete intervel then computing & contyol veltage
for the prism using the predicted position of the prism,

whevein during sach first discrete infervall

30



WO 2011/062772 PCT/US2010/055372

ifthe oltput wavalength measurement hags been received during
the first Ylsorets interval then updating the predicted position of
the prism ‘paing the sutput wavelength measwrenment-and
computing & gontsol voltage for the prist neing the wdated
predicted po? \i\twﬂ aof the prism,

and \

oubputting the éﬁ:ﬁguﬁed entdrol veliage to electronics for

positisring the pfl‘i;:.‘%-m;.
3

kY
11. The methed of clabin 10 wheiein the fivet discrete intervals ave shovter

than the second diserete mtéw&f%

A

\
%\

- : N v 3 Y oo L Lo 3 ;
12. The method of claim 10 wherein roaking the prediction at fivet discrete
W B U L [ R - * 1\ - T e [T . 8 e it
intérvals of the position of the prism uses a madel of the pristw’s vovemant,

\

3
13.The method of claim 12 whevein the mgdel of the prism’s movement ia
based on the pyisi’s physical movement and disturbances within the laser
A

system, \
\

1Y
3
%

14.The-method of claim 12 whersin the model i its integyal form ial
XOERT) = o3Tx() + 57 e Bull - ¢ de. Y

%,
%
3y

15, The method of claim 10 wherein updating the gx‘éé‘iﬂtéd-;_;)djsiti}(ﬁax of the
kY= (I ~ LGk | k-1 + Lyk) \

%,

kY

Y



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:
x(t+T)=e"Tx(t)+/o e Bu(T-1)dx,

wherein

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

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(kil)=(I-LiCy X (k|k-1)+ Ly (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;
Ly is a gain matrix that captures a tradeoff between trusting new data and believing a previous
prediction;
Cy is a mapping from a predicted state to a predicted output;
x(k|k) is an updated prediction given most recent data at index k; and
x(kk-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:

x(t+T)=e"x(t)+ /o e Bu(T-1)dr
wherein
x(t+T) is the predicted state T-seconds before an initial state x(t);
el 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(k|k)=(I-LiCy) X (k| k-1)+Ly(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;
Ly is a gain matrix that captures a tradeoff between trusting new data and believing a previous
prediction;
Cy is a mapping from a predicted state to a predicted output;
x(k|k) 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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