Phot ovol t age detector Technical field of the invention The present _
invention relates to methods and systems for measuring and/or nonitoring
the tenpowelzoermd2epatial profile of high power |aser beaos/EProcsiogiz1©pti cal
power applications. Background of the invention Conceiving detectors and/or
canmeras, which can nonitor the spatial and tenporal distribution of
powerful CO2 | aser beans, is an inportant issue for industrial CO2 |aser
applications. Beamnonitoring is needed for pulsed | aser applications, i.e.

with a pulse width ranging fr iLcoseconds, to nilliseconds, as well as for
conti nuous wave (CW applicat ﬁ:ghg.toﬁgi Qﬁ’é’ﬁ*@ﬁrppés prevent |aser based

i ndustrial processes of going unexpectedly down for sonme while. In general

the | aser DbgsdR | 4 I 25 jn tine due to | aser-induced danage of
opti cal corrponerﬁlt:"lgI 11i“%lmt e %elltng%ﬁgr%ﬁdue to thermally induced m salignnents

in the set-up. TWke prestatententidrassatebeanmdéatosst and syetémif@rrrmeﬁanribg

di sti ngui shed,,: Ener detectors ich respong taq, tenperature changes
gener at ed b%pq/%rcringg‘g(?n){r}gi %ﬁm@rﬁwmiépﬂt@jtprq’ Pg(li‘iél POWET BRPBRGAMEHANges
in matebi alhigh o ﬁéénmer%”@gﬁg@j detectors which generate free el ectrical
carriers througﬁ the interaction of photons and bound el ectrons. Energy

detectors are |low cost_and typically used in single detector applications.
However, t Héackgrering efthefinveBtionat i ng | arge 2D focal plane arrays in

sem conduct ors use.,of photon detectors in al nost. all
advanced | R det ﬁqégﬁﬁ&c};’?&%@&s&q@qc‘é BPSpOt& C%F\é’@ﬂ@?@'eﬁ@t'ﬁﬁ@”d
quant um velterrpoeal disifibutiod @f pdbémile00d e4&sH 955ms PROBRGAPBHAK! WRUBNGr

phot ovol tai.c detectors. En%dg%gdet ectors contain two el enents, an absorber

and a t her tafustFianstadaser liess.dpearpymenit@ing iscnerdestfasrmilsed laser
Lo och 20 BRI LR pLISLILA) Pond oy ohefondR S B
whi ch when aubpkaseidr toonthaogesvave (GWpepplicationehBeges didghoBBtabigainton. 1 n
therm stor ﬁaégrebeqsee%i i%tdﬁgﬁi%u %froéeg?seglo?rgr;%ri]rggsuxg;gl)eecstec\i,\lnytd%wn for some while.
In general the laser beam quality deteriorates in time due to laser-induced
damage of optical components in the setup or due to thermally induced
15 misalignments in the set-up.

Two fundamental laser beam detection mechanisms can be
distinguished : Energy detectors which respond to temperature changes
generated by incident ration, e.g. incident IR radiation, through changes in
material properties, and photon detectors which generate free electrical

20  carriers through the interaction of photons and bound electrons. Energy
detectors are low cost and typically used in single detector applications.
However, the simplicity of fabricating large 2D focal plane arrays in
semiconductors has lead to the use of photon detectors in almost all advanced
IR detection systems. Examples of photon detectors are the quantum-well and

25 quantum-dot infrared detectors, photoconductive and photovoltaic detectors.
Energy detectors contain two elements, an absorber and a thermal transducer.
Examples are pyroelectric detectors, ferro-electric detectors and thermistors,
such as e.g. bolometers. Pyroelectric and ferroelectric detectors comprise a
polarized material which when subjected to changes in temperature changes

30 its polarization. In thermistors the resistance of the elements varies with

temperature.



tenperature.In the continuous wave (CW reginme, problens arise already with
exi sting commercial detectors, such as photo-el ectromagnetic (PEM,

pyr oel ectwocoaasetors (PE), for beam powers |arger tharcalmpaaos®@@ais The
sensitivity of existing CWdetectors (PE, PEM ... can be quite high at |ow
optical powers, i.e. several thousands of VW but at higher optical inputs
two phenonena yield a strong degradati on2of the detectors output. At first
there is trenmendous non-linearity in the electrical output when the optical

i nput i ncreases, t sensitivity can rade with several  orders of .
magni t ude when tﬁéqﬁﬁpﬁf’”%e\é"e\)ﬁe_t ﬁg\zgnée%mﬁer@oaﬁ%ﬁls?uég,ea%ﬁ’&‘g‘_these
detectors héyi@,tiﬁgVQfdénﬂan&iéledd&léB%%,C S.MdCas S%Bf@l—:-béctr@ﬁ‘)é@ﬂgfiéggggu tical

power |evel thermal damage occurs due to their |imted ther fion
and due to Ppyeoelestiic| detectoad bt fembpaoc pswers nanger sbdn aplipdutc3®WorEhe he

i cal densi b hi,gh i al | etel
Poi | o et serafybt o sifitioor cYf\dkoret MEE. REWF o cBp, P ischih "Rl s
i . e. |arger optigdl fodMe! 1.62seldtar houah@s W Ahe bay alt IhidHes dmlhgprr@u{scwra

for pul sed aEpIications as the existing conmercial devices |oose their
sensi ti vi t yPaenemgnagyieidcastrppgesiegradatios, ofi the dateeiprs eeipsit.tAvdirsythereis by

several ord f gni L n.ge It ca sai,d that npst of the
af orenent i oﬁ{ee@eg‘e c)reLr%t or}'rotéﬁg\%ea”ltse' ﬂﬁeri%ﬁt@ggl [E)Hgoelgng{yw gﬁ?t?%tbcaéy'ngfjp_ ki nd
of heated objeeasss, The stesitivitgdapiygide with easdrall @derbe mapUens wism nNg

the energy difference between objects, thus allow ng an otherw se obscured
scene to bethg EWyE chaagesyiihcamappiars & mpahiyde: hekdee haserdaieslpes have

t her mal 44 magi ' IS r Qd‘ﬂm)ﬂi' | ' [

el ect ro1nc|5 csgt ﬂ%’yngﬁrﬂlgﬁs%%ﬁrﬁ@n ﬁdasfen%st ria %g‘r’do%%@@ %ﬁ%‘ ri n%r. leé[&(l:h
det ect or s t yhErae! Idancage otcure dukeid thelr limitstetheporkevagitionairidodse to the
Consequentlgz,% ther‘eaés a,.need for Ehe devel opnent of novel detector types

for the mar K8t i9Fal 8R80"PHRAMIRFESYS: I RY'Sedi arplicaiRnsienerlicahPgwer depsikf
12 SRR Tigh IR im0 RN EEnBRBaN 0P Bl by O
met hod for opticii powehtevelsriAtchigh mplieal powputevels, d.d. dsreger toamprii Mign®, beam
spli tte{S Atlpeor[at iisOHoo\];iaEI%eavailable detector/camera for pulsed applications as the
existing commercial devices loose their sensitivity at high optical power levels,
i.e. their sensitivity drops by several orders of magnitude.
In general it can be said that most of the aforementioned detectors are
used to collect the energy emitted by all kind of heated objects. The detected
20 energy is translated into imagery showing the energy difference between
objects, thus allowing an otherwise obscured scene to be visualised. Typical
applications of these cameras are for thermal imaging, night vision camera,
automotive, fire fighting, electronics thermal inspection, and industrial process
monitoring. Such detectors typically cannot be used for higher power
25 applications. Consequently, there is a need for the development of novel
detector types for the market of laser beam profiling, withstanding much higher
power levels. Several systems, used for positioning or measuring power output
of lasers are already known.
Patent application US 3,624,542 describes a method for checking the
30 luminous power output of a laser comprising a beam splitter. A portion of the
laser beam is directed towards a temperature sensitive device. The device is
made of a heat-receiving cone which collects a fraction of the beam and

directs it to a thermocouple setup. A variation in the laser output leads to a



| aser beamis directed towards a tenperature sensitive device. The device
is made of a heat-receiving cone which collects a fraction of the beam and
di rects iwotooc3k32er nocoupl e setup. A variation in the lpas@pP2@stoposus | eads
to avariation in electrical output, which allows continuously nonitoring
and providing feedback for the output of a |aser. The docunment nevert hel ess
only describes a nethod for controlling 8he power output of a |light beam
it does not allowto control a |ight beamprofile as it does not provide

ial information i on .t ova i tion.i i bl e.
it ent . appl TR s So01ra0 st Ao bhaLsSaMpAn wahiteind “Ghr cby
thin filnms preidiagaeetiBdclofbrans Wagbitaifer Rizer WTpkeicunfishtas/@iplkleds, only

detection and renoval of the generated photon heat is perfornmed in thin

films. Nevefew@irasamaethodder epnjrollingidie Rgweaiput olea fighisheami ¢ yloen _mf[l
ey "pa o NP sF oy OGRSt Foah Bk B oAl o,

for detBctiNg éxtensish toadidd avay cohiyebiion iy poddible det ector el enents are
used. Further rmr?), US 2003/ 0164450 A 1 descri bes use of focussing

; t he,
el enent s whi ch aFs&EnisapRlication dae 404283k 41 geswibasad ephaigrtdaisctar e
used. Paten I i : j f I am
i1 gnmont - neeney B3, s e bRl S BHsiets SndNTdTRLY the SSBIRE
The i nci dentetexsion drehremowsltofshe lgeneratbd phoian béhieis tperionmicdendrinefiie:
whi ch yield ul sed heat diffusion. The voltage

vol tage sjgnal s induced b N
signal s ar eﬁl@é{fartbeg‘éé f r&ﬂiﬁk@? p&é“f‘?roéyﬁﬁ@si he grossiility dhak thermaleanthe
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we

is th hey d LI on..i hi gh | t
Lheyncor hstta faa iR WhtES b B e fRta R DR e Sea e o ehtheraae.
directly i nysheobsrric4asam Paidicrifay e U8B fobBsdin felérﬁ&t%%ﬁﬁi%ﬁﬁatlﬁé;\ffat he

di sadvantage that they only allow to nonitor the output power o ser
or provi de Bohady@ntegeous ifdrighhgowaelases systeasmreSisedary of the invention

15 Patent application US 4,243,888 describes a system for laser beam
alignment having a detector disc which is disposed in the laser beam path. The
incident laser beam creates thermoelectric effects in the detector which yields
voltage signals induced by pulsed heat diffusion. The voltage signals are
collected in a short period and integrated to determine the position of the beam

20 and to correct this position if necessary. US 4,243,888 does not provide a
device or method for studying the profile of the laser beam light.

The problems with the prior art methods and systems is that they do not
allow detection in real high power laser systems as they incorporate thin film
detectors or detection systems positioned directly in the laser beam path.

25  Furthermore, most of the systems have the disadvantage that they only allow
to monitor the output power of the laser or provide a means for aligning the

laser beam.

Summary of the invention
30 It is an object of the present invention to provide a method and system

for monitoring/recording the optical power or energy of laser beams with its



It is an object of the present invention to provide a nmethod and system for
noni toring/recording the optical power or energy of |aser beans with

i t st emporwD 2eacai3ek2iion and nonitoring/recordi ng the spat ipalt/Rre@sioiesss of t he
| aser beamwi th their tenporal evolution. The above objective is
acconpl i shed by a nmethod and device according to the present invention. The
present invention relates to a detector for characterising a high power

| i ght beam said detector conprising at | east one pixel, wherein each of

said at |east on | xel co i ses. -.a ,doped sem conduct or..substrate adapted
o subst ants PP BETIEE T heraaarr Gherdad AlepargT RorEie o Bl on
of said hi gRapPWRHh théigbenRR2al e®iglio®n absor ption distance L, said

sem conduct or substrate having thernoel ectric properties, said doped

seni conduct or st akave pbiagiivadpegcenerished by gsmethad angd devieeascerdiess o f
the sem co - nmeans for partly covering the doped
sem conduc?(gwégéesst%ﬁg?}gégﬁc that a wi ndow opening is provided at a first

si de of5the dopdthes prasemtdinsiention Ulesdteatie &adeteeiorifpt ohars@edsingca dvi
| ight beamin said doped sem conductor substrate - neans for neasuring an
el ectrical POWaRAON herirasaly detedfer rprnsieing et leppleene pixebavigergypeach o

sem conductsggd éH%é{@'ﬁ%Mdﬁﬁﬁ%é first electrode at said first side of

sai d doped sem con substriate and a reference el ectrode, said
ref erence elaedopedecmisonducted sobsisateeadapted smspbstantizity alpsorbedreintidend by

sai d w ndow ning and saji d absorptjon distance L. The, ed sem conduct or
my be dopé&ﬁgg’@?”’ot@'%l at E%Sg@n §‘§{‘%'? qqr%@gvsefwﬁwéﬁ@%? r QYR @An
absor pthon gy b ] Johhi ' and
ho.t hi knebEPHIRT dlstiRbe €, WA%) Mool NESTRE Mokl IRgigueaRe

princi pl e ysepertiest $ad ddoped semiegnduster sutstratabeingr defibopen anlepsbparts.
a neans for, red cross-tal k. The neans for

IQSUS?LSCE %tﬁ?ﬁg@?f}%{rﬁ(gnﬁ? W&OHQHH@r§UBg¢r€%UCi ng the cross-tal k between
nei ghbouri ngmphxg!fer paraf chvitringadhd Hopéd Riensksndelant edbéipater SEkIC kgt & he
window opening is provided at a first side of the doped semiconductor
15  substrate for receipt of said incident light beam in said doped semiconductor
substrate
- means for measuring an electrical signal induced by a thermoelectric effect in
said doped semiconductor substrate comprising a first electrode at said first
side of said doped semiconductor substrate and a reference electrode, said
20 reference electrode positioned outside an absorption volume determined by
said window opening and said absorption distance L.
The doped semiconductor may be doped over the full thickness of the
semiconductor substrate. An absorption distance L may be the minimum of the
absorption length Lass and the thickness of the absorbing part of the substrate.
25  The absorption principle used in the detector may be a free carrier absorption
process. '

The detector may comprise a means for reducing cross-talk. The means
for reducing the cross-talk may be a means for reducing the cross-talk
between neighbouring pixels of said plurality of pixels adapted for reducing the

30 cross-talk at least below a 5% acceptance level. The means for reducing the
cross-talk may be a means for reducing the cross-talk between any pixel
electrode of said plurality of pixels and the reference electrode, adapted for

reducing the cross-talk at least below a 5% acceptance level.



cross-tal k at | east below a 5% acceptance | evel. The neans for reducing the
cross-talk may be a neans for reducing the cross-tal k between any pi xel

el ect r odewof2osaises2pl ural ity of pixels and the referenceprer@prosdesiadapt ed
for reducing the cross-talk at |east below a 5% acceptance | evel. The neans
for reducing the cross-talk conprises a cooling channel between at | east
two pixels. The cooling channel has a de%th which is at | east 15%
preferably at |east 25% nore preferably at | east 50% of the penetration

dept h UbS. The ns_for reducin ross-i al iLiQ o) i t he
pl ane determ negl?%y n.%eaﬁné ioer %%W_gﬂéttg’r% g{j%g{ftﬁgfﬁfﬁ%{%%ﬁeéng&ﬁﬁg #@W%an
cross-tal k pgayes9mpIdaE t@o ppadisSThl dudivigdgthnn@l hhgrarabptonhiak s vt Idassai d
sem conductor substrate. Furthernore a reflecting plane nay be provided

adj acent t H&%heRiefeyphly. atthastrdans mere pede@bhyat lagss 5% R it Pebafalier a
reflector tpﬂ{ i_al posi tioned around the w ndow openi ng. The means for
partly covertng e doped sem conduct or substrate and said absorption

distancg L nmay btheadheastddr sseltidiay gpogstalk npayxbe pasitionddheutsiaieghe bldnd o 100
wherein Ppicei is the perinet er@&i t he lgi%xel wi ndow and Spi xei is the
surface ar SeQIMINGAOYHAE FERHGRABVHCIOhaY &R sing a high power |ight beam

may e det ect | neriaihedhs 3o 5R8kidho BRSO ALY e KR b ikEd 17

spatial and/or tenporal energy pr and/or tenp ener gy
densi ty pr dhetnealocordtasipaithadaidndémicdreiugtorasulpsivade. Fuothermord at fedlebtiamm

Said first electrode may.define at |east the perimeter of the w ndow
openi ng. Sdﬁ%f“? maé/&eep ﬂ‘?%{i%gi?éiﬁnég?ﬁ) ?@%S'QF- | east one el ongate el ectrode
ext endiqpg over g m%&gg{%@mﬂg oSk Ik Sha! @rhpiaste a”?éﬂe@%r?rﬁ@?ér%‘i ed at

| east partly from sai ~sem conduct or substrate by nmeans of an
i nsul at i ng posjtenedSapund ithe wiretlewtopshdnd.ur t her nore may conpri se a conduct or

line and a bondiﬂ% R{'ie%’ns 0 %%Hh?dco(\)/gri}lg thfdospaeiddsérrr]usclf)ln tUICPOSI:l sluggferét’e and
said absorption distance L. may be adjusted so that
Iy pixel L
S pixel
15 isinthe range 0.1 to 100 wherein Py is the perimeter of the pixel window and
Spixel IS the surface area of the pixel window.

Characterising a high power light beam may be detecting any of a
spatial and/or temporal intensity profile, a spatial and/or temporal energy
profile, a spatial and/or temporal energy density profile or a spatial and/or

20 temporal power profile of the beam.

Said first electrode may define at least the perimeter of the window
opening. Said first electrode may comprise at least one elongate electrode
extending over the window opening. Said first electrode may be separated at
least partly from said doped semiconductor substrate by means of an

25 insulating layer. Said first electrode furthermore may comprise a conductor line
and a bonding pad, deposited on top of said insulating layer.

The adjustment of the absorption distance L may be performed by
adjusting the doping level of said doped semiconductor substrate.

In a detector comprising a plurality of pixels, each pixel having a pixel

30 window with an average pixel window width w, the pixels being separated by at
least an interpixel pitch P, said interpixel pitch P may be between 1 and 10



The adjustnent o f the absorption distance L may be perfornmed by adjusting
the doping | evel of said doped sem conductor substrate. In a detector
conpri si yoaolasehi ty of pixels, each pixel having a piPKelEPee0sS@doNgIsM t h an
average pi xel window width w, the pixels being separated by at |east an

i nterpixel pitch P, said interpixel pitch P may be between 1 and 10ti nes

t he average pi xel wi ndow w dth w, pref ePabl y between 1,5 and 8 tines the
average pi xel window width w, nore preferably between 1,5 and 5 tines the
average pixel window wi dth w even more preferabl , .4 tinmes
the. aver agd TSI aYHAGs Wil whEHLPRET of GrRUERY s3REED Al tudot ot e
bet ween an théta@BFddey peawiiddve widitiew, hitire frafdiziblg behRedmtieBHridy5afmes | i ght
beam an energy neasuring node, for measuring the energy o f a |ight beam
and a powetherg@dstagengixebadndavs widbawuevag A gurarably éeweﬁn Tgeantsy

adj usting t; 0 ' ' .and the w ndow openi ng used. At each
first el ectt'r ed*??% és%tr%@%pgéﬁg@@%"%"gﬂ means nay be provi ged, for tenporary
storingsthe pi xépérationnet isaid dBiectdetraay obe f setdutedobetwagn conpinieseity
read-out electronic circujtry adjusted to sanple _at regul ar nonents the
time evol utRFSWNG: ROG], elor ringasuring dee dntanFtpucd ankshtoheam IhEnSsd ed

anal ogue v i I gt | I, - ' ' It
may be adj %%%%ﬁﬁjgr p[]id&eqéejicit%lk nrgé?ﬂjerg‘xﬁenaéﬁrl& icgng%o %thg)legg@ ;ég'{ao% gg\'g\%ﬂ!{ Sry
and conver tmé¢dmamngs arqles domnaasgrieg \thé tpmesr ohta lighbeam dygadilistingéhel

second el ec rode.nqy be pqﬁit' ned. at a second side of the conpletely doped
sem conduc BRSO {igtagceiyan WINGRY QYA L3 bei ng opposite wth

respecypto each A%té‘%h fifgt‘%lé'cl'ff?gﬁté ﬁgitéﬁe bﬁﬁ%sfcﬂ‘age%bﬁﬁg Ghaf He provided,

characterising a high power am said detector conprising at | east
one pi xel , fahtengiorasasioriof tbapkehinfdérezaiionone pi xel conprising a doped

Fom conductof SUel LBl HnH s BREARHES  AOG R, SRl o
absor ption gHjsdtadc® bamphl Gt FEHUIEP MBIREARTs TE$Trhat SvdlaNom bt fher BRRbRE ri C
properties nmeans for neasuring an el ectrical
detector outputs and convert the sampled analogue voltages into digital
15  signals. Said read-out electronic circuitry may be adjusted for detecting the
maxima in time of the detector outputs and convert these sampled analogue
voltages into digital signals.

Said second electrode may be positioned at a second side of the

completely doped semiconductor substrate, the first and second side being
20 opposite with respect to each other.

The invention relates to a detector for characterising a high power light
beam, said detector comprising at least one pixel, wherein each of said at least
one pixel comprising a doped semiconductor substrate adapted to
substantially absorb an incident light beam, being at least a fraction of said

25 high power light beam, over an absorption distance L, said semiconductor
substrate having thermoelectric properties means for measuring an electrical
signal induced by a thermoelectric effect in said doped semiconductor
substrate, said means partly covering the doped semiconductor substrate such
that a window opening is provided at a first side of said doped semiconductor

30 substrate for receipt of said incident light beam in said doped semiconductor
substrate and said means comprising a first electrode at said first side of said
doped semiconductor substrate and a reference electrode, positioned outside

an absorption volume determined by said window opening and said absorption



signal induced by a thernoelectric effect in said doped sem conduct or
substrate, said neans partly covering the doped sem conductor substrate
such t hatwe 2éandesriopening is provided at a first side eCTEzzasdoBes

sem conduct or substrate for receipt of said incident |ight beamin said
doped sem conduct or substrate and said peans conprising a first el ectrode
at said first side of said doped sem cohduct or substrate and a reference
el ectrode, positioned outside an absorption volunme determ ned by said

wi ndow openi an id_absorptiondistance,L. Th ns for r vering
the doped Siaghbudferedieidptia - ElrE i ears FEtR afls Bl sUblugRie
adj ust ed sendhsiid Bbd&btion Biistehcd B rhay bbadiwiges® tHatt 0 100 wherein PPj Xei is
the perineter of the pixel w ndow and Spi xei is the surface area of the

pi xel window. The absorigullength Labs for the light beamin said doped

sem conduct or substrateyray—furthernore be adjusted to keep the tenperature
of the surface of said §@mﬁﬂ1 sem conductor substrate in said w ndow opening
bel ow a maxi num t enperature, said absorption | ength Labs bei ng bounded by g

Eu! se t wi tihirkhe rangp ekt oh@d wheseiprbpxs UNSePesENAGr Ohthey P& windew, anap
doped sim cunit vl Etfe e el e pUEaliEh, BFERTLHE B Ui bean

in said domgt S oivd weidrdspses tyerticomdyctbrirdubetraty enby dditbsiraord hdeep
the tenperature of the surface of said doped senm conductor substrate in

sai d wi ndowdipded i keep dhe demagraiura obisesufanecof saif daoprdspmiepndugion h
Labs being d.by.Jsu = 1 ol J 1 am L
pix with ng'%[g){r}%%or“?i %a-rll;gl (Nlﬁac O%n@e%lgmfﬁagrﬁw%ﬁ{ entt(%rg?%fatlﬁrr] ’err%gl y and
, Lbeanmand dipotioariendthelalseing beandead dtyh and t he wi ndow wi dth of a pi xel

el ement. The proportional factor Klies in the range 0.1 to 10, preferably
inthe range 0.3 to W@.W{)eferably inthe range 0.5 to 5, even nore

7
preferdBly in the ran@e—mi@fnﬁhar acterising said high power |ight beam
may be any of detecting & tial intensity profile, a spatial energy

profile, avaﬁ‘aki ene

& Ipropo ioNal factor, touse being the pulse width, Wy being the incident
laser intensity and C being the heat capacity of the doped semiconductor
substrate. The absorption distance L for the light bearmn in said doped
semiconductor substrate may furthermore be adjusted to kee p the temperature

15  of the surface of said doped semiconductor substrate in said window opening

below a maximum temperature, said absorption length L5 being bounded by
T, surface,max — Wy min {Lbeam , L pix}2 /((Lgps + min {Lbeam , L pix })Z )

with K a proportional factor, Wy being the incident laser intensity and

Lbeam and Lk, are the laser beam width and the window width of a pixel

20 element. The proportional factor K lies in the range 0.1 to 10, preferably in the
range 0.3 to 7, more preferably in the range 0.5 to 5, even more preferably in

the range 0.5 to 3. Characterising said high power light beam may be any of
detecting a spatial intensity profile, a spatial energy profile, a spatial energy
density profile or a spatial power profile of the high power light beam. The first

25  electrode may be defining at least the perimeter of the window opening. The
first electrode furthermore may comprise at least one elongate electrode
extending over the window opening. The second electrode may be positioned

at a second side of the doped semiconductor substrate, the first and second

side being opposite with respect to each other. The first electrode is separated



density profile or a spatial power profile of the high power |ight beam
The first electrode nay be defining at |east the perineter of the w ndow
openi ng. Wbeoda/a3zi2ziel ectrode furthernore may conpri se arCraetsonsigl ongat e
el ectrode extendi ng over the w ndow opening. The second el ectrode may be
positioned at a second side of the doped sem conductor substrate, the first
and second side being opposite with resbect to each other. The first

el ectrode is separatedat |east partly from said doped sem conduct or

substrate by neans_of an in in [ fd f urt her nore
nmay conpri Qg l%asgoﬂﬁ'ﬁlé’t ﬁ?n] S%we%tgﬁggag%ﬁﬁgpﬂg&(ééaé,db?gsgés?Ot%;eh?%ﬁlst gfo %ﬁ said
i nsul at i ngjdsayRing lAy&efThechirsy 8lecapde dyetieriye brapompdied zocbrsd uitorskEnd

wi ndow openi ng. The reflective top |ayer rovided gn top of the

. : y may . be pr
first insueadismBondipgrpash deposiied eanoRGf S%%ml@imr'@bf%l A keflgctig dep
conductor |j A se |4n | =1 i [ [ | ective
top | ayer &éﬁ&?ﬁ%a%rb %vr?'g)ggjegné Sgééoggij h\@yl? ?Ws(%‘b(lgrﬁs | gﬁ‘%r{gﬂ?&yﬁﬁ@n’?‘iﬁﬁ t he
netal cHndugdyobe bravided endepof tive filseinsarating daysdmdacomplenearitary isplertedgs. A
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aver age pi xel. wi ndow w,dth w .. preferabl etween. 1l 5.and 8.%]i 1 he
average pi Q&t'Céﬁanﬁ? g‘?rﬂpﬁfatﬁ@s{ﬁéﬁ@?ﬁ&fsr?e?%seﬂ?ih%s% s&Feégfv\mg t he
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pref erabl y ptel$ essoh FiRéhhavig apiedl eviaddw wath dreasérage pixel window width w,

the pixels being separated by at least an interpixel pitch P, wherein said

interpixel pitch P may be between 1 and 10 times the average pixel window

width w, , preferably between 1.5 and 8 times the average pixel window width

20 w, more preferably between 1.5 and 5 times the average pixel window widtih w,

even more preferably between 1.5 and 4 times the average pixel window

width. The interpixel pitch P may be sufficiently large to prevent significant

cross-talk between the different pixels. Between at least two of said plurality of

pixels a cooling channel may be provided. The cooling channel may have a

25 depth which is at least 15%, preferably at least 25%, more preferably at least

50% of the absorption distance L. The detector furthermore may comprise a

means for reducing the cross-talk between neighbouring pixels of said plurality

of pixels adapted for reducing the cross-talk with a factor of 5, preferably with a

factor of 15, more preferably with a factor of 25. The amount of cross—talk

30 thereby is expressed relative to the measured signal in a neighbouring pixel.

The means for reducing the cross-talk may be the cooling channel in between

pixels, the reflective film on top of non-pixel areas and the means for covering

the pixel area for reducing the fill factor and a heat sink at the bottom of the



50% of the absorption distance L. The detector furthernore may conprise a
means for reducing the cross-tal k between nei ghbouring pixels of said

pl ural i t ywof2oqi0sed2s adapt ed for reduci ng the cross-t al k partgr2@shastor of 5,
preferably with a factor of 15, nore preferably with a factor of 25. The
anount of cross-talk thereby is expressgd relative to the neasured signal

I n a neighbouring pixel. The nmeans for Feducing the cross-tal k nay be the
cooling channel in between pixels, the reflective filmon top of non-pixel
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window opening, may be such that the maximum allowable lattice temperature
inside the substrate at the maximum optical power density of the incident laser
beam is not reached. The electrical signal measured by the means for
measuring an electrical signal may be a voltage, generated between a first
20 contact of a first set of electrodes and a second contact of a second set of
electrodes and related to the optically induced temperature profile between the
said contacts due to an optical absorption process. Thus, a doped
semiconductor substrate with geometrical constraints and having
thermoelectric properties is used to convert the beam parameters of high
25  optical power laser beams into electrical signals.
The invention also relates to a system for monitoring the output of a light
beam producing means comprising a light beam sampling means and a
detector, whereby said light beam sampling means is adjusted to split the light
beam in a first small fraction and a second large fraction, whereby said first
30 small fraction of said light beam is directed towards a detector as described
above. The beam sampling means may be a mirror, said mirror being rotatably

mounted as to split the light beam at regular periods.



thernoel ectric properties is used to convert the beam paranmeters of high
optical power |aser beans into electrical signals. The invention al so

rel at es twoaosystam f or nonitoring the output of a |ighrCheEzmosnosusi ng
means conprising a |light beam sanpling nmeans and a detector, whereby said
| i ght beam sanpling neans is adjusted to split the light beamin a first
smal |l fraction and a second | arge fracti®n, whereby said first small
fraction of said light beamis directed towards a detector as descri bed
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dosor] bed st Meas o MihkaaRuotocl A sl Rt poR RIS e R Se e o A B o
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the |ight beam having a pulse w dth and the c ctor i ng abl
measuri ng iMeaatingiwith seiss deteotpmeti sgvenal groéntgyinnthes srossgsectibn of tha power
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measuring mode or in power measuring mode, the method may comprise
setting a pulse width of said light beam for measuring in intensity measuring
mode, in energy measuring mode, in energy density mode or in power
measuring mode. In the intensity measuring mode, the output of the detection
20 system may correspond with the intensity of the light beam, in energy
measuring mode, the output of the detection system may correspond with the
energy of the light beam, in energy density measuring mode, the output of the
detection system may correspond with the energy density of the light beam
and in power measuring mode, the output of the detection system may
25  correspond with the power of the light beam.

The invention furthermore relates to a detector for characterising a high
power light beam, said detector comprising at least one pixel, each of said at
least one pixel comprising a doped semiconductor substrate adjusted to
substantially absorb an incident light beam, being at least a fraction of said

30  high power light beam, over an absorption distance L, said semiconductor
substrate having thermoelectric properties and means for measuring an
electrical signal induced by a thermoelectric effect in said doped

semiconductor substrate, said means furthermore partly covering the doped



detection systemmay correspond with the energy density of the |ight beam
and in power neasuring node, the output of the detection system nmay

cor r espornstownadn3tize power of the |ight beam The i nvent ipom/HrRoShEr3M®r €
relates to a detector for characterising a high power |ight beam said
detector conprising at |east one pixel, each of said at |east one pixel
conprising a doped sem conductor subst Adt e adjusted to substantially absorb
an incident |ight beam being at |least a fraction of said high power I|ight
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i nduced bysaidt ineidemelight beanefd 68id HOp&RisEmiRRIlcERANS AEIEHS WiersinDEe at e,
said nmeans furthernore partly covering the dopedsemn conductor substrate

such that &z@iefdwRid ypBaPWEReNIRY @rdovadd Penetraten gleptt Laaiafeiadjustedtsa i ght
beamin said gﬁped em conduct or substrate wherein the size of said w ndow
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Spicei is the SWi#édce area of the pixel. The different features described
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beam over an absorption distance 1, said sem c¢onductor sd Vi ng

t her noel ecpower figlopissdrnesaidrdbtactor sosptising et dsaisti arg: pixek; vieredreincedctsbignal
i nduceg by a, th?r noel ectric effect in said doped sem conductor substrate
conpri 9 ngsaidratleastana-pixglyerrapriging iardapeg spmispndustar aublrpts adaptathiect or
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respect topewehlighthtergmsaveat areabsorption Histarmed., s@id sgmicnreiuctay substrdteped

sem conduc%g\r/inau&se}rgn%%?ec?r% hprgrr)]grgtieg gf‘l& %Ovr\ﬁé)epnesnifgrg n%esas%rri%\éi gr? delg;[:tritcgle first
signal induced by a thermoelectric effect in said doped semiconductor

15 substrate comprising a first electrode at a first side of said doped
semiconductor substrate and a reference electrode at a second side of the
doped semiconductor substrate, the first and second side being opposite with
respect to each other, said means furthermore partly covering the doped
semiconductor substrate such that a window opening is provided at the first

20 side of said doped semiconductor substrate for receipt of said incident light
beam in said doped semiconductor substrate.

The methods, detectors and detection systems as described above also
may be applied for characterising high power radiation beams and are not
restricted to high power light beams.

25 It is an advantage of the present invention that the detection system and
method can be used for a wide range of laser systems, reaching from very
short pulsed laser systems with pulses in the range of nanoseconds, to
continuous wave laser systems.

It is an advantage of specific embodiments of the present invention that

30 the thermal cross talk between pixels can be limited to an acceptable level

determined by the user.



si de of said doped sem conductor substrate for receipt of said incident

| i ght beamin said doped sem conductor substrate. The nethods, detectors
and det ecwpDanosi2ens as descri bed above al so may be appCra®2605/010318
characterising high power radiation beans and are not restricted to high
power light beans. It is an advantage of the present invention that the
detection system and nethod can be usedZor a wi de range of |aser systens,
reaching fromvery short pul sed | aser systens with pulses in the range of
nanoseconds, to contipuous wave | aser systenms. It js an advantage of
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prior practrepesent egbstaniig) new ahd mavel irgproveotentsrinclafiingcilepariures fione and
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opti cal powrKices cfREiEHatefe. hi gh power | aser beans, with their tenporal
evolution and/or_their spatial profile. These and other characteristics,

features and advdw tepehings ehtheppeesent invendiani Reimil the Pesigneofaipiripeed from
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without Iimting the scope of the invention. The reference figures quoted
bel ow refer to tikesgtansaiber ghamcipgistics fpatureas apd igsvepiagss of flee Bresfinkhgs

Fig. 1 shoyghiRhNGiTHeconRy ShYAreht RomaneXSHchY HtSidd GeStinB6h! @Ren in

conjunction with the accompanying drawings, which illustrate, by way of
15  example, the principles of the invention. This description is given for the sake
of example only, without limiting the scope of the invention. The reference

figures quoted below refer to the attached drawings.

Brief description of the drawings
Fig. 1 shows a schematic overview of a system using the detection

20 principle according to embodiments of the present invention.

Fig. 2 illustrates some free carrier absorption mechanisms in a multi-
valley semiconductor, as used in embodiments of the present invention.

Fig. 3 illustrates the equivalent scheme of a semiconductor based
detector, according to an embodiment of the present invention.

25 Fig. 4a, Fig. 4b, Fig. 4c show a top view and a corresponding cross-
sectional view for different lay-outs of the single pixel detector, according to
embodiments of the present invention.

Fig. 4d shows a top view of another lay-out of a single pixel detector,
according to embodiments of the present invention.

30 Fig. ba illustrates a partially absorbing pixel with a heat sink connected
at the bottom of the substrate, according to embodiments of the present

invention.



princi ple according to enbodi nents of the present invention. Fig. 2
illustrates sone free carrier absorption nmechanisnms in a nultivalley

sem conduwwoangé/mzs2used i n enbodi nents of the present i neemEPRIVS/OFI3gS 3

il lustrates the equival ent schene of a sem conductor based detector,
according to an enbodi nent of the present invention. Fig. 4a, Fig. 4b, Fig.
4c show a top view and a correspondi ng tPosssectional view for different

| ay-outs of the single pixel detector, according to enbodi nents of the
present inventi

. Ei 4d, shows t view.of another. | ay- o] i ngle
pi xel detector, dacgﬁl%&aﬁ%ﬁ @:9563%‘ r‘?gﬁ?% MFPHE ﬁgri%c%nﬁenﬁqgmrpoéma%p?g_ 5a
i |1 ustrat es,@ Pparddidh! ¥f aks didthnge RbX@le Wdderd heah for Hetécioneaiitd aati t he
bottom of the substrate, according to enbodi nents of the present

i nvent i on. Fiithowthaat isinkt pecerding igrerphodimartie ofie PrareRiuRYeRION. enper at ur e

change as a funct.ion.of .th I_Stan t | ncide rs
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i nventign. dtdbrbipg i husdiaine® a tekeessrshalldrnban thensssidiie tthicknebst r at e

absorbing in a zone with a thickness smaller than the substrate thickness,
accor di ng tacaidivgitnwmodimentreoifhesuasentineitiopn. Fig. 5d illustrates the

tenperature incre Se5c?si||&stié(j§§]tg{q%” @holRRUADSREREEEN AL CATRIhdiBRP BF g | ¥

absor bi ng subst ratées;, accor o] nents o e present 1 nvention.
Fig. 6a is gbsgpeomiergtiovepartlyaibsariting slibstratisoaatorainggto embdeliraentsr

pi xel s, each of them provided wth a pad for external connection, according
to an enbod®fBatPresentiavesitiofent invention. Fig. 6b shows a top view and a

correspgndi ng cr t] a I 650 Hirh&YsiOvdISardy 8f gefghst pi xel
det ect gr% with a g@gﬁéggiévgwée’ﬁ“é‘%ﬁ"%ﬁﬁ?“gﬁ?r?et'g‘? fayesrl, accorydi ng to an
enbodi ment pikeksheaph ef éimmipreeided anith Bigad foa extenel eonrmgtioneaccording to
correspondi?r;rtpg Ccross-sectjonal views f(%r a detector lay-out with a

reflectivel 'W‘@_”i% P RIGAPIEMETR'&Y to the netallization pads,
according to an epbed SRWs 9ftop oW #MReA lcokR$BBRAIAG cross-sectional view for

different lay-outs of a single pixel detector with a protective/reflecting top metal
15 layer, according to an embodiment of the present invention.

Fig. 7a shows a top view and corresponding cross-sectional views for a
detector lay-out with a reflective/protective layer complementary to the
metallization pads, according to an embodiment of the present invention.

Fig. 7b shows a top view of an alternative design for a detector lay-out

20 with a reflective/protective layer complementary to the metallisation pads,
according to an embodiment of the present invention.

Fig. 8 shows a top view and corresponding cross-sectional views for a
detector lay-out with a reflective/protective layer complementary to the
metallisation pads and isolated from each other, according to an embodiment

25  of the present invention.

Fig. 9 shows a top view and a corresponding cross-sectional view for
two pixels from a one dimensional line array for detection in the energy
sensing regime, according to an embodiment of the present invention.

Fig. 10 shows a top view and a corresponding cross-sectional view for

30 two pixels from a one dimensional line array for detection in the power sensing

regime, according to an embodiment of the present invention.



Fig. 7b shows a top view of an alternative design for a detector |ay-out
with a reflectivel/protective |ayer conplenentary to the netallisation pads,
accor di ngvoao@mn3esebodi ment of the present invention. Fi @CTEP0SWHS03aSt op

vi ew and correspondi ng cross-sectional views for a detector lay-out with a
reflectivel/ protective |ayer conpl enent ar1y to the netallisation pads and

i solated fromeach other, according to ar# embodi nent of the pr esent
invention. Fig. 9 shows a top view and a correspondi ng cross-sectional view

ener gy sensi ng rEgt no1e e BERGE0T or RoutE St B PRYREe@Bel i i on.
Fig. 10 shovgricud eepLmsidsl A sopstr@Rpanthegentrossosiint iopraldedatr bixel t wo

pi xel s froma one dinensional line array for detection in the power sensing
regi me, accofeRrANG @ ameemvdinaahef b RrAsePiRGWON; nvention. Fig. 1la is an
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i nside a substra centre position o I Xel "according to
an enmbodi newdriqis tdeptins daside the eubstrate, Hog.a Idtectsr gsixéll bussrtiatg ¢o af the
correspondi ng tenperature changes at  various depths inside the substrate,
for a detecBBogirkent allbsmieaekiBvai®hbodi ment of the present invention.

Fig. 12a, Fig. 1 a Fi he 4bi o] i o] e ture
at various di staﬁ@ésq??’orﬁighﬁen re FE)IJTil t1lglgn§£]§0gl hl(r)%l tt 2 té\(l)(%)lng?lﬁje&?g?&?he
substrat e ftempomterecatgarpessisgnceyifioen {Heé centie2al) thet pirelnox e tepesidy power

strat e ftmpéemtementoy i _ m
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for the eneempaskimsntgofrtbgipreséitiigveriita) and t he power sensing regine (Fig.
13c_shows an

190) acoor 0 ng, g emhog AR5, e e 5 el YR R VS U
gap accor di fsthRceeFBRMINEERRNEre0df thBSiRs| F6EVEridul\RIPihg Boncentrations with and
without etched air gaps, for the energy sensing regime (Fig. 13a) and the
15 power sensing regime (Fig. 13b) according to embodiments of the present
invention.
Fig. 13c shows an illustration of the cross-talk reduction versus the
depth of the etch air gap according to embodiments of the present invention.
Fig. 14a and Fig. 14b show a schematic illustration of a two dimensional
20 array of detector pixels (Fig. 14a) and an equivalent scheme of the pixel
electronics (Fig. 14b) for a detector system according to an embodiment of the
present invention.
Fig. 15 shows a block diagram of a read-out scheme for a detector
system according to an embodiment of the present invention.
25 Fig. 16 shows a block diagram of an alternative read-out scheme for a
detector system according to an embodiment of the present invention.
Fig. 17 shows a possible setup of a beam sampling system according to
an embodiment of the present invention.
Fig. 18 shows an alternative setup of a beam sampling system
30 according o an embodiment of the present invention.
In the different figures, the same reference signs refer to the same or

analogous elements.



Fig. 14a and Fig. 14b show a schematic illustration of a two di nensional
array of detector pixels (Fig. 14a) and an equival ent schene of the pixel
el ectroniwe 2006/0325214b) for a detector system accordi ng roT@r2@sbodisrent of
the present invention. Fig. 15 shows a bl ock di agram of a read-out schene
for a detector system according to an en‘%gdi ment of the present invention.
Fig. 16 shows a bl ock diagram of an al t érhative read-out schene for a
detector system according to an enbodi nent of the present invention. Fig.

17 shows apossi hi . b kL0g system according to an
enbodi nment Dge%cts"rpg'og} g’?éﬂﬁs?'{?&@'ﬁt%?@%b@8 shows an alternative setup of
a beam sanpl i ng T$s r@sant ohdentort oviinbendedermsay with tleeppciesenpartiovant i on.
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description and the claims are used for descriptive purposes and not
15 necessarily for describing relative positions. It is to be understood that the
terms so used are interchangeable under appropriate circumstances and that
the embodiments of the invention described herein are capable of operation in
other orientations than described or illustrated herein.
It is to be noticed that the term “comprising”, used in the claims, should
20 not be interpreted as being restricted to the means listed thereafter; it does not
exclude other elements or steps. . Thus, the scope of the expression “a device
comprising means A and B” should not be limited to devices consisting only of
components A and B. It means that with respect to the present invention, the
only relevant components of the device are A and B.
25 Similarly, it is to be noticed that the term “coupled”, also used in the
claims, should not be interpreted as being restricted to direct connections only.
Thus, the scope of the expression “a device A coupled to a device B” should
not be limited to devices or systems wherein an output of device A is directly
connected to an input of device B. It means that there exists a path between
30 an output of A and an input of B which may be a path including other devices
or means.
Although the invention has been described for characterisation of high

power light beams, the methods and systems also can be applied for



other orientations than described or illustrated herein. It is to be
noticed that the term"conprising”, used in the clainms, should not be

i nt er pretwo 20&/d3232mg restricted to the nmeans |isted thereafiresos/oidzigloes not
exclude other elenments or steps. . Thus, the scope of the expression "a
devi ce conprising neans A and B" should not be limted to devices
consisting only of conponents A and B. 1® means that with respect to the
present invention, the only relevant conponents of the device are A and B.
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generates heat or a tenperature difference in the substrate 120. As the

optical beswbpiraieata®.cAs the eptipal brars Arppagatesdhmuahctie spovrie, theepriical nsi de

the Sutl)ét ra[}o%veerxggéﬁé}t fn%Hey th%ecgfb%?l%?e déi&)otr%nitigﬁy |REAases due to its local
absorption, which leads to decreased local temperature rise deeper inside the
substrate 120. The induced temperature gradient in the electron/hole and/or
phonon temperature distribution between a point close to the incident
illuminated area and a point sufficiently remote from the incident illuminated

20 area produces a voltage output, i.e. a voltage step, due to the Seebeck effect.

Voltages generated in the device can be measured using output
electrode 140, also referred to as reference electrode, which can be e.g. at
ground potential, and output electrode 145. To prevent short circuiting with the
doped semiconductor substrate 120, an insulating layer 130 is provided.

25 The doped semiconductor substrate 120 may be any semiconductor
substrate. Single crystal semiconductor substrates typically have a thermo
electromotive force coefficient, also called Seebeck coefficient, in the order of
1 mV/K. The semiconductor substrate 120 in the present invention may be, but
is not limited to, e.g. GaAs, InAs, InP, InSb, GaSb. A typical thickness of such

30 a semiconductor substrate 120 may be between 100 and 500 pm, although not
being limited thereto.

The conductive electrodes 140 and 145 can be any electrode, such as a

metal electrode. Preferably, the electrode is made of a relatively heat resistant



absorption, which | eads to decreased | ocal tenperature rise deeper inside
the substrate 120. The induced tenperature gradient in the electron/hole
and/ or phwoanodsegeer at ure di stri bution between a point eCoEP2605/01d3es8
incident illum nated area and a point sufficiently renote fromthe incident
i 1lum nated area produces a voltage output, i.e. a voltage step, due to the
Seebeck effect. Voltages generated in the device can be neasured using
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multi-valley semiconductor such as e.g. GaAs, one needs to take into account

the following intervalley transfers: the non-equivalent transfers such as I'-L,

L-I; T-X, X-T; L-X, X-L and the equivalent transfers: Li-Lj, X;-Xs. Some of the
intravalley transitions 152, 154 and some of the intervalley transitions 156 are

20 illustrated in Fig. 2. It will be obvious for a person skilled in the art that the
detector principle used and thus the detector system of the present invention is

not limited by the type of light absorption processes that occurs. The doping

level of the semiconductor substrate 120 is preferably adjusted such that the
absorption coefficient is optimized for relevant application of the present

25 invention. The selection of the doping level, in accordance with the absorption
coefficient to be obtained can be easily performed by a person skilled in the

art. Depending of the optical power level and pulse width, a typical range of the
absorption length is between 20 and 1000 pum. The smallest absorption lengths

are chosen for applications with the lowest opto-thermal impact and vice versa.

30 Fore.g. n-type GaAs and an infrared wavelength of 10.6 pm the corresponding
doping concentration is in the range 1x10" and 5x10" cm™®. The largest

doping concentration corresponds to the smallest absorption length.



contributions are cone from acoustic and non-pol ar assisted absorption.
Interval |l ey absorption nmechanisns are assisted by intervalley phonons. For
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such as F-L, L-r; GX, X-G L-X, X-L and the equivalent transfers: Lj-L j
Xr-Xs. Sone of the intravalley transitiléns 152, 154 and sonme of the
intervalley transitions 156 are illustrated in Fig. 2. It will be obvious
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curves 170 and 180, respectively. For times smaller than the phonon

temperature rise time, the free electron and phonon temperature differ from
each other. After equilibrium has been reached both electron temperature and
20 phonon temperature are equal. For each of the particles, i.e. for the electrons
and the phonons, a temperature gradient is induced by the local absorption
process. A differential thermo-electromagnetic force voltage is generated due
to the gradients in the electron temperature profile a phenomenon called the
Seebeck effect. When no electrical current can flow inside the substrate a
25 thermo-voltage is induced by the free electron heating. In the simplest case

this can be expressed as follows:
o<7;>V(¢—§]=n<1;>vz; [1]

where o(Te) is the electrical conductivity at temperature Te, ¢ —/q is
called the electrochemical potential, having a pure electrical part ¢ and a pure
30 chemical part ¢/q with q the electron charge, n(Te) is the thermoelectric

coefficient at temperature Te. VT, is the electron temperature gradient induced



t he phonon tenperature rises. The established 3D tenperature profiles

i nside the substrate are a consequence of drift and diffusion processes of
t he partiwbeasocases2of t he exi stence of thermal gradi ent sPCTHP26050203¢$ ectron
tenperature and phonon tenperature distribution are graphically illustrated
by curves 170 and 180, respectively. For. tines snmaller than the phonon
tenperature rise tinme, the free el ectrdd and phonon tenperature differ from
each other. After equilibriumhas been reached both el ectron tenperature
and phonon t r : | . For each of the particles, i.e. for trie
el ectrons ngﬂgﬁégiﬁéﬁgﬁgsniﬂ#%ﬁSerature gradient is induced by the | ocal
absor ption procggs. vakadef deoshticabambry an ehes beossmgestacinf tecllvdirigge i s
generated due to the gradients in the electron tenperature profile a
phenomenonWeaf | ed t he Seebeck effect. When no electrical current can flow
inside the substrate a therno-voltage is induced by the free el ectron
heating. In theé?i ”Izzz 5ase this can be expressed as follows: where s(Te)
is the electrical =< d’wity at tenperature Te , f - z/q is[2alled the

el ectrochem cal potgntial, having a pure electrical part f and a pure

chem cal part z/qg with q the electron charge, h(Te) is the thernoelectric
coefficbent at wdmper atie Fe.n{ll.)/s{he repesentn therpdiferentalgrthdireat
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val |l eys contributing to the heatjn rocess. In the case . P+ e
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given by the following expression:
a=(aror + 0,0 +0y0x) /(o +0 +0x) [3]
15 where oy, is the electron conductivity and o , is the coefficient of
differential thermo electromotive force in I',L and X valley , respectively.
In order to solve equation [2], it is necessary to know the electron/hole
and phonon temperature distribution. To find the distribution of the phonon

temperature T in the substrate, the equation of the lattice thermoconductivity

20 is solved

oT 9T, 8*T, O°T
cZ - Ly Loy p(T,T, [4]
ot Z( ox? ayz oz* j ( ¢ L)

where t is time, x,y,z are the space coordinates, y is the thermoconductivity
coefficient, C is the heat capacity coefficient and P(T,, T.) is the power
transferred to the lattice by the heated electron gas for electron temperature

25 T
Neglecting the effect of the electron/hole thermoconductivity we can

write down the following relation:
P(Te?TL)zaeW [5]

where o, is the electromagnetic wave absorption coefficient for



where sg is the electron conductivity and arLX is the coefficient of
differential therno electronotive force in T,L and X valley , respectively.
I n order wo 2s@loses2equation [2], it is necessary to knowpPCharedoswoio3es/ hol e
and phonon tenperature distribution. To find the distribution of the phonon
tenperature T L in the substrate, the equation of the lattice

t hernoconductiv ty is solved where t i“s'tine, x,y,z are the space
coordinates, c is the thernoconductivity coefficient, Cis the heat
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i nsul ating layer I's provided to prevent a shortcircuit between the
out put conrdrcuidrbetwadodhé wetputyemnestr eongluctiveniayer 148y exg.1a nelad [ayiee

substrate 1 The, material used for the .insulating |ayer 130 typi ly ma
be an undopﬁ é‘QBn' %'Snﬁlﬁ&t@rtel er{-%ég"f‘ °r'3 Wg@_f'%glaeﬁéﬁsqlat}reg]éagﬁhi a%/e g
(e.g9. ap AtGBiItallY b Bnairddped SERFESRAEEN 1a§8r hRsHIAGttcayRatchBdaD the P
substrate) or an Al 2Q3 |ayer, a Si3N layer, ... By calculating the out put

vol tage V \atbstrate teegl ayAGads laysr op aGads sbstate eupstin@eds layRs aman deri ve
derai i ed adibciieanany TR AE0eEYsh AtERIa"a mor e thor ough descri pti on
of the coeffici ey saichldtifgsipecsiuplt 0oisagaV Perstiound light intensies W iipdiden of
t he correspondi ng quantum nmechani cal nodel for free electron 5
the substrate, one can derive the sensitivity Speqt expressed in mV.cm“kW of
15 this detector. A more detailed deduction of the above equations and a more
thorough description of the coefficients in these equations can be found in the
description of the corresponding quantum-mechanical model for free electron
absorption as described by G. Shkerdin, J. Stiens and R. Vounckx e.g. in
European Physics Journal, Applied Physics, vol. 19(1), pages 29-38 (2002), in
20 European Physics Journal, Applied Physics, vol. 12(3), pages 169-180 (200),
in Journal of Applied Physics, vol. 85(7), pages 3807-3818 (1999), in Journal
of Applied Physics, vol. 85(7), pp.3792-3806 (1999), and as described by E.
Driessens, J. Stiens, G. Shkerdin, V. Kotov and R. Vounckx, in proceedings of
THERMICS, 9" Workshop on Thermal Investigations of ICs and Systems,
25  pp.145-148 (Aix-en-Provence, France 24-26 September 2003).
A typical sensitivity obtained with the fast electron temperature
gradients is about 3.0 mV.cm?’MW, for electron temperature gradients in
equilibrium with the phonon temperature gradient this sensitivity is about 1000
times larger, but the detector response time is much slower. The equivalent
30 circuit of the proposed detector is illustrated in Fig. 3 by the open-circuit
voltage Vioc, directly connected with the optical power or energy of the
incident laser beam 150 depending on the pulse characteristics and the

detector geometry. The internal resistance of the circuit is indicated by



absorption as described by G Shkerdin, J. Stiens and R Vounckx e.g. in
Eur opean Physics Journal, Applied Physics, vol. 19(1), pages 29-38 (2002),

i n Eur opedio 2Rbwyses2s Journal , Applied Physics, vol. 12(3pCTreg@s/01iB39s 180
(200), in Journal of Applied Physics, vol. 85(7), pages 3807-3818 (1999),
in Journal of Applied Physics, vol. 85(7?, pp. 3792-3806 (1999), and as
described by E. Driessens, J. Stiens, &1 shkerdin, V. Kotov and R Vounckx,
in proceedings of THERM CS, 9th Wdrkshop on Thermal |nvestigations of 1Cs
and Systens P 1l 48 (A x-en-Provence, France 24-26 Septenber 2003). A
typi cal r{gl E%ﬂ(\t %t ained with the fast electron tenperature gradients
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15  further considered in this invention.

The electron energy relaxation time te is not a constant value but
depends on material parameters such as the doping concentration and
incident light intensity. For e.g. n-type GaAs, this time constant is typically of
the order of a few ps. For incident laser pulses which are longer than a few

20 electron energy relaxation time constants, the detector’s voltage output will be
directly related to the temporal evolution of the laser intensity. In this case the
lattice temperature is almost unaffected. When the laser pulse gradually gets
longer the energy of the electron gas is gradually transferred to the lattice of
the doped semiconductor, such as e.g. the n-type GaAs lattice, which results

25 in a gradually increasing lattice temperature. For a given laser pulse length
both electron temperature and lattice temperature will have the same order of
magnitude. This is the regime of the mixed electron-lattice effects. The puise
width for which both temperatures become equal is called the t,mx and is in a
first order approximation defined by equation [6]:

30 o=l [6]
Nk,

This expression shows that this time constant t,nix is dependent on the doping



The el ectron energy relaxation tinme te is not a constant value but depends
on material paraneters such as the doping concentration and incident |ight
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order of a few ps. For incident |aser pulses which are |longer than a few
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In this case the lattice tenperature is al nost unaffected. Wen the | aser
pul se grad | LS | r e;.el.e i radual 'y
transferr eg:%bgg?t%%ﬁ&at'?%g B&ht(a ﬁggﬁ(g%ﬁd%e{r%gc Ic@]] uﬁtéﬁgtygﬁ%ﬁ' :{8 peoéogjﬂ he
n-type GaAsohathirstionsvin cher emigit sf i10'4 carjdtral Ipyldenavigths forgwhitht iboth
tenperature. For a given | aser pulse length both el ectron tenperature and
lattice terip@pafaiHeesvDel efld@le i.ehamis dfreaitd el00ons.nedeivevrie forThioh erficehe
reginme of the m.uxed, el ectron-|attice effects. The pulse wi dth for.which
borh ¢ enper B0 LESHaE serema (o Snr saourers ChitBEraBr CoRleariaficti® of ger
appr oxi gat ifpy @absn8eh BY spauAtdysqddlon [ k B This expression shows t hat
this time constant t,nj X is dependent on the dopi ngconcentrati on N but not
dependent on the lightCintensity. E.g. for doping concentrati 32 in the
range of 1018 cm~8,~ pul se width for which both tenperatur get equal,
i.e. tmc, is about 100 ns. However, for high optical intensities the

expr essi on iRrehlstd &l the SHEERS BE cf@OAGEADF AU BNLI1HIRE nglfnf S5dorpfidl 1 eads
then as shown by  equation [7] J whereby dte is the increase of electron

t enper at ur eordoess. oNtuheericeh lsimalaionptshow phaic eithin Xoeedoping cincehaaiioms show

that within the dopi copnc ratsiogn interval 0.7x1_.018 - 4x1 Q cm 3, the
val et X v OB R m PO e8RS 30 R AR 08 L0 a3 oS Bhon t he
intensyhy VI §&5n %5 A2 { PHs WHER! thbGnRReH vAR W%w'fé&fel%‘%%ﬁwéb‘ger
than tnm X the detector behaves as an energy neter, 1.e. the detector’s

vol t age outWcm®. the integration of the incident |aser intensity. This
behaviour will continue as long as the pulse tine is smaller than the tine

const ant r dToftRiHSeD IQnaerithan fuk thedp kehAvestas AB anargnmeieedCalthd.

Pul se detector’s voltage output is the integration of the incident laser intensity. This
behaviour will continue as long as the pulse time is smaller than the time
15  constant related to the thermal response time of the illuminated area. Pulse
lengths approaching the thermal response time of the illuminated area will be
gradually leading to slowing down of the lattice temperature increase due to
the thermo-conductivity.
The thermal response time of the illuminated substrate area 110, annotated

20  with 15y is described in the following expression [8]

B.C

-2 . (Lpix Lpeam N
X| Lybs +min 5 T,

Tsub = (8]

wherein C is the heat capacity and y is the heat conductivity of the

substrate material. Laps, Leeam @nd Lk, are the absorption length inside the
substrate, the laser beam width and the window width of a pixel element,

25 respectively. B is a geometrical numerical factor of the order of one and
depends on the details of the pulse characteristics and pixel geometry. In
contrast to the first two time constants which are only material dependent, the

Tsup IS also dependent on the geometry. It is to be noted that in order to



| engt hs approaching the thermal response tinme of the illumnated area wl|l
be gradually leading to sl ow ng down of the lattice tenperature increase
due to thwoth@vaseszeaonductivity. The thermal response ti FETEP2408010318

i Ilum nated substrate area 110, annotated with tSub is described in the
foll owi ng expression [8] wherein Cis the heat capacity and c is the heat
conductivity of the substrate materi al 23 abs, Ueam and | _Pj X, are the
absorption length inside the substrate, the | aser beamw dth and t he w ndow

wi dth of a.pixel elenent..respectiyvely.b i trical numerical, factor
of "t he-or adiergasg T BN A ais, EHRE VM ot Pl o illo P iRkhalerer st s
and pi xel @eeBERAtcY. mhi beoldd@Sthd ayhdrid fange thel i$ ieXposomsdigndspamiieph are

only material dependent, the tsub Is also dependent on the geonetry. It is

to be not e®ntthatratip tickrass ¢ therabseebipgeong A akserptigndendth Liaher depdeesr |

partially ahaAEPlith SRIVAORANGE o bRHEAERe TR psflle duaRf]s anoe

then i s exponenti y de nthe ratio € absor bi ng

zone / gbswiptionged ergt byl e nidimpm seRagdh Uit tdhantHuie thdhengmunesponse
time of the illum nated substrate area 110 but |onger than tm X, the

maxi mum volsuggee damperatubid sitasmax He PFaROMOARIs(r thecpulsenpidihture of g f ace,

expr Lisﬁéﬁﬁfﬁria%@%@% %@%ﬁ'&@ﬁ?ﬂﬁEﬂh@%%ﬁde%%ﬁgbﬁg.e 'p?f?‘f%a ] %Lief‘a Bl se"
T\ oA L [T : : K . S
8. lto 18, S?)ref e%ﬁﬁ@géﬁggﬁ% %{'?Eq'zselrpg%é(fe%bggto t7 ,errGrD)r/e :orGZf \(,amr ;@3 E)etew:aggge

0.5 and 5, even r : I ( ; I 8§ 4t
intensity of the |Ia gwcgte'gﬁn@ Wg@t?é‘r’]@gﬁ%r%b hg%dt Q‘”ugﬁéeﬁaﬁ% (?'1fg§ra 1t0hi S
ener gy 10perpeicpably egihine thes ranger 0.8 twel ahyre prderably bétevelenn®. Scamdbasten erg =
tsut,/g. The factor I.s determned by nungerical .calculations and varies
roughl y betrﬂ%'@rprfgerég@' %w.eenﬁf%@aa@- r eﬁdﬂﬁﬂﬁtef‘éw thsr lagpebea®r gy

measur enent [ g I e SSf , needs.: l:l tSUb
Vel oo 1 conei o SRR 1R yfiter, ARSI, ARSLEhClGS, cBBRIRP TSR 1
absor pt i on dppngtimatelpdgivengbyptheeltinse zesnstdiite tf,¢ per.aliur Fheafactot heris be
sensed in the centre of the pixel or further away fromthe centre of the
pi xel at a dgteimined by nuraeke salpudations and varies roughly between 10 and 100.

15 In order to extend the regime of the energy measurements, i.e. to make e as
large as possible, one needs small s values in combination with small y
values which are reached for large absorption lengths and large pixel sizes.

The temperature can either be sensed in the centre of the pixel or
further away from the centre of the pixel at a distance R. Temperatures

20 sensed further away at least at a distance equal to the double of the pixel or
beam radius away from the centre of the pixel area, e.g. with a perimeter
electrode, are directly related to the total energy incident inside the pixel area,
hence these temperatures are proportional to pulse width and laser beam
area. The factor F(R) is a factor for expressing the dependence on the radius

25  of the perimeter electrode.

T.,..~FRu

peri,R

P/(CLg) [10]

pulse
Table 1 contains the relative temperature increase for both a centre and

a perimeter electrode for laser beams which differ only in size, i.e. have a
different radius. The pulses under consideration are 300 ns long incident on a

30 sensor with diameter equal to 400 pm. The relative temperature increase is
expressed with respect to the smallest laser beam. This table shows that the

relative temperature increase in the centre of the pixel is independent on the



sensed further away at |east at a distance equal to the double of the pixel
or beamradius away fromthe centre of the pixel area, e.g. with a

peri met erwel2eatmseste, are directly related to the total eagmpgoosociddent
inside the pixel area, hence these tenperatures are proportional to pulse
wi dth and | aser beam area. The factor F(R) is a factor for expressing the
dependence on the radius of the perinet el ectrode. TperUR ~ F(R).t

pul seP/ (CL aJ [10] Table 1 contains the relative tenperature increase for
both a cent ng. i e 1.0 | .as jC ' only
in size, i. égaﬁ]agg%awe{%‘% gh? tegéiﬁ\ﬁes?&?égrra&r’lﬁsggcr%’% er t‘(’:‘@%!ﬁb gb{éa[t?rgrllsoare
300 ns | ongaimestdentectin ralasahtothewiatib ofitieatear equal to 400 nm The

rel ative tenperature increase is expressed with respect to the snmall est

| aser beam This table shows that the relative tenperature increase in the
centre of the pixgb 15 ,depend ntheb rze W he nel ative

t enperat ure incregs%wz perﬁ{—nz%rtée)r ils al nos e'?perfecft%&r%%sR %aed to the
ratio of the arep. TabHe 1 In othet wor|ds, byl properlly desiigni ng|the top
el ectrode used, different tynes of infgrration-can-be obtaipned—For pul se

| engt hs between the tiRPng paranmet &98 dnj X ari2®@rg | the &b€Rined
information for pg—cent contact ol ke pirxelss g8 the ener rnciident in
the centre of the pi xelssvvhereas a J;l)'é)l;‘)’iLrnlater czg)h{)gct, whi chqzl)ss fan away from
the centre of the pixelrsallows to meagure thesg.btal energy 56125 dent on the
pi xel . The energyneasurenent in the centre of the pilxel allows Jafter

v

differentiating pf thel8gnal, to ®984i|n i nf ot48a2i on |about %% tilme
evol ution of the-mntenstty—+n—the centre ‘Ietine pixet—Wth—this type of
contact, the output for beans having theT;égne maxi mum i ntensity but
differemg beam dianeters will always be the sane, while the neasurenent
al l ows di stingui shing beans having the sane total ener(%y but different
maxi mum i nt ensi t ilR$themwords, Y Brabegy dAsiENing s tor plegtinse wsed, sdfferent he
perinmeter el L Di . t I ff.er [ AL ignal ,
i nformati ont %S{prim@%?ﬁrr%n g@h%%iog%aua@.t ﬁér \l}{g%algegglmns?é%@\l’%éﬁ ;[ﬁné];ﬁﬁgh%l xel .
The use of Ppametsrs af,, &Rl kL Qdbeadbtaiveddhiirinagon bi agcdrtteveentdet afighdiavi ng

t he sanme maxi mum o . i _
pixels is the energy incident in the centre of the pixel whereas a perimeter

10  contact, which is far away from the centre of the pixel allows to measure the
total energy incident on the pixel. The energy measurement in the centre of
the pixel allows, after differentiating of the signal, to obtain information about
the time evolution of the intensity in the centre of the pixel. With this type of
contact, the output for beams having the same maximum intensity but different

15 beam diameters will always be the same, while the measurement allows
distinguishing beams having the same total energy but different maximum
intensities. The total energy measurement obtained by use of the perimeter
electrode allows obtaining, after differentiation of the signal, information about
the time evolution of the average intensity in the pixel. The use of a perimeter

20 electrode allows distinguishing between beams having the same maximum
intensity but different total energy. For pulses much longer than the thermal
response time 15y, the maximum output is independent of the pulse width and

can be estimated by the following expression
‘Tsurface,max ~ WO min {Lbeam ? Lpix }2 /((Lnbs + min{Lbeam 2 Lpi.x })Z) [1 1 ]

25 This regime, called the regime of power measurements is approximately valid

for pulses longer than tpow = ¥ Tsub Where y is the same factor as for the energy



intensity but different total energy. For pul ses much | onger than the
thermal response tinme tSUb , the maxi mum output is independent of the pul se
wi dt h andwoanodys2zst i mat ed by the foll ow ng expressi on PsufEP2008/m{3iLheam , Lp
x }2 /I ((Labs +min{l ,Lplx })c) [1 1] This regine, called the reginme of
power mneasurenments is approximately valid for pul ses |onger than tpow = g

t SUbwhere g is the same factor as for t energyneasurenents. In that sense
g is defined as follows. In order to extend the regime of the power

measurenents as much as ssible, i..e..t0 ow as small as possibl e,
one needs tW@%Hﬁ?W@Q%'t‘E@E&\?&Pﬁ%% 'y ﬁeg'ﬁ)%g%iﬂo Pwith small g values. The
smal | est val ues of t are reached for snmall absorption lengths in

conbi nati on with snal‘lepi xel s. In the power - sensi ng regi me the [maKi mum
tenperature is incré&asjng wth increasing pixel sizes. Hence for high

optical power neasurenents it is needed to limt the pixel size which is in
favour for m mademion extesds thon refindeofpthee pomeyi measummelstssaal muphl 8es.

Siml f b havi I I h be ] X and . {ncid
bearms. havi nBOBSIBIR, 48 BIGERS ange? STIFNSR POAFElR 6 ERERSdDR STEdRs] fon
diff t | t N desj,.gn. '

cent ro-Bont dabefr Forg B dbe WnTRAE) rwfebRs b SRS T8 olBor Bl o

on the cent rgadifed 7 sﬂhé!ﬁ!abs@ﬁﬁibﬂhﬁn%ﬁhfsfiﬁrc@hﬁt'biﬁé’dim viithespill pateld.uni hies
all ows obtaining information about the tine evolution of the power in the

centre of tREWSI-sensiNtoiedMpdhe FBREMuED FRMaREratyNRas tingrgpsifewsith Bicreasing

o dent b B e FROEK : e ol iy
bbout the.t PIRS' SE3RGEIERE 13 gl deiBarPine inBllsenfihs i ABRBLE 1 IvRAEL | O
exanpl e, a pixehAize wiith aé én iavdurafod apinmeximant extersioroof thes pomEer0Egimen 3

and a correspondi ng absorption length Labs = 294 mmand with a circular
pi xel WOt h fowagisugmall PPEesm and a reflective Au | ayer on top of a

eI e SSRPAPIE, YRS LS OGS gt St 4 B

| aser beans which are s p1 xe a [8]

can be appl iiRdémt BEaiAs MalRdl & pulseNBndths@ees eha b eanibeatharacterisé®iba= 95
nms. For pul sed | aser beans which are shorter than terg= 2 ns the detector

pi xel behavédiffdrerbway, dapengingearethe swraific inp elgstpdeagsians Ysingea CeRtia 4 ns
contact allows obtaining information about the local power incident on the

15  centre of the pixel, whereby differentiating the signal further allows obtaining
information about the time evolution of the power in the centre of the pixel. For
a perimeter contact, the total power of the incident beam is measured and
differentiating allows to obtain information about the time evolution of the total
power in the pixel. As a numerical example, a n-GaAs substrate with a doping
20 concentration N = 7x10" c¢cm™ and a corresponding absorption length Lass =
294 pm and with a circular pixel with a radius of 25 ym and a reflective Au
layer on top of a secondary insulator layer. One can derive that B =1.9 and y =
47. For all laser beams which are substantially larger than the pixel size,
formula [8] can be applied to determine the time response of the pixel, i.e. tsub
25 =95 us. For pulsed laser beams which are shorter than te= 2 ps the detector
pixel behaves like an energy meter, when the laser beam is longer than 4 ms
the voltage output of the pixel is related to the temporal evolution of the optical
power of the laser beam. In the latter case, an array of pixels will eventually
produce the spatio-temporal evolution of the optical power of the laser beam.
30 In other words, the detection system and method according to the present

invention can be operated in 5 different regimes, i.e. three individual regimes



the voltage output of the pixel is related to the tenporal evolution of the
optical power of the |laser beam In the |atter case, an array of pixels

wi || everwoabésypspizoduce t he spati o-tenporal evol uti on ofPCrie2@piasas power
of the laser beam In other words, the detection system and net hod
according to the present invention can be operated in 5 different regines,

I .e. three individual reginmesand two i x€9 regi mes. The sensor el enents can
measure in a reginme of tenporal intensity profiling, a reginme of tenporal

i ensi Uy St NP e ot at PRI cBhuPRatfhincF BbE

and ener gy tBRRRiHaERRINSItY Profiidg, andgivie besmoehheh@dymhehsdrements ywisish be
obtained with nunerical nodels, a regine wherein tenporal power

measur enent/gagaattae dHigrensiating terfimey O e peralinsensty REREingy camikegoRsime
measur em‘v‘“t\ﬁa@f e g‘@%&ﬁﬁmaﬁ@ﬁ Sttt Arﬁdeﬁér@& %Sés&%%ecmé Ys Bfadd éha e"Ed

with nuneric especflcm)e neasuri ng ode

nmeasuri 6g nwkkeredyddétditis ipryfileeasnilyi ogn nmleobiamebewulsedumehbalr moalels, ract I y
obtain the proper quantity of the [|ight beamthat is to be studied, or a
conbi nat i o eGiME HULRr GiB ENRRIA! HOWRSSFeASUERTENS GarbDERAEadnd etrdhiefange,

l.e to 0btr%bﬂn§ v%MéPé‘W bHéFg[}P%H EB%b?eme&S’rreﬁ?éHté’rbrébé’&’hblrfe@htwl‘?&% Wth

a very short “puls e of picoseconds, to contlhuous wave
| i ghting syddtaited profllehaecebyomly laesrpérmvfedcmidvammagealomodbts prhes epecific

i nvention that, these neasurenents can be done for Ilcal
et ams " BaHab e ETRER ITEEeH NG, Theds T Seasitig’ Sioda andrBaHsity

equati qgs, rﬁeg%ﬁﬁd ﬁﬁ?éé!%éﬁrﬁec@ébcﬁé&ﬁ@ﬂtottﬁr&%%ﬁﬁﬁthé pfop e@hu%ﬁh%éﬂtﬂg for

exanpl e the pixel Tonfiguration, such that a Specific neasuring de can be
used for a lightdedircthapis tofbe styldiechexra comburiailopmfstbew md@lesfcarhlee Iusgdt
beam can be a us e asure node f

o aot oo bERLe BrbBedRe LRt TER0E e o dtfe 7 Pyt el AR S RWetE o
i nterpret dafRfiAiona2hobt Hight Ve witd VBB shokasal i.dermovangasgd on

t he gi ven detector dinensions (substrate material, w ndow openi ng,
absor pti on PieaseeANdsndtoaconiiruouss wavet Bolsing s¥stessm dhiheebyris | ispscifici n a

second gmogh Rk ge 3F1RERreBERT RUERA0R WL HULE Qb entd art B @ne for

optical high power systems, from about 1 Wem™ up to a few GWem™. Based

on the above equations, a detector system can either be adjusted, i.e. by

adjusting for example the pixel configuration, such that a specific measuring

mode can be used for a specific type of light beam, or the pulse width of the

20 light beam can be adjusted to be able to measure it in a specific mode for a
given detector system.

Persons skilled in the art will understand how to interpret detector and

pixel outputs and their temporal behaviour based on the given detector

dimensions (substrate material, window opening, absorption length) and a first

25 estimate of the beam characteristics .

In a second embodiment, several preferred configurations for the sensor
elements as described in the first embodiment are described. These preferred
configuration are Iillustrated in Fig. 4a, Fig. 4b, Fig. 4c and Fig. 4d.

30 Measurements typically are made between electrical contacts 145 and a
reference electrode 140, positioned outside an absorption volume of the
detector, e.g. but not limited to an electrode at the bottom side of the detector.

Ideally the metal contact 145 to the pixel should be minimal in size in order to



el ements as described in the first enbodi nent are described. These
preferred configuration are illustrated in Fig. 4a, Fig. 4b, Fig. 4c and
Fig. 4d. Wbasewmsents typically are made between el ect riPCalEPc@SRBIS 145
and a reference el ectrode 140, positioned outside an absorption vol unme of
the detector, e.g. but not limted to an _electrode at the bottom side of
the detector. Ildeally the rnetal contact?45 to the pi xel should be m ni mal
in size in order tohave m ni mum di sturbance on the optical |aser input.

o mam r oareaREEBRL BiskinateB ot SRR et o B, SHENCENA R
read-out elpfd rc@ni froduBeCRige bathalr essistonees198.e Tagualaximens easistangety of
the detector is halved. In Fig. 4a the electrical contact 145 to the pixel

i s provi decshushgot Re ggeniiasy the inplet rasigpnceefithe ypagdiong alegfemniass o j s
Pebst rat s 1t f rBppERs che SRidh tne Sefinty oF e pEGHARS haREd RPRRLC D

shape of5 t hta fliexelectlivab comttach®4 6 tootheepirelsigumoeidetitaloam tied peritheter afitheul ar,
rectangul ar or even arbhitrarily shaped. pi xel w ndow. Wien the | aser beam
and the pi x@ikelafp 1Bp¢iaHRE 1gyes é%I,BaGt?ﬁdeHV'gﬁag&tW?ﬁatth?ﬁ'éetﬁl geE 4o
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of the pix Hence In a preferred configuration as 1llustrated i
the metal cshiltecinsther artithat the $§bapedf theepigel doee nbt mgedstoldda, sduise, Iti . e.
an elongated |l a

havi r I I th/w dth tip, I nt i to, t
centre of t¥ Br%%trape\?ﬁ\‘/ 'ﬁﬁgbﬁﬂ_w %Qgpﬁgi Wg\gp/gn 1%%’§férﬁ3ﬁf§g‘gbg'gl Q?@y?"ﬂ’é@aﬂuri ng
manuf acour | WoheRfthENSsdldhidng HeY bRl akddpsirRlilyedlighB8, BRE IEAl expdRYthdput

t he higher the probability that one or nore fingers contacts are still
i ntact af t elthet iighgstotesparatyre Fpradienic and dienceavoliage putpublsisstaldishedriger s

146a, 146b pi cal | rovi ded during _progcessjn f a.pixel. in etecting
devi ce is. B0 TSt Behival Mepieq Paiphrrat Conurdidh AR durdiefed ™ Br S0
remains to £ iy @Rt oftdcts BRLIN thefdrherbse ol cadiniefs Paehef46t ie. an
configuration one or nore fingers are connected to an open w ndow cont act,

e.g. an opeglopgatedi layerchaningta iangedenpth/witth gatier poipting fie the xentrai ofdbev.

T0-can o poieh ARHORE TridRtfe ASBEs, Lok e oBRGBRS WAhbTGRI PR "0 ©
Fig. 4c. Thef & idgtettireeidevives otite gnalld} aan dpticanyinputpeupfthanhighef Itaeti ve

probability that one or more fingers contacts are still intact after the processing.

For practical reasons, the number of fingers 146a, 146b typically provided
during processing of a pixel in a detecting device is about two to three. It is
20 preferred that the insulating layer 130 remains to a large extent under the
fingers. In another preferred configuration one or more fingers are connected
to an open window contact, e.g. an open circular contact rather in the centre of
the pixel window. When a maximum optical input power is required, an anti-
reflection coating 210 can be provided at the window opening of the pixel as
25 illustrated in Fig. 4c. The anti-reflective coating 210 can be any type of anti-
reflective coating, such as a stack of thin films having an alternating refractive
index. Typical thin films used therefore are , e.g. coatings of ZnSe, ThF4, YF3,
GaAs, Ge. In an alternative design both local electrodes 147, e.g. formed by
finger contacts as described above, and a perimeter contact 148, electrically
30 separated from each other are used. The latter is shown in Fig. 4d, showing a
top view of a lay-out for a single pixel having a local electrode for example
being a centre electrode and a perimeter electrode. The local contacts 147

thereby typically are provided in or near the centre of the sensor. By providing



coating, such as a stack of thin filns having an alternating refractive

I ndex. Typical thin filnms used therefore are , e.g. coatings of ZnSe, ThF4,
YF3, GaAswo0Q@Geo6/d3es2an al ternative design both | ocal el ecPcod®00547031%. g.
formed by finger contacts as described above, and a perineter contact 148,
electrically separated from each other are used. The latter is shown in
Fig. 4d, showing a top view of a Iay-cnRBfor a single pixel having a | oca
el ectrode for exanple being a centre el ectrode and a perineter el ectrode.

The |l ocal contacts 147 ther typically. are prqvided in,. a e gentre
of the seni&tnh Ef?/nstapﬁﬁlﬂﬁgﬁggh%gﬂrtag%q sfr(?mlgq_%é g@l%’r a@ﬁéré}ﬁo%p%gcﬁ?
ot her, dif figfopRbtiby RaR K obtfivsdTely setdly Gecbi thieRedoriictsel B ctdangr bye of
t hese contact 147, 148 or by measuring both an el ectrical signal_ between
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such as described in the first enbodiment for different pulse |engths of
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pi xel wher ejifferent puisec tengthsrafi¢he dnaideritrbeanesc &or ruled lemghtpibetveahdheas a
peri meter contact 148 neasures the total energy incident _on the w ndow 110.
For pul se |#nigonearaaneiers tinar@Nchewve (88 ptaingst afosmetieon Jee aocal SepkRds a

nci derd on4nd gt apRERLEshiad 3 fhe PSR ALY ngdent A6e Bediren ¢

the pixel idfthe @l Mhetb dloé codiact & maed, e ghiet éas céntreaflee ipivel hecsad act ,
the total power of the incident beam on the pixel w ndow iﬁ neasured. The
latter systReAmaierisontastdAdsmeasdiesying folahegeray dgridept QBit ¢anadew, 19 th a
wi ndow def i gi ' Sjti | S I at is
subst ant 1 al 19 PAPE Lt ordR AERSho Vs SUbPR! SlactieRiel PA e A B bnird?

that a typielatiréda.calfws ke opediminforgatibhebbernthdi lacel powersneitiehieastthé. 5
times, preferably 2 tinmes smaller than a typical size of the w _ndow, e.g.

the di difet elocalrigapreamibiedpcall deeiedfe 1thye BurthReraniFe Calthe P& & g gentre
protection Laverye GHEGIERY WELISAS "By ARty P Wntact, the total power of the

incident beam on the pixel window is measured. The latter system can be used
especially in large single pixel sensors, with a window defining an active or
sensitive region of the sensor element that is substantially larger than the
20  beam size. With substantially it is meant that a typical size of the beam, e.g.
the beam diameter, is at least 1.5 times, preferably 2 times smaller than a
typical size of the window, e.g. the diameter. The perimeter electrode may
furthermore also acts as protection layer, thereby defining the active or
sensitive area. In this case, the perimeter electrode 148 may be an electrode
25 layer that is insulated from the semiconductor layer 120 except for a small ring
defining the window opening. Similar to the previous configurations, insulating
layers and anti-reflection coatings may be applied where appropriate. It is to be
noted that perimeter contacts yield a smaller sensitivity than e.g. centre
contacts. It will be obvious for the person skilled in the art that although
30 circular and square windows are shown in the sensor elements of the present
invention, the shape of the window is not limited thereto. This explains why,
for beam pulses shorter than tmy, a local contact at the centre of the pixel

allows to obtain information about the beam intensity, while using the



sensitive area. In this case, the perineter electrode 148 nay be an

el ectrode layer that is insulated fromthe sem conductor |ayer 120 except
for a smawb 200ang232ef i ni ng t he wi ndow opening. Simlar teCcrhP2@seviess
configurations, insulating |ayers and anti-reflection coatings may be
applied where appropriate. It is to be noted that perineter contacts yield
a smaller sensitivity than e.g. centre ntacts. It wll be obvious for the
person skilled in the art that although circular and square w ndows are
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shown in Fig. 6a or a two dimensional array (2D) as will be shown in Fig. 11, it

is important to minimize the cross-talk between the different pixels for a given

resolution and to keep an optimum sensitivity. In other words, pixels to be used

in a multi-pixel configuration preferably are adapted so that a low inter pixel
20  cross-talk is obtained.

The preferred design rules for lowering the cross-talk to an acceptable
level are dependent on the regime of operation of the detector, the different
operation regimes being discussed in detail in the first embodiment. In fast
laser pulse detection applications cross-talk is of minor importance as heat

25 cannot be transferred fast enough by thermo-conductivity processes. Cross-
talk can be neglected in applications where pulse lengths are shorter than .

For laser pulses longer than tyix there is sufficient time to spread heat,
the longer the pulse the more heat spreading, hence more cross-talk. In
general heat is spread through the substrate from top to bottom, i.e. creating a

30 vertical gradient, and from the centre of the pixel to the sides, i.e. creating a
horizontal gradient. To minimize the cross-talk between pixels, given a
required pixel pitch, three preferred techniques can be applied. The fill factor

of pixels may be lowered, the horizontal gradient may be kept significant



operation regi nes being discussed in detail in the first enbodinent. In
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more localized energy deposition, hence in higher temperature rises. In the

case of a very small absorption length, corresponding to extreme high doping

concentrations, the local temperature rise will be unacceptable and will lead to

thermal damage. Different preferred solutions however can be introduced to

20 find a compromise between reducing cross-talk and to avoid thermal damage,

which can be combined with all of the suggested detector embodiments of the

present invention. A first preferred solution exists in the provision of a heat sink

172 at the bottom of the substrate 120 such as illustrated in Fig. 5a. This heat

sink 172 has a double effect: firstly it reduces the maximum temperatures at

25 the top side of the substrate 120, hence larger optical power levels can be

detected in such case and secondly it enlarges the vertical gradient with

respect to the horizontal gradient, which leads to smaller cross-talk lewvels.
Furthermore a reflective layer 174 may be provided adjacent the heat sink.

In Fig. 5b, the maximum surface temperature is shown as a function of

30 the position of the distance to the centre of the beam. The dotted line

illustrates the maximum surface temperature for a system without heat sink,

the full line illustrates the maximum surface temperature for a system with heat

sink, while the dashed line corresponds with the beam profile, indicated by way



whi ch can be conbined with all of the suggested detector enbodi nents of the
present invention. A first preferred solution exists in the provision of a
heat si nkwb28o6at3232me bottom of the substrate 120 such a®cCiridra@snaisesl i n
Fig. 5a. This heat sink 172 has a double effect: firstly it reduces the
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i ndi cat ed flWcardatheciesulthare hgicatdefdr sdetectdratsthgh heatlsimkaiiaeedbt 350 mm
fromthe top of the substrate. Fig. 5d teaches that enpl %jidng only a
partial |y ais@neenel $68sumafiont dhe nepvel jherfsubstiate i or &L éeaheshthataxi num
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extrenme high optical power |evels to prevent thermally induced substrate
damage.15 be easily lowered with some orders of magnitude by choosing much smaller
absorption thicknesses. This is a preferred embodiment when one has to deal
with extreme high optical power levels to prevent thermally induced substrate
damage.
In comparison with quantum well detectors, pyroelectric and bolometer
20 membrane detectors, moderate doping concentrations, i.e. in the range
0.4.10"® — 4.10"® cm™, in n-GaAs lead to absorption lengths which are at least
more than one order of magnitude larger. Depending of the optical power level
and pulse width, a typical range of the absorption length in this invention is
between 20 and 1000 um, whereas in the prior art this is of the order of
25 micrometer of even submicron. This explains why the detector mechanisms of
this invention are preferred over other detectors in large optical power
applications. Inter pixel cross-talk in high optical power applications can be
preferentially further reduced by using smaller fill factors, i.e. by partially
diverting e.g. reflecting these portions of the light beam which are not close to
30 a pixel centre. Although this does decrease the vertical heat spreading area
which is not beneficial for cross-talk reduction, the overall effect is positive.

Smaller exposed pixel areas allow more space between the pixels for a given
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in top view and goirsepiRensirictufy %S Sivgld pial invhanulti-pixel configuration, as
shown in Fig. 6a, is shown in top view and corresponding cross-sectional view
along line A-A’ in Fig. 6b. On top of the layers of the previously described
embodiments a reflective/protective layer 220, separated from the rest of the
20  structure by an electrically and thermally insulating layer 230, is provided.

A second configuration for a single pixel in a multiple pixel device
having a reduced thermal cross-talk between different pixels is shown in Fig.
7a both in top view and in two corresponding cross-sectional views along lines
A-A’ and B-B’. The pixel has a similar design as the pixel design of the

25  previous configuration, but in contrast to this configuration shown in Fig. 6a
and Fig. 6b, the reflective/protective layer 220 is not provided on top of a
second insulating layer 230, but is deposited on the first insulating layer 130
such as the contacting layer 145, but complementary thereto. This
complementarity is shown in more detail in an alternative design for a detector

30 lay-out with a reflective/protective layer complementary to the metallization
paths in Fig. 7b.

The complementarity between the relfective/protective layer 220 and the

contacting layer 145 can also be implemented by using an additional insulating
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An illustration of a system, allowing to block the thermal heat flux in the
horizontal direction is shown in Fig. 10. [f a small fill factor is used, there is
sufficient space between the exposed areas to etch air channels 275 with
width e and depth d. These air channels 275 will act as good thermal insulator

20 Dbetween the pixels. This is very effective as soon as the etch depth d is at
least a substantial fraction, i.e. at least 10% preferably 20% more preferably
50% or is at least equal to the absorption length. Typically the width of these
vias is less important. A typical width may be in the range 5 to 50 pm wide.
Simulations show that the cross-talk can be reduced with a factor 5 to 25 such

25 that the absolute cross-talk is below a 5% acceptance level of the laser
application.

Persons skilled in the art will understand how to interpret detector and
pixel outputs and their time dependent cross-talk influences based on the
given detector dimensions such as substrate material, window opening,

30 absorption length and derive a first estimate of the beam characteristics.

By way of illustration, exemplary results for temperature distribution and

thermal cross talk are shown in Fig. 11a to Fig. 13b for sensor elements



An illustration of a system allowing to block the thermal heat flux in the
hori zontal direction is shown in Fig. 10. If a small fill factor is used,
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at various d ths inside the substrate, i.e. the t enporal behavi our of the
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310. The greariousf dépts. Thesehewnplaey graphe SHAv iwisick alistaact heeatisr foebpondi ng
maxi mum t enperatures at various depths. These exenpl ary ggrr‘gtpgsmggl%v&r}/]\hl ch
di st and® netesgeeisdpim the depth, to place the ground contact such
output is detected. The ground contact thus needs to be place outside the
integrated in time absorption volume to obtain a maximum output. For the
present example, a depth of at least 0.2mm needs to be respected.
Fig. 12a, Fig. 12b and Fig 12c illustrate exemplary graphs of the
20 temporal evolution of the temperature distribution on the top side of the
substrate for a 1 mm wide incident laser beam with a peak intensity of 25.6
kW/cm? and various pulse widths, i.e. 300 ns, 30 ps and 5 ms on an n-type
GaAs detector substrate with an absorption length of 100 um and having a
circular pixel with a radius of 25 ym and a reflective Au layer on top of a
25 secondary insulator layer. The curves on the various graphs correspond to
different distances from the pixel centre, expressed in multiples of the pixel
radius, i.e. 0x, 1x, 2x, 4%, 6%, 8%, and 10x the pixel radius.. In the energy
sensing regime, illustrated in Fig. 12a using a laser beam with a pulse width of
300ns, the detector's output is the integration of optical input. Only in the
30 centre of the pixel, indicated by curve 320, and at the pixel radius, indicated by
curve 321, the temperature is changing. For the curve 322 indicating the
temperature in a point 2 times the pixel distance away from the pixel centre,

and the other curves (not referred to) indicating points even further away from



respected in the depth, to place the ground contact such that a maxi num
output is detected. The ground contact thus needs to be place outside the

i nt egr at ewtoi2nogii3e21absor pti on vol ume to obtain a maxi nuRCEOEPRAS/01(308 t he
present exanple, a depth of at |east 0.2nm needs to be respected. Fig. 12a,
Fig. 12b and Fig 12c illustrate exenplary graphs of the tenporal evol ution
of the tenperature distribution on the t side of the substrate for a 1 mm
wi de incident |aser beamw th a peak intensity of 25.6 kWcn2 and vari ous
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curve 322 1091 821 80Ank NOX RERRKA s vy RO heZdfZRst thDillRlicHed ance
away fromthe pixel centre, and the other curves (not referred to)

i ndi cati ng pespactivelydry ECunveb&31aBdadR, 83amM3tk 335x 8B6c Ehisrtemperaiutenpange ur e
s al nost constant. Once the pulse.is finished, the tenperatures gradually
decr ease du® N AHIARIST EPGREPTE to ke TSanDY’ enion dUR Relmtrangiiolihe:
sensi ngqd egigiRctd | blusineat Qebdiatd tattideb Tea HD anbrgfioReamedirhd as pul se
wi dth of 30ns, a nmuch bigger tenperature change at various distances from
t he pi xel s chardgiedsash byFithe famh Bwbvat diftereak Wistences froe Jwntpixelothe he

pi xel , indicated curve 330, and for . points X 1 8 Ox
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this regime the maximum temperature is simultaneously reached at various
distances from the centre of the pixel. The temperature information in the
centre of pixel yields direct the temporal evolution of the power incident on the
pixel. The temperature change is shown for the pixel centre, indicated by curve

20 340, and for points 1x, 2x, 4x, 6x, 8x and 10x the pixel radius away from the
centre of the pixel, indicated respectively by curves 341, 342, 343, 344, 345,

346.
Examples of cross-talk calculations where the blocking of the horizontal
thermal heat flux is not implemented are shown in Fig. 13a and Fig. 13b for the
25 energy sensing and power sensing regime, respectively. Both figures give an
overview of the cross-talk at the moment when the temperature is maximum in
the centre of the pixel for different absorption coefficients expressed in mm™.
The sensor structure and laser beam used in the example of Fig. 13a is
identical to the sensor structure and laser beam used in the example of Fig.
30 12a. Fig. 13a shows that in the energy sensing regime the cross-talk between
pixels is between 5% and 1% (5% - 1%) when the pixel centres are 3 pixel
radii away from each other. This means that for an illuminated first pixel

leading to an output signal S, a neighbouring pixel, not illuminated directly,



nunerical nodels needs to be applied to derive the spatio-tenporal

I nformati on about the |laser beam Fig. 12c illustrates the tenperature
change f owotb@/q3es2@r sensing regi me using a | aser beam wCThEPaooSOIsEs W dt h
of 5ms. In this regime the nmaxi mumtenperature is sinmultaneously reached at
various distances fromthe centre of the pixel. The tenperature information
in the centre of pixel yields direct t hed enporal evol ution of the power

i ncident on the pixel. The tenperature change is shown for the pixel

centre, indicated.by curve 34Q, and for_.poings 1x , AX. BX, . 8x a 10x
the pixel " BL Ry S el BRMmARLE T hEt fbnar S mtbsu i reliBvery
by curves 3fikel. SRioudAs,if &t piddTentés. arbxseptradoby o Rsgert dlskance, the

cal cul ations where the ‘bl ocking of the horizontal thermal heat flux is not
i npl enent edcross-thioinmsalleri. dhe Egaowmtdfrirgss-tedbistindicatas foner gy4gvnsi, mg=and

power sensi regi ne, spegti vel Both figures gjve an ov [ Q he
cross-talk gg 'Pﬂg*’rﬁbﬁeéﬁ gnat'hgxpéﬂﬁbrﬁ Ur‘gﬁ @"ﬂaﬁ‘r’rﬁh‘ﬁf‘?%%%ﬁ%@rﬁt of
the pixgl f%s@'éé@g%@fse&% PThaNFG&s bfssRtbik @?lﬁb@ségﬁeéﬁbrmﬁ'wi@h thdhe
sensor structure and laser beamused in the exanple of Fig.” 13a 1s
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Fig. 12a. Fig. 13 h t hat i h NSi ' th -tal k
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pi xel leading to an output signal” S, a neighbouring pixel, not illum nated
directly, mayn ifigli d3beisaths gamie a$ thalkdikid. V260 he curvessagnabragneisizedriad i n

the first pixel. ' | A f the. pi t ted. b N
i standd. | Harss Qb Red o spPiRntn g FHER " 1 BEURY HeRSingrelimB Lt o
for a = 34 &Rbl tha tﬁgggrogggélk @itho@B alMydp is anacceptablymigh, everat Ifgam 1

by curves 350, 351 , , , 354 respectively. The | argest cross-talk
val ues cor r gigianees hroreHBas )% &8t togivxeldaditsrawalt.i 0t amasiné 5 oress-

Sl oSt o gaR bl R R B e, PR e B 5 8 g
That of i g L6 T e o S e T on
coef f i dbent 36fheespactieslyf ofFigt H8cpsheeys sansiamgple exfi mev this cross-talk can be
substantially reduced by etching a thermally insulating air gap in the case of a
50 pum wide incident laser beam with a peak intensity of 25.6 kW/cm® and a
pulse width of 300 ps on an n-type GaAs detector substrate with a doping
concentration N = 7.7x10"" ¢cm™ and a corresponding absorption length of 294
20 um and having a circular pixel with a radius of 25 ym. Curve 370 shows the
temperature change as measured in the centre of the light beam, while curve
371 shows the temperature change as measured in a neighbouring pixel
outside the light beam, separated from the pixel by an air gap of 50um wide.
The cross-talk is indicated by curve 372, indicating that the cross-talk can be
25 decreased below a 5% acceptance level when the etch depth is 50 pm, which
.is about 20 % of the absorption length in this illustrative example. Table 2
shows with numerical examples how the cross-talk reduction factor depends
on the ratio between the absorption length and the depth of the thermal
insulating gap. In both cases é 150 um deep gap is compared with a flat
30 structure. Reduction factors between 15 and 25 can be reached when the gap
depth - absorption length ratio is varied between 16% and 300%. The cross-

talk reduction is most effective for the smallest absorption lengths, but actually



show that the cross talk without air gap i s unacceptably high even at |arge
di stances : nore than 10% at 6 to 8 pixel radius away. The anount of cross
talk i s iwoizearoses2fior different absorption | engths, i.ePCr@mP2@501348 mm 1
a=55mMm1l1, a=9%6m'l1, a=215m 1, a =474 mm 1 by curves 360,
361 , 362, 363, 364 respectively. Fig. 13c shows an exanple of how this
cross-tal k can be substantially reduced ) etching a thermally insulating
air gap in the case of a 50 mm w de incident |aser beamw th a peak

intensity of 25.6 kWcnR and a puls jdth, of 300 ns on.an n:type As

det ector s IRES BBk GRRHIC Y A5 EoRBelaPt 8 fih Re-Sensiioattherpaeliasa
corr espondi iﬂgr@algégr%]bggu{gr}g&tl@rghr%gé_ mm and having a circular pixel with
a radius of 25 mMm rve 370 shows the tenperature change as neasured in
the centre of the |light beam while curve 371 shows the tenperature change
as neasured i n fa—netghbourtng—pxel—outyside—thet+eght—beam—separated from
the pixel by an_air gap of &@mh WATK) ThaTouwt @9s! tXatakk (g dedeetiond | by curve
372, indicating at_hﬁaca.}lhe Cross-a gl ki1gian be deer eased3hst ow a 5% a¢cept ance
| evel when the jetch depth|is & mMmuowhijch isyabput 204 8g 0f t hgggdsorption

length in this [itiustrative exanpl e abre DWS W numeri cal | exanpl es
how t he cross- t|al&2/20ct -on—f or ! eﬁds—{%%él%e—%%—be{—meﬂ—i he

absorption | ength and the dppﬂw £ 1334 |t her nhP7 | nsul a?-p%‘] gap23-p?1 bot h
cases a 150 nm deep gap is conpared with E@Heat structure. Reduction
factors 5bet ween 15 and 25 can be reached when the gap depth - absorption
|l ength ratio is varied between 16% and 300% The cross talk reduction is
nmost effective fiorwilhbesombibestthabse pesudis sieovat rboveusy actyuef llydratomot
depend much on it. On top of that the sensitivity of the pixel has
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further preferred enbodi nent, a detector 400 conprising a two

In a further preferred embodiment, a detector 400 comprising a two
dimensional array of pixels 402 is described, as shown in Fig. 14a. An
electronic scheme of a single pixel structure 402 of a 2D array is illustrated in

15  Fig. 14b. Although the invention is not limited thereto, the 2D-array may consist
of n rows and m columns. Each pixel 402 generates its own voltage Vi
according to its optical input. Each pixel may be separately addressable so as
to be able to read out the value on each pixel independently. Accordingly, a
means for separately addressing each pixel and a means to read out the value

20 on each pixel independently is provided. Due to the finite dimensions of the
metal contact to the pixel a local resistance 410 is present. During a given time
period all pixels of the array store their input values in a storage element 420
by means of switch 430. The storage element 420 may be e.g. a capacitor,
The read_switch 430 of each pixel is activated by a common read_signal

25 which is directed to every pixel during the read period. Before the optical pulse
is incident, every switch 430 of each pixel element is activated by a
read_signal. During the read_period all read_switches remain conductive and
all read_out switches remain open, i.e. in a non conductive state. After the

laser pulse reading cycle is terminated, every switch 430 of each pixel is



di rensional array of pixels 402 is described, as shown in Fig. 14a. An

el ectronic schene of a single pixel structure 402 of a 2D array is

i 1l ustratwo 2006/082321 14b. Al t hough the invention is not [PCEiEPe@sOINBSIELL O, t he
2D-array may consist of n rows and m col ums. Each pixel 402 generates its
own voltage Vt OC according to its optical input. Each pixel may be
separately addressable so as to be able 3 read out the value on each pi xel
i ndependent|y. Accordingly, a nmeans for separately addressing each pixel
and a neans,to,read o t he,val,ue on,each pixel independently is provij.ded.
e to the deRtLER RhBRe S re el o BuR it EREEE o the ZepB e
resistance 4k bacRMBALESMpRSIHAM @oiN8S JfitAB FBIHiRsl atdy, b %eds byf stbpe
array store their input values 1nh a storage el enent 420 by nmeans of swtch
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cver v pi xel MiSarHg R Bk o HETRRR L, TEAe S ¥0B0e il Su ABREE AL,

every sW t cdiffdrht abagasht piepsl atd exeBLitdds imckrivat qtily aatotdlafamegpaliod.
During the read_period all read_sw tches remain conductive and all read_out
swi t ches r eRther Wakh ofiread-qui  stapsnatemPldimitiegsiosttee sgapsy ot e |pI8Ntpul se

readi ng Cycib@eﬁt?ont %ﬁmt W*@%’P%ﬁ@ﬁg_k"@’?m%eﬁh pi xel isdeacti vated.

Afterwards Thé read _out cycle i I ng read_out cycle each
row conprising Mieol masoutf eldetréiicifoel datectivig tsviseepcdiypssing deidctssed
by activating the Mcolum pixel swifches 440 to rea(g out the information
fromthe stdFERALEIESHEPICIORACIN RNk S PEPYRYS efpROGENISBIe NAWHiYtRG ent

read_oufy StgRSRER iRIAGH §8tall Fﬁ@riﬁ%ng%ignq 62sHA ?reﬁeﬁ%ﬁf%ogﬁghpﬂiong&er

ways of Tread-out steps are not mtin r the scope o resent
i nventi on aiheé etk diagoamsof tize pead-anut ekedttandcs fortdetecting déheess. eBlde oedd-
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di agranms of the read-out electronics for detecting devices. The read out
el ect r oni csdigitalidgagionppfl thedtenpora) @velusioxedf thes beamedhanactesisties. atiw cliwice
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charact eri shAh&Rgud/TBighalosko conversion can take place. The Sample&Hold circuitry
460 can be any circuitry that allows obtaining a measurement result and
storing it, as described in Fig. 10b. The Sample&Hold circuitry 460 comprises
a storage element, which can be any type of storage element such as e.g. a
20  capacitor. Once the signal is digitized it can be used for further processing for
the reconstruction of the temporal shape of the laser beam. The electronic
scheme of Fig. 16 is rather suited for measuring the maximum signal at the
pixel output. The peak detector circuitry 480 records the maximum value of the
temporal evolution of the laser beam incident in the particular pixel. At the
25 moment the maximum signal is detected the Sample and Hold circuitry 460 is
triggered. After this process the digitalisation of the analogue signal can be
effectuated by means of the ADC circuitry 470. The above described read-out
electronics can be made of standard electronic components, well known by a
person skilled in the art.
30
A further embodiment describes methods for measuring a temporal and
spatial profile of a laser beam according to the present invention. Schematic

illustrations are shown in Fig. 17 and Fig. 18. Fig. 17 illustrates a first preferred



450 triggers in a regular way the Sanple/Hold circuitry 460 where after the
Anal ogue/Digital 470 conversion can take place. The Sanple&Hold circuitry
460 can bwoangs/se32a¢ui try that all ows obtaining a nmeasur ecempr2008mw318 and
storing it, as described in Fig. 10b. The Sanple&Hold circuitry 460
conprises a storage el enent, which can 8§ any type of storage el enent such
as e.g. a capacitor. Once the signal isvdigitized it can be used for
further processing for the reconstruction of the tenporal shape of the
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illustrates a tirst preferredconfiguration, wherein a systemfor” generating
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| ight beam 540 and a Third |ight beam 560. The optical power in the second

| i ght beam B9 may hacmel appiicatiom an thenee epnidigiht peasr St naaye be isphitifurihghit
beam 560. The beam s | er .530 can_be, e. g.. QW_a r.pti ve beam splitter
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| i ght beam 540 is used for the specific application 550 of the user. This

may be one Z¥hemitied by the lases 5J8eohte fedpetopesvrrRTaKl PRYsEIMprisaPPaer
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the beam embodiments. This information about the status may comprise temporal and
spatial information about the output of the laser system 510, and indirectly
about the temporal behaviour of the first light beam 520 profile.
In a second preferred configuration the beam sampler 530 is replaced
20 by a mirror 580 which is attached to a rotating point 590. The mirror 580 is
installed such that at a given moment in time input beam 520 is reflected
towards the 1D or 2D camera systemn 570. Also in the present configuration,
the detector or system 570 comprises one or a plurality of any of the detector
elements as described in the previous embodiments The mirror rotation is only
25 actuated from time to time such that the interruption of the input beam 520 for
the user application 550 is only very limited. This embodiment is especially
useful for continuous working lasers. For pulsed laser systems, the timing of
rotation of the mirror 580 can be adapted to the timing of the laser pulses so as
to synchronise with the pulse frequency.
30 For high power laser systems, the fraction of the laser beam that is
guided towards the camera is limited preferably to some percentage. In the
case of pixels of 25 pm radius pixels, a GaAs substrate detector, the substrate

temperature should be limited under the 800 K.



520 emtted by the | aser 510. The detector or canera 570 rmay conpri se one
or a plurality of any of the detector elenents as described in the previous
enbodi menwe.20063252i1 nf or mat i on about the status nay conpPCIEPR@spPI3a and
spatial information about the output of the |laser system 510, and
indirectly about the tenporal behaviour of the first |ight beam 520
profile. In a second preferred configurdion the beam sanpler 530 is
replaced by a mirror 580 which is attached to a rotating point 590. The
mrror 580 is installed such that at a given nonent in time input beam 520
is reflected towards the 1D or 2D canera system 570. Also in the present
configuration, tjhegs detRCiPHeRdtosy ThEMRIELGP HRsTEREE emMBodinRnbs UsBédifiy Of
any of the detector elements as described 1n the previous embodi nents The
m rror rotaganstrucons epdseaniigueationso ast Welk as onatemgls wve: hgen Hiscussed

interruptiaon of the in beam.520, f e | i cat i: 550 s only
very |im tce}be.r&lqh?%r 8%‘%# rﬁﬁ@%gée@pgﬁ% %P%Vﬁs‘eY%ﬁPanr\%cﬂdﬁg? nﬁba[ﬁsgs%g Li ng

| asers. 5FormpdifisgibiAisedra eridedatail hits thé made withowdebaah @frdrieharsesps 580
can be adapted to the timng of the laser pulses so as to synchronise with
the pul se fardsRIAEYT thigvandin.power | aser systens, the fraction of the

| aser beamthat is guided towards the canera is |imted preferably to sone
percentage. In the case of pixels of 25 nmradius pixels, a GaAs substrate
detector, the substrate tenperature should be limted under the 800 K. It is
to be understood that although preferred enbodi ments, specific
constructions and configurations, as well as materials, have been discussed
her ei n 4fjor devices according to the present invention, various changes or
nodi fications in formand detail may be nade w thout departing fromthe
scope and spirit of this invention.CLAIMS 1.- A detector for characterising
a high power |ight beam said detector conprising at |east one pixel,
wherein each of said at | east one pixel conprises - a doped sem conduct or
substrate adapted to substantially absorb an incident |ight beam being at

| east a fraction of said high power |ight beam over an absorption distance
L, said sem conductor substrate



havi ng thernoel ectric properties, said doped sem conductor substrate being
doped over at |east part of the thickness of the sem conductor substrate, -
nmeans f orwpantdog22overi ng t he doped sem conduct or subst Patr&rPeshidhat a

wi ndow opening is provided at a first side of the doped sem conductor
substrate for receipt of said incident |ight beamin said doped

semi conductor substrate - nmeans for neakluring an electrical signal induced
by a thernoelectric effect in said doped sem conductor substrate conprising
afirst ele tr”W§ at said first side of said doped sem conductor substrate
and a refer@ne | ectrode, said reference el ectrode positioned outside an
absor pti on yol Angstdefopr B Netara¥teTRing w n@qawp@w@al If%-ltaﬁéaﬁ)a' shi@bserdutbon

di stance L. 2.- A detector according laim 1, the detector operating
according t o campiigiog mti I@asbrqn@cpnpsele wr\mf@meﬁc:hh@f sdisoapieast @re neixgl e is
a free carrier abso tion process. 3.- A detector according to any of
clains 1 to 2,°4HR" &t ect or conprising a neans for reducing cross-talk. 4.-

A det ectgor acaoraild@@eaowhmomiuactom@b@tr@tesauslpt@eat@s stipstahBalliCc Bbgorthearcr 0ss
talk is a neans for reducing the cross-tal k between nei ghbourl ng pixzels of

said plurality ofngsiend|lighhdegsradbeing atdersli adradiencefosaidtiRigh rawaredisht bel ow
a 5% accept ance h§¥§10r0\%r #a%%‘of IR GG E%aoos%m‘cc%d 'tc?ﬂ E’i‘}b trhfe 4

wherein said nea u0|ng e oss ta educrng the

cross-tal k bet weaaviagythermekleetrize propdetiesf sail dopédlrwnmwndlfct@n wtbstraned t he
reference el ectrode, adapted for reducing the cross-talk at |east_ below a

5% accept ance | eb@mgedop%zd Qvee&t dpasd gt af e flﬂcﬁ?ﬁﬁsoﬁ‘)f thexpamicondyicior
wher ei iysai d meag ?b&?éter educing the cross-tal k conprises a cooling channel
bet ween at | east tTwo pikels. 7.- A detector according to claim3, wherein
the means for redeansgorcparsly- doazbhngutrm poped semicbrmuiciirdribstratebacta that

determ ned by said s dyct o
Y a wmggwcoopnenl‘llr?g is provided at a first side of the doped semiconductor

substrate for receipt of said incident light beam in said doped
semiconductor substrate

15 - means for measuring an electrical signal induced by a thermoel ectric
effect in said doped semiconductor substrate comprising a first
electrode at said first side of said doped semiconductor substrate aand a
reference electrode, said reference electrode positioned outside an
absorption volume determined by said window opening and said

20 absorption distance L.

2.- A detector according to claim 1, the detector operating according to an
absorption principle, wherein the absorption principle is a free carrier
absorption process.

3.- A detector according to any of claims 1 fo 2, the detector comprising a

25 means for reducing cross-talk.

4.- A detector according to claim 3, wherein said means for reducing the cross-
talk is a means for reducing the cross-talk between neighbouring pixels of
said plurality of pixels adapted for reducing the cross-talk at least below a
5% acceptance level.

30 5.- A detector according to any of claims 3 to 4, wherein said means for
reducing the cross-talk is a means for reducing the cross-talk betwee n any
pixel electrode of said plurality of pixels and the reference electrode,

adapted for reducing the cross-talk at least below a 5% acceptance level.



substrate. 8.- A detector according to any of clains 3 to 7, wherein the
nmeans for reducing cross-tal k conprises a heat sink provided in thernal
cont act wwOhosaises2semm conduct or substrate. 9.- A detect ecTapeasdiosgsto any
of claims 3 to 8 , the neans for reducing cross talk conprising a reflector
mat eri al positioned around the wi ndow openi ng. 10.-The detector according
to any of claims 1 to 9, wherein the nedfs for partly covering the doped
sem conductor substrate and said absorption distance L are adjusted so that

Ppi | - Spi S i,n th 0.1t Q0 i PPj Xei is th i met
oF ' the pi xai- Vb ASSafEn Feeal iy T el aimsea o B VISP SHRX R iR |
LL.- A det ect orrepoepedhadrbss R cBmasabnb odoly dfanreib@ngbin 8¢ i o

bei ng detecting any of a spatial or/and tenporal intensity profile, a

spatial energyigelsfile, a spatial energy density profile or a spatial

or/and te ra r_profil f the,beam .12 -A detector, accordin 0 any
of o'ai me 11t o dErier B prinB Braiaiats ARl e GePRRdE’ BuPRECEoRdalk |
perimeter of the wordieweapelisids ths. pAndelrRediindgCcry dédld tOmdhdektd! ai s
1 to 12, wherein said first electrode furthernore conprises at |east one

el ongate el ectyHséraét endi ng over the wi ndow opening. 14.-A det ector

Ceparatod 2~ oo tadRrdinlrion Any I8 BhtE da o eIl e MRSy forreans

of an insul at iregukimgecrosd-falk Sodgiriges &r hestcsnid prgyvided i tieiniaPcomtatdwith far
as dependent on claim 10, wherein the adjustnment of the absorption distance

Lis perform&%?é@f‘ﬂ%@’?%tqrﬁé'bégﬁt%g l evel of said doped sem conductor
substrgpe. 46.x d%t@&&?éi&ﬁir%@gtﬁraﬂ\gqﬂ c‘ié?m%rt%’too{z, t\f\mkﬂrhggnslfcir‘)re&écing%?&é—s' ng a

plurality of pixels, eac ving a plxe Oow W th an aver age pi xel
w ndow wi dt h wialk temprisiay @ fefleciyr sepanaltpeditionedtarbeas thewindoireopenial. pi t ch
P : :
’ 10.-The detector according to any of claims 1 to 9, wherein the means for
parily covering the doped semiconductor substrate and said absorption

distance L are adjusted so that
15 P pixel L
S pixel
is in the range 0.1 to 100 wherein Py is the perimeter of the pixel window
and Spixel is the surface area of the pixel window.

11.-A detector according to any of claims 1 to 10, said characterising being
detecting any of a spatial or/and temporal intensity profile, a spatial energy

20 profile, a spatial energy density profile or a spatial or/and temporal power
profile of the beam.

12.-A detector according to any of claims 1 to 11 wherein said first electrode
defines at least the perimeter of the window opening.

13.-A detector according to any of claims 1 to 12, wherein said first electrode

25 furthermore comprises at least one elongate electrode extending over the
window opening.

14.-A detector according to any of claims 1 to 13 wherein said first electrode is
separated at least partly from said doped semiconductor substrate by
means of an insulating layer.

30  15.-A detector according to claim 10 to 14 as far as dependent on claim 10,

wherein the adjustment of the absorption distance L is performed by



wherein said interpixel pitch Pis between 1 and 10 tines the average pixel
w ndow wi dth w, preferably between 1,5 and 8 tines the average pixel w ndow
wi dt h w, wonreoqu3efer ably between 1,5 and 5 tinmes the avecage2@soed3isv ndow
width w, even nore preferably between 1,5 and 4 tinmes the average pi xel

wi ndow wi dth. 17.- A detector according to any of clains 1 to 16, wherein
at each first electrode a switch and a433torage nmeans i s provided, for
tenporary storing the pixel information. 18.- A detector according to any

of clainms 1 to 17,. rej n.said detectqr £ f [
read-out el ecﬂdaf‘ﬁt'@\égﬁ%j:?ﬁs Ie%fj sstaéc{jg?%es%gﬁ%m n§p&{};§§§ﬁ%§at§gg;;§efhg
time evol utigonpofiefebRred@etdihgab 6t ectRimout RIS, @bthprieineat plufsitys afipl ed

anal og voltages into digital signals, 19.- A detector according to any of
claims 1 to 1Pixekherash phal havindrdpkpbainde With gospyeggedPisel windevbnd

Si de bei ng. opgBalt o%,hen BPEL, BEM GRLAERSS, BT 16FHCag’ Bt picpeecond

noni t or 5ng t heykprepdaidintargixd pitchdaim putadeniingndianisnetier avirage pixel ght
beam sanpli ng neans and a detector, whereby said |ight beam sanplinpg neans
i s adj usted t oviBgewt widile w.i praferablinbetveer il andndItimes 4k iaygragsi Pi®second
| arge fraction,, r i L r I i I lsg Rt S
directed tom%nz@gﬁd@@e{%ﬂr9‘8&%&?@??1&9@#obégﬁgggfﬂglﬁdngaqﬂ? (g) tﬁga\%‘?%ﬂ%_ A
system f or nompitelrwindowcwidtidw)@ven mbee prefeiablisbetvaiem 1 phanedntimas dthdbeam
sanpling means is a mrror, said mrror being rotatably nounted as to split
the |ight bearAVAragepbehVingom With. 22 . A nethod for nonitoring the profile

of a lhght peam RMofibatifPBrd) B8 ddlfhsSt RS 161 whetBl bt idughsaisd | 1 ot

beaminto a first fraction for nonitoring and a second fraction used for an
appl i cati on- diglecttodega swiitdhlanghe stoezge meaas deprvidad, fomteawmorangstaiing sai d
det ector at Se%ﬁg%ixé??r%fp);rﬁa’gigln.t he cross section of the

18.- A detector according to any of claims 1 to 17, wherein said detector

system furthermore comprises a read-out electronic circuitry adjusted to
15 sample at regular moments the time evolution of the electrical detector
outputs and convert the sampled analog voltages into digital signals.

19.- A detector according to any of claims 1 to 18, wherein said second
electrode is positioned at a second side of the completely doped
semiconductor substrate, the first and second side being opposite with

20 respect to each other.

20.- A system for monitoring the output of a light beam producing means
comprising a light beam sampling means and a detector, whereby said
light beam sampling means is adjusted to split the light beam in a first
small fraction and a second large fraction, whereby said first small

25 fraction of said light beam is directed towards a detector according to any
of claims 1 to 19.

21.- A system for monitoring according to the previous claim, wherein said
beam sampling means is a mirror, said mirror being rotatably mounted as
to split the light beam at regular periods.

30 22.- A method for monitoring the profile of a light beam, said method
comprising the steps of
- splitting said light beam into a first fraction for monitoring and a second

fraction used for an application



fraction of the light beam - obtaining a plurality of electronic signals,
representing the spatial and /or the tenporal intensity profile of said

| i ght beawo 28@v03221net hod according to claim22, wherei RCTaEPdIOSBABUS | NQ
with said detector at several points in the cross section of the fraction
of the Iight beamis performed by subsegﬁently shifting a single or _
mul tiple pixel detector, as described ifn"claiml1l to 19, to another point in
the crosssection of the fraction of the |ight beam and recording a

measur enent. 24, f"r&t[@tﬁlﬂ%ﬁﬁp@% i anto%tg&grof claims 22 to 23, said light

beam having a pulsé W detector being able for nmeasuring in

i ntensity nmeasur megsoridg wiihnsaid eetctoreaseversy potds in tHe &0es @¥cilemsf e node
or in power neasurjing de, the nethod conprising setting a pulse wi dth of
said |ight beanrfghomeboglighgbeam nt ensity neasuring node, in energy

measuring mode, . GBtBRRGY plEaR of SREFAE dighAOMRIprEEATING 112 B4R and
5 Jor the temporal intensity profile of said light beam.

23.- A method according to claim 22, wherein said measuring with said
detector at several points in the cross section of the fraction of the light
beam is performed by subsequently shifting a single or multiple pixel
detector, as described in claim 1 to 19, to another point in the cross-

10 section of the fraction of the light beam and recording a measurement.

24.- A method according to any of claims 22 to 23, said light beam having a
pulse width and said detector being able for measuring in intensity
measuring mode, in energy measuring mode, in energy density mode or
in power measuring mode, the method comprising setting a pulse width

15 of said light beam for measuring in intensity measuring mode, in energy

measuring mode, in energy density mode or in power measuring mode.



