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BbICOKOCKOPOCTHOE
W3MEPEHUE
NA3EPHOIO U3NYYEHUS
BbICOKOW MOLHOCTH

B. HotomanH, C. Paiim, Artifex Engineering, Fepmaus

Kak Ha aTane npousBoACcTBa U MUCNbITAaHWUNA, TakK

U B npouecce aKcn/iyatauumn ia3epHbiX YyCTAHOBOK,
Bcerpa BO3HUKaeT Heo6xoanumMocTb uniMepeHunsa

N KOHTPO/19 NapaMeTpoOB BbIXO4HOIO Jia3epHOro
n3nydyeHunsa. nga nsmepeHms MOWHOCTU S1a3epHOro
n3ny4yeHna NCnoJib3yroT pas/indHbie TUMbl 4aTYUKOB.
B cTaTbe npeacTaBieHbl ABe CUCTEMbI NS MBMEPEHMﬁ
Nna3epHoro nsay4vyeHus BbICOKOWM MOLLHOCTM.

OYHKLUUNOHAJIbHOCTb OMPEAENAIOT
DATYUNKA

U3MepeHHe ONTUYECKON MOLIHOCTH JIa3ePHOTO HU3TTy-
YeHHsI OCHOBAHO HA WCIIONIb30BAHUU [ATUUKOB, IIpe-
00pa3syonUX ONTHYECKYI0 MOIIHOCTh B U3MEPSieMOoe
HaIpsoKeHHe WM CHIy ToKa. PHU3MYecKue MIPHUH-
LIMITbI, 32JI0SKEHHbIE B OCHOBY PabOTHI JaTYHKA, OIpe-
mensiioT GyHKIIMOHAIBHOCTh BCETO H3MEPUTEIbHOTO
yCTPOMCTBA. [lIs M3MepeHHUs MOLIHOCTH JIa3epHOro
U3/TyYeHUS UCIIONb3YIOT JBA TUIIA CTAHAAPTHBIX [AT-
YMKOB (CM. TabI1.).

CEHCOPbI HA OCHOBE TEPMOT1APDI
TepMoO37IeMeHT IIpeJICTABIsET COOON MATYUK, COCTOS-
MMM U3 MacCHBa TepMmorap. OTaeIbHbIe TePMOIIAPhI
CoeIMHeHbl TePMHUYECKH Ilapa/Ule/IbHO, HO B 3JIeK-
TPUYECKOHM LIellM OHHU IIPeJCTaB/IsIOT cobok Iocye-
JloBaTe/IbHOe coefuHeHHe. Takoe coefuHeHMe NUMeeT
Ba’KHOE IIPAKTHYECKOe 3Ha4YeHHe [JIS IIOBBIIIEeHHUS
YyBCTBUTEJIBHOCTH M3MEPUTEIBHOIO YCTPOMCTBA,
TaK KaK 4yBCTBUTeNbHOCTE (V/°C) 0qHON TepMoIlaphl
KparHe HU3Kas.

[10BepXHOCTb /IeTeKTOopa IIOKPBITA YepHBIM abcop-
6upyomKUM MaTepuanoM. Ha3HaueHHeM TaKorIo
IIOKPBITHSA SABJISAETCA MAaKCHMajbHOE IIOIJIOIIeHHe
MOILIHOCTH ITaJaO0IIEro JIa3ePHOT0 M3/IyUYeHH, He3a-
BHCHIMO OT €TI0 JJIMHBI BOJTHBL.

C y4yeToM 3THUX PAKTOB CTAHOBUTCS OYEBHUIHBIM,
YTO KOHCTPYKUHS TepMOIIaphl HMeeT C/efyIoliue
XapaKTePHUCTHUKH:

1. TepMmomapsl MMEIT HH3KYIO YyBCTBHUTEJIBHOCTh

K CBETOBOMY H3/1yYEHHIO.
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FAST HIGH POWER
LASER POWER MEASUREMENT

B.Neumann, S. Wright,
Artifex Engineering, Germany

There is always a need to measure and control the
parameters of the output laser radiation: at the stage
of production and testing, and during the operation of
laser installations. Various sensor types are available
for laser power measurement. The following article
describes two systems that are suitable for high
power measurements.

THE SENSOR DEFINES

THE FUNCTIONALITY

Laser optical power measurement is performed
by using a sensor to transform the optical power
into a measureable current or voltage. The physical
principles of the sensor will determine the
functionality of the whole instrument. Two kinds of
standard sensors are available to measure the power
of laser radiation (see table).

THERMOPILE SENSORS

Athermopileisasensor comprisinganarrangement of
many thermocouples. The individual thermocouples
are connected thermally in parallel and electrically
in series. For practical sensors, this arrangement is
necessary as the thermal sensitivity (V/°C) of a single
thermocouple is very low.

The detector surface is coated with a dull, deep
black absorbent material. The purpose of the coating
is to absorb as much incident laser beam power as
possible, independent of the wavelength.

Considering these facts about the construction of
a thermopile, certain characteristics are evident:

1. Thermopiles have a fairly low sensitivity to light.
2. Ambient heat sources will cause measurement
error. Typical heat sources may be exhaust air
from fan cooled instruments near by, or even

a hand on the sensor head. This limits the

practical measurable power at the low end to a

few milliwatts. On the other hand, thermopiles

are good at measuring high power, as long as the
sensor surface is not damaged and the heat can be
taken away by a fan or water cooling.

3. The absorbent material is crucial for the
measurement. However, this coating fades over
time, which leads to loss of calibration.
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Tunbl [ATYNKOB, UCMO/b3YEMDIX AJ1S1 UBMEPEHUSI MOLHOCTU J1a3epHOro UsJjy4yeHus
Types of sensors to measure the power of laser radiation

Tvn

Aarymka
Sensor Type

Physical
Principle
dusnyeckme
NPUHLMMbI

Description
OonucaHue

leHepauma HepaBHOBECHbIX 31eKTPOHHO-AbIPOYHbIX NAp MPONCXOAMNT BCAeACTBMUE NOTOLWEHNS
DNeKTPOHHO- $OTOHOB B NONYNPOBOAHNKOBOM MaTepmnase. BHelHAs anekTpuyeckas Lenb, NoAKAYEHHAS
®oToavon [AblpoYyHas K yCTPOMCTBY, 0obecneymBaeT LMPKYSLMIO TOKA HEPABHOBECHbLIX HOCUTeNen 3apaaa B cMcTemMe.
. reHepaums BenmynHa Toka nponopLmoHasibHa NoOrIoWeHHOM ONTUYECKOM MOLLHOCTU.

Photodiode . B - .
Electron-hole Photons are absorbed in a semiconductor material where they generate electron-hole pairs. An
generation external circuitis connected to the device to allow current flow. This magnitude of the currentis

proportional to the optical power absorbed.
YCTPOWNCTBO, M3rOTOB/IEHHOE C MCMOb30BAHNEM ABYX PA3/INYHbIX META/IN0B, COEAUHEHHbIX
SdexT MexX Ay cobon B ABYX OTAENbHLIX TOYKAX. BcneacTBMe pa3HOCTY TeMnepaTyp MeXx Ay 3STUMM TOY-

Tepmonapa Jee6eka KaMW BO3HMKAeT HanpskeHue. Takoe yCTPOMCTBO Ha3biBaeTCA "Tepmonapa’.

Thermopile A device constructed using two different metals connected at two separate points. A voltage
Seebeck effect . . .

appears between these two points whenever there is a temperature difference between them.
This leads to the name "thermocouple".

2. TepMoIapsl LO/KHBI OBITh H30THPOBAHEL OT BHEII-
HUX HCTOYHHUKOB TeIlJla, KOTOPble BHOCST OLIMOKY
B pe3yJbTaThl MU3MepeHHi. TUINHYHBIMU BHeII-
HUMH HCTOYHHMKAMH TeIlJJa MOTYT OBITB: IIHUP-
KYJIHUPYIOIIUKN BO34yX OT IPUOOPOB, OXJIaskaae-
MBIX BEHTHJISTOPOM, HMJIM [Ja’ske pyKa oIeparopa,
II0JIOSKEHHASI K TOJIOBKE JATUHMKA. DTO OrPaHUYH-
BaeT JJ0 HeCKOJIBKUX MUJUIMBATT HUKHUM AHAIIA-
30H M3MepsieMOM MOIIHOCTH. C IPyroH CTOPOHEL,
TepMOIIapsl SIBISIOTCS H/I€aJIbHBIM HHCTPYMeH-
TOM [JI1 U3MepPeHHUs BBICOKOM MOIIHOCTH, eCIH
[I0BEPXHOCTb JATYHMKaA He IIOBPeXK/AeHa, a TeIlIo
MO3KeT ObITh OTBe/IEHO IIOCPEICTBOM BO3ZYLIHOTO
HJTH BOJSIHOT'O OX/IaKJIeHHUSI.

3. Matepuan abcopbeHTa SBIISETCS OIpezes oM
$akTOpOM SIS TOYHOCTH HM3MEPEeHHH OITHYe-
CKOM MOIIHOCTH. OZHAKO CJlelyeT IIOMHHUTD, UTO
C TeueHHeM BpeMeHHU IIOKPbITHe CTHPAETCSI, YTO
BeJeT K HeoOXOMOCTH ITIOBTOPHOM KaJIMOPOBKH.

4. TepMoraphl OueHb Me/I/IEHHO PearupyioT Ha U3Me-
PeHHUsI, OCHOBAHHbBIe Ha HM3MEHEHUH TeIlJIOBOIO
noToka. CpefiHee BpeMsl OTKJIHMKA BapbUPYeTCs
OT OJTHOM JI0 HECKOIBKUX CEKYH/I.

CEHCOPbI HA OCHOBE #OTOANOA0B

doTonuon, mpeCcTaBsIeT COBOH IOMyIIPOBOAHHUKOBOE
YCTPOMCTBO, KOHCTPYKIHSI KOTOPOIrO IO/ pa3yMeBaeT
Ha/IM4uue ABYX 1eKTPOoAoB (AHOAA M KaTofa), MexXay
KOTOPBIMH BO3HHKaeT TIPAaJUeHT 3JIeKTPHUUECKOro
IoTeHIIKana. KaskIbIk 371eKTPoJ depe3 TOHKHe Ipo-
BOfla COeIMHEH C JBYMSl BBIXOJHBIMH KOHTaKTaMH.
ITOCKOIBKY 3Ta KOHCTPYKIIMS UyBCTBUTE/IbHA K Mexa-
HHUYECKHM BO3JEHCTBUSIM, TO YCTPOKCTBO 3aK/IIO-
YeHO B MeTa//IM4eCKHH KOPIYC C 3aJUTHBIM IIPO-

4. Thermopiles react very slowly as the measurement
is based on heat flow. Typical response times vary
from one to several seconds.

PHOTODIODE SENSORS

A photodiode is a semiconductor device designed in

such a way that an electric potential gradient exists

between its two electrodes (anode and cathode).

These two electrodes are electrically contacted via

thins filaments which are led out of the device

by two pins. Since this structure is mechanically
sensitive, the device is enclosed in a metal housing
comprising a protective window through which light
can enter.

The functional properties of the photodiode are
apparent from its construction:

1. The photodiode is very sensitive to light, as a
direct quantum transfer of photons to current
takes place. Typically the quantum efficiency can
be close to 100%. This allows power measurements
down to the femtowatt range. On the other hand,
the maximum power is limited to a few milliwatts
above which the photodiode goes into saturation:
the current generated is no longer proportional to
the irradiated power.

2. Silicon - the material of choice for visible range
measurements - is abundant and cheap. However,
germanium and InGaAs which are required for
NIR photodiodes are expensive. The available
sensors are thus greatly limited in their size.

3. Semiconductors have a high index of refraction
which leads to a relatively high reflection of the
incoming beam. Since the surface is very flat,
the device acts as a mirror to some extent which
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3paYHBIM OKHOM, Yepe3 KOTOpoe€ MOXXET ITPOHHKATh

H3JlydyeHHUe.

PaccMoTpuM  QYHKIIMOHAJbHBle  CBOMCTBA
dotonmoma, CBSI3aHHBIE C OCODEHHOCTSIMHU €ro
KOHCTPYKLIHH:

1. ®otommon obnazaeT BBICOKOM UYBCTBUTEIBHO-
CTBIO K BO30Oy>KJaIoLIeMy H3JIy4YeHHIO, IIOCKOIbKY
IIPOUCXOAUT IIpsiMoe Ipeobpa3oBaHHUe IMaJalo-
KX GOTOHOB B 3/IeKTPOHBI. OOBIYHO KBAHTOBAs
30 deKTUBHOCTh GOTOAHONOB MOXKET OBITH 61M3-
KoM K 100%. ITO MO3BONgeT U3MepATb HHU3KYIO
MOILIHOCTh CBETOBOI'O IIOTOKA BILJIOTh 0 peMToce-
KYHJHOro JuarnasoHa. CBepxy Auama3oH U3Meps-
e@MBbIX BeJIMYMH MOIIHOCTH OIPaHMYeH HeCKOJb-
KMMH MHJIJIMBATTAMHU, BBIIlIe KOTOPHIX GOTOIHOL
IIepeXOJMUT B PeKMM HACBHIIIEHHS, U T'eHepHupye-
MBIH TOK Y>Ke IIepecTaeT pacTH IIPOIOPLIMOHATBHO
SHepreTUYeCKOMY CBETOBOMY IIOTOKY.

2. TlppeMHas 4yBCTBUTe/IbHAs ILIOIAJKA CEHCOpa
BBIIIOJIHEHA M3 IIOJYIIPOBOJHUKOBOIO MaTepH-
asia. KpeMHHH - MaTepHaJ/l, KOTOPBIM Yallle BCero
KCIIONb3yeTCs MO/ PErucTpalluy HM3JIy4YeHHUs
BUJMMOTO JMAIIa30Ha, TaK KaK OH MMeeT HU3KYIO
cebectouMocTh. OpHaKko Ge u InGaAs, CTO/Ib Heob-
XOAMMBIe ISl CO3MaHUs POTOLUONOB OISl OIIKK-
Helt MK-0671acTH, B IIPOTHBOIIONIOKHOCTSD Si SIBIS-
IOTCS JOPOroCTOAMMMHU. TakKe JaTYMKU CHIIBHO
OrpaHHYeHBI 110 CBOMM pa3smMepaM.

3. Tak Kak IpHeMHasi II0BePXHOCTb AATYHKa IIJI0-
CKasl, TO YCTPOMCTBO IPeACTaBseT CO60! B HEKO-
TOPOM CTeleHHU 3epkKajo. I[lolynpoBOJHHUKOBEIE
MaTepHasbl HMEIOT BEICOKHH I10Ka3aTeslb IPeioM-
JIeHUS, YTO HPUBOAUT K YACTUUYHOMY OTPaskKeHHUIO
BXOZSIIIEro CBETOBOrO II0TOKA. DTO BHOCHUT 3aTPY/-
HEeHHS B TOYHOCTb U3MEpPeHHUH.

4. 3amuTHOe OKHO JEeHCTBYeT KaK QHIBTP: B 3aBH-
CHMOCTH OT yIJIa U IOJIOXKEHH S IIaJaIolIero ayya
OTHOCHUTEJIPHO YyBCTBHUTE/IbHOU IJIOMAAKKA POTO-

B
B
Radiation Radiation A
> () V@
!
B
A B
a) b)

Puc.1. lemexkmopbl Ad3epHOU MOWHOCMU: a) — mepmonapsi;
b) - mepmo3snemermbi [1]
Fig. 1. a) - Thermocouple; b) - Thermopile [1]
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may pose a safety hazard or be troublesome in a

measurement setup.

4. The protective window acts as a weak etalon. This
means that, depending on the angle and location
of incidence of the light, the photodiode may
show a different total sensitivity [3].

It would seem therefore, that a photodiode is
not suitable for high power laser measurements,
since the detector area is small (many high power
lasers are at NIR wavelengths) and the device
can only measure up to mW of power. Thus many
practitioners just accept the compromise and use
thermopile sensors.

But what if you want a higher resolution of
measurement, wide dynamic range and high
speed?

INTEGRATING SPHERES

The integrating sphere offers a remedy for the above-
mentioned deficiencies of the naked photodiodes
and the thermopiles. An integrating sphere is a
passive component comprising a hollow sphere with
openings ("ports”) that allow the laser radiation to
enter and escape.

The inner surface of the hollow sphere is made
of a material with a high degree of reflection for
the wavelength range to be measured. The surface
is manufactured in such a way that the incident
radiation is highly scattered. Consequently, such a
structure allows an incident laser beam to be evenly
distributed over the entire sphere surface via the
multiple, strongly diffuse reflections.

Hollow spheres made from a special polymer
are suitable for the wavelength range between 250
nm to 2.5 pm. Barium Sulphate (BaSO4) coated
aluminium spheres are somewhat less expensive
but they tend to tint yellow over time and are thus
unsuitable for precise laser power measurement.
For longer radiation in the wavelength range of
700 nm - 20 pm, a gold coating is used on a rough,
metal surface. Many high power lasers fall into this
spectral range and so solid copper or aluminium
is suitable as a good heat-conducting substrate
material.

A photodiode built into the wall of an integrating
sphere sees only a part of the incident laser power
entering into the sphere with the following
important changes:

1. The power density is fully homogeneous.

2. The radiation is unpolarized, even if the input
radiation was polarized.

3. The power incident upon the sensor is greatly
weakened.
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Puc. 2. MpuHyun pa6omsl pomoduoda [2]
Fig. 2. Operating Principle of a Photodiode [2]
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Puc. 3. Cxema pomoduoda
Fig. 3. Construction of a Photodiode

IYOZl MOXKeT IIPOSIB/ISTh Pa3sHYI0 HHTeIrpPajbHYIO

YyBCTBUTEIBHOCTS [3].

MosKeT TOKa3aThCsl, UTO POTOAMON, He IOLXOLUT
AJis. U3MePeHUM BBICOKOMOIIHBIX JIa3epHBIX HCTOY-
HHKOB, TaK KaK IUIOMaJb CeYeHMS BbHICOKOMOIIHOIO
JIa3epHOro IyuKa IPeBbIIIaeT YyBCTBUTENBHYIO I1JIO-
IaJKy JeTeKTopa, W [AHala3oH H3MepeHUH JeTeK-
TOpa OTpaHHYeH 3HAaueHHEeM BeJMYHHBl MOIIHOCTH
B HECKOJIbKO MHJ/UIMBATT. I103TOMy MHOTHe I10/Ib30-
BaTe/lM UAYT Ha KOMIIPOMHUCC M IIPOCTO HCIIOIB3YIOT
TepMO3/IeKTPUYeCKHe JaTUHKH.

Ho Kak MOCTyIHTb, eCclH JJjisi PaboThl OfHOBpe-
MeHHO TPeOyIoTCsl BBICOKOe pa3pellleHHe, LIIMPOKUH
OMHAMHYeCKHI AMala3oH M BHICOKAsl CKOPOCTHIO
BBIBOJIA TAHHBIX!

MHTErPUPYIOLLUNE COEPDI

HHTerpupylomas coepa - 3T0 U3MepUTe/IbHOE Cpel-
CTBO, JHIIEHHOe HeJOCTaTKOB (OTOAHONOB K Tep-
MO3/IeMEeHTOB, O KOTOPBIX CKa3aHO BhbIIIe. JTO Iac-
CHBHOe MeTPOJIOTUYeCKoe CpeACcTBO H3MepeHHH,
cofepsKalee ITOJABIM IIap C OTBePCTHUSAMHU ('TIOPTHI'),
KOTOpBIe II03BOJISIOT JIa3€pPHOMY HM3/IyYeHHIO IIPOHU-
KaTb BHYTPb HEI'O U JIETKO ero MOKUATh.

BHyTpeHHS s [I0OBEPXHOCTb IlIapa HMeeT IIOKPBITHE,
obnazmaromee BBICOKHUM KO3QOUIIMEHTOM OTpayke-
HUS B U3MepsieMOM JAHalla3oHe JJHUH BOIH. BHYTpu
chepbl MPOMCXOJUT paBHOMEPHOEe pacIipefie/ieHHe
[aJIaI0Iero Ja3epHOro M3jydeHHs 10 BCeH IOBepX-
HOCTH cdephl C IIOMOLIBI0 MHOTOUMC/IEHHBIX CHIBHO
paccenBalOIIMX OTpaskaTeleH.

I[Tonble cepbl, U3rOTOBJIEHHbIE U3 CIIel[HalbHOrO0
moarMepa, MOAXOAST [Jsi HM3MepeHUM B [Auama-
30He OJIMH BOJIH OT 250 HM 10 2,5 MKM. ATIOMUHHU-
eBble Chephl, IOKPBITEIE CynbdaToM bapust (BaSO,),
HeCKOJIPKO [lellleBjie aHaJIOr0B, HO CO BpeMeHeM

We see that the combination of an integrating
sphere and a photodiode allows the design of a laser
power sensor that responds as fast as a photodiode
but can measure considerably more power. By
selecting the size of the integrating sphere, the
overall sensitivity of the system can be adjusted.
In addition, the detector is now independent
of the inhomogeneities of the power density and
polarization. The detector is also independent of
the location and angle of incidence of the laser
radiation.

HHEBIe IIOPTEHI
Further ports

ITagaroiee
j1a3epHoOe
H3Iy4YeHHe
Input

laser

beam

BxogHasts ——

PaccerBaHMe
ameprypa Multiple
Input diffuse
aperture reflections

doTomuon
Photodiode

Puc. 4. lMNpuHyun pabomsl uHmMezpupyrouel cgepbl
Fig. 4. Operating Principle of an Integrating Sphere
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IIOKPBITHe IIpHobpeTaeT KeJATyI0 OKPACKY, U C/Ief0Ba-
TeJIbHO, Cpepbl CTAHOBSATCS HEIIPUTOAHBIMH JJ151 BBICO-
KOTOYHBIX M3MePeHHN MOIIHOCTH Ja3epa. [1g usMe-
PeHHS MOLIHOCTH H3J/Iy4YeHHS B [Halla30He AJIUH
BoJaH 700 HM - 20 MKM MCIIO/NIB3YIOT Chephl C LIepo-
XOBAaTOM MeTasIM4YeCcKOH IT0OBEPXHOCTHIO, IIOKPBITOH
30JI0TOM. B 3TOT cleKTpaabHBIN AHUAIla30H IoIafaeT
H3Jly4YeHHe, TeHeprupyeMoe MHOTUMU THUIIAMHU JIa3e-
POB BBICOKOK MOIIHOCTH. [I03TOMY TBepAasi Melb UIH
AIIOMHHHUH IOAXOAAT B KadeCTBe XOPOIIero MaTepH-
aJIa TeIlJIOIPOBOA S MOMAJIOKKH HMHTEI PUPYIOIIHUX
chep.

B OoKkOByI0 CTeHKy MHTerpupymolen coepsl
BCTpoeH ¢Qotoauon. OH perucTpupyer TOJIbKO
YacTh /1a3epHOM MOIIHOCTH, MONafaloller B cdepy.
ITpu 3TOM XapaKTepPUCTHKH I1aJAMOIIero Ha AaT4MK
CBeTa OT/IMYAIOTCS OT XapaKTePUCTHK TOIO H3jyye-
HMs, KOTOpoe I1afaeT Ha cdepy:

1. TI7IOTHOCTH MOINHOCTH H3JIy4YeHHs I10Jy4yaeTcs

II0JIHOCTBIO OJLHOPOJ HOH.

2. H3jnydyeHHe He IOJSPH30BAHO, Jaske eC/Ik BXOM-

HOe M3/1y4eHMe II0JISIPHU30BaHO.

3. BxomHasi MOIIHOCTb CHJIBHO 0C/1abseTcs.

MBbL BUIHUM, 4YTO KOMOMHALUS I/IHTerpprIOLuefI
cheprl U doTogHoma II03BOJISIET CHPOEKTHPOBATH
Ja3epHBIN JATYMK MOINHOCTH, oOlIaJaroluM IIpe-
HMyLlecTBaMU M GoToAMoAa, W HHTerpHUpYIolel
coepel. ITomoOHBIN DATYHUK MOKET peardpoBaTh TaK
ke 6bICTPO, KaK QOTOAHUOM, U IIPO-
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m METPOJIOITA U CEPTUDOUKAL NS I—
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

Puc.5. KombuHauus cepbi c omoduodom u onmosoAoKoH-
HblM nopmom
Fig. 5. Integrating Sphere with a Photodiode and Fibre Port

The integrating sphere can be used for relatively
large beam diameters as the size of the photodiode
itself is not a limiting factor. The power density
is also significantly less on the inner wall of the
sphere than on an absorbent thermopile because
the inner surface of the sphere is at least 20 times

BOAUTL H3MepeHHUs B HIHNPOKOM
Jyara3oHe 3HAUYeHWH MOIIHO-
CTH, KaK MHTerpupymomas coepa.
MeHss pasMep HHTerpUpyoller
cheprl, MOKHO HM3MEHSTh 0OIIyIo
YYBCTBUTEABHOCTD CHCTEeMEI.
Kpome TOro, 4yBCTBHUTE/IBHOCTH
IleTeKTopa TeIlepb He 3aBUCUT
0T HEOJHOPOJHOCTH IIJIOTHOCTU
MOILIHOCTH M OT IOASIPU3alUU
H3/1y4eHH s, TeHepUPyeMOoro Jia3e-
POM. [leTeKTOp TaKsKe He 3aBUCHUT
OT B3aMMHOIO PACIIONOKEHUS
Najaollero jayda M II0BepXHO-
CTH NPUEeMHOHM 4YyBCTBHTEeJbHOMU
IUIOIIAJKHK [eTeKTOopa, a TaKxke
OT yI7la IaZeHusl Ha Hee Jasep-
HOTO U3/Ty4eHH .
HHTerpupymomymo coepy
MO>XXHO UCII0/Ib30BaTh 151 K3Mepe-
HUH Iy4YKOB C CeUeHHSIMU OTHO-
CHUTeNbHO O6OIBIIMX IHAMETPOB,
IIOCKOJIBKY Ppa3Mep MNpHeMHOH
IUIOIAAKY GOTOAHOAA B 3TOM CIIy-

cabin

Puc.6. YcmaHoska uHmezpupytoweli cepbl U U3mMepumens MOUHOCMU 8Hympu
KabuHbl 06pabomu
Fig. 6. Installing the integrating sphere and power meter inside the processing

g
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yae He OyzleT IPOSIBIATD cebsi KaK OrpaHU YK BA IO
dakTop. IITOTHOCTh MOLIHOCTH H3/1y4deHHUs, MoMafa-
IOLI[eT0 Ha BHYTPEHHIO CTeHKYy chepel, TakKe 3Ha-
YHUTEeJIbHO MeEHbIIe TOH, YTO IoIajaeT Ha IIOIVIOLIA-
ION[UI TepMO3/leMeHT. [IpUYrHa B TOM, YTO obmas
IIJIOIA/1b BHYTPEeHHEeH [TI0BEePXHOCTU ChepEl, I10 MEeHb-
el Mepe, B 20 pa3 6osblile MJIOMAAN BXOLHOMH amep-
Typel. TakuM obpa3oM, MaTepuas CTeHKH MOXKeT
BBIZIEP>)KMBATh 6ojlee BBICOKYIO IIIOTHOCTh MOIIHO-
CTH, U CO BPpeMeHeM 3TO KaueCTBO CyLIeCTBEHHO He
H3MeHSeTCs.

B 60KOBOM YacTH Chepbl HOIMOTHUTETBHO MOTYT
OBITH paCIIONOKEHbl HMHBIe H3MepHUTe/lbHble IOPTHI,
YTO JaeT IIpeMMYIIecTBa MHOro pofa. Hampumep,
BOJIOKOHHO-ONTHYEeCKHK IIOPT MOXKET HCII0JIb30-
BaThCsl [I/IS1 OAHOBPEMEHHOI0 M3MepeHHUs CIIeKTpasib-
HOT'0 COCTaBa HU3/Iy4ueHUs 1a3epa.

MPUMEPbI NCINMOJIb3OBAHUSA

B KayecTBe mpUMepa HCIIONb30BaHU S UHTeIPUPYIO-
meH chepsl 415 U3MePeHUH PaCCMOTPUM IIPAaKTHUKY
H3MepeHHH QIYKTyallMHd MOIIHOCTH OHCKOBOTO
7ma3epa MOIIHOCTBIO 5 KBT. JIaHHBIM TBepAOTENb-
HBIM J1a3ep HCIIONb3yeTcs Asi 06paboTKU MaTepH-
anoB. M3MmepuTelbHOe yCTPOMCTBO IpeJfCTaBiseT
cob0M MHTEerpUPpYIOINyo chepy - MeIHBIH HIap AHa-
meTpoM 200 MM C 30JI0THIM IIOKPBITHEM H C BOAS-
HBIM OXJIaKAeHHeM. I[I0CKOJBKY IIPU TaKHX BbICO-
KHX YPOBHSIX MOIIHOCTH IIPOMCXOAMT Harpes
HHTerpupywomen coepsl, ¢otomuonm Tpebyercs
YCTAaHOBUTH BHe cheprl — U3MeHeHHe TeMIIepaTyphl
camoro $poTogHoLa MOXKeT IPHUBECTH K CHUIKeHHUIO
TOYHOCTH H3MepeHUMN MomHocTH. Cdepa 6b1a
OCHallleHa OIITOBOJOKOHHBIM IIOPTOM SMA THIIa,
KOTOPBIM IOAKJIIOYAaeTCsI K COOTBETCTBYIOLIEMY
[IOPTYy HM3MepHuTeNlss MOUWHOCTH. IlosHasg cucrema
(coepa-BonmokHO-QoTOAMOL) OblIA IIpeBApUTEIBHO
oTKanubpoBaHa KaK efMHAsl N3MepHUTeIbHAs yCTa-
HOBKa H3MepeHHsI MOIIHOCTH. CUYeTUHMK MOIIHO-
CTU nuTaeTcd oT USB M KOHTPOJIHUPYeTCSd. DTHUM
OTPAaHUYMBAETCS YMCJIO Kabeser, HCIIOIb3yeMBIX
B H3MepeHHUSX (OLUH USB-kabenp U ABe NTHUHUU
[IoLa4yu BOMBIL).

ITpy KCIIONB30BaHUM HM3MEPUTENBbHOM YCTAaHOBKU
6p110 06HApy’KeHO, YTO MONIHOCTh jasepa obna-
JaeT BBICOKOM CTaOH/IbHOCTBIO, BIUIOTH [O BeIHYHH
2500 Br.OmHako KOrga MOLIHOCTh H3JIyUYeHMs BO3-
pactaet mo 5000 Br, Habnmroganack JO/ITOBpeMeHHas
dnyxTyauus oxkomno 1,5%.

KpomMe TOro, B BBIXOAHOK MOIIHOCTH IIPUCYT-
CTBYIOT KonebaHHUsI aMIUIMTYIbl, OHH COCTAaBIISIIOT
okono 0,7%. ObpamaeM BHHMaHHe, YTO 3TH boiee
OBICTPBIe QIYKTYALIMHM 3aBUCST OT BpeMEHHOI0 Mac-
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larger than the input aperture. The wall material can
thus tolerate a higher power density and it does not
change significantly over time.

Additional measurement ports can be located in
the sphere wall offering further benefits. For example,
a fibre-optic port may be used for simultaneous
measurement of the spectrum of the laser.

APPLICATION EXAMPLE

As an example of application, a 100mm inner
diameter, gold coated copper integrating sphere
with water cooling was used to measure the real
time power fluctuations of a S5kW disc laser used for
materials processing. Since the integrating sphere
becomes warm at these power levels, the photodiode
was not installed in the integrating sphere itself.
Temperature changes of the photodiode can lead to
inaccuracy of the power measurement. Instead, the
sphere was equipped with an SMA fibre port which
leads to an optical power meter equipped with an

Puc. 7. Pa6ouas usmepumenbHas ycmaHoska (8ud yepe3 cmo-
mposoe 0KHo). Obpamume 8HUMAHUE Ha nupozpapu4eckyro
Kamepy, NOKA3bl8aroLLy0 memnepamypy nosepxHocmu
coepui (42 °C)

Fig.7. View through the cabin window. Note the pyro camera
showing the temperature of the sphere surface (42 °C)
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Fig. 8. Results of power measurement at 2.5kW and SkwW
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Fig.9. Expanded view of the results from Fig.8 of power
measurement at SkW

HITa6a, KOTOprfI He MO}KeT OBITh H3MepeH C IIOMO-
b0 TEpMO3JIEMEHTA.

BbIBOAbl

UHTerpupymomas cbepa B COYETAaHUH C (GOTOAU-
OIOM TMpeACTaBiseT CO60M MPAKTHUYECKU HIeanb-
HBIF JATYUK AJISI U3MepeHHUsl Ja3epHOM MOIIHOCTH.
I[Ipu paboTe ¢ BHICOKOMOIIHBIMHU JIa3epaMH 3Ta KOM-
6uHaLMs 103BOJIsIeT OOHAPYKUTh KonebaHus pabo-
YUX [IapaMeTPOB, KOTOpble [Jisi TEPMO3JIEKTpHUe-
CKOTO JeTeKTOpAa He3aMeTHBI BC/IE[CTBHE CIHIIKOM
IJIUTEIBHOTO BPEMEHHOro OTKJIHKA. C ITOMOILIbIO
110106HOM CHUCTEeMbI MOKHO OOHApPY>KUTh KoIebaHU s
BO BpeMsi PabOThl HeIlpephIBHAIX JIA3€PHBIX UCTOYHH-
KOB, II€PEXOAHBIE IIPOLECCH U GIYKTYaIL[MH MOIIHO-
CTH IIPH 3aIlyCKe j1a3epa, a Takke KPaTKOBpPeMeHHbIe
[1a/IeHU s MOLUTHOCTH BO BpeMsi paboTHL.

Kpome TOro, IOCKOJIBKY H3MepeHUe MPAKTHUECKH
He 3aBUCHUT OT BJIMYMHbI PACXOAUMOCTH [Iy4YKa, UHTE-
rpupyioire chepbl MOTYT HUCIIONB30BATHCS IJIS TAKUX
JIa3epHBIX HM3MEPeHHUM, KaK IIPOIyCKAaHHe M OTpaske-
HUe Ha IPeJOMJISIIOIIMX M PAaCCeHBAIONIUX 00BEKTaX.
Hamnpumep, HHTEIpHUPYIONIYI0 chepy MOKHO HCIIONb30-
BATh [/Isl ©3MEPEHU S [Tepejauu JIa3epHO-CBAPHUBAEMbIX
IUTACTUKOBBIX MATEPUAJIOB [JIs OIpee/ieHUs OINTH-
MaJIBHBIX pab0YHX IIapaMeTpPOB CBAPOYHOrO JIa3epa.
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SMA-fibre receptacle. The complete system (sphere-
fibre-photodiode) was calibrated as a single unit
to ensure accurate power measurement. The power
meter is USB powered and controlled which limits
the cabling required for the measurement (one USB
cable and two water lines).

With this setup it was found that the laser power
was very stable up to 2500W. However, when the
power was increased to the full rating of the laser
(5000W), a long term fluctuation of about 1.5% was
seen.

In addition, a faster fluctuation of about 0.7%
was seen in the output power. Note that this faster
fluctuation is on a time scale which would not be
measureable with a thermopile detector.

CONCLUSION

The integrating sphere combined with a photodiode
represents a virtually perfect sensor for measuring
laser power. For applications with high power
lasers, this combination allows the operator to see
fluctuations which are too fast for a thermopile
detector to measure. This includes fluctuations
during CW operation, transients and overshoot on
starting the laser and short term power drop-outs
during operation.

In addition, since the measurement is virtually
independent of beam divergence, integrating spheres
can be used for laser-based measurements such as
transmission on refracting and scattering objects.
For example, the integrating sphere can be used to
measure the transmission of laser-weldable plastic
materials to determine the optimum operating
parameters of the welding laser.



