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Abstract

In [1] it was shown that fundamental limit of sensitivity due to Diode Laser (DL) quantum
noise can be achieved in TDLS when resonance molecular absorption is considered.
This corresponds minimum detectable absorption below 10-7 for 1 sec averaging time.
At present time one of promising modification of DL based system are systems installed
on vehicles, helicopters, airplanes, etc. detecting scattered laser light from topography
reflector. When we’ve started investigation of sensitivity of such systems presence of
additional noise was observed (Fig.1) reducing sensitivity more than 1000 times.
Characteristic feature of such systems is presence of scattered light from topography
reflector and relative system movement with respect to the reflector. Without movement
no additional noise was observed. As the origin of this noise speckle pattern of scattered
light was assumed.

Speckle pattern of scattered light will be analyzed and modeled. Experimental
investigations of additional noise will be presented and compared will predictions of
analysis and modeling.

[1] A.Nadezhdinskii, in TDLS 2005, Abstracts of papers, Florence, Italy, 2005, p.66.



Presence of additional noise

Fig.1 Examples
of Allan plots of
relative photo-
current noise -
Ai/i for traditional
TDLS scheme
(left) and system
with topography
reflector (right)

Conclusions:
1. Because of additional noise presence more than 2 orders of sensitivity were lost

2. Additional noise looks like flicker one
Goal: to identify the noise origin and to suppress it.



[lononHUTENbLHbIE LLIYMb!

Fig.1 lNpumep
rpadpuka AnnaHa
OTHOCUTESBbHOIo
lymMa ooToTOoKa -
Aili cneBa - ans
TpaauLMOHHOW
cxembl OJ1C,
cnpasa angd
CUCTEMbI C
Tonorpaduyeckn
M OTpa)kaTenem

BbiBOAbI:

1. TloTepsa boriee AByx NOPSAKOB YyBCTBUTENBLHOCTU U3-3a MPUCYTCTBUSA
OOMOSIHUTENbHOIO LWyMa

2. [lononHuTenbHbIW WyM nMeeT Bua rIMKKepHoro

Llenb: onpegenntb npupoay 3TOro wyma 1 nogaBuTb €ro



Assumption:

Speckle pattern

Additional noise is to movement of speckle
pattern determined by scatted laser light

.
)

Speckle pattern
view for He-Ne
laser light
scattered by sheet
of white paper

Up to author knowledge, for the first time this type of noise for TDLS system with
topography reflector was considered in [2].

[2] R.Wainner, B.Green, M.Allen, M.White, J.Stafford-Evans, R.Naper, Appl.Phys., B75,
249-254 (2002)



['MnoTesa:

CneKn Ka pTM Ha JononHuTenbHbIN Wym 06yCrnoBneH cnekn

Speckle - naTHO KapTMHOW pacCesHHOro Usny4yeHns

-
- |

BHemiHuy Bua
CIIEKJI KAPTHHBI
paccesiHus
nzayuenusi He-Ne
Jlazepa JucToOM
OeJj10ii Oymaru

Bnepsble ponb cnekn wymos B AJIC cucteme ¢ Tonorpacdmnyeckum oTpaxarenem obina
paccMoTpeHa B [2].

[2] R.Wainner, B.Green, M.Allen, M.White, J.Stafford-Evans, R.Naper, Appl.Phys., B75,
249-254 (2002)



dopmMupoBaHue crnekn-KkapTUHbI

Cnekn-kapTuHa SBNsieTca pe3ynbTaTtoM MHTepdepeHLMM pacCeAHHOIo U3nyyYeHus

bnwxHee n ganbHee none paccesiHHOro
nanydenua: E(x) n E(6), cootBeTCTBEHHO

E(x) = r(x)expliap(X) |,

E(XX) [/ al2

EW©) = j E (x) explikxsin(&) pix

X -al?2

YrnoBas 3aBUCUMOCTb MIHTEHCUBHOCTH pacCeAHHOIo N3Ny4eHuns

al?2 al2

1(0) = 2Re j dx j E(X)E(y)explik(y — x)sin(6)|dy

-al2 -al?2




Speckle pattern formation

Speckle pattern is result of scattered light interference

Near and far field of scattered light: E(x)
and E(0), respectively

E(x) = r(x)expliap(X) |,

al2

E(9) = j E (x) explikxsin(&) pix

-al?2

Angular dependence of scattered light

al?2 al2

1(0) = 2Re j dx j E(X)E(y)explik(y — x)sin(6)|dy

-al2 -al?2




Diagram of scattered light

al?2 al2

(1(0)) =[E,| 2Re [dx [F(x, y)exp[ik(y—x)sin(6)]dy

-al2 -al?2

F(x,y) = {r()r(y)exp[iAp(y) —iAp(x))

Scattered light diagram is FFT of near field correlation function — F



View of tested
reflector films

Table. 1 Identification of used reflector films

Identification Description Parameters
t
1 Series 3200 Micro glass balls which encapsulated in gauzy polymer layer  Diameter — 40 mkm
2 Series 4090 An optical element are microprisms, which are encapsulated in ~ Size 100*170 mkm

rhomb-shaped capsules and from outer face they covered with
gauzy polymer layer.
3 Series 3930 Film optical elements produced by «full cube» technology
Elements are microprisms, which are encapsulated in rhomb-
shaped capsules and from outer face they covered with gauzy
polymer layer.
4 Film from USA 130 mkm

5 White paper sheet



Diagram of
scattered light

DL radiation scattering
diagram for DL radiation
with A = 1.6 u by white
paper surface. Blue line
corresponds to isotropic

scattering

Scattering diagram is close to
isotropic one:

Hence, near field correlation function
of white paper has characteristic
dimension close to 1.6 p




Diagram of scattered light

Scattering diagram for sample Ne1. Scattering diagrams for the sample Ne4.

Diagram of scattered light are totally different.
However, speckle pattern can be easily observed



[lnarpamma paccedaHHOro nanyvyeHus

Awvarpamma gnsa obpasuya Nei. Awvarpamma gnsa obpasua Ned.

[dnarpamMmmbl CyLLIECTBEHHO Pa3nnN4aloTCs, HO B HUX OTYETNIMBO
NMPUCYTCTBYET CMNeKI1- CTPYKTYpa



Speckle dimension

Far field correlation
function is determined
by diffraction of near
field pattern

Rectangular — black

Gaussian - red




Pa3mep anemMeHTa cnekn-KapTUHbI

KoppenaunoHHas
doyHKUMA fanbHero nons
paccesHugd
onpenendeTcs
andopakumen Ha
CTPYKTYpeE OnMXKHEro
nons.

Llenb un 'ayccoBo
pacnpegeneHue: YepHas
N KpacHasa KpuBble,
COOTBETCTBEHHO




M O.D,en 4 pO BaHUNE (1(0)) = |E,| 2 RerxTF(x, y)explik (y - x)sin(6) Jdy
CMNEKIT1-KaPTUHbI

F(x,y) = (exp[iap(y) —iAg(X)))

OgHomepHasa moaernb
paccesHna co CrlyYanHbIM
pacnpegeneHunem gasbl

||||||||||||||||||||||
-0 9 8 ¥ 6 -5 4 -3 -2 -1 0 1 2 3 4 S 6 7 8 9 10

3epKanbHOEe OTpaXeHue ¢
andppakumen Ha wenm

R R A S S A [TpomMexyTouHasa cutyaums

OudpdysHoe paccedaHme,
CMEeKN-CTPYKTypa

|||||||||||||||||||||||
---------------------------------

JluarpaMmma 0JIMKHero moJisi (cjieBa) U aajJbHero moJs (cnpasa) 1Jis Tpex
3Hauyenui std ¢paspr — 0.2, 1, 5



SpeCkIe pattern <I(0)>=\E0\22Reajlzgxaf::(x,y)exp[ik(y—x)sin(é?)]dy
modeling

F(x,y) = (exp[iap(y) —iAg(X)))

One-dimension scattering
model with random phase
distribution

||||||||||||||||||||||
-0 9 8 ¥ 6 -5 4 -3 -2 -1 0 1 2 3 4 S 6 7 8 9 10

|deal reflection with
diffraction on slit

N R ST N A S A R B R Intermediate situation

Diffusion scattering, speckle
pattern

|||||||||||||||||||||||
---------------------------------

Near (left) and far (right) field diagrams for phase std — 0.2, 1, §



Speckle noise modeling

Photocurrent - i

Speckle pattern is determined by following parameters:
L — distance between TR and receiving optics; a — laser beam dimension on TR; D —
diameter of receiving optics; A — laser wavelength

N — mean speckles

= speckle
N A O O number in receiving optics
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MopgenunpoBaHue crnekn-wyma

POTOTOK - |

CI'IeKJ'I-KapTI/IHa onpeagendeTcd clieayrwnMm napamMmeTpamin.

L — paccTtoaHme mexay Tonorpadpuyecknm otpaxarenem (TO) n npuemHom onTUKON; a —
avameTp nasepHoro nyyva Ha TO; D — gnameTp NnpMeMHON ONTUKKU; A — AnnHa BonHbl [OJ1

Npeckie — CPEOHEE YMCNO
CMNeKI 31EMEHTOB,
nonagaroLmx B NPUEeMHYo

anepTtypy
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Experimental investigation of additional
noise for DL based system with TR

L‘I‘II-HII

Experimental setup

Relative photocurrent noise dependence on
speckles number in receiving aperture.

Speckle noise modeling prediction is shown by
black line, blue line — thermal noise of preamplifier

resistor, red line — photocurrent shot noise
Nspeckle

Additional noise in DL based systems with TR does not depend on N.
Hence, it is not due to speckle noise of DL light scattered by TR. This
noise is forming on TR itself



JKCMepuMeHTanbHOe nccrnegoBaHue
LuymoB B cucteme ¢ TO
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Cxema 3KcnepuMeHTanbHOM yCTaHOBKU I

3aBMCMMOCTb OTHOCUTENBLHOIO LWyMa (PoToTOKa
OT YKUCIIa CMeKS-afieMeHTOB B NMPUEMHON anepType
Pe3ynbTaTbl MOOAENUPOBAHUA CNEKN-Lyma
NoKasaHbl YepHOU KPMBOW, CUHAA KpuBasa —
TENnoBbIE WYMbl COMPOTUBSIIEHNA NpeayCcUnnTens,
KpacHasa KpuBasi — 4poboBble WyMbl POTOTOKA,

3€lieHad npamaad — D,OI'IOJ'IbHI/ITGJ'IbeII?I LyM
Nspeckle

JononHUTenbHbIN WYyM He 3aBUCUT OT N, NO3TOMY OH He AIBNSIeTCS CNeK’l-
wymom [J1 usnyyeHunsn, paccessHHoro tonorpacomM4yeckum oTpaarenem.
JATOT WyMm popMUpyeTcs Ha caMmoOM Tonorpacgpunyeckom oTpaxarene



BpemeHHaqa 3aBUCUMOCTb
OONOJIHUTENHOro Wwyma

CxemMa aKkcnepuMeHTarnbHOW YCTaHOBKM,
YCTaHOBIEHHOWN Ha OObIYHOM CTOne.

Bubpauusa cosgaBanacbh paboTatoLmm
BEHTUNATOPOM

OTO MOXHO OOBACHUTL
Z=| TONbKO B TOM Cry4ae,
— b R ecrnv NpeanonoXuTb
X Hanm4mne TOHKOW
_ CTPYKTYpPbI B
Sfoooco | RS auarpamme ganbHero
nonsa nanyvyenma AJ1

Mean E-Eﬂ Mean odd

Time, =



ba3oBas nMHMS

llpocmpaHcmeeHHasi HEOOHOPOOHOCMb u3sny4veHus AJ1:

®/L] e yeHmpe duazspammsbi usnyyverus A4J1 (A), 3amem O[]
nocsiedoeamersibHO cMewasicsi 00 rOJIOXKeHUs1 8 KOMOPOM cu2Has 6bin
npumepHo e 10 pa3 meHbwe npedbidyujezo (B, C, D)




O npupoge 6a3o0BON NNHUN

10

1=40 mA
— =70 mA
—1=100 mA

FFT(K,)

0.2 0.0 0.2 0 10 20 30 40 50 60 70 80 90 100
Av, cm’” L, cm

KoppenaunoHHble pyHKLMN 6a30BbIX dypbe NnpeobpasoBaHne KOPPENALMOHHbIX
NUHWUIA ONS pasHbIX TOKOB Hakaykm [J1 dyHKUMM 6A30BbIX IMHUI OS5 Pa3NUYHbIX
N UX NMOAroHKa TokoB Hakaudku [J1

Bbi16800: npupoda 6a3oe0U JIUHUU c8si3aHa ¢ 83aumModelicmauemM cmosiyel 80JIHbI
C HeOOHOPOOHOCMSsIMU 8 akmueHou obrnniacmu J1 u duhpy3zuel afileKmpoHoe, a
ee ceolicmea onpedesisiromcsi cucmemolli Hocumersieli moka — pomoHoe e

7 peslaKkcauUoHHbIe KonebaHus”




ToHKada cTpykTypa anarpammel
nanydyenHusa [J1

Cxema n3mMepeHmnsi TOHKOW
CTPYKTYpPbl AnarpamMmbl
nanydenuna J1 (gansHee none)

[IpMep TOHKOU CTPYKTYpPbI
avarpamMmmbl nanydyenuma AJi
(Laser Components) B
OanbHeMm none

0 10 20 30

0, degree
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PacceaHune n otpaxeHue B moayne [J1

ToHKkas CTpyKTypa ganbHero nongd
nanydexHunsa OJ1 npn Hannymm
paccesaHNa U OTpaXXeHUsa B Moayne
A5 (Laser Components)

g

PaccesHue v oTpaxeHue B moayrne
OJ1 Takke NnpnBOAUT K TOHKOW
CTPYKTYpe AanbHero nongd
nanydvenus [J1, 6azoBoun nmHum n
0, degree OOMOSTHUTENbHOMY LLUYMY

Cxema, obbAcHAOLWaNA
NOSABIIEHNE TOHKOM
CTPYKTYpPbI AanbHEro rnorsis
OJ1 npyn Hann4um
paccesiHua U oTpaXkeHus B
moayne AJi




Cnekn kapTuHa nanyyeHua OJ1

PaCCMOTpeHHbI cnegywwme MexaHm3mobl:

1. BaanmopgencTBue ctosiyen anekTpoMarHMTHOM BOJSTHbI C MPOAObHbIMM
HeogHOPOAHOCTAMM B akTuBHOW obnactu AJ1

2. Bsanmopencreume CcToa4emn af1eKTPoOMarHMTHOW BOJIHbI C NONepeYvYHbIMU
HeoQHOPOAHOCTAMK B akTuBHOW obnactu AJ1

3. PaccesiHne cBeTa Ha HEOQHOPOAHOCTAX B akTuBHOM obnactu [J1

4. OTpaxeHune u paccesHune ceeta B moayne [J1

Bce paccMOTpeHHbIe MexaHU3Mbl MPUBOAAT K CMEKS KapTuHe nanyvenma AJ1:
A. lNosBneHuto 6a3oBon NMNHUK

B. HeogHopoaHocTtu nsnyyenmna AJi

C. ToHkom cTpykType usnyvenus [AJ1 B ganbHem none

D. JononHUTENbHOMY LWYMY NPU HANN4YUm OTHOCUTESNbHOIO ABUXEHUSI 3NTIEMEHTOB B
cucteme Ha ocHoBe [J1

Hanbonee onacHbIMU ABRAAOTCA MexaHu3ambl 3 n 4. [Ang
MexaHn3moB 1 n 2 paspaboTaHbl METOAbI UX NOJAaBMEHUS



[1]1 ¢ BONTOKHOM

Cxema BbIBOAA U3MyYeHUS
4yepe3 0g4HOMOLOBOE BOSIOKHO
C MUKPOJTNH30M

Hannune MnkponuHsbl
NO3BONSAET BbIBOAUTL Yepe3
BOSIOKHO NuLb u3nyyeHue [OJ1
N3 akTUBHOW obnacTu

[1lo aTon NnpuynHe ncnonb3osaHue [J1 ¢ BLIBOOAOM N3Ny4vyeHUs
yepes3 0HOMOOO0BOE BOJIOKHO ABNsieTCcA 3o PEKTUBHbLIM
cnocobom ycTpaHeHne ponu paccesHus BHyTpu ymina A1, a
Takke moayna AJ1



Cnekn-kaptuHa B [1J1 ¢ BOSTIOKHOM

cnonb3oBaHue [J1 ¢ BLIBOOOM 13ny4yeHnsa yepes ogHOMOOOBOE BOSIOKHO ABMIAETCS
9pdeKTMBHBLIM CNOCOOOM YCTpaHEHME POoSin paccesiHus BHYTpu ymna A1, a Takke
moayna A1

0.8 1 1.04

0.6

S,V

0.4 4 0.5 4

0.2- : / \
00 T T T r T . 00 e e AEAEAaaA O,O 'oo(l>00 OO(I)OO Ob

1 i 1 1 ! T T ! f '
-4 -2 0 2 -200 -150 -100 -50 0 50 100 150 200
0, degree X, W

ToOHKasa CTpyKTypa AanbHero nons ToHKasa cTpyKTypa onuxHero nons
N3Ny4YeHnss 0OQHOMOJOBOIO BOMOKHA N3Ny4YeHns 0QHOMOOOBOIO BOMIOKHA

K coxxaneHuto, Hann4ue paccedaHnd BHyTpn ogHOMOAO040BOro OrnTNY4eCKOro BOJIOKHa
npuBOAUT K 06pa3OBaHI/II-O obornoyvyeyHbIx Mo 1 (*)OpMI/IpOBaHI/I}O CrneKkJ1 KapTuHbl
N3rnyvyeHmnd Ha BbIXOOHOM TOpLE BOJIOKHA




[logaBneHne 6a3oBOU NIMHUA U
OOMNOSTHUTENbHOIO LLYyMa

Ecnu nssecteH onanyeckmu
MexaHn3m 6a3oBon NHUU U
OONOJSTHUTENBHOrO LWyMa, TO
BITUSIHWE MOCregHnX MOXeT
ObITb YCTPaHEHO
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