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o @ Vznik laserového zareni v polovodicich

* Historie objevu polovodicu generujicich
laserové zareni — rok 1962 — prvni generovani

— Robert N. Hall - General Electric — generace IR v
GaAs polovodici

— Marshall Nathan —IBM — generace IR v GaAs
polovodici

— Nick Holonyak (,,Otec LED“) — General Elecric —
generace viditelného zareni v Al dopovaném GaAs

— Nikolaj Basov - laserovani v GaAs

6.12.2012
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* Historie objevu polovodicu generujicich
laserové zareni — rok 1962 — prvni generovani

Robert N. Hall Nick Holonyak Nikolaj Basov
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o @ Vznik laserového zareni v polovodicich

* Historie objevu polovodicovych laseru — prvni
polovodicovy laser
— jednalo se o diodu s homogennim prechodem

— polovodic chlazen na teplotu 77 K (bod varu
kapalného dusiku)

— nezbytné budit polovodicovy prechod vysokym
proudem (proudova hustota v oblasti aktivni
vrstvy az 1000 A/cm?2)

— napajeci zdroj polovodice s vysokym napétim

6.12.2012




o @ Vznik laserového zareni v polovodicich

* Historie objevu polovodicovych laseru
— nasledné vylepsen tzv. heterostrukturou
— aktivni vrstva tvorena polovodicem jiného slozeni

— v aktivni vrstve dochazi vyraznéji k hromadeéni
paru elektron-dira

— dosazeno laserovaciho provozu za mnohem
mensich proudu (témér 10x mensich) a za
pokojove teploty

— Herbert Kroemer z laboratori RCA - objevitel het.

6.12.2012




o @ Vznik laserového zareni v polovodicich

* Historie objevu polovodicovych laseru

— Rok 1970 - Alferov a Garbuzov (SSSR) a naslednée
Panish a Hayashi (USA) -pouziti tzv. dvojité
heterostruktury

— dvé jednoduché heterostruktury (P i N) tvorené
stejnym materialem obklopuji aktivni vrstvu z
materialu odliSného

— Rok 2000 - Kroemer a Alferov - Nobelova cenu za
fyziku

6.12.2012




Vznik laserového zareni
v polovodicich — popis

Ing. Ondrej Cip, Ph.D. (UPT AV CR, v.v.i.)
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* Opticka zpétna vazba optickym rezonatorem (F.P. interf.)

Mirror

Laser Light
4._

Standing Wave Mirror
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e Zesileni rezonancnich

frekvenci optického

rezonatoru

FP-Cavity Transmission Gain

Laser Output Intensity
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Conduction
Band
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5 Electron .

§ 3 Energy

g Positive Hole | | Gap Eg -
Ll FIGURE 4. Stimulated emission happens after

electrons and holes injected from cladding
layers are recombined between energy states
of the potential wells. Some of the carriers
Momentum (thin arrows) escape to the SCH region without
> _ contributing to the process.
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* Vznik nekoherentniho zareni (LED dioda) a koherentniho
zareni (laserova dioda)

ﬂ /(7— Mirror Facet

p-type Dopped
| o 8 ~— p'type Dopped
Semiconductor Semiconductor

— Active Layer

___ n-type Dopped DA | n-type Dopped

Semiconductor / C RS / Semiconductor
g/ & Mirror Facet

[ﬁ/ Spontaneous  Laser Light
Emmited Light

LED Laser Diode
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jita heterostruktura — varianta ,gain guided®.

* Dvo,

le
Mirror Ficet w l

p-type GaAs

p-type Al.Ga, As (Clad Layer)
p-type GaAs (Active Layer)
n-type Al,Ga, As (Clad Layer)
n-type GaAs (Substrate)
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* Dvojita heterostruktura — varianta ,index guided®.

+ Zn-Diffusion Layer
I p >
0 1 . p-AlGaAs
RI'| Active I T

Layer _L Light Field Profile
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FIGURE 2. The basic double-heterostructure architecture (left) comes in two stripe geometries: gain-guided (middle) and index-guided (right). Wide-
band-gap p- and n-type semiconductor materials are signified by P and N, respectively. Notice the narrow current flow (arrows) through the gain-guid-
ed structure and the beam shapes of all three structures.
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Typy struktur polovodicovych laseru

* Dvojita heterostruktura — spektralni vlastnosti

6.12.2012
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FIGURE 3. Light waves are transversly guided between two cladding
layers laterally either by changes in the refractive index (index guiding)

as in a ridge waveguide laser or by current injection along a longitudinal
stripe contact (ga.  guiding) as in broad-area lasers. The addition of SCH
layers provides tot! reflection due to stepped refractive-index variation.

| Ezconﬁnemem = |
Quantum wells (thinner)

FIGURE 4. A single quantum well (top) is surreunded by thicker layers of higher-bandgap material.

Multiple quantum wells also can be stacked in the active layer (bottom)
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o @ Typy struktur polovodicovych lasert

e Struktura s mrizkou ve zpétné vazbe (DFB) a
Braggovym reflektorem (DBR)

R

— :
Electrode

— p -type InGaAsP

“— p-type InP

— InGaAsP (Active Layer)
AU Pype InGaAsP

«— n-type InP (Substrate)

—— Electrode
DFB
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e Struktura se svislym rezonatorem (VCSEL)

Lenslets

contacts
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Optical Power vs. Current (LD and LED)

\'

— Laser Diode (Sanyo DL-3038-033)

Optical Power [mW]
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| - - - LED Diode (Agilent HLMP-ED16)
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Injection Current [mA]

Optical Output Power (Sanyo DL-3038-033)
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* Opticky vykon v zavislosti na injekcnim proudu

Voltage [V]
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e Opticky vykon v zavislosti na operacni teploté

Characteristic Curve vs. Temperature (Sanyo DL-3038-033)
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Parametry polovodicovych laseru

* MEéErici pracovisté pro analyzu spekter laseru |

CURRENT
CONTROLLER

He-Ne LASER

LASER
DIODE

TEMPERATURE
CONTROLLER
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e Spektrum zesilujiciho profilu a spektralni ¢ary

Emission Spectrum (AR-coated DL-3038-033)

Emission Spectrum (DL-3038-033)
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* Teplotni zavislosti (profil a spektralni cara)

Spectral Gain Profile Shift vs. Temperature (AR-coated DL-3038-033) Single Spectral Line Shift vs. Temperature (DL-3038-033)
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* MEéfrici pracovisté pro analyzu spekter laseru |l
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o @ Parametry polovodicovych laseru

e Spektrum emisni €ary laserové diody — zaznéj s

HeNel, standardem

Beat-Signal Spectrum - He-Ne vs. Laser Diode (DL-3038-033)
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Parametry:

laseroveé diody

DL-3038-033

VInova délka:
633 nm

Vyrobce:
SANYO

6.12.2012

Parametry polovodicovych lasert

Parameter

spectral gain profile

Wavelength

Optical

frequency

11 nm A TH
width 5 ‘
spectral gain profile
VS. +0.17 nm/K -127 GHz/K
temperature
spectral gain profile
VS. +0.07 nm/mA -52 GHz/mA

injection current
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 Mechanicka konstrukce laserové diody

Window

Laser Diode
Chip

Monitor Diode

COMMON

<

Laser Diode

Anode Common Cathode
(Monitor Diode) (Case) (Laser Diode)
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o @ Parametry polovodicovych laseru

Profil laserového svazku vystupujiciho z hranovée
emitujici laserovée diody

Parallel Plane

Active Layer Vertical Plane ™.\ j
0,
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* Aplikace laserovée diody VCSEL (switche, navigace)

Laser light output

Energized
n-Type column
Au bond pads
Logic-activated
laser drivers
Contact layers

Substrate

nergizec
~ p-Type row
Transmission holes
Au contact layer

n-Type mirror { B
emitting
p-Type mirror 1 microlaser
n-Type spacer
Active MQW region

p-Type spacer

Distant
viewing

FIGURE 2. Two-dimensional VCSEL array integrates laser drivers and optoelectronic circuitry, which

allows large numbers of independently controllable VCSELs with a small number of electrical
contacts. (Courtesy, Sandia National Laboratories).
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FIGURE 4. Ultralightweight, compact two-dimensional VCSEL array can be nonobtrusively
mounted into a helmet for sophisticated identification, ranging, and tracking applications.
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Pole polovodicovych laseru,
parametry, moznosti aplikaci

Ing. Zdenék Buchta, Ph.D. (UPT AV CR, v.v.i.)

6.12.2012
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Pole polovodicovych lasert, parametry,
moznosti aplikaci

Zakladni parametry vvkonovych laserovych diod

Vykon vystupniho svazku — az jednotky wattd v kontinualnim
rezimu

Sitka aktivni oblasti — stovky mikrometrd, roste s optickym vykonem
(napf. 200 pym pro 3 W, 500 um pro 7 W)

Stredni vinova délka — pro vykonove laserové diody je to typicky
780 — 980 nm. Hodnota stfedni vinové délky se udava s rozptylem
v fadu jednotek nanometru.

Teplotni koeficient preladéni — typicky desetiny nanometru.
S ohledem na omezenou nabidku vykonovych laserovych diod je tato
informace dulezitda v kombinaci s rozsahem provoznich teplot
laserové diody

Sitka emisniho spektra — udava se zpravidla v nanometrech
(typicky jednotky nanometrl), pfiéemz udaj odpovida Sifce
spektralniho intervalu v misté s polovinou maximalni hodnoty
zjisteneého spektralniho profilu (oznaceni FWHM — Full Width at Half

Maximum)
EVHOKA UNIE v? I
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Pole polovodicovych lasert, parametry,
moznosti aplikaci

Zakladni parametry vyvkonovych laserovych diod

Mezni proud, maximalni proud a napéti — mezni proud
typicky do 1 A, provozni proud do 10 A, napéti max. 2 V

Provozni teplota, doporuéeny rozsah — typicky od 15°C
do 35°C

Rozbihavost svazku — v rychlé ose (horizontalni) desitky
stupnd, v pomalé ose (vertikalni) pak jednotky stupnu

Doporucené chlazeni — uvadi se zpusob chlazeni, u
nizSich vykonu zpravidla kontaktni, u vysSich byva nutné
vodni chlazeni. Standardné se udava i doporuCovany
vykon, na ktery by mél byt pouzity chladi¢ dimenzovan.

Typ pouzdra — vyrobci zpravidla umoziuji vybér ruznych
pouzder pro laserovou diodu stejnych parametru,
uzivatel pak voli podle aplikace nejvhodngjsi variantu.
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Laser Diodes

Single-Stripe CW Devices

780 to 830 nm Devices

DEVICE SPECIFICATIONS

$-2.-650C-50-x §-1200C-100-x  5-3-1600C-100-x $-2-2000C-150-x $-2-3000C-200-x

Optical Specifications'
CW Output Power 650 mW 1200 mW 1600 mW 2000 mW 3000 mW
Center \r’\d’cweleng)‘h2 780 to 830 nm 780 to 830 nm 780 to 830 nm 780 to 830 nm 780 to 830 nm
Center Wavelength Tolerance +3 nm 3 nm +3 nm 3 nm +3 nm
Emitter Area 50 x 1 pm 100 x 1 pm 100 x 1 pm 150 x 1 pm 200 x 1 pm
Spectral Width’ <2 nm <2 nm <2 nm <2 nm <2 nm
Wavelength Temperature

Coefficient [typical) 0.28 nm/°C 0.28 nm/°C 0.28 nm/°C 0.28 nm/°C 0.28 nm/°C
Beam Divergence, slow axis® <10° <10° <10° <10° <11°
Beam Divergence, fast axis’ <35° <35° <35° <35° <35°
Polarization ™ ™ ™ ™ ™
Electrical Characteristics - Typical
Differential Quantum Efficiency >1.0W/A >1.0W/A >1.0W/A =1.0W/A =1.0W/A
Total Conversion Efficiency 45% 45% 45% 45% 45%
Threshold Current 250 mA 350 mA 350 mA 500 mA 650 mA
Operating Current 200 mA 1550 mA 2550 ma 2500 ma 3700 mA
Operating Voltage <2V <2V <2v <2V <2v
Series Resistance 0.17] 0.12] 0.12] 0.10] 0.10]
Thermal Characteristics - Typical
Thermal Resistance 12 to 14°C/W 10 to 12°C/W 10 to 12°C/W 810 10°C/W 5 to 8°C/W
Recommended Operating
Temperature 20 to 30°C 20 10 30°C 20 to 30°C 20 10 30°C 20 to 30°C
Recommended Heat Sink
Capacity” 1.5W aw 3w 6w ow
Thermal Resistance <0.2°C/W <0.2°C/W <0.2°C/W <0.2°C/W <0.2°C/W
Package’
Style Available () C,T,QorH C,T,QorH C T QorH C, T, orH CorH

* %
* *
* *

* *
* g
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Pole polovodicovych lasert, parametry,
moznosti aplikaci

Zakladni parametry vyvkonovych poli laserovych diod

Vykon vystupniho svazku — az jednotky kilowattll v kontinualnim
pripadné v kvazikontinualnim rezimu (QCW)

Pocet emitoru — az desitky emitort v ramci jednoho pole, az desitky
poli v ramci jednoho stacku.

Faktor zaplnéni (fill factor) — udava se v procentech a pfedstavuje
pomeér aktivni plochy editord k celkové ploSe pole laserovych diod.
Typicky byva 50%. Tento udaj byva nékdy udavan i jako kombinace
Sifky emitoru a vzdalenosti jejich stfedl, Cimz Ize faktor zaplnéni
dopocitat. Jedna se o kliCovy parametr nutny pro navrh Ci vybér
vhodné kolimacni optiky.

Stredni vinova délka — pro vykonové laserové diody je to typicky 780
— 980 nm. Hodnota stfedni vinové délky se udava s rozptylem v radu
jednotek nanometru.

Teplotni koeficient preladéni — typicky desetiny nanometru.
S ohledem na omezenou nabidku poli vykonovych laserovych diod je
tato informace dulezitd v kombinaci s rozsahem provoznich teplot

diodoveho pole.
EVHKA UNIE v? I
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Pole polovodicovych lasert, parametry,

moznosti aplikaci
Zakladni parametry vykonovych poli laserovych diod

O

Sifka emisniho spektra — udava se zpravidla v nanometrech (typicky jednotky
nanometrl), pfiemz udaj odpovida Sifce spektralniho intervalu v misté
s polovinou maximalni hodnoty zjisténého spektralniho profilu (oznaceni FWHM
— Full Width at Half Maximum)

Mezni proud, maximalni proud a napéti — mezni proud byva v rfadu jednotek
(pole) az desitek (stack) ampér, provozni proud do desitek (pole) az stovek
(stack) ampér, napéti max. 2 V (pfipada na jedno pole laserovych diod)
Provozni teplota, doporuceny rozsah — typicky od 15°C do 35°C
Rozbihavost svazku — v rychlé ose (horizontalni) desitky stupnud, v pomalé ose
(vertikalni) pak typicky kolem deseti stupna

Doporucené chlazeni — uvadi se zpusob chlazeni, u nizSich vykonu zpravidla
kontaktni, u vySSich byva nutné vodni chlazeni. Standardné se udava i
doporucovany vykon, na ktery by mél byt pouzity chladi¢ dimenzovan.

Typ pouzdra — vyrobci zpravidla umozniuji vybér riznych pouzder pro laserovou
diodu stejnych parametrd, uzivatel pak voli podle aplikace nejvhodnéjsi

variantu.
EVHKA UNIE v? I

o)
208

37



[T

780-830 nm CCP

Conduction-Cooled Single Bar Package

Description 20W 30FF 30W 20FF 40W 30FF
Intended Operation Mode CW or QCwW CW or QCW CW or QCW
Optical Qutput Power (W) 20 30 a0
Power if Lensed (W) 18 27 36
Center Wavelength (nm) 795 +3 808 43 790 +3
(standard options, at 25°C) 808 +3 B0 110 795 43
g0 t10 80743
808 +3
f1o0 +10
825 45
Wavelength Temperature Coefficient (nm/°C) 028 o028 028
Spectral Width (nm) <3 3 <3
<5 (810 nm) <5 (810 nm) <5 (810 nm)
Fill Factor (%) 30 20 30
Number of Emitters ] 19 19
Stripe Width (pm) 50 g0 150
Polarization ™ ™ ™
Threshald Current (A) 8 (typical) & (typical) (typical)
g (typical)(825 nm)
Operating Current (4) <29 (25 typical) <37 (33 typical) <4b (42 typical)
<48 (825nm)
Operating Voltage (V) <2.0 (1.8 typical) <2.0 (1.8 typical) <2.0 (1.8 typical)
Pulse Width
Duty Cycle (%)
Fast Axis Divergence (") (FWHM) <35 <35 <35
Fast Axis Divergence if Lensed (7)(FWHM) 4| a 1
Slow Axis Divergence (") (FWHM) <10 <10 <10
Recommended Operating Temperature (°C) 25 25 25
Recommended Operating Temperature Range (°C) 15 to 35 15 to 35 15 to g5
Storage Temperature Range (°C) -40 to +60 -40 to +60 -40 to +6o
Recommended Heat Sink Capacity (W) 7O 8o 100

s s s
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0, Pole polovodicovych lasert, parametry,
moznosti aplikaci

O
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FAC-SAC 9007.410, - I |
LIMO GmbH l“" — |||||
H=1,5 mm, L=13 mm BFL LIMO (Némecko)
W=2,65 mm, BFL=0,09 mm Doric Lenses (Kanada)

INVESTICE DO ROZVOJE VZDELAVANI



chiller

PC - ridici pocita¢
CS - zdroj proudu
TC - teplotni kontrolér
LDB - pole LD

LC - kolimaéni optika

W - blok vodniho chlazeni

INVESTICE DO ROZVOJE VZDELAVANI
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0} Pole polovodicovych lasertu, parametry,
) & . C et
moznosti aplikaci

Svarovani laserovym svazkem

Vykon - jednotky kilowattu
Ohnisko — stovky mikrometrti
Vinové délky — 900 nm — 1070 nm

6.12.2012




o & Pole polovodicovych lasert, parametry,
o moznosti aplikaci

Svarovani laserovym svazkem

44
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moznosti aplikaci

Svarovani laserovym svazkem

_ o Budici vlakno
Zesilovaci vlakno \

4‘Vystupni laserovy
paprsek

Zrcadlo

Zrcadlo

Budici zareni

Vystupni laserovy
paprsek

* BRI 7 e
**** .. i
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moznosti aplikaci

Svarovani laserovym svazkem

_ o Budici vlakno
Zesilovaci vlakno \

$Vystupni laserovy
paprsek

o Zrcadlo
<=8 Zrcadlo
Budici zareni

/}
y Otvory
chlazeni
N
Otvory pro
zmeénu indexu
lomu —
Obalové budici vliakno Jadrové laserujici viakno

- [ T W
.t*** : g
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METODY ZVYSOVANI KOHERENCE
POLOVODICOVYCH LASERU

Ing. Ondrej Cip, Ph.D. (UPT AV CR, v.v.i.)
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* PolovodiCove lasery s externim rezonatorem (ECL)

Laser Diode Cavity External Cavity

<R, R, * R, »

Mirror Standing Wave Mirror

Amplifier
Laser Light \/—\/ Laser Light
— —
Cavity Length
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« ECL laser v usporadani Littrow sestavy

Collimating Lens Diffraction Grating

Laser Diode %\
—( - \ Le)d

'Q\AV/
= AR-coated

LD Facet

L

Output Beam
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Output Beam
« P J
-~
.-’/#
..r"'r/ ,.v-"'f’. (!
o ./"ﬁ.‘
Collimating Lens o

AR-coated _ Diffraction Grating

L LD Facet L.

i
. Z——
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I 4 1 4

 ECL laser v usporadani

AR-coated
Laser Diode

Littmann sestavy

Tunning / .

-+

with Lens

Point
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\ Piezoelectric
\ Transducer
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« ECL laser — princip selekce modu s rere s oo e,

(a) Principle of Single-Mode Selection of ECL Laser

5 ' ~— LD Spectral Gain Profile
3 — Diffraction Grating Transmission
'2'6 E —— ECL Resonator Transmission ||
| A —— S—
Gaf -
o
s
|_
3 - c ; i i i ;
@ 0 50 100 150 200 250 300
(O] Frequency [MHz]
(0] -
-1 -0.5 1 Beat-Signal spectrum - He-Ne vs. ECL Laser (based on SDL-7501)
(b) Detailed View of Smgle-Mode Selection of ECL Laser 1 : : :
- 7 oo
,_,B i LD Spectral Gain Profile
:: TR Diﬁraction Grating TransmiSSion 6f- R s ek ST s e
St —— ECL Resonator Transmission - _
s .E.S T T
2 ) IR SO S SO
E 4 - %.
(723
= af--
& £
~ 2
=
& 1
o % 10

1
3,
o
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Zvysovani koherence vykonovych
polovodicovych laseru a poli
laserovych diod

Ing. Zdenék Buchta, Ph.D. (UPT AV CR, v.v.i.)

6.12.2012
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Zvysovani koherence vykonovych

* polovodi¢ovych laserd a poli laserovych diod

Vykonové polovodicoveé lasery

* Laserové diody a pole laserovych diod
Opticky vykon néekolik stovek W
Sitka emisni €¢ary nékolik nm

* ...SVNejsi zpétnou vazbou
Opticky vykon néekolik desitek W
Sitka emisni éary < 0.2 nm (= 100 GHz)

6.12.2012
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Zvysovani koherence vykonovych

* polovodi¢ovych laserd a poli laserovych diod

LD s vnéjsi zpéetnou vazbou
* zUzeni emisni cary LD
* maximalni dosazitelny vystupni vykon laseru

* laditelnost vinové délky laseru, moznost jeji
stabilizace na absorpcni caru

6.12.2012
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Zvysovani koherence vykonovych

* polovodi¢ovych laserd a poli laserovych diod

Laser s prodlouzenym rezonatorem ECL systém

CS TC

LD - vykonova laserova dioda (S-A-3000C-200-H, Coherent ); LC — asféricka
kolimacni ¢ocka; A/2 - pulvinna deska;
BG - difrakéni mfizka v Littrowové usporadani; M — zrcadlo; A/4 - €tvrtvinna deska

* % 5 ‘.
* *
* *
* * |
*ak wj 56
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Zvysovani koherence vykonovych

polovodicovych laseru a poli laserovych diod

4
p =0°
Al Af =29 GHz|
P =038W
— R =084
o2l
1 N
1500 1000 500 1000
f[GHz]
4 LT
Af =40 GHz
3f P =148 W
R =3.12
- m
ol |
1 L
_“‘j‘_\d‘
-1500 1000  -500 0 500 1000
f[GHz]
4 p =80°
Af =89 GHz
3r P =237W]
R =196
A | m
1 L
0 A A 1.3
-1500 1000  -500 0 500 1000
f [GHz]
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4 p =20°
Af =37 GHz
3 P =0.85W|
— R_=1.89
=2
oL
1500 -1000 -500 O 500 1000
f[GHzZ]
4 B =60°
Af =62 GHz
3 P =210W
R =260
Z m
=2
1
e
1500 -1000 -500 O 500 1000
f [GHz]
4 B =90°
Af =135 GH3
3 P =254W
R =1.89
E m
" —/An
1
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1500 -1000 -500 O 500 1000
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-QOO -600 -400 -200 0 200 400 600 800
Frequency [GHZz]

732 GHz (FWHM) @ 3 W
69 GHz (FWHM) @ 1.6 W
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Zvysovani koherence vykonovych

- polovodicovych laseru a poli laserovych diod

6.12.2012
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Zvysovani koherence vykonovych
polovodicovych laseru a poli laserovych diod
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Pole laserovych diod B1-79-20.0C-19-30-A (Coherent)
Pole obsahuje 19 emitort, rozmér emitoru 150 um x 1 pm, rozte¢ 500 um

Vystupni opticky vykon 21 W
Centralni vinova délka 795 nm pri 25°C

2
* * ..
* *
* 5k A 8
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Zvysovani koherence vykonovych

- polovodicovych laseru a poli laserovych diod

Pole laserovych diod — zuzeni emisniho spektra — opticka mrizka

Monochromator |—

chiller

PC - Fidic_i pocitac W - blok vodniho chlazeni
CS - zdroj proudu A2 - pulvinna deska

TC - teplotni kontrolér BG - difrakéni m¥izka 1800 lin./mm
LDB - pole LD M1 - zrcadlo

LC - kolimacni optika BD - pohlcovaé svazku

!gf i<§i;r _wj 63
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Zvysovani koherence vykonovych

@ (4 r 4 o v é ' 4 L]
polovodicovych laseru a poli laserovych diod
1 T T T T T T 3

0.9
— 2.5F
., 038}
E 0.7F
: K
o o6} —_
= L
O o5t x 15
a ‘
O o04f
ks s
N 0.3
T
g 0.2F o5k
S oaf

3000 2000 1000 B 0 1_0'_00_ 2000 3000 4000 3000 2000 -1000 _ 0 1000 -2000 3000 4000

Frequency [GHz] Frequency [GHz]

Emisni spektrum pole LD pred (vlevo) a po (vpravo) zuzeni.
Méreno pril =13 AaT = 24°C.

Vystupni vykon ... 3W — 0,56 W (18%)

FWHM ... 830 GHz — 24 GHz

R, =26
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Zuzeni emisni ¢ary —
injection locking technique

0.8W@795nm

—
o
2]
[~
—_
<
ke
=

L3

Ol

M1 - zrcadlo (59% odraz)
Ol - opticky izolator

6.5W@532nm

B8 "Crr
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Zvysovani koherence vykonovych

* polovodi¢ovych lasert a poli laserovych diod

4

R[]

0 ' e \
~2000 -1000 0 1000 . 2000 3000 4000

Frequency [GHZz]

Emisni spektrum pole LD po zuzeni. Méreno prfil =13 A a T = 24°C.
Vystupni vykon ... ztrata = odrazivost M1 (59%)
FWHM ... 830 GHz — 39 GHz o= 3,8

BEREE (O 7 e
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0.6} 74%

9%

Normalized optical power [-]
[
on

17%

-1%00 -1000 -500 0 500 1000
Frequency [GHZ]

1500 2000

Emisni spektrum pole LD, méreno pril =11 Aa T = 23,4°C,
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OR 72 PBS

BD

Monochromator |—

L3
2

Ol

Water
chiller

Ti:Salaser
0.8W@795nm

OR - opticky rotator
PBS - polarizaéni déli¢

k VERDI Vo
svazku . . laser M1
Ol - opticky izolator 6.5W@532nm

| Eflﬁr : J[mumy
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Zvysovani koherence vykonovych
polovodicovych laseru a poli lasero

vych diod
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Zvysovani koherence vykonovych

* polovodi¢ovych lasert a poli laserovych diod

-
O

R[]
- N W BB O O N 0 W

—8000 -1500 -1000 -500 O 500 1000 1500 2000
Frequency [GHZz]

Méreno pril =11 Aa T =23,4°C.
Vystupni vykon ... ztrata=10%  Vykon Ti:Sa svazku ... 600 mW
FWHM ... 830 GHz — 35 GHz R, =91

BEREE (O 7 e
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R[]

10 15 20 25 30 35 40
vykon Ti:Sa/ vykon pole LD [%]

Méreno pfil =11 Aa T =23,4°C.
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LDB LC

L2 OR a2 PBS

BD

Monochromator

ECL
W system

Water

chiller

PC - ridici poéita¢

CS - zdroj proudu

TC - teplotni kontrolér
LDB - pole LD

LC - kolimaéni optika

"1~ W - blok vodniho chlazeni

Al2 - pulvinna deska

PBS - polarizaéni déli¢ svazku
M1, M2, M3 - zrcadlo

BD - pohlcova€ svazku

. * % hd {lHU[I]y
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Zvysovani koherence vykonovych

* polovodi¢ovych lasert a poli laserovych diod

-~
T

o e o o

O N o ©

oo
~

ormalized optical power [-]
o o
w 3]

N
o ©
SN

4 L L L 0 : L
-1000 -500 0 500 1000 1500 2000 -1000-800 -600 -400 -200 0 200 400 600 800 1000
Frequency [GHZ] Frequency [GHZ]

Méreno pril=11 A a T = 23,4°C.
Vystupni vykon ... ztrata = 10% Vykon ECL svazku ... 1.5 W
FWHM ... 830 GHz — 35 GHz ECL FWHM ... 40 GHz / 300 GHz (90%)

R, =18
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Spektroskopie s preladitelnymi
laserovymi diodami

Ing. Ondrej Cip, Ph.D. (UPT AV CR, v.v.i.)
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* Princip laserové saturacni spektroskopie

PBS A/4 PUMP GAS CELL RM
BEAM
LASER |-+ - ___I_______ e ... oo ..;,_...;I
PROBE
| BEAM
DETECTOR
Pozadavky na vlastnosti laseru:

» Single-mode operation

» Linewidth < 1MHz

» Tuning range above 1GHz

» Simple wavelength or frequency modulation

4 717 RN ﬂ{mu[lly
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o @ Spektroskopie s laserovymi diodami

« Spektroskopie v molekularnim jodu P(33)6-3 at 633 nm
{c) Theoretical model of the P(33)6-5 transition

i HHE

6.12.2012




Celkova

sestava pro

stabilizaci
ECL laseru
na
molekularni
prechody v
parach jodu

LASER DIODE LASER DIOCDE P
TEMPERATURE INJECTION e
CONTROLLER CURRENT {HeNe or ECL)
ggg% BOUNDED BY WITH CANbus CONTROLLER
THE 1 ARE PLACED | | a
IN THE 19" MOUNTING X k2 FARADAY i
RACK ELECTRONICS ECL LASER ISOLATOR ;
. RM
ECL LASER WAVELENGTH TUNING
BY PZT HIGH-VOLTAGE CONTROL E—’ """" nH % """ ;
HOUSED IN Al BOX PBes 4
IODINE CELL PBS
STANDALONE GI """"""""""""" {}-/
IODINE CELL
o
NTROLLER
WITH CANbus COERER.
PHOTO-
PHASE MANUAL DE"'ECTOR
HVA-CARO GEN-CARD PAF-CARD
HIGH 4MHz DIGITAL PREAMPLIFIER | |qan
VOLTAGE OSCILLATOR WITH GAIN MANUAL
AMPLIFIER WITH PRESCALER SELECT | |saLECT
¥
~1kHz | [1-COUNTERDIVID 3f-DIVIDER/COUNTER | | 3f BANDPASS
WITH BP-FILTER WITH DIGITAL PRESET FILTER
LIA-CARD
n
SERVO PID1-ANALOG LOW-PASS 3tz | ANALOG
LOOP "i-e | WITHRESET FILTER LOCK - IN
?’D’ (FREQ. LOCKING} 1Hz,10Hz,100Hz AMPLIFIER
ECL LASER ECL LASER LP-FILTER
MANUAL TUNING MANUAL LOCKING MANUAL
ECL LASER ECL LASER SELECT
DIGITAL TUNING DIGITAL LOCKING
I ADDA-CARD Operator's
- MCU+CANbus _— HFS P
—H Do le— _(PID2-DIGITAL e 1200 » ANALOG
FREQ. LOCKING) OUTPUT I I
CANbus B

s
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o & Spektroskopie s laserovymi diodami

« Spektroskopie v molekularnim jodu P(33)6-3 at 633 nm
(a) Third-harmonic spectra scan of the molecular iodine

L R(60)8.4 | || | | || |
R(125)9-4
P(54)8-4
I;;. ‘ P(33)6-3
2t —HH i il
L
gl T
R{127)11-5
A oaonine”
16 -14 -12 -10 -8 -6 -4 2 0
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Spektroskopie v

molekularnim jodu
P(33)6-3 at 633 nm

Simulace a realné
namerene spektrum

:

{b) Experimental record of the P(33)6-5 transition

-

{c) Theoretical model of the P(33)6-5 transition

-

Intensity [a.u.]
-
o

-800 -600 -400 -200 0
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o & Spektroskopie s laserovymi diodami

{(a) Transitions P(33)6-3 and R(127)11-5

Spektroskopie v
molekularnim jédu

P(33)6-3
b b

b, 12 b 5b18"

I 1}\’“‘“ 'Jf i

‘ R(127)11-5
qp

Intensity [a.u.]

P(33)6-3 at 633 nm ' w}r}lﬂ\rﬂ x| g oo e

A i
Detailni zaznam: 1200 -1000 800 -600 \;?3?4 ] 200 0 200 400
P (3 3) 6_ 3 an d (b) Group of strong transitions R{60)8-4, R(125)8-4 and P(54)8-4
R(127)11'5 '_.1- 1 8, - %0 L
R(60)8_4 %‘. E ML”*“I HW‘ r‘d_m,_.‘_,i (—\L.lhd L"ril"”’L_ll"' (&,_,_1!5 ‘*ﬂ' DR
R(125)9-4 B '
P(54)8-4 -1600 1400 -1200 -1000 -800 -600 400 200 O

v [MHz]

* 5 -t
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o & Spektroskopie s laserovymi diodami

Zaznam dlouhodobé stability ECL laseru stabilizovaného
pomoci spektroskopie v molekularnim jodu P(33)6-3 at 633 nm

Allan standard deviation: ECL laser vs. HeNe laser

1e-10 g

£ £

£

3

&

[

§_1e-11 ’

®

©

=2

&

QO

. ; ; :
19-12 [ Il » u I 'l [ B | ' u » u 2 [ |

1 10 100
Time [s]
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Spektroskopie s laserovymi diodami

VAR o
Shrnuti dosazenych parametru u ECL laseru na 633nm
unknown reference mean(Af) | mean(o) rel. stability
(transition) | (transition) 100 second
ISI1 — ECL He-Ne-|
Pa36.3 | R127)1 1f5 40 kHz 25 kHz 5.10-12
O =ECL | BNM=ECL 1 oz | 25Kz 5.10-12
P(33)6-3 P(33)6-3
ISI1 - ECL | BNM - ECL
R(60)8-4, R(60)8-4,
R(125)9-4, | R(125)9-4,
and P(54)8-4 | and P(54)8-4

6.12.2012
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EEL ...

Spektroskopie s DFB laserem v izotopickem acetylénu

500 mm absorption cell

Mirror

Det.
| lock-in 3f lock generator

DFB laser  fiber
coupler

v 0
fast current| | current HF F.-P. cavity
control | | controller| | amplifier

Pl
controller generator
4‘|‘\
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o & Spektroskopie s laserovymi diodami

Spektroskopie s DBR laserem v tepelné disociovanéem jodu

Optickey rozbodoved

DBF laser Opficks vidkmo
/ é Kallmétor
Rlzen! proudu [ |
71‘ —
el

Anirefl
Rlzan! feploty P“““’g';{{g

Chiadi
Pedtirl Rének

Vistup Rizenl
1315 taploty

Master oscillator of pulsed power laser PALS at 1315 nm

84
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Spektroskopie s vyvkonovym polem
laserovych diod

Ing. Zdenék Buchta, Ph.D. (UPT AV CR, v.v.i.)

6.12.2012
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Spektroskopie s vykonovym polem

- laserovych diod

Motivace — NMR zobrazovani [

6.12.2012
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Spektroskopie s vykonovym polem
laserovych diod

VYMENA
SPINU

Polarizované atomy Rb (a K) mohou
vymenit polarizaci spinu elektronu s jinym
spinem, napfr. s jadernym spinem atomu
vzacnych plyn

vyména spinu s °He se déje binarnimi
srazkami

‘vyména spinu s 1?°Xe se déje
prostrednictvim vzniku van der
Waalsovych molekul s delsi dobou zivota
(vyrazneé vyssi efektivita, nez u He)
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0 = Spektroskopie s vykonovym polem
O > .
laserovych diod

Optimalizace procesu optického cerpani

LASER | mmmp |ASSOREENL| .,

MEDIUM
Redukce emisniho Rozsireni absorpcni
spektra laseru cary rubidia
. ] o Srazkové rozSireni
Stredni vinova délka 45 GHz @ 3-10° Pa
94,7 nm max. 200 GHz @ 1-10° Pa

6.12.2012
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aserovych dio

Opticka sestava s Ti:Sa laserem
100% /4 L1 L

TC

RN |
9A I dHA

wuzESmMS'9

PT

la)jawepquie

HC
Vacuum
M1 system
100% 4% 100% VT
M2 - G¢Eastecné odrazné zrcadlo; M3, M4 - opticky periskop;

A/4 - ¢étvrtvinna deska; L1, L2 - opticky teleskop; HC - Helmholzovy
civky; PD - fotodetektor; TC - kyveta

0 % ] +|\H|H|y
" [ ]
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o & Spektroskopie s vykonovym polem

¥

* w S CONEREMNT

Ti:Sa Laser 899-01
(Coherent)

6.12.2012

laserovych diod
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Sitka emisni éary
 bez etalonti 25 GHz
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Rb - sirka absorpcCni cary

129Xe...100 kPa and N.,...200 kPa = 45 GHz @100°C

INVESTICE DO ROZVOJE VZDELAVANI EVROPSIKA UNIE. W j—




6.12.2012

O

Rb -

Intensity [a.u.]

Spektroskopie s vykonovym polem
laserovych diod

Ny

Sirka absorpcni ¢ary

Frequency [GHz]
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Zvysovani koherence vykonovych

- polovodicovych laseru a poli laserovych diod

Dlouhodoba efektivita procesu optického cerpani

-
| PC
} ! ;
CS TC HvA |« AD/DA |*
A Fy
D2
OF2
v v v A2
ECL CELL Hm
M  HC A1 OF1

A4 L1 L2
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Zvysovani koherence vykonovych
polovodicovych laseru a poli laserovych diod

D2

LD temperature <

OF2

CELL HD‘I

f

A1 OF1

NS\

}

DiffractionJ

grating

Horizontal
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aserovych dio

Polarizace xenonu - sestava

LD LC /2

- . —> to PC

L to PC
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- laserovych diod

Amplitude [a.u.]
W

%0 -15 -10 -5 0 5 10 15 20
Frequency [ppm]

Spektroskopie s vykonovym polem

600r

500

400r

300r

Amplitude [a.u.]

200

100

s

Frequency [ppm]

|
éJék :

10 15 20

Spektralni ¢ary 12°Xe v pfrirozeném (vlevo) a polarizovaném (vpravo) stavu.
Amplituda spektralni €ary polarizovaného xenonu je priblizné 400 krat vétsSi nez v
pripadé xenonu nepolarizovaného. Rezonanéni kmitocet 12°Xe je 54.267 MHz.
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o @ Spektroskopie s vykonovym polem

laserovych diod

Fyzikalni a technicka omezeni cerpani...

Photomultiplier tube voltage [V]

0 0.1 02 03 04 05 06 07 08 09 1
Intensity of laser radiation [a.u.]
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Plosna hustota vykonu

< 0,1 W/mm?2
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Dékujeme za pozornost

Ondfrej Cip
Zdének Buchta
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