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A laser transmitter of differential absorption lidar for
atmospheric pressure measurement
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Abstract; Here is a transmitter for an oxygen-band differential absorption lidar that is tried for atmos-
pheric pressure detection experiment. The laser transmitter is based on the structure of a seed-injected
optical parametric oscillator and an optical parametric amplifier. As a slave oscillator, a ring cavity
KTP optical parametric oscillator is used. As the master oscillator, is a continuous wave external cavity
diode laser. Operating wavelength of the continuous wave external cavity diode laser was stabilized, by
a Proportional-Integral-Derivative ( PID) servo control loop composed of a high-precision wavelength
meter. A continuous wave seed laser is injected into the optical parametric oscillator cavity, and the
cavity length of the OPO ( Optical Parametric Oscillator) resonator is locked by the “Ramp-Hold-Fire”
technique. This laser transmitter has been proven to have the following properties: high optical frequen-
cy stability (30 MHz/rms) , narrow linewidth ( Fourier transform limited) , and high pulse energy ( =
45 mJ) ,which can be maintained during operation. The transmitter system operates with a single longi-
tudinal mode, making it possible for differential absorption lidar to detect narrowband backscattering
signals. Such systems have the potential to accurately measure atmospheric pressure.

Key words: pressure measurement, differential absorption lidar, parametric oscillators and amplifiers,
injection-locked
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Fig.1 Oxygen A-band transmission spectrum through 100 m
of atmosphere at standard pressure and at two temperatures:
296 K (red) and 276 K ( green)
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Fig.2 (a) Injection-seeder setup. XCOF: cross-coupled opti-
cal fibers; OMP. optical multiplexer; DAQ: data acquisition;
PFC. polarization maintenance fiber couplers. (b) Picture of
external cavity diode laser
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Fig.3 Reference laser source 852 nm (Cs) with high stability
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Fig.4 (a) Block diagram showing three key components
of the single-frequency and wavelength-stabilized 765-nm la-
ser transmitter. SMF: single-mode fiber; SHG: second har-

Vi » MGV G475 O T - T S S B B B i i 5 't
TR AN S . —XFAHIR Y KTP (KTiOPO,) 4
LA, LIOE B M /M2 R S5 8 X2 B e IR
. TSR IS R T T B M 2 M4 2R B, Hoh M2 -
T e {5 5 R G 4 B2, 2 R ot A OPO
PRI (43 11 5 #5580 B R 2 % T 532 nm
WOCA 0 SR 3 6 TR SRR 7Ot B, BA
40% ~60% I R K. V- T 58 M4 15 11 22 & PZT J&
ML, T sl R 1 R I B A B 532 nm ZRE3H
Jokmfid ik M1 3E AR AR IS, 255 M3 5 B Rl R g
SR K b B R B A 2Pk R A DU T X T
23 PRDG 1746. 7 nm Y94 505 B9 1L 3, 7EX Y IR
b 2 TRDG I I 25 s B M 5%, IR PR A5
5 765 nm (Y B IR ILIR IS , BELIE [ 5E AR AL OC 2R
fiifs OPO Zxim 8 48 i) iy i G IR AE T — B dib ik | &
A i R (1746, 7 nm + 765 nm—532 nm) . X AE
MBI A — AR R A, 7E OPO 5 223/ U
Z AT B IR B 4. BT A I TH B B AR AR 1
inch (25.4 cm) . JEREER B —MEFRKARZE 4.5 cm,
5 FR 5 TG R A A 08 SR REE , R BOE IR IR
AOGE K BERE 17.5 em, B HDGIEEHE 1.7 GHz.



4t LA 45 SRRSO 102 SO 3K 9 — TS % T4 4ss

Hor KTP FiA4 15 mm, i@ 6L 7.5 mm x7.5
mm S [ AT — PR AP B R 2 (p-type) XHE 506
FHOCUA K S WO RA BN R (<1%). dE2k
PG A AR AL 4R #2 F SNLO ( Nonlinear Optics Soft-
ware ) THEL 04 1 BE S5 2R, S ARAE XZ P10 L) %) 4
(@ = 0°) 16 =55°,3%JL 6 JEARXS T Z FhrIt i,
P O T w1 D A . G D = R = £ A LY
5500 e-fifk (59 06) 26 ok (-4 6) Fi
25 Rt o- IR (59 1%) . 532(0) —1746.7(0) +765
(e) . o-fmHR i J5 o] 72 S A b i 46 [ 47 T Y 3l e-
P 0 75 1m 76 XZ P18 b 4nE 4a firzR, 765 nm Fifi
TGN — oz — W (2) Il e i — oy 2
— W (2) PR D'l 41 7 1w, (A A O 4 g
PRASAF 000 e 41 25 — B, A5 2 T O O
PANFR T IR 09 J7 18], W6 2 B A T AR DT
P i B 285 1 225K . 532 nm L3 O 28 3ot I IR 3
i , Ae o MU AR 7 ) E B A PR AY , BeRE —rz —
B (1), AT ABUR R 73 6 80t Y 532 nm 306
PR AH B B WS o3 B RE B L), B 2 4R 7 e
S5 R 48 1 ST BE & LU ], XA~ Ll K2y 123
FoAT s SRR Y 532 nm I BOCHO R T
Y RYIER, Sy TS A O K R 2 5 iR O
HAE S ek, BEABORHARL L2 KTP ik
B TR G A

100
80

Transmission/(%)

%00 600 800 1000 1200 1400 1600 1800 2000

MIM3M4

Transmission/(%)

800 1000 1200 1400 1600 1800 2000
AMnm

5 SRR GSER NS AU L. BRI E

A G #h 45°

Fig. 5 Transmission curves for the OPO cavity mirrors. The

mirrors are coated for a 45°angle of incidence
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