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Abstract ;1. 6um-wave length, fiber-based micro pulse lidar of profiling atmospheric CO, was designed, The performance of
this lidar was simulated. The transmitter of micro pulse lidar is based on semiconductor laser plus erbium-doped fiber am-
plifier with a saturated output power of 37dBm. The receiver employs photon counter and near infrared photomultiplier tube
with quantum efficiency of 1% . A polarization-independent fiber-optic circulator is used as the transmit-receive switch. The
system utilizes fiber devices for almost all components, e. g. wavelength-division-multiplexers/ demultiplexers, isolator, fil-
ter, coupler, which make the system robust. Characteristic of this lidar is micro pulse energy 20uJ, high repetition rate of
20kHz and miniaturization. Signal simulations indicate that signal-to-noise ratio below 4. 7km is more than 10: 1(18 x 10°

pulse) . Anode dark count of 2 x 10°/s limits the system performance. New InGaAs/Si APD with separate absorption and

multiplication region will improve the lidar performance.

Key words : atmospheric optics ; micro pules lidar;differential absorption ;transmitter ;receiver

5

it

BOLEBR—MBERRSEMITE, ERA
PRI S HE | I B 90 B K A B0 A5 2% B B B A
Bk ARET B AR LR BOLS AL
KT U RF AW SR BRBEKEFR
I X K 8 R R G TR LR 0 Bk KA
ERRBE B fEE— AR, RER &, M
BB JUMDER LA R K, AHAH. BRILA &
Rl &, A TE A LB R AR E, N

N E #2003 - 11 - 03, 4 E B #E:2004 - 04 - 28

AT /INEG & RS T Bt A . TR AT TAR B — B
B KK CO, RGE-f FIAME A S 2 SR
AT R RO B84 R IR 588, T UL A oK
BSOL I 4 0% Bk R Th ok, TAEfE CO, M4
15720m"* BRI, SEAG ISR LA 4041 0% e A5 3845 0 0%
FIHEREs. XA, KAk b aE B A REMCK  HE SR
PR AT 5 8, 18 A U Uk b .

1 TERE
BOE Ik sh e K SR W47 30— 7 T K S s

Received date: 2003 - 11 - 03, revised date; 2004 - 04 - 28

EEWE :863 - 13 L BIREA RBOCH 75 5 i SRR BTN H (2002 AA 135030)
BB BOET(1966 - ), B EBSIIA L BIBFFTE, W%, BT EAFBOCE s REH.



5 HEHENE BT ORLT o G RBOE SR BRI IE S XX CO, WL S A T LA MSK v B i 385

- (o)
. DFB AOM WDM Isolator WDM (X WDM Isolator [
PO\:VCI' PUISC, — e
Supply Generation l Pump Pump
T » Diode Diode
+ - - {ecoL} aom Heoupler [
' : Telescope Circulator
] ]
}
' Multipass cell | collimator 2 /{:\ !
R
]
D | ?
] ! :
] ' X
system Multich- .
controller |~ =~ =« = 4 annel - e preamplifier {- - -« -~ PMT Filter
(pe) Scaler

I RELH TR

Fig.  Schematic diagram of system.

73— 77 EA KA A BTN, T A 2R G0 B 1R 4 £
SIERRBN CO, KA HOLIK rhaE & dy k. 75
SRR R AR G, BRSO T TR R B R
XA AR TS CO, BfEE. HBESH
PRI T CO, ER AN 4 T REHR S
FERRR A, LIRS R CO, MRIE LR, EiX
RGP RAPIRBE KAL) R F LR, Kb —§
K e CO, Rleg i .0, 188 A, B —HKIETE
RS b 321, (6 2 BB R L/ BN Ay 3R
e R

Neomrr = Np,on"lﬂ(f\on ,R)AR(A/RE)

expl -2 [N(2)o (M)
+a(A,,,z)dz]] , (D
Nowny = N, mB(A s R)AR(A/R®)

cexpl - 2[ [N, ()0, (A,

+ (A ,q,z)dz] ] , (2)
AR RTEBBEIHEER N, £ CO, # FHHE
(em™) N (R) REWYIEZFAKE R-R+ AR
& RSB R BRI 88 = A RSB FEON, A
BRSO EANBOLI A SR TRy BRERN
BYWSCEE R AEMER A AT EREN %
JEEALB(A,R) A KK FHM MG 5 8 A B
(km™'/sr™") BRI TE R BT DB ER, @
FERFNBH ZRAEREER, ZRAN, (2o,
(A,2) +a(A,z), a,(A) £ CO, BRI EE (em®) ,
a(A,z) BB T CO, MWZAMEARE. BHH A,
5 A M ERLAH

,B(I\D",R) =ﬂ(/\ojf1R)1 a(/\an"z) = a(’\aﬁvz)v
B (1) M) AHBR (RPHERR Kb £ &
ESEDINCPULIONE 8 aprey - IR EE N AE o

1 d Nwﬁ(m
—_ l JERLIL JACIEA
[ou(A.) —o.(Ag)] R ]

N.(R) = ,
2 Nek,an(R)

(3)
XA (B0 5 R e T B, AR X — [ R, IR0 AT B
AR CO, FRINMKMTELEZMBOLE S F
SZAMEFOLH E AR S RERRK LUK PC HLES
AR LA RR. B T RUbK e Ik R 5T B BBk pP BE R A 2
KBk rhBOL IR 1000 32—, 0 TR 5 KMk
B IRAT R R b, L AR A R A R W 3 Kk b
HIKHT 1000 1, B3 AIRAF RS BINFY, 25
[FHREL. [N BB AR SRS, fF S HREMLFITH
o, AR EKEM A/D HHRSHIERmA 1.

2 RHR%

EHRFEIIREAE T A H W K ELR TEh
ko, © FE DT AR B DFB 2k 5k 8
3 28 (InGaAsP-InP ¥ % — B %5), A 06 ¥ & 22
AOM1 . AOM2,ECDL #Mg i SR 800 28 (B
O /P oL R E) KRS RAES, KaEA
2% WDM, JL4F B8 B 2% Tsolator, IR4H YL 4F i k28 ED-
FA, R ST

T BN o b 24y AR (3) HEAT AT,
— PR TR SO B B Y R T A X T i R
WL 2k 32— 1~ DELTA ¥ B4 €O, |
RSN AR R , LA I 18 2, Nk



386 gibs 2K ¥ 23 %

Retroreflector

Wavelength
urmng

ﬁl;. Pivot
Point

Laser
Qutput

HR

Coatin

AR Coating
Collimating
Lens

Diffraction
Grating

2 AMERE REROCR
Fig.2 External cavity diode laser

W IR 2 /DT 0. 1%, & §F i 28 98 5 /N F
30MHz, [ I, s B A5 2% SE BB 8% | i a6 0 HoR BURR
.

SR TR BO6 RS (ECDL) & A, B4R %
2H R LT RPN 1571, 2765 1m,
200KHz 10mw. & 5 i — H A B #OE 88 48 8
HEELB 8 AT Ml OB A R (i 2), AR e
BOLAS 19— ST B 4 B B L 59 — i 1 4 2K RO
R, 2 ISR ST S S R I, M B S 1 43T
TofF R BICH, BEEEERER. A TH
R ECDL & A, bR e, B a s B A BM
SYHEER 90710 ) BURE HEBR 4 (10% ) H 225t 74 2
£ CO, SRR, KR BES T EER
ECDL Bt a8 i, i 2 G2 78 CO, Riiskig |

S R AR IR BOL 28 (DFB) & A, 89 £ 4% %
BOHBK. AR XD YR 1571, 429m™ |
2MHz 10mw. 3X & — 0 8 BAL 6 HL 38 14, 9 30 A
HER ML TARE R B R4, e B
RO Y 20 AE. HOEIE 55 A b b 83 ECDL 38,15
ekt H18H B {E AL

BARRXIFEREFEECB MR W L
B hR B TR RESOS M T R A
AT M ASRETE B 5 B R F %, B L TR 7R Bk o
R T H ARk aE B/, KR BR &I T 0 BE .
KA B A BRTH SR BRI AR, HobiE4 %

B UL BRI R G F 4 FRBOGRE « BEDE

okas (BE T LR Far i) 76 0 K 5 0
IR, TIAS B3 P R o e ok S ROk 280 5ok
¥t

BAGH) DFB #ok2% M ECDL SR #8 50 &9
AR IEGBHOE, Bk b5 5 R AL 25 3 7 6 8 5 2% e
IR RS S, WORE T A LA BUB PO, B AN
TRHISRER R 10KHz, 16 kR 38 B, 7

A5 H Bk 2 1 A U 28 5 AE A 20KHz /Y 5L 5]
Rk, Jik v 86 B 16 55 B SOms, SR G 22 51 B4 R 45 1K

3% 2F PR BOLER BOGE IR RS R B R A
T F%,EDFA ) B s PG4T B 2 2% , B 83 i 30dB.

JEEF AR K28 TAEE R M H RS, P M
22 H 37dbm (4000mW ) , 7 $2 @ Dy S 46y i, ED-
FA RFIE\R ] R B EPIERDEEE T
R (G B 106W/em®) | 9] £ 8 4t
(SRS) A HL SN # S (SBS) R BOLIER T A
HAEH (ASE) R B4 #E, WO Bk rhRE &
00 AEFHESER MREHFEERHE
20um, S Ak P AE B T 425 F) 50u).

LRI 8 B 1l oK R — R ZE 4% K ( Smith:Cassagrin )
RETBIms, HO 2R 25em, HEEEA & R4 H
B, SREF RO AR SR R AT HE BRSSP R B /D
F 0. 25rad, B85 IR R MY E , FAF K06 5t
HEOtE B e R G B AT R, HAR
FAKT 100urad, KA/, EREERE P,

3 BEERS
R ARG EZBOCREX TP ITH BRI

Telescope , #E H #% Fibre collimator , £ 4k Y2 R 28
Fiberoptic-circulator, Y6£F i€ 3 #% Filter, Yo B {51 5
PMT(InP/InGaAs Y:ELBA#%) , BT & K A #%F Preampli-
fier, 253/ 38 bk it 5028 Multichannelscaler.
EWREHS R ETERBAR XORE2
25em, AT LM B R SR BLEBOER R WTRERN E S,
LA B BT I X BT BRI
BRI SSRRE HEA L ERZ RGP, K5
BB R W IE N BUR RSN I o5,
ASRE 1 35 02 s LR 2 0 —3 S0 /8 F 0.
8dB, S IA &4 #E ( =50dB) 1R K, BI X A 309 8%
A AEVPEA 1 B 2,50 2 253 3 {RIE T B
ES Rt AR RS, AR EIR S RS, A
SR SHBREGREN X AHEABRKRE.
w3 FroR.
(6dB) 1. Snm, A A#i#E 2. 0dB, A] PRER KM 24K
L BNE RS . b R, R £ R
TE K et R HEAT 6 F I B (G $0E 3R 250MHz).
11D Y 1/ 4 55 e e o 6 = i
LSRR E PMT Sk AR - 80°CHI¥%,



5 HENCEN S BT AT ML S A ROL SR B IR 23 K CO, R BE 210 AL ZLSMR K mh iR ik 387

RARBEAS T M S PR S, B 70K 1% , 15
W E 2 x 10°/s Z 60 $19mm, 135 1 x 10°. %
AL B L S BN, F e A IR A
BRKZFBR R EHAF R 1. Sum S ER
) InGaAs T "B (APD) RA W1, (KT /N, &
FEE TS% ,BEL I 6nA, {ARE3{R 10, REETHE
T Geiger ITHUET . —Fh b BUA R CFE 1 4 &
WIS B RE R R, B2 2 InGaAs
i SRR R Si e 854 T InGaAs SER Ik
FRHERD S| S BB XM F B ARE AR
TR InGaAs-APD #iT, B 5 InGaAs-APD #34
WE B THCE, Mt AR 55 Si-APD #2445 1 45 0
g7 54 B T AT Geiger iH8L, AT F 1%
WCHLAY R BRE , /N R, FO2 s+ 4 6 Bt

e 1) B A Bk o R A B A — E BRI R 7 1
FE B2 i 61 1 B8 5 T H B B 1], 25493
HREAFENX () R AR(ZSEIHEEES) =C/2,
CREE:; BT » RE T EXMEEE
PR BRE—EMM , BA — MR K shik
BDEFT s B — 1R BOCk - Bk
5, B A5 S Bl MBI 1R 1P g 32 e B —
KBRS, TIH (1) SREESUB(N) BRI B
KeE(H)ZRAXR H=CNw/2, i /5B £ 1 (18
x 10°) RAEEF I b 6 i Tt B RN 3. 25 78
G R bk B 5 5 1B T 40, R 5 B eP R B
BT E S SRR (A TH 20K Hz) .

Hl5 5 MR TS, BBk rh7E B R] L2 45 M B
R RER, BIFEHE MRS « A, g R
T Bk 24 78 OGRS B8R, b M
B4 b o, 155 FIRE 5 B AR 34 S B 7E Bt ) R A L)
g e ik vh. (EFIE IR, 8 H Gk TR AR
KFMeRERk k. H, AP EESENRE S —RER
FERRNEE, FIEARE iR B T RE A B b A it 5,
IR EMRLL.

A TH/NEWR ARG P& LR K,
FAE B - (X 1. SSum PR ) e 5
8

4 RERERITE

MEHEER TR AR (ATAKRE
THERSER) MARGESH, T .. A, JBH R
B a5 FARIME MR L RIS, X F B A e
B BRIECR SR SRS, TR RN 0 fE
oA . B B3 (D) F(2) ATRLHE S A,

A GG ) B S G B T3
KT B, E e X
S = Ns —, (4)
JNs + (Ny + Np)
()N, FEEESHITHEGN, . HE R B EN
THEGN, GRS A aE B IR Bk ot 8, i R 80k
TRk AT R EIR I, 5 5 5 A B i T+ $RT 1A

REEAIT. N, =M - N; a0t Ny =M « Dep - :MTR;M

& R R BB Bk rh 8, Dep St £ 38 H B AN
BET B, e R, A (A)BERTRHK S =

N VM Sy 3k ok N, B

[N, +Dep - 2%@

/i, B LASR R B AR S0 M AT SRR fF MR L.
BUEBAUTE R AATA B B /Y S320m PR X

IR RS b IR 2 5l e F

PR R (KA 2 AR km) ;

KA FHE B R B (k™ /s1)

Bn(z) =1.54 x10 *exp( —2/7). (6)
RESFHARE(km ") .
a,(z) =B,(z) x8n/3, (7

KBS EBET R B (km ™ /sr)
B.(2) =2.47 x10exp( —2/2) +5.13 x 10%exp( -

(z -20)%/36), (8)
SEBRHEERB (km™') .
a,(z) =B,(z) x50 (9)

KAGTFIa U RS E [0 B RS0t

height(KM)

Rii At e s e e L e e e Y
100 1000 10000 100000 1000000 1E7
photoelec trons

B3 THAMNEECREESRES (15 x 10° Bkap Bin)
Fig.3 The calculated received signal in photoelectrons de-

tected 15s( 15 x 10* pulse) based on the atmosphere and the
system parameters



388 55 2K E %M 23 %

height{KM)

vy — T
1 10 100 1000
Signal noise

B4 HHEBENERE

Fig.4 The calculated (A on) signal-to-noise ratio for the
system parameters given and the model atmosphere. The cal-
culation assumes 18 x 10° pulses and 30m vertical sampling.
night assume no background signal noise

BRZEIFEUTEE" .
Bu(Al) . ’l_l_ =1 oF
B.(A) - (Ag) (X#)
Bo(A) _ (M
Bm(AZ) /\2

[ﬁﬂtiﬁu(z)lsvz =0.34 xﬁa(z)saz
B.(2) 15, = 0.0131 x B,(2) sy,

EFA I F T8 532nm P K1 RSB R

1572nm AT RS, FINF, 5 TEBIE AR

S BES NELUF CO, UKW EREE ST N,

(2) =Nyexp( =2z/T) 85 Ny H}1.048 x10cm ™?,

fit A, IR UCER T 4 6.36 x 10 " em™ 54, B R

IR R 4. 56 x 10 *em?™ 4R (8) x0.34 + &

(6) x0.0131,;%K(7) +(9)FE FEmHX, BT

AKX (D) A (2) #1TiHE.

B(R) = 0.8398 x 107 %exp( - R2) + 1.74 x
10%exp( - (R - 20)°/36)
10 exp( - R/7)

a(z) =4.2x10%exp(-2/2) +8.7 x 10 exp( - (z

~20)/36) +1.67 x 10 exp( - 2/7)
RESEHIT

+ 2 X

Bk BE & 20u), N, ., Np oy = 20uf/hy =1, 6 x
10" BRI ZR A B T 308 1% , B R LM LR
20% ,n =0.2% ; BB 5> B H AR =200ns/2 x (3 x
10°m/s) =30m = 0. 03km; W E M A4 = (250mm/
2) x3.1416 =4.9 x 10 *m’ ; L IE P oW FE 1. Snm;
LY 100urad.

LA 1S Bhhetia] 15 774~ KA R 0 (OB kb &
F 2 10KHz) Sl i F R B MAER 1 4 =3
HS T ERE RIE 3. 30 40k g R B
AR E MG, | 4 BTR BEITEE
M EETE4T AR, HERILE KA 10: 1,58
XA BELA T 9 R SR MR AT 47 09, AU 75
BIE6 nBEUHNGRS I SEEE 6 M ER, &
TES RS, MY TRUTE T, BEEEM 1
2B SR ENE (S T k.

6 %%

bk o R R AR T SARBOL S BT BURES |
LD E FOE T 8, RE Bt a4
I, 18 R L TS /DAL R BT
S ZARGIRER /N, O T RERIBBAF IR R
B RN R E R IR T . BUERAIINSS
REH, HRHR AT Y. R A E BBk,
PR T RERIERIIEE .

REFERENCES

[ 1]Sun Jin-Qun. Laser atmosphere detect[ M]. Beijing: Science
Press,1986. (b Rf. MEKXSHM. L. BlFEdH
), 1986 103.

[ 2] Paolo Francesco Ambrico, Aldo Amodeo, Paolo Di Girola-
mo, et al. Sensitivity analysis of differential absorption lidar
measurements in the mid - infrared region[ J]. Applied Op-
tics, 2000, 39(36) : 6847—6864.

[3]James ,Spinhime D. Micro pulse lidar(J]. [EEE Transac-
tions on Geoscience Andremote Sensing, 1993, 31(1) ; 48—
55.

[4]8asano Y,Kobayashi T . Feasibility study on space lidars for
measuring global atmospheric environment, No. 4 Final Re-
port, F~82-95[R]. Japanese:NIES 1995.



