®19% ®H3W # it T /N Vol. 19, No. 3
19954 6 A LASER TECHNOLOGY June, 1995

3 T FH o B iR TR e 28
HE [E] 4 — 3R

R

(JuE T k2, 4L &€, 100081)

O ASCAENE LAMTERR T QOGRS 0 B 4k rE RO SR 8 I B, St T
X R AR ps BAM B A A IR RHO6ER, M0 10ns B UK R BO6 T i B 6 BOG Bk s 8 LAY R 2
AR R BT 22300 I Fh SR M 16 3 /I F SO Bk ol e ST W 6] 6 38 2% R SC RUBMOL S B o 4 3
B, L6 S Y B TR 4 U B T 3 R B () 0K P R R (LA R S 2% ), T 5 5 1 Bk
REMPIE TR,

X WX AEEROLR  BRREE

Temporal characteristics of the gain-switched tunable

solid-state laser-theory

Zhang Guowei

(Beijing Institute of Technology)

Abstract: The temporal characteristics of tunable solid-state laser pumped by a Q-
switched laser are studied theoretically. The {drmiilas of the buildup time and the pulse-
width of the oscillating mode for vibronic solid-state lasers with lifetime um-magtitude,
pumped by a laser with 10 ns magtitude pulse-width which are shorter compared to the
buildup time of the oscillating mode, have deduced. The theoretical model gain switch-
ing model predicts that the temporal characteristics of the laser, the buildup time and
the pulse-width are dependent only on the pumping energy level and cavity length.
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FEHIIT R MERBAMF ST EERE T TR E AR, £ERFRENIOCHa, W
TP 1 ALO; X 3.2us, Cr* " Mg, SiOy 4 3.6ps, T Cr** 1 YAG RF 3. 1us, T HITIT RHfEaE
B Q TAE, T # FHE ko BOBERE 3 R MER 77 X T4E, A Nd: YAG, SR BOLHR%,
X HEEREAR KRR ETE 10~ 50ns TE, B/ TROLA B ZE 50, BAERSHEHESR,
WS EIER R MBI E bk o A N8 T A 9480 356 Bk o 3% 78 B9 SO 28 PRASCL I 28 7F ¢
(Gain Switching) 77 X TARMIBOE 28, FBOLTE ilaY S5 BR A R T3 Q Ty bk B 43
Fak, AR TR BB B (KRN FREE, 5 ns BR), BOLJLFEF AN KB T
EABAEARM O RV T — SR IRl 4, R AR 25 FF 56 AU B4 Bk s [ A Y 28 B 5
BEA—EH A, fla, RSk R E SRR MK LR, TEEBRTR#EER
HAKFRERK. AERKMEZSHRRIE, ABEI<10ns B 5K 6,

430K NEE IR B AT X Bl 22 07 X TARMOG SR SS9 H, S Q FREAR#IT T I
Bo XHPRH T HEORK s B BB EEMEMUREBRAX, FEEAHX T
AL O, Bt SR8 L 55 RtAT — 8tk
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1. & FF42X
R Bt E RO BOCE RS R, TR TR REEE (U TR FRRE)N
(OFBRETFEE »()WEEFEERER
dN(t)/dt = W(t)Ng = N/t; - Co.nN (1)
dn(t)/dt =coNn — n/, (2)
K, c AAHE, 0, WZMEFEE, of WEAELERE®R, «.=T/0. NEMKFHEM(T =
2L/¢, L AR, T WEMSER NER— KA ETHE o) B H*E)
8. = In(1/R) + Za,l + L, (3)
KA, E—TMAHBEBFE(R =R, ' R,), FH I b & m R, 88 =300 fe N B9 IR 5% L A7 5 L B
HEREHE. HAEXR
Ny = Ng+ N+ N, (4)
XA, Ny AFBEFHKREGT TP ALO; 54 10" ~10°EF/cm’), No N, 1 N, 4r 514
EE BOLTRERM LR RAVR TR MFH ZRER, N =0, MR FE R N(t)=N,(1) -
N{(t)=N,(t).
MEMERE LR
W(t) = P(t)o,(v,)/A + hv, = co,(v,)m, (5)
KA, PO AFERINE, o, (v,) BRI BN EHICH BB E, v, ARBENLWIETRER, A
REBNAREEMER, », REWHEHAETERE, B, X TP ALO;, 0,(A =532nm)=4.9
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X 10" 2cm?, T hv,==3.7x 10 ), fH A =0.03cm?, W XF Bk 5 K 10ns & R/ 6, bk e & 10
~100m]J, Bi R M A 5% 10°~10"/s,

2. M (ns) BROF R A THRAB AN

EQIFRERP, BB FHEHE, SHERER QE(FRE)FHFTEETMEHER
ARSI AR R (K BK W R ) R, RGBT QEREMRBROLE KR, TMEMBEFRE
A, R HRRE (Q B S AR, & R i BE (R T RO e ) T2 o A /e 3 TR 3R 1 4 B0 S
BRI TG, BK SEAEAR 48 B B 18] PO 3R18 mE 25 TI BR B BB E kb

TEQFFRBEAS, RHMIEAR

4 N max = N (gain) b
FETFHOLT BT B A4, B R Nl 2
GAEESENANEEEEEas (0D /TN N\
B, 30 — MRS, TR 2 TR % N
SR, L WOk 6 1R 50T, T NN
I LT, B AR R AF ) 4 B N n /N
W BT A B R R B 1 wls
I T 4 26 FF S EMOR B H0 OLTE R My NN
TR, G R HBBER ¢, W £ =0 0 1,20 40 60 80 100 ;(pg)
~ 1, FHEEBE, 1>, W AHBREH
Er, BPiSe 2~ B R B Fig.1 Development of a gain-switched laser pulse
3 e<e,, ATRHS R IEAHEREH, X Q)R ELY

dN/dt = W(t)No(t) = W()[Ny - N(2)] (6)
TEHIEN N(t) = Np[1 = exp(= W(z) - 1)] (7)
=1, EFBKAE  Npw= Nell—exp(- W+ 1,)] (8)

R ¢, =10ns, 24 W=5%10"/s i, N,,,,™~0.5N7. HH W=3x10%/s, M N_..~0.95N1,
X e>e, BB, XA W) =0, FZBEERH, (DRUSE
dN/dt = - co.nN (9)
THELA N(z) = Npae - exp[ =\ () - (£ —¢,)] (10)
BRI R FEE BOCHK P B TS ECE T, XFEE n)BVEW 2, MEHTZEK
RERATRB IR E R, DR FREHE N THRIIBE N, S FEERBSFREE
{E) 7 maxo
3. BB R AR
BB TR EE NG AT (2)RBL dn/de =0 K75
N,, = 1/co,r, = 6./20,L (1)
MMEEHFERIEL MEZHEFBEMBERE AR K, 3 T ALO;, 6, (800nm) = 3.8 x
10" %em?, #& 8. =0.5, L =30cm, | N, =2x10"%/cm®, ¥ NIE 101°~10"7/cm® . 3
AHG)RB(DABIRERHER
Wy = (1/t,)In[N7/(N7 - Ny ] (12)
R EEHEENE Py=A-hy,  Wy/o,(v,) (13)
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4. RAATER LR E
EARQ)HRARERD), TER

dn/dt = co,(N — Ny)n (14)
X (DARIR, Xot W(e) =0, BB B X\, WE
dN/dt = - co,nN (15)
MR HHBRE R, 15
n—n; = N; = N - Nuln(N;/N) (16)
n; AHXF n 7T LAZBE, ML
n=>~N;—-N-Nyun(N,/N,) (17)

M N=Nb, b FEEHERZEARE FBN/No=r, EREHERGHHNTFHRES
BENTHREZHWE BRI RARBKFHEESH. XH, RXETFHERTER Y

Npax = [(r =1-1nr)/r]+ N, = o(r) + N, (18)
() RFH, AN FHEERULAS T N,(N;=Np), BBRTERNKF ro o(r)BY
BERGEBCH BT RRAETFROETFEONHAE ¢(r) = nmw/Nuwe B8, B—
MNEERRAGER. B2X o(r)MEMR, & r =38, AH 0% EHM N, B RNEELH K
To T r=58, WA SO%ELH N, N 1o F BB RFERF EUN B BBk 9 BT
TG BT T R WR{ELALSE T M FE Y AR T 280 LK, NSO s Bk SR R A2

Bt E R A

(r) ( = N.=> 1
P, =~ npu - Vhy /1, (19) q’l.O-——\":mS- —I'v‘— f':‘)—-:
Feh MR Vo AL, by, NEOBH K T &, 0.9F  Muw=0(r)N,
T4 SN K In(1/R )/, 4%, B A 0.8f
P, = %nm . cAhy, - In(1/R)  (20) 32 i
5.3 AR = atE 0.5¢
BIRGRE MR TR N, = No,, 3% 0.4r
=t — 1, M(10)X TSR gz
N(t") = N,exp(- co,nt’) (21) 0:1.
FEQDREERAQ)R, EHBRENTER R
B, EMARITAESOLE 1 FEL a) 123456785910
N(t) = N, - [(N, - No)/1,’ e’ (22) r=Ni/Nu

%4&’%513?,%(21)i§, %(22)&1‘%)\7&‘&(2), #% Fig 2 Maximum photon density vers » = N,/N,,
BEIRFAQD, NF

dn/n = [(r = 1)/ J[(1 - ¢')/t," 1de’ (23)
Xt ntin B, 0,5 HOZE ¢, B4,
ty = 2t./(r ~ Din(npe/n;) (24)
HRE N=N, FTHHLE 1 FEX b), MQ3)RER
dn/n = [(r - 1)/7.]d¢’ (25)
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ty = t./(r — 1) « In(np/n:) (26)
QXM Q26) XTI HERT A
t,’ = Br./(r = 1) « In(np,/n;) (27)
BR TR FERFERQOAMBEMLE, QX P BHENE 1<p<2, TRXRHE, FHHE B
=1.1~1.3c RFE n,<npp,, WATEMUE
ty’ = Br./(r — 1) + Innp, (28)

BAANAS)R, IER SCrNu) 3 t,=f(r Ng) =7,
t," = Bf(r - Nu)z. (29) 1007

K, f(r« Ny) =1/(r - 1) 80
“Ilr - @(r) - Nol  (30) sol

ER—MU NGAHSE U r=N/ b

N HEBM R, hE— N LEAY

B, EHERFELE3 FHEY 201

B8 N, 3% 10%/cm® 1 1017/

ob— o v e
em®s FRLEH, £(r- No) EEBR b23456789510U
FEWAT r, TEEK /YR r=N/Na
Dl'n]gf/]\, £ r>3 E‘%éﬁf Bl @%(E Fig.3 Laser pulse buildup time vers r= N,/N,
Ny,=10"~10%EEMN). MY »>7 W5 N, T3,

(28) 21 (29) B 4710 28 77 36 TR0 5 28 40 M Ik vl 22 57 B 6T 0 LB 0 AR, T BT
HF A (B, TBORT £(r Nudo U SO B vh B 7 B 5] 3 5008 S B e s {8 5 80
B 2 I B T RER, U 1, = 1, + /20

6. BB 8 K K

G0 IR TE ORI Bk o B X B A F(ry |
At = E/P, (31) 7.5 At=F(r)z,

TIBOLRER A 15.0}

E = a(N; - N))Vhy, (32) 12(5h
XE,1<a<2, H19)RM(32)RAR 10~9
AGDREEF 7.5¢

At = a - F(r) - r, (33) S.0p
Kb, F(r) = g(r)/e(r) (38 2.5
AF, 9(r) = (N; - NJ)/N;  (35) 1 234 56 78 91011
N, ZRRERNFHERE(SZRAE 1), H r=N,/Ny
I op(r) B E LTI RMEEE(N,) BB BUK
R, @ F(r) e —4 % 8 56 5 Fig.4 Laser pulse-width vers = N,/ N,

o p(H)FTEXMATDRE »n =0 @, XB6IBERBET ()5 r,%ﬁ’ﬂi‘é%,ﬂfﬂ n(r

=3)==0.95, p(r=5)=1, HEKEINTTUBE F(r)WBWME 4 FrER. 33)RFKH, Bt
Rt EE SRR KT RELX, TSBERRER,
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1. B FREARE N WRIRGHRFE . XEE Mk EREE, B TFRBELE MK
FHEZRPREKS (ms BR), BULHAR FURHEERELTHRGMAFEEMEN TRE
MR, EXFEE/ERMERKS, EEFI SR EREET BEER, E— 80k ED
JLTFRBGET £2FeMtk. B TAEERMEEER, EEARASFRBRIRG . XMET®
LSRRI REAMER, AMTHREIHEFRHER", HUTE,QXZERHR
W2 E T R R T L BUOEFRAER, TE—M BB RXHER", BEFXHER KL
EE Xk o, BRAE S FRE KR L R (BILE R AR L), MR KK F RSk B g fa],
BRMAREE N EER, 7T H 6,

2. WIERFF R AR A B Ik oh B L BT B RO AR A SR, M5 BRI kR B E Tk,
MEBERRTFERKYE r=N/Ny, EBEK L RIEWL, BEBERE 6. A%, H29)X=HE 3
AL, BTN L, 10~10%0s HE . KN b, Rmbkor % EMAE, RHERAE, B F
FRESBREMERCKY, BHKTE r<3WXHEHEX, EXMEEN, EHEEN KL
X BOCHK R B LBk BT B R K. T » >3 B, TR R EOshkiF B et E, £ &
Bk REBR ARG/, M E@ AL, HEA M REr et EEE. %4 r>7 5,
MJLFBHRE, 1, =57, Ar=1.57,, B, XHYEF BB THETF >3IHE
T 7K S, (B A 3R TR 0 255 ER B AR () B0 A R 6 3455 R 4B

3. AR RER PR P ORI B Rt BOERT, AR AW 8 F 6/ LR FR I, X BB A BB Ot
ML ERERF MM (1~ 10ns, WIFEERBF/N 10° £/) MAZHAHEBERAES, BEK
%, HEBOEKMPELE, BB HR. 45, Kk EES RE ko 8EEAMM,

4. MR M X FET BRI FEYE, B AT RER A TR IEE L~ JL+ RS | Bk 58 B AT 2E B9
AR

5. XFPHE 3 FF 2 TARERIBOEEE, BKT r = N/ N ST Bk R I B8y BT [RI4EE R &
HEMEM MAMEEMERKELEEEENER, WE r=2 0, fE MRS EN
80% A, T4 r =3 B, Blik 95% , (HiX BT M E AT (NG 25% K2/ . BHME r=5, MR E
KR ILFIE 100%, TMEE L YT LLEI ATk S0% DE, BRE F TR B S, SR ETE
ok 2L

RTFESBREEABCEEN MR A N TR R, F2 e X[7],
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