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PAC TRUNG CUONG PO MODE VA LUONG ON DINH
TRONG LASER DA MODECHUA CHAT HAP THU BAO HOA
VO BUC LUONG, DINH VAN 110ANG
L. MO bAU

- Trong cac bai bio [1 2], chiang 161 da nghién eru dic trung cudng dd modé
va leong Sndinh quang hoc (Optical bistability (OB)) ctia céc laser ¢6 chira vil
liéu hip thu bio hoa (Laser with saturable absorber (LSA)) theo so dd 4 mi
ca cd moi truong khuyéch dai lin bdp thy. Hoat ddng cla laser & ch& 46 do:
mode c6 tinh d&€n birc xa tir ddng va xem sr md réng khong ddng nhdl land
bat. Trong bai bdo nay ching to: tiép tuc khao sal hién tuwgng OB tng voi trudng
hop laser pbat da mode. Nhu di biét, 1y thuyét cta laser da mode thuong duoy
khéo sat & trang thai gin ngudng phé! khi curérng dé mode kha nhd [3, 4] eon 13
thuyét vé laser da mode c¢d moi trirong hilp thy bdo hoa [5], va dic bict la 1y
thuyét laser da mode =6 mdi Lrirdmg hiip thy bio hoa véi sy mé rong khong ddng
nh&t maGi chi bit din duge nghién cau. Vi th& khi gidi quyét bai toén dit r
chiing t6i str dung phrong phéap gin dung phurong trinh t6c A6 va chi xét & trang

thtu gdn ngudng phat.

IL PAC TRUNG UONG DO MODE VA PIEU KIEN XUAT mr\ LUGNS
ON DINH QUANG HOC

Khi gidi he phuong trinh tde dd & ché dd diang[1] chiang t6i tim dwoe phirong
trinh co ban diic trung cho cudng d6 mode j la:
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Véi cac ki hiéu duoe dixng nhwr & (1, 2]

_Phuong trinh (1) cho phép xée dinh dn': hudng cia K mode ¢on lai #én moda
thit j cAn khio sit. BE xac dinh Qj ¢in danh gia cA tdng thep K 1dn tdng theo

1. Bom phanbs d8u cho cée mode -

B&i vi mft mét trong huding edng hwdng d6i voi cac mode duwoe xem 14 nhy
nhau (X, = X) nén khi ning luong bom khong ddi thi cwrong do mode s& khdng
ddi va bﬁng nhau, Vithé¢ dai Tuong Qk c6 (hé dua ra ngoai tdng K. Diang phég
chuyen tong theo p va K thanh tich phan nhur & [1, 2], sau tinh todn ta c6:

AX'+ 2mX’ Q
+ (@ m) =0
% 1t [aM*Q’H +2(1 4 a) \1Q;+4] &
lrong d6: M = I'/AQ la s8 mode c6 trong khoding mo réng ddng nhilt
QQ = g2h+l St Qk, X = x kh! X' — x xh ! (3
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1. 1. Bé qua bire xa ty dong
Khi m = 0, phuwong trinh (2) nban dang:

Qi [aM*Q? —2[X'— (1 +a) | MQ; — 4 X =1 ] =0 (4)
Phuong trinh (4) ¢0 3 nghiém: Q; = 0,

; i
Qre=Qpp = g X =0 +e) LN —(+a)P +4a X —173)  ®

Khi khao sat nghiém (5) ta tim duoc mot mién chung ma 3 nghié m ctia phwong
trinh (4) ddng thoi dwong hode bang 0 14
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-f-—<x,<xh+1 (6)

PR ey (R 2,

Phin tich ¥ nghia val 1y va su 6n dinh ctia céc nghiém (5) con cho thiy
nghiém Q; = 0. Qg = Q,, 1a on dinh, ¢on Q4 = Q,_ khong dn dinh. Nhu vay
trong truong hop nay, hién tugng OB s¢ xhy ra khi tham s8 tich thoat ava dd
trung toc dd bom khuyéch dai X, thoa min diéu kién (6).

Trén hin's 14 chira dang dwong vong tré bidu didn Q; (Xa) khi thay d8i « Ving
OB mé& réng ra khi a ling

Trén hinh 1B chi ra dang dzrérng vong tré bidu dién Q,<x.) khi thay ddi téc
% bom hép thy X;. Vang OB s& giim cing véi s giam cua X, va ngwoc lai.

1. 2. Tinh dén bire xa ty dong.

Khi m = 0 phwong trinh (2) c6 dang:

aM2Qf — 2M [ X' — (1+a)] Qf + 2[2-2X—mM X'] Q)—4mX=0 (7)

Viéc giai chinh xac phwong trinh (7) gap khé khiin. Vi m diic trung cho bire
xa lir ddng la rit nho (m ~ 10—°) nén ta xem s6 hang tu do trong (7) 1a nhiéu
loan va sir dung phép linh giin ddang theo phuong phap nhiduloan.

i DL Q = Q; + oy véi gy « & Ll @
Qy |4 nghiém cha phuwong trinh (7) khong chira s6 lirgng tu do.
Q=0 :
Qo = =5 1A K= D—Xt D £ [[a®, =) — X+ D] -
LY

- 2a [X; 2+ mM) - X, (2 + mMoy + 2]] 2¢

Thé (8) va (9) vao (7} va b qua s6 hang bdc cao ctia p, ta c6:
2m (X, — X;)

Vi Q= - 10.
iQu=Qp + py = py = X, 3 mM)—X, @+ mia) +2 (10,
Véi Qg = Qu.a + pasg
i a*‘ + L 4m (x‘—-lb)
37 3aM2QF,, s~ IM[a (X,~1)~(Xp+ 1)] Qps+2 [X(2+mM)-X,(2+ mMa) +2
(10.b)

Tir (9, (10a), (10b) ta tim dwoe mién xic dinh cha X, trong da 3 nghiém
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Qi Qj2» Qs dbng thoi dwong la:

X, (2+mM) 4+ 2
ook X b 11
< = 2 + mMa an

i
V6iz = (a~1+X, ~mMa) + [4 X; (a— 1) +mMa (mMo—2a+42)] 2
Dé dang thiy riing dicu kién (11) s& tré vE (6) khi m = 0.

Dang 40 thi Qj (X,) c6 thé suy ra tir viée vé dd thi X (Qj) bing phép cgnq
2 d0 tbi. Trong midn x4c dinh (11) dang dudng hleu dién Qj (X,) nbu hinh 24
Miii t&n chi lrang thai etia hé kl:n Xa tiing hodc giam. Nghiém Qj, ung vOi doan AB
nghiém Qj, ing v&i doan CD1a dn dinh, ¢dn Qj; rng véi doan BC la khong 3n d;nH

Nhur vay : Néu linh d&n bire xg ty d9ng, hién trong OB d& xhy ra kbi X, thod
mitn diBu kién (11). ; :

2. Bom phan b8 khong d®u thee ede mode.

Gid thiét, t6c d¢ bom khuyé&ch dai phy thudc vio tin sd theo dang him
Lorents

Rp, = R, e¥/[e? + 4 (0p—Q,)%] (12)

Gan ngudng phat (0 < Q, ¢ 1) ta c6 thé dung khai trién gin dang cho cée bidu
thire dudi mau 86 cilia (1) ddng thoi thue hién phép bi€n ddi tdng theo p thanh
tich phén nhu ¢ [1], sau mot loat phép linh, ta nhin duge:

Q- @¥mip Xt R o 2 oy [RE xaT]Qu=0 a3

trongdé:pjz[l-l-(gﬁn);]l, _[14_([}\‘9)]]1
G2 o 1 khi /j—k/ =0
. [J=%/ ; o, khi/j—k/ =0
K =01 2 =0 L% . -nel, 2 3. (14
R = xp — xb, r:-u .xp'—ﬁ.xh I

H¢ phuong trinh (13) 1a he lién két d6i voi 14t ed mode phét,

T hé d6 co the lim dwgce dde trung cuong dd cia mode phat bit ky dwéi
inb hurdng chia cac mode con lai va danh gid duoc viée xuit hién OB d6i voiecdc
mode 4y. Trong [1,2] ciing nhwr trong muc 1 da chi ra vai tro cha bire xa tu déng
m, nén dé don gian trong (13) ta bd qua m, Khi 46 (13) tr& thanh

1 (py+Py)
Qst‘? s d ) u[ X ’*'T]Qk (X, +R=){=0 (15

H¢ phuongtrinh (15) ¢6 thE gidi bing may tinh dién tir voi 6 mode hit ky
& aay ching t6ida ti€n hanh gidi bing s6 cho trudng hop laser phat 11 mode
(k= 0,1,2,.. 5)trén may-tinh dién tir IBM— PC cliia UBKH va KTNN véi céc
tham 88 duwge chon gin voi laser CO, e¢hira SFy lam vat liéu hdp thy biao hoa theo
tdi liém ctia E. Arimondo [6].

X = 6,107(s"1), 7, = 1,39.105(s~1): 21l 2,07.10%s™D), P, = 1,8.101 (5=,

py = 5.10% (s%), & = 50, B = 10-9(s~1), k, = 5,1.10°, k, = 4,8.107.

I' = 8 MHz e = 160MHz, AQ = 40MHz, Ryb = 3,36.10', P = 2,5.101®
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Dang d8 thi Qj (X,) theo cac kél qua tinh toan duge bidu didn trén hinh
t:u vay: Trong truedng hop laser phat 11 mode, hién tugng OB chi xuft hién
i véi cic mode Q (Q—0 Qg (Q_y)-

Diéu do cho thiy &nh hudng clia sir canh tranh mode lén viéc xuft hién
Ién tvong OB. * :

(&5
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Hinh 1, a, ?f;n &hll-- iah”{,': 3-’ 2(‘;5} Linh 1 by, Sy pbuthudeQj(Xa) khi m =0,
Xa
»
Sw phu thude Qj (Xa) khi m=#=0  _2
Mii'en chi trang thai cfig he khi 10 % Qj A |
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Hinh 3 Pudng bitu difn Qj (X,) khi Rp, cé6 dang ham
Lorentz, Laser phat 11 mode (k =0, <+ 1, e

2,45, Re=— 240, T= — 138,62, [ =3,
g = 160. AQ = 40.
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11 - KET LUAN

ddng nhAt 12 ndi bated the xhe;dinh dwge didu kién xuit hién hi¢u wng OB ch
mode phat bdt ky. Khi bom khuyéch dai phan bd diéu cho cac mode, diéu kién
ndy 14 chung cho ci ch& d6 phat don mode lin da mode.

2. Viing ludng dn dinh phu thude vao cic tham s6 vatly cia hé LSA: T
a, Rgb, P, v.v... Khi thay dbi mot trong cac tham s nay viing OB va dudng vOnA
tré d!u bl hikn Adi.

b Hiéu tng OB chi xuft hié¢n khi tham sé lich thoat o > 14 T Tingoc

1. Trong laser vong c¢6 chira vat lién hilp thy bio hda véi sy mé rong khdnq

ving OB dwoc m& rong ra. Khi chi ¥ dén bire xa tu a6ng, ving OB bién adi
khong dang k& nhung dang dwdng vong tré pha hgp véi tinh todn 1y thuyél va
thue nghiém cha cac tac gid khac [5, 7, 8]. Khi bé qua birc xa ty dong pha hop
voi ly thuyét cia E. Arimondo [6].

' 4, Khi bom phin bé khéng déun cho cic mode, do su quﬂh tranh gxﬁ-a cae
mode, h:eu tng OB chi xudt hién & mdt s6 mode ndo détay thugc vio sd mode
phét ctia laser, Viing O3 bj dich chuy&n so v&i khi laser phét don mode.
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VO DUC LUONG, DINH VAN HOANG

CHARACTERISTICS OF MODE INTENSITY AND OPTICAL BISTABILITY IN
: MULTIMODE LASERS WITH SATURABLE ABSORBER

Characteristics of mode intensity and conditions for appearance of the OB
in LSA are considered. In the case of the pump with equal distribution for ail
modes, the condilion for appearance OB is common for both single -mode and
mulli--mode operation, and the optieal bistability interval transforms when
the homogeneous or inhomogeneous broadening, the rotational relaxation
rates in amplifying and absorbing eells or the pumping rates of these cells
change, In the case of the pump with Lorents distribution, the OB is only
apjeared in some modes.
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