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Tém tat: Trong bai bao ndy, bang cach giai hé phuong trinh toc d6 mo ta su bién
thién mat dé photon phat cua laser ng?au nhién hai mode, ching t6i da khao sat anh
hudng ciia hé sb mat mat phy thudc thoi gian 1én cac dic trung mode cua laser ngiu
nhién phat hai mode. Két qua khao sat cho thdy khi hé s6 mét mat phu thudc thoi gian
cac dac trung cua mode phat nhu mat do photon phat, thoi gian dat dén gia tri cuc dai
clia mat do photon phat va d6 rong xung thoi gian ciia mode phat da thay d6i. Két qua
thu duoc cho ching ta hiéu rd hon vé vai tro ciia hé sé mat mét theo thoi gian 1én hoat
dong cua laser ngau nhién hai mode.

Tw khoa: Laser ng?m nhién; hé sb mat mat; cac dac trung mode.

1. Mé dau

Trong hon Vvai thap ki qua laser ngau nhién (random laser) da nhan duoc su quan
tAm clia cac nghién ctru li thuyét va thuc nghiém nho nhiing tng dung to 16n trong khoa
hoc, k¥ thuat va doi séng [1]. Su khac biét giita laser thong thudng va laser ngiu nhién 1a
budng cong huong cua laser ngiu nhién khong hinh thanh béi cac guong ma duge tao
boi cac tdm tan xa trong moi trudng hoat chét, d6 1a moi truong khong trat tu va co tinh
khuéch dai. Mbi truong khuéch dai nay co thé ton tai dudi dang bot gdm céc tinh thé
nho, chfmg han céc bt nano ZnO, hay dung dich hodc mang vat liéu chira céc hat tan xa
ngau nhién [1], [2].

V61 moi truong khuéch dai dang bdt nano ZnO dugc chiéu bai nguén bom Gauss,
khi xem hé s6 mat mat khong phu thudc thoi gian chung t6i dd nghién ctru su thay doi
cac dac trung cia mode laser phat nhu d§ rong thoi gian, thoi gian khéi phat laser hay
mat d6 photon phéat cuc dai cia mode [2], [3]. Tuy nhién day la truong hop 1y tuong,
duogc don gian hda vi trong thuc té hé s6 mat mat ludn phu thudc thoi gian, thuong anh
huong dén cac dic trung cta cic mode laser.

Trong bai b4o nay, xem hé sb mat mat 1a ham cua thoi gian ching t6i khao sat
anh hudng ctia hé sé mat mat 1én cac dic trung cia mode laser phat.

2. H¢ phuong trinh dong hoc

Xet truong hop laser ngau nhién v6i moi trudng khuéch dai dang bot nano ZnO
sir dung nguén bom Gauss phat hai mode c6 mat d¢ photon ¢ cac mode 1an luot 13 ng va
ny. HE phuong trinh tbc do biéu dién su thay ddi mat do photon cua cac mode theo thoi
gian dugc viét [4]:

dn,

E = ,81 —6,nn, + 7,0, (2.1)
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% =, _ﬂznz2 —0,n,N, + 7N (2.2)

O day o (I1=1, 2) 1a h¢ s6 khuéch dai duge mo ta dang Gauss: o; = opiexp(-

t2/AT); 0ij, Vi (j =1, 2) 1a cac hé sb lién két truong va hé sé dich chuyén photon (photon
hopping) cua cac rnode tuong ung.

Heé s6 mat mat phuy thudc thoi gian Bi(t) duge mo ta dang:

BO=Po(l+mt) , (23)

Céc dai lugng PBoi 1a cac tham sO mat mat, m la s6 nguyén, duong.

Hé phuong trinh (2.1), (2.2) dugc giai bang sb theo phuong phap Runge-Kutta
trong ngdn ngit 1ap trinh Matlab véi diéu kién ban dau n1(0) = 0,5 don vi tuy y (arbitrary
unit - a.u) va nz(0) = 0,5 (a.u) [5], [6]. Gia tri cac tham s0 trong hé phuong trinh dugc lay
tir cac két qua thyc nghiém cho laser ngau nhién méi truong hoat chat ZnO dang bot phat
hai mode [6], [7]: 6:= 0,4 cm®. ns™; 01,= 0,8 cm®.ns™; B1=0,1 cm*.ns™; y1,= 0,4 ns™; yz; =
0,4 ns'l; 0,1 = 0,7 Cm3.ns'1; B2=0,1 Cms.ns'l; m= 1 Két qua mo6 phong Cac mode phat
cta laser ngu nhién duoc biéu dién trén Hinh 1, trong d6 chung t6i quan tim dén cac
dac trung ctia mode:

- Bg rong xung Awj (ns): 1a d§ rong cua mode phat thir i tai vi tri c6 cuong do
bang mot nira cuong do cuc dai.

- Mat do photon cuc dai ciia mode phat 0™ (a.u) thir i.

- Thoi gian T; dat dén gia tri n{™™ ctia mode th i.

Gié tri cac tham s nay trén Hinh 1 twong tmg véi cac mode phat 1a Aw; = 6,8548
ns, ;™ = 0,42 a.u, T1 = 2,0564 ns; Aw, = 5,403 ns, n," = 0,57 a.u va T, = 1,9760 ns;

Phan tich duong cong mo ta mat d§ photon phat n(t) ciia cac mode trén Hinh 1
thanh cac giai doan nhu sau: Trong giai doan dau (tir 0 dén 2 ns) mat do photon cua cac
mode phat taing nhanh va thoi gian cuc dai cia mat do birc xa ciia mode n; ¢& khoang
2,0564 ns va ctia mode n; c& khoang 1,9760 ns sau khi phat. Ngay sau d6 mat do birc xa
giam nhanh, mat d6 photon phat khong dang ké & thoi diém 35 ns sau khi kich hoat.
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Hinh 1: Cac mode phét cua laser ngau nhién
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3. Két qua va thao ludn

Pé khao sat anh hudng cua h¢ s mat mat phu thudc thoi gian dang (2.3) ching
t6i thay doi gia tri cua cac tham sb Pg; va gia tri tham s6 m. Tinh toan sy thay d01 cac dac
trung ciia mode phat chung toi danh gia vé anh hudng cua timg tham s6 va mbi quan hé
giita hé s6 mat mat voi cac tham sb dong hoc laser khac 1én cac dic trung mode phat.

3.1. Anh hwong ciia tham so /)’01

Trong phan nay, dé khao sat Va1 tro cua he 5O [301 Ien cac dac trung cua mode phat
chiing t6i thay dbi Po; tir 0,2 cm*.ns™ dén 3,8 cm*.ns™ va ¢6 dinh gia tri cua cac tham so
dong hoc laser khac. Cac két qua s6 thu duoc biéu dién trén bang s6 liéu 1, cac do thi
tuwong (g dugc cho trén cac Hinh 2.

Bang 1: Két qua khdo sdt anh hirong ciia tham s6 Poy
lén cac dac trung mode phat cua laser

Bor(cm®.ns) m™(@u)  Ti(ns) Aw; (ns) ™ (a.u) T.(ns)  Awz (ns)
0,2 0,3624 2,3171 3,0645 0,5334 1,7338 2,4193
0,6 0,2867 1,7338 2,4193 0,5208 1,5725 2,1774
1,0 0,2457 1,6532 2,1774 0,5112 1,5725 2,1774
1,4 0,2186 1,5725 2,1774 0,5031 1,5725 2,1774
1,8 0,1988 1,5725 2,0967 0,4956 1,5725 2,1774
2,2 0,1832 1,4919 2,0161 0,4891 1,5725 2,1774
2,6 0,1711 1,4112 1,9354 0,4841 1,5725 2,1774
3,0 0,1609 1,4112 1,9354 0,4782 1,5725 2,1774
3,4 0,1523 1,4112 1,9354 0,4747 1,5725 2,1774
3,8 0,1448 1,3306 1,9354 0,4702 1,4919 2,0967
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Hinh 2: Anh huong ciia tham sé o 18n cac mode phét

Trong Hinh 2a) Bor = 0,2 ns™; 2b) Bor = 0,6 ns™; 2¢) Por = 1,2 ns™; 2d) Por = 1,8 ns™.

Tir Bang 1 va cac do thi ¢ Hinh 2, chung ta nhan thay khi ting gia tri ctia hé sd
Bor cuong do ciia mode phat thir nhéat (n) giam xudng, do rong thoi gian ciia mode va
thoi gian dat dén gia tri cuc dai cia mode phat ciing giam theo. V& mat vat 1y su ting cia
hé s6 mat mat lam ting that thoat cac photon phat xa cua laser, dong thoi tac dong cia
hiéu g photon hopping nén mét s6 photon ctia mode n; chuyén sang mode n, lam cac
dic trung cua mode ny cling thay doi.

3.2. Anh hwéng ciia tham sé fo,

Trong phan nay, dé khao sat anh huong cta tham s6 Poz 1én cac dic trung cua
mode phat chung t6i thay ddi gi4 tri cua Pop tir 0,2 cm®.ns™ dén 3,8 cm*.ns™ va cd dinh
gia tri cta cac tham s6 dong hoc laser khac. Cac két qua dugc biéu dién trén Bang 2, va
cac do thi twong tng dugc ve trén Hinh 3.

Bang 2: Két qua khdo st danh hwéng ciia tham sé Poz
lén cac dac trung mode phat cua laser

Bocm®ns?) n™@u)  Ti(ns) Ao (ns) ™ @u)  Ta(ns) Aw; (ns)
0,2 0,2996 1,8145 2,5000 0,5027 1,8951 2,5806
0,6 0,2779 1,4919 2,4194 0,4310 1,8145 2,5000
1,0 0,2662 1,3306 2,2581 0,3350 1,8145 2,5000
1.4 0,2582 1,2500 2,2581 0,2819 1,7339 2,4194
1,8 0,2522 1,1694 2,0968 0,2473 1,7339 2,4194
2,2 0,2476 1,0081 2,0968 0,2225 1,7339 2,4194
2,6 0,2437 1,0081 2,0161 0,2036 1,7339 2,4194
3,0 0,2405 1,0081 1,9355 0,1886 1,7339 2,4194
3,4 0,2376 1,0081 1,8548 0,1764 1,7339 2,4194
3,8 0,2352 1,0081 1,8548 0,1662 1,7339 2,4194
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Két qua tinh toan s6 trén Bang 2 cho thiy khi thay ddi gia trj ciia tham s Pog, C4C
dic trung nhu mat d6 mode phat n,™ (a.u), thoi gian dat dén gia tri cuc dai T, (ns) ciing
da suy giam. Tuy nhién ¢ gia tri o = 1,4 cm®.ns? thi thoi gian T, va do rong thoi gian
Awm; ctia mode ny khong d6i. Két qua khao sat chi tiét hon cho thdy tai gi4 tri Poz 16n hon
3,8 cm?®.ns? mat do cua mode ny giam nhanh.

3.3. Anh hwéng ciia tham s6 m

Dé khao sat tac dong ciia tham sb m 1én cac dic trung ciia mode phat ching toi
thay doi gia tri cua tham so mtur 1 dén 10 va co6 dinh gia tri cua cac tham s6 dong hoc laser
khac. Cac két qua so thu dugc trén Bang 3 va dugc biéu dién trén cdc Hinh 3, Hinh 4.

Bang 3: Két qud khdo st dnh hwéng ciia tham s6 m
lén cac dac trung mode phat cua laser

m N (a.u) Ty (ns) Aws (nS) Ny (a.u) T, (ns) Ao, (nS)
1 0,4165 2,2177 3,7097 0,8091 1,8952 3,2258
2 0,3528 2,0565 3,0645 0,6612 1,8145 2,9032
3 0,3112 1,8952 2,6613 0,5718 1,6532 2,6613
4 0,2814 1,7339 2,5000 0,5098 1,5726 2,2581
5 0,2585 1,7339 2,2581 0,4646 1,4919 2,1774
6 0,2405 1,5726 2,2581 0,4289 1,4919 2,0968
7 0,2258 1,5726 2,1774 0,4000 1,3306 2,0161
8 0,2134 1,5726 1,8548 0,3752 1,4113 1,9355
9 0,2029 1,4919 1,8548 0,3562 1,3306 1,9355
10 0,1937 1,4113 1,9355 0,3386 1,2500 1,8548

Két qua tinh toan sb trén Bang 3 va Hinh 3, Hinh 4 cho thiy, khi thay doi gia trl
ctia tham s m tir 0 dén 8, cac dic trung nhu cuong d6 mode phat, thoi gian dat den gia
tri cuc dai va do rong thoi gian ciia ca 2 mode déu glam Két qua khao sat chi tiét hon
cho thay tai gia tri m 16n hon 10, mat d6 photon ctia CA¢ mode giam nhanh vé khong.
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Hinh 3: Anh huwong ciia tham sé m 18n cac mode phéat
Trong Hinh 3a) m = 0; 3b) m = 2; 3c) m = 4; 3d) m = 8.
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Hinh 4: Anh huong cua tham s6 m |én mode phét n,

Tir cac két qua thu duoc & trén ching ta nhan thay, gidng nhu vai trd cta cac
tham sb mat mat oy, Poz su ting 1én clia gid tri m trong biéu thic ctia tham sb mat mat
trong biéu thirc (2.3) di lam suy giam s photon phat hitu ich trong hoat chét laser, vi vay
lam cho méat d§ photon phat cuc dai cta ca hai mode giam Xuéng, keém theo thoi gian dat
dén gia tri cuc dai ctia mat do photon phat va do rong xung thoi gian ciing giam. Diéu
nay phu hop véi cac két qua cong bd trong [6], [7] khi d6 mét mat tang 1én cudng dd phd
giam xubng va do rong xung (mode) phat ciing giam theo.
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4. Két luan

Khao sat anh hudng cua hé s6 mat mat B (i =1, 2) Ién céc dac trung cua mode
phat trong hoat dong cua laser ngau nhién phat hai mode, két qua cho thay:

- C4c hé s6 mat mat anh huong dén cac dic trung cia mode phat.

- Anh hudng cta cac hé sb Pou, Poz 16n cac dic trung cua cic mode phat twong
mg 14 nhu nhau. Hé sb nao thi anh huong chi yéu dén mode d6. Mode con lai ciing bi
anh huong nhung it hon. Su thay déi gia tri ciia m lam anh huong ddng thoi dén dac
trung cia ca hai mode. Ngoai ra cung v6i anh hudng cua tham so mat mat, tic dong cua
hé s6 photon hopping (8oi, Yoi) lam cho mét s6 photon tir mode n; chuyén sang mode n,

va nguoc lai tao ra thay ddi cac dic trung mode phat.
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SUMMARY

INFLUENCE OF TIME-DEPENDENT LOSSES ON OPERATION
OF TWO-MODE RANDOM LASER

In this paper, we investigated the influence of time-dependent losing coefficient
on the characteristics of the laser mode by solving the rate equations system which
describe the variation in photon density of two-mode random laser. The results showed
that when the losing coefficient depends on the time of the characteristics of the modes
such as the photon density, the time to reach the maximum value of the photon density
and the pulse duration of the emitting mode were changed. The received results give us
more knowledge about the influence of time-dependent losses on the operation of the
two-mode random laser.

Keyword: Random laser; lost coefficient; characteristics of the laser mode.
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