Bai Tap Chuyén Nghanh :Quang Hoc Hién Dai

Chuong 7:Tinh Chét ctia laser hoat dong & ché do lién tuc

CALA AL BRI 1]

Dich tir Problems in Laser physics cua G.Cerullo, S.Longhi, M.Nisoli,
S.Stagira, va O.Svelto, 2001.

Cac bai tap

7.1P Tinh toan hé s6 mat mat logarithmic
Tinh toan hé s6 mat mat logarithmic trén mot lan truyén qua y cta budng cong
hwdng laser Fabry-Perot vi do mat méat bén trong cé thé bd qua. Bubdng cong
hudng nay gébm 2 gwong vaéi hé so truyén qua 1aT, =80% va T, = 5%
7.2P Tinh toan thoi gian s6ng clia photon trong budng cong hudng
Mot laser vong Nd:YAG chiéu dai hinh hoc L=10cm duoc tao ra tlr mot tinh thé
tich cwc dai I=1cm v6i chiét suat n=1.82, dugc dat bén trong budng cong hwéng
quang hoc voi ba guong cé hé s6 phdn xa lan lugt la R =95%,R, =100% va
R, =98% @& budc song phét laser. Bd qua sy mat mat bén trong budng cdng hwéng
va gia st tiét dién phat xa cdm ¢ng hiéu dung o, =2.8x10"*cm? & tam cla dich
chuyén laser tinh:
(@) Thoi gian song clia photon trong budng cong hwang khi tinh thé chua
dwoc bom.
(b) Thoi gian sbng cla photon trong budng cdng hwéng khi laser & duéi
nguwdng vatdc do bom bang nira gia tri ngwéng clia no.
(c) Thoi gian séng cla photon trong budng cong hwéng khi téc d6 bom gan
bang gia tri ngudng.
(d) Sy dao 16n mat do can thiét dé dat dén ngudng laser.
7.3P Laser 4 mirc v@i thoi gian sdng xac dinh clia cac mirc laser dudi
Xé mot laser 4 mirc bén du¢i ngudng vagia st rang :
(i) ty sO phan nhanh cta dich chuyén 2 — 1s0 véi toc do dich chuyén tw phét toan
phanla p =0.5.
(ii) thoi gian s6ng toan phan & trang thai cao la blrc xa hoan toan va giatri clia n6
1, =234us(céc dir liéu dé cap dén dich chuyén 1.064 um cta Nd:YAG ).Trong
nhitng diéu kién nay, thoi gian séng t, clia mirc laser bén dudi phai ngan nhu thé
nao dé N,/ N,(1% ?
7.4P Phan tich phvong trinh téc db clia laser 3 muirc
Trong so d0 laser 3 mic, mirc laser thap latrang thai co ban va sy bom xuat hién
qua mot dai bom dé tap trung mat do Ién mirc laser cao (qua sir phuc hoi nhanh).
Gia sir mat do toan phan ctia mau la N, , thoi gian sng mic cao t , thoi gian song
clia photon trong budng cong huéng t va téc dd bom la W,, hay viét phuvong
trinh t6c d0 khong phu thudc khong gian cla laser 3 mic. Gia st hé s6 mat mat
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logarit toan phan la y, tiét dién phat xa cdm (*ng clia dich chuyén laser lac, va
chiéu dai clia mdi truong hoat tinh 1al, hay tinh toc do bom cén thiét dé dat dén
ngudng.

7.5P Diéu kién nguwdng trong laser ruby

Dung két qua cla bai tap 7.4P, hay tinh todn sy dao 10n mat do can thiét dé dat
dwoc dao dong laser trong laser ruby & budc song A = 694.3nm.Gia str budng cong
hudng Fabry-Perot véi cac hé s6 phan xa clia cac guong la R =100%,va R, =96%,
sy mat mat do tan xa trong mét lan truyén quala 3% vathanh ruby dai 6 cm. Gia
sl gid tri cla tiét dién peak phét xa cdm (ng va hdp thu déu bang nhau va béang
c,=06,=27x10cn’.

7.6P Thau kinh nhiét trong laser Nd:YAG microchip

Trong laser microchip Nd:YAG duoc tao ra tir mot thanh tinh thé d ay 1mm (chiét
sudt n=1.82)vGi cac mit phang song song duwoc bom doc béi mot laser diode, céc
thdu kinh nhiét dwgc cam (ng trong qua trinh bom trong tinh thé dwgc xem nhu la
cac thau kinh méng duoc dat & tam cla budng cong hwéng. Tiéu cu tvong duong
clia cac thdu kinh nhiét cé thé duoc tinh bang cach do sy phan ky clia chum laser
microchip. Gia s rang laser dang hoat déng & mode co ban TEM . vagoc phan ky
clia chum la:6 = 5mrad ,hdy tinh giatri ctia cac thau kinh nhiét?

7.7 P Hiéu suat ngang trong mét laser 4 mirc dwoc bom doc

Chuing ta hdy xét mot laser 4 mic dugc bom doc bang mot chum bom tron TEM

c6 kich thwéc vét gan nhu khong d6i w,. Gia s rang chum laser bao gom mot

mode Gauus TEM,, kich thwéc vét & ¢6 chim la w, va sy nhiéu xa mode bén
trong moi trvong do loi cé thé bo qua. Hay rut ra biéu thire giai tich cla hiéu suat
ngang cla laser gan ngudng .

(Hudng dan: tir biéu thirc dwdong cong dau vao-dau ra chudn hda y=y(x) trong
phuong trinh (7.3.33) clia PL, tinh toan biéu thirc ngudng doi véi x va (dy/dx ).
Sau d6 dung cac két qua nay dé tinh hé so géc ctia dwdng cong hiéu sudt ngang.
(Mtrc d6 kho 16n hon trung binh).

7.8P Tinh toan ngwéng va hé s6 géc clia duwong cong hiéu suét trong laser
Nd:YAG dwoc bom doc

Laser Nd:YAG budc song A =1.064um bao gbm tinh thé dai |=5mm, duoc dat bén
trong mdt budng cong hudng phang 16m, dwoc bom doc béi mot laser diode GaAs
bwdc séng A, =800nm. Guong phang duoc phi truc tiép trén mét phang cla tinh
thé YAG vaco hé sd phan xa 100% & budc séng laser. Grong dau ra c6 ban kinh
cong R=10cm va hé s6 truyén qua T=6% & buéc song laser. Chiéu dai hinh hoc
clia buéng cong hwdng la L=9cm va dé6 mat mat bén trong trén mat 1an truyén qua
l&cy =0.03.Gia s hiéu sudt bom toan phan n  ~60% va phan b6 bom Gauss voi

kich thuéc vét w, gan bang 123 um va gan nhu khong ddi doc theo tinh thé, tinh

toan cong suat bom ngudng. Hay tinh hé s6 goc cla dwong cong hiéu suat khi
cong sudt bom vwot hon ngudng laser cuc tiéu mot hé so la x=10. Gia st doi voi
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Nd:YAG, tiét dién cdm (*ng hiéu dung o = 2.8x10**cn?* ,thoi gian song & mirc cao
T =230um vachiét suat lan=1.82.
7.9P Tinh toan sy mat mat bén trong laser \
DE tinh toan st mat mét bén trong mot laser Nd:YLF dwgc bom bang diode cong
sudt cao, cong suat bom ngudng P, dugc do dung 2 bo ghép dau ra khac nhau
v0i hé s6 phan xa la: R =90%, va R, =95% Guong con lai c6 hé sé phan xa 100%
0 budc song laser. Biét rdng cong sudt bom nguéng do dugc la P, =1w va
P,,, = 600mw, hdy tinh sy méat mat bén trong.
7.10P Tinh todn ghép dau ra tdi uu
Tinh todn hé s6 truyén qua t6i wu cla guong dau ra khi laser ¢ bai tap 7.9P duoc
bom bang mot diode c6 cong suét dau vao la P =5w. D& cho don gian, bd qua sw
bién doi clia truong bom va trwong laser theo phuong ngang va dung cac két qua
clia st ghép dau ra téi uu cda ly thuyét séng phang.
7.11P Hiéu suét doc trong mdt laser sdng dirng
Xét 2 hé laser hoan toan gidng nhau chi khac nhau & dang hinh hoc cla budng
cong huéng. Laser dau tién dung budng cong hwdng vong mét hwéng, trong khi do
laser thir hai bao gom budng cong hwong séng dirng (Fabry-Perot) véi mot bd
ghép dau ra. Hé s6 méat mat ghép dau ra doi voéi 2 chum laser la y{’ =0.05
vay? =0.1, sy mat mat bén trong trén mot lan truyén qua giéng nhau déi véi ca
hai laser va bang v, =0.1. Gia st rang ca hiéu suit bom laser va hiéu suét ngang
giéng nhau, lam sao dé ban so sanh hé s6 goc clia duvong cong hiéu suat cta hai
laser khi :
(i)ching hoat dong gan ngudng
(ii)chung hoat dong trén nguwdng 10 lan
(Bai tap nay lién quan dén hiéu suat doc trong laser 4 miic)
7.12P Hé thire tan sac doi voi vach L orent
Vach R; cla ruby & buGc song %, =694.3nm dwgc xem gan ding la mdt dich
chuyén md rong dong nhat 2 méc véi sw mé rong do va cham & nhiét do ph ong
4vg330 Gz FWHM) | Chiét sudt khdi cla ruby d6i véi dién treong dwgc phan cuc song
song V@i truc quang hoc c la n,=1.763.Tinh toan chiét suét cta ruby cd tinh dén
s tan sac dugc dra vao boi vach R:

(i)  &tdmvach hdp thu v =v,

(ii) & dich chuyén tan s6 xanh tir v, dén Av,/2. Gid st mat d0 Cr* la

N =1.58x10"ions/cm’® va tiét dién hdp thu o, =1.22x10"*cm*d6i voi
dich chuyén R.

(Bai tap nay lién quan dén hé thic gilra hé s6 hap thu va chiét suat d6i voi dich
chuyén 2 mirc dugc mé rong dong nhat).
7.13P_Sv dich tan s6 trong laser mé& rong dong nhat
Rt ra phuong trinh (7.9.1) cla PL mo ta sv dich tan sd ddi véi dich chuyé n laser
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dwgc mé rong dong nhat.

(Hudng dan: tinh toén tan s6 cdng hudng clia budng cong hudng quang hoc tinh
dén dwong cong tan sac cta moi trwong do loi véi vach Lorentz, xem phwong
trinh 7.10.2 clia PL va bai tap 7.12P. Sau d6, ching ta so sanh cac tan sé cong
hwdng nay véi cac tan s6 clia budbng cdng hudng rong vading sw kién lakhi hoat
dong & trang thai xac 1ap do loi bang do mét mat. Cudi cung, biéu dién do mat mét
budng cong huédng nhi mot ham theo bé rdng clia cac tan s6 mode cong hudng.

( Mtrc kho I6n hon trung binh)

7.14P Tinh toan su dich tan s6 trong laser He-Xe

Trong laser He-Xe &p suat thap d6 lgi cao hoat dong & bwéc séng 3.51 um, dich
chuyén laser chii yéu bi md rong do hiéu (ng Doppler véi FWHM cla
Av,~200MHz. Gia s d0 mat mat logarit trén mdt lan truyén qua y =05 va
chiéu dai bubng cdng hudng quang hoc L, =0.1m. Tinh toan ty s6 Av,/Av_gilta
dd rong cla dich chuyén laser vatan sé cong hwdng mode ctia budng cong huéng.
Sau do tinh toan su dich tan s6 clia sw phat xa laser khi tan s6 mode ctia budng
cdng hudng v, duoc diéu hwdng tir tam clia vach do lgi v, —v, = 50MHz.

c

7.15P _Gi¢i han lvong t&r_cua dd rong vach laser

Xé mot laser Nd:YAG don mode doc trong mot budng cong hwédng vong dao
dong & A, =1064nm phét ra cong suat dau ra la P=100mW. Gid sv chiéu dai quang
hoc clia budng cong hudng L,=12cm va dd mat mat logarit trén mot lan truyén
qua y =0.01, tinh toan gi&i han Schawlow-Townes cla dd rong vach laser do phét
xa tu phat.

(bai tap nay lién quan dén viéc rat ra cong thirc Schawlow-Towens clia dd rong
vach laser do phét xa tv phat )

7.16P Piéu huwdng laser Ti —Sapphire bing mot bd loc lwdng chiét

B0 loc lwdng chiét dé diéu hudng laser duoc lam tir miéng thach anh dwoc dua vao
& goc Brewster trong laser Ti —sapphire hoat dong & A =780nm. Miéng duoc quay
sao cho chiét suét tia thudng va tia bat thudng la n,=1.535 va n,=1.544 .Tinh
todn chiéu day L dé cho khoang cach budc song gitra hai cuc dai dich chuyén lién
ti€p nhau 1aAL,, =6 nm.

7.17P Chon loc mode ngang

Mot laser Ar-ion hoat dong & budc song xanh A =514.4 nm, c¢6 do6 lgi khéng bao
hoa 10% trén mot lan truyén qua. Budng cong hwdng bao gom 2 guong cau 1ém
ban kinh cong R=5m va céach nhau L=100cm. Guong dau ra cé hé s truyén qua
T, =5%; gwong con lai co hé sé phdn xa 100%. Céac khe gidng nhau dwgc dwa vao
& ca 2 dau cla budng cong hwéng dé thu dugc mode TEM . B qua tat ca céc loai
mat mat khac, hdy tinh toan duong kinh khe can thiét.

7.18P Dao dong don mode doc trong mét laser dwoc mé réng khéng dong
nhat

B0 rong vach Av,=50 MHz clia laser CO, ap suat thdp chi yéu la do sy mé rong
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Dopler. Laser hoat dong véi cong sudt bom bang 2 1an gia tri ngudng. Gia st rang
mdt mode triing v&i peak dich chuyén va do mat mat bang nhau déi voi tit ca cac
mode, tinh todn khoang cach gwong cuc dai dé cho phép hoat dong d on mode doc.

7.19P L oai bo sw tao hd phé bang k¥ thuat mode xo&n

Phuong phap loai bé cac van séng dirng trong budng cong hwéng laser Fabry-rerot
duoc goi laky thuat mode xoan, trong dé ngudi ta diéu khién trang thai phan cuc
clia cac séng truyén nguoc chiéu nhau dé cho cac chim truyén ngugc nhau trong
moi trwong hoat tinh bao gdm 2 séng phan cuc tron cung huéng (déu latrai hodc
déu la phai) va cing bién do E,. Dung biéu dién cuc cla trang thai phan cuc cla
cac song tron vaki hiéu budc song laser 1a A . Chirng t6 rang :

(i)Sw giao thoa ciia 2 sdng phan curc tron & mat phang ngang quy chiéu z=0 tao ra
mot sdng phan cuc tuyén tinh bién do 2E, .

(i)Sw giao thoa clia 2 song phan cuc tron & mat phang ngang chung z & khoang
cach d tir mat phang giao thoa z=0, tao ra mdt séng phan cuc tuyén tinh bién dd
2E, va hwéng dao dong hinh thanh nén mot géc A¢ =2rd /A d6i vai hwéng phan
curc & mat phang quy chiéu z=0.

7.20P Chon loc don mode doc béng etalon bén trong budng cong hudng

Mot laser Ar-ion hoat dong & buéc séng xanh A =514.5nm c¢6 d6 mat mat toan
phan trén mot lan truyén qua la y=4%, d6 lgi peak khong bdo hoa
G, = exp(o ,NI) =1.3 vachiéu dai budng cong hvéng L=100cm. D€ laser hoat dong
don mode doc, mdt etalon Fabry-Perot (n, =1.45) dwgc phu va dwgc dat nghiéng
vGi chiéu dai I=2cm duoc dung bén trong budng cong huwdng. BE cho don gian,
gia sir rang mot mode budng cong hudng tring vai peak dich chuyén (46 rong

vach cla ching la Av,=3.5 GHz), tinh toan chiéu dai clia etalon va hé s6 phan xa
clia hai bé mat etalon dé dam bao hoat dong don mode.

TRA LOI

7.1A Tinh todn s mat mat logarit
D06 mat mét trén mot 1an truyén qua y cla budng cong huéng Fabry-Perot duoc
dinh nghta bdi:

v = Y1 ‘;’2 (1)

O day :
v1=-InA-T) @)
Y, =-InA-T,) ©)

Va T,T, la sy truyén cobng suét ciia 2 gwong. Boi voi T,=80% va T,=5% , tir
phuong trinh (2) va(3) ching ta thu dwgc y, =1.61y,=0.05 va vi thé tir phvong
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trinh (1) tacd y =0.83.

7.2A Tinh toan thoi gian séng photon budng cong huéng

DE rit ra biéu thirc tong quét cua thoi gian séng photon trong budng cong hwdng
khi laser & bén dudi ngudng. Ching ta hdy nhé lai rang cudng do truong I(t) & mét
phang quy chiéu bén trong budng cong hudng vong tai thoi diém t théa man
phuong trinh tri hoan:

| (t+At) =exp[g+ RRR]1 (1) @)

& day g la do lgi mot lan truyén qua cla cwong do trwong khi di qua thanh
Nd:YAG va At lathoi gian dich chuyén photon trong budng cong huwdng.Gia st
rang truong bién d6i cham theo thoi gian mot 1an truy &n qua budng cong hwong
va do loi toan phan trén mot lan truyén qua nho, chiing ta cé thé cho phwong trinh
(1)  1E+A) =) +(dl /d)Aat va exp[g+In(RR,R)]|=1+[g+In(RR,R;)],vi thé
phuwong trinh (1) duogc viét dwéi dang :

di /dt = —(g+In(RR,R,)/ At 2)
Nghiém cua phuong trinh (2) 1a:
|(t)=1,exp(-t/1,) )
O day |, cuong do treong ban dau tai thei diémt=0va

fom @
g +IN(RRR)

Biéu dién thoi gian séng clia photon trong budng céng hudng tinh dén

g=c.N (5)
At =% (6)

¢ ddy N=N,-N,=N, lasy dao 16n mat do dwgc thiét 1ap bdi quatrinh bom; ¢ la
van téc anh sang trong chan khéng va L, =(n-1)I +L lachiéu da quang hoc cla
budng cong hwdng. Thé phwong trinh (5) va (6) vao phuong trinh (4) ching tathu
duoc:




o (n-1)l+L @)
¢ C[GeNl +|n(R1R2R3)]

Phuong trinh (7) cho phép tra [0i cac cau hoi tir (a-d):
(@) Khi tinh thé chwa dugc bom tirc 1aN=0, tlr phrong trinh (7) tathu duoc :

n-1)l+L Zm+107
o (n-Yi+l  082x107m+10"m @®

* " C¢I(RRR) 3x108r:|n(0.95><1>< 0.98)

(b)Bai vi do lgi & ngudng duoc cho bai g, =—In(RR,R,) tai tdc dd bom bang nira
giatri ngudng cltia no, chidng tacd g=g,,/2 . Tt phrong trinh (7), chang taco :

o (n-1l+L _
T, = 2—C|n(R1R2R3)=10nS 9

(c) Khi téc do bom dat t6i gia tri ngudng, g tién téi g,,, t phwong trinh (7) ta co
T, — oo . Diu ndy c6 nghia la bét ¢ mot sy nhiéu loan treong ban dau nao bi tat
dan theo thoi gian t, s8 phan ki nhu 14 nguwdng khi dao dong dat dugc. Hién twgng
nay duoc goi la sy gidm cham téi han, latinh chéat dac trung cla cac hé vat ly co
sy dich chuyén trang thai. ‘ ‘
(d) Sy ddo 16n méat dd & ngudng N, thu dwgc bang cach cho do loi bang do mét
mat .Vi vay ta co

IN(RR,R,  In(0.95x1x0.98)
ol 28x10cm’xlcm

N,, = ~ 2.55x 10”cm (10)

7.3A Laser 4 mic voi thoi gian s6ng xac dinh ctia cac mie laser thap

Chung ta hay xét laser 4 mirc vagia st rang :

(i)  Thoi gian sdng t, clia mirc laser thdp (mic 1) gan bang voi thoi gian
song t, cla mic laser cao (mic 2).

(i)  Thoi gian séng cla mic 2 hoan toan blrc xa véi ty s6 phan nhanh B
doi voi dich chuyén 2—1.Trong nhitng diéu kién nay, tap hop cac
phuong trinh téc do sau do6i voi mat do N, va N, clia mic (1) va mirc
(2) co thé viét:

N, ~ N, o _
- fz+RP B (N,— N,) D
le__Nl N2_ —
B BB (N Ny 2




0 day R, latéc do bom ;¢ lasd photon trong mode cong hwdng va B la dich
chuyén cam (rng trén mdt photon trén mot mode. Chll y rang trong phuong trinh
(2), s phan ra btrc xa va khéng birc xa ctiia mirc mot sang cac mirc nguyén tir thap
hon dugc tinh qua sé hang —N, /1, trong khi @6 BN, /t, tinh cho téc dd phan ra
nguyén tk tr mirc 2 sang mirc 1, do phat xa tw phat. Khi laser hoat dong bén dugi
ngudng va ¢ trang thai xac lap, tr phwong trinh (2) véi ¢ =0 chlng ta thu dwoc :

Srepl ®

N, T,

DE c6 N,/N,(1%, tlr phrong trinh (3) ching tacd ©,(0.01t,/B) . Gia st t,=234
us va B =0.51 chung ta thu dwoc :

23S 4 sous 4)
100x0.51

T
Cha y:diéu kién ( 4) chi duoc théa man déi voi moi truvong laser Nd:YAG, trong
do thoi gian phan racla mic laser thap lakhoang vai tram pico giay.
7.4A Phan tich phuong trinh t6c do cua laser 3 muic
Dai voi laser 3 miic, voi gia thiét vé phan ra nhanh tlr cac bd phan ph6i dai bom
sang cac muc laser cao, ching ta chi can xét mat dd N, cla muc laser thap 1
(trang thai co ban) va N, clia mic laser cao 2 (trang thai kich thich). Tai bat ki cac
thoi diém nao cac mat do nay thda méan diéu kién bao toan mat do :

N, +N, =N, «y

O day: N, 1a mat do toan phan clia mdi trwong hoat tinh. Néu sy bom khong két
hop tlr trang thai co ban sang cac mirc laser cao hon duoc cung cép véi toc do
w,, ching ta co thé viét lai tap hop cac phuong trinh toc do khong phu thudc
khong gian sau day ddi voéi mat dd0 N, cla mirc laser cao va déi véi s6 photon ¢
trong mode cong huéng:

N, _won, N yn, Ny 2
dt T
—f';f =% B, (N,-N,) ©)
T

C

O day:t lathoi gian sdng cla mic laser cao hon, B latéc dd dich chuyén cam
tng trén mot photon trén mdt mode;t, la thoi gian séng photon budng cdng
hudng, va V, lathé tich clia mode trong mai trwdng hoat tinh .Cha y rang khi so
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sénh voi laser chuan 3 mic (xem phan 7.22 PL), s khac nhau co ban cla so do
laser 3 mitc thuan tdy la téc dd bom hiéu dung R, = W_N, phu thudc vao mat do
clia mirc laser thap. T4t nhién n6 khdng dwoc xem nhw hang s& dé tinh toan téc do
bom ngubng W, va mat d6 N, vaN, cla cac mic laser & ngudng. Bau tién
ching ta thdy rang tai ngudng téc do ting trwdng toan phan clia cac photon trong
budng cong huéng phai bién mat. Tl phuong trinh (3) chang ta thu duwoc :

VB(NZC—Nm)zi 4
T

a
C

Dung biéu thirc clia B va t_ trong phuwong trinh (7.2.13) va (7.2.14) cla PL
phuong trinh (4) cé thé dwoc viét dudi dang :

Ge(NZC_Nlc)l =Y (5)

O day y = L.C/t, la dd0 mAt mat logarit toan phan trén mot 1an truyén qua; L, la
chiéu dai budbng cdng huéng quang hoc, o latiét dién phat xa cdm (ng cta dich
chuyén laser val la chiéu dai clia méi truvong do lgi. Biéu thic N, _va N, thu
duogc tir phwong trinh (1) va(5) la:

N, -y /o
N =—t ' ~e 6
o=t ©
N, = N, +2/Ge| R

Do do, biéu thic cliaW,thu duoc tir pt (2) bang cach thiét l1ap ¢=0 va
dN,/dt =0. Tl do thu dugc W, =N, /(N,t) . Vi vay,dung phuong trinh (6) va
(7):
N, +y /ol
=171 Pe 8).
* 1t(N -y /o) ®)

7.5A Diéu kién ngudng trong laser ruby
S dao 16n mat dé & ngudng duoc cho bdi phwong trinh (5) cla bai tap (7.4). B0
mat mat logarit toan phan y dwgc cho bdi :

+
Y =vi+% (1)

& day vy, =0.03 la do mat mat bén trong;y,=-InR =0 vay,=-InR,=0.04 la do
mét logarit do si truyén qua cla guong. Tir phwong trinh (1), ching ta co thé thu

9




duoc y =0.05. T phuong trinh (5) cla bai tap (7.4), chingtaco :

Y 0.05
N, —N, =——=
2 Tl 51 2.7x10®cm? x 6cm

e

=~ 3.08x 10"cm® 2)

7.6A Thau kinh nhiét trong laser Nd:YAG microchip

Vi su hién dién cua cac thau kinh cAm (rng nhiét, budng cong hwdng laser co thé
dwoc so d6 hoa béi mdt budng cong hwdng phang déi xirng, chiéu dai 1=1mm voi
cac thau kinh méng c6 tiéu cy f dat tai tdm ctatinh thé. Do sy d6i xtng clia budng
cong hudng, hai c6 chum clia mode Gauss TEM o, 6 kich thwéc vét bang nhau W,
phai xudt hién & 2 gwong phéang. Do d6, c6 chim W, cd thé duoc tinh tir géc phan
ki 6, =0.005rad dung pt (4.7.19) cta PL ttc la:

W, = o 1'06452”” ~ 67.7um )
0, 7w x5x10“rad

DE thiét 1ap moi quan hé gitra kich thuéc vét W, véi tiéu cu f, trwdc hét ching ta
thdy rang ban kinh cong R clia mode Gauss tredc cac thdu kinh mong phai bang va
nguoc dau voi dai lwgng do phia sau cac thau kinh. T pt (4.2.20) ctia PL, ching
ta thu dugc R=2f (xem vi du (4.5) cla PL). Mat khac, ban kinh cong clia chum
Gauus c6 mbi quan hé véi khoang céch truyén tlr c6 chum qua pt (4.7.17b) cla

PL ,vi vay chdng ta co :
2
R=2f :d{u["‘”o H @)
di

O day d=1/2n=274.7um la khoang cach nhiéu xa giita cac thadu kinh méng va
cac guong phang, A =1.064um la bwdc song laser trong chan khéng.Thé pt(1) vao
pt (2), ta thu dwoc f=33.4 cm.

7.7A Hiéu suat ngang trong laser 4 m&c dugc bom doc

Dai voi laser 4 mic voi phan bd ngang co dang Gauss nhiéu xa yéu véi ca chum
bom va mode cdng hudng laser & bén trong moi trvong do lgi, hé s goc cla
dwong cong hiéu suat ngang dwgc cho béi phrong trinh (7.3.35) cla PL, nghia |&

W, dy _ dy
AL T A 1
L nwﬁ dx dx @)

O day w, va w, lakich thudc vét cla cac mode bom TEMg, vacac mode laser
twong ng bén trong mdi truong do 10i;8 = (w,/w)*;x vay la cong sudt bom
chuan héa va cong suét laser dau ra twong (rng dwoc dinh nghia bdi phuong trinh
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(7.3.25) va (7.3.27) cta PL. Buong cong dau ra-dau vao chuan héa y=y(x) duoc
xac dinh b&i phwong trinh (7.3.33) cua PL, tic la:

1 1 todt
== )

01+ yt

DE rGt ra biéu thirc giai tich cta hiéu suat ngang gan ngudng, ching ta can tinh
dao ham dy/dx tai x=x,, vOi x, lagiatri ngudng clia cong suat bom chuan hoa,
no6 dathu dwoc tir phwong trinh (2) bang dat y=0, ttc la:

1
" joltB it

X, =1+9 3

LAy vi phan ca hai vé cta phuwong trinh (2) theo cac bién x vay ching ta thu duoc

1 d

—2 =

X

|2

¢ ot
[ (4)
0

(1+ yt)

o

X

Do d6, dao ham dy/dx tai x=x, co thé thu duoc phuong trinh (4) bang cach dat
x=x, vay=0. Chlng ta thu dvgc:

dy 1 1 §5+2
B
Xh

T phuong trinh (1) vai pt (3) va(5), hiéu sudt ngang gan ngudng cé thé duoc viét
dwéi dang don gian cudi cung la:
3(8+2)
t = 6
n Lo ) (6)

Chuy:
(i) Hiéu suat ngang nguwdng bién mat khi § — 0, tirc la khi kich thuéc vét
laser nhd hon rat nhiéu kich thuéc vét bom.
(i)  Hiéu suédt ngang ngutng dat dugc gia tri cuc dai cla nd n, =1 khi
§ — oo, tlrc la khi kich thwéc vét laser 16n hon rat nhiéu kich thuwéc vét
bom.

1%




(iii)  Tai sw hop mode, tirc la khi wy=w , giatri ngudng cta n, twong doi
lén 1& m,= % . Khi tdng cdng sudt bom trén ngudng, n, £ tang hon gia
tri cyc dai cta n6 n, =1 (xem hinh 7.10 cla PL). Sy tang tvong doi
khiém t6n voi cong sudt bom n, dé thdy la do trong treong hop nay,
dwong cong dau vao-dau ra y=Yy(x), khac réat it so véi duwong cong tuyén
tinh ( xem hinh 7.9 ca PL).

7.8A: Tinh todn nguw&ng va hé sé géc duwdng cong hiéu suét trong laser

Nd:YAG dwoc bom doc

Viéc tinh toan cong sudt bom & ngudng P, vatinh todn hé s6 gdc cta duong cong
hiéu suft n ddi véi laser Nd:YAG duoc bom doc co thé dugc thuc hién bang cach
ap dung cac két qua ctia md hinh phu thudc khong gian ddi véi laser 4 mic véi gia
thiét phan bd Gauss khong nhiéu xa clia cd mode bom va mode laser bén trong
moi trwong do lgi (xem phan 7.3.2 clia PL). Trong trwvdng hop nay, ngudng cong
sudt bom P, vahé s6 géc clia duong cong hiéu suét n co thé dwoc viét 1a:

P, = (1+6 ) P (1)
n =N"NNN: (2

Vi 8 =(w,/w,)?, w, va w, lakich thudc vét clia cac mode laser va mode bom
bén trong méi truong do lgi; P, languwdng cuc ti€u doi véi sy bom chum Gauss
dwoc cho bdi pt (7.3.32) cla PL; n, lahiéu sudt bom;n, =v,/2y lahiéu suét ghép
daura ; m,=hv /hv_ lahiéu suét lvong tir;m, 1a hiéu sudt ngang dugc cho bai pt
(7.3.35) cuia PL. B6i vi sy mat mat logarit trén mot lan truyén qua cla laser duoc
cho béi y =y, —(1/2)In(1-T) = 0.06 , v&i y, =0.03 la sir mat mat bén trong trén mot
lan dich chuyén va T=0.06 la hé s6 truyén qua cla bd ghép dau ra, gia st
w, =123umn, =0.6,r =230us,hv, =1.87x10°J va o,=28x10"cn?, tir pt
(7.3.32) ciia PL ching ta thu dwoc :

b _y v, 006187x10%J] m x123%unv

™ n, t 25, 06 230us 2x2.8x10“cm’
Pé danh gia cac dai lwvong khac duwa vao trong pt (1) va (2); dau tién ching ta can
tinh kich thuéc vét w,clia mode laser bén trong méi truong do loi. DE lam diéu
nay, ching ta hdy chl y rang do ta xét cac budng cong hudong phang 16m, ¢8 chum
clia mode laser Gauss TEM oy duoc dat tai gwong phang, trong khi d6 cac mat dau
sOng cua no tai cac guwong cong sé khép véi ban kinh cong clia cac guwong cong .
Do d6, chiing ta cd thé viét (xem pt(4.7.13b) clia PL):

TW;
R=L, {1{ L ﬂ (4)

~ 6AMW (3)
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O day: L, = L—I+1 /n=87.7mm chiéu dai nhiéu xa clia budng cong hudng. Giai pt
(4) theo w,, ching ta thu dugc :

W Ay R ﬂ2_1.064umx8.77x104um 100mm
0 87.7mm

Ly

V2
1) ~1.11x10* unf (5

T T

Ty s6°8 =(w,/w,)* dugc cho bdi & =0.8 vatl pt (1) va (3) thi cong sudt bom
ngudng duoc tinh 1a P, =125mw . Chl y rang do khoang rayleigh clia mode laser
Z,=nWZ? /) =325mm I6n hon dang ké so voi chiéu day cla thanh (I=5mm), gid
thuyét vé kich thwéc vét cla mode gan nhu khong doi bén trong moi trvong do loi
la hoan toan thda man.

Pé tinh hé s6 goc clia dwong cong hiéu sudt khi cong sudt bom la x=10 16n hon
giatri ngwdng cuc tiéu, dwoc cho bdi phuwong trinh (3), ching ta can tinh hiéu suat
ngang n, d6i véi phan bd bom Gauss cé thé dugc tinh qua pt 7.11b clia PL, né la
do thi phéat hoa tinh chét cla hiéu suét ngang theo ty s6 8 = (w,/w )*trong truong
hop chum bom la chum Gauss dbi véi x=10. Trong trudng hop cta chdng ta,
ching ta ¢ § =0.8, vi thé tir hinh nhd trong hinh (7.11b) chiing ta cé thé tinh
n, =0.9. Hiéu sudt lugng ti vahiéu sudt ghép cé thé duoc tinh 1a:

hv. A, 800nm

LA =075
"™ hy, "% 1064nm (6)
In(1-T
noteo AT T g 7
2y 2y 2y

Trong khi do tir ndi dung clia dé, hiéu suét bom la:n, = 0.6.Tom lai tir pt (2) cudi
cung ching ta thu dwgc hé s6 goc ctia dwdng cong hiéu suat n = 20%.

7.9A Tinh todn s mat mat clia laser bén trong

Chira y®va y® d6 mat mat logarit cia laser Nd:YLF khi hé s6 phan xa gh ép
dau rala R =90%va R, = 95%, tlr bi€u thirc clia ngwdng bom doi véi laser 4 mic
duoc cho bdi pt (7.3.12) cta PL ching ta thu dwoc :

Pu_v~ )

Chay répg pt (1) ding bat ké phan bd khong gian clia cic mode bom va mode
laser, mién latrong 2 tap hop do chi hé s6 phan xa clia bd ghép dau rathay doi.
B&ivi y® =y, +y, /2 vay® =y +y,/2,8 day y,=—-InR vay,=-InR,, tlr pt(1)
chung ta thu dvoc :
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1

——In
YI 2 Ri — I%hl (3)
1 P
—ZIn th2
vi—5 IR
Giai phwong trinh nay dé timy, :
Y, :1 halan_RhllnRzgo_os (4)
2 ha_ thl

7.10A Tinh toan s ghép dau ra tdi vu

Trong truong hop s bién thién theo phwong ngang cla cac mode bom va cac
mode laser trong moi trwong do loi co thé bo qua, dé tinh toan sy ghép dau ra toi
vu ching ta co thé dung pt tdc do laser trong phép gan ding séng phang. Tir
phuong trinh (7.5.3) va (7.5.4) cta PL vGi v, =0, s ghép dau ra t6i uu v,,, duoc

cho bai :

YZopt :2Yi(xrj'rj12_1) (1)

O day y, la sy mit mat logarit bén trong trén mot lan truyén quava x, =P/P, la
ty s6 gilra cong suat bom that sy P va cong sudt bom nguéng P, tuong (ng voi
sy ghép dau ra bang 0, tirc lavéi v, =0. Néu P, la cdng sudt bom ngudng doi
vGi sy ghép dau ra y,=-InR, thi P, c6thé dugc tinh la

th:y—iRh (2
-~InR
7

Tl bai tap 7.9P ching ta c6 y ,=0.3,R, =1W ddi v&i R=0.9, vi thé tir pt (2) ta thu
dwgc P, =363mW . B&i vi cdng sudt bom P 1a 5W, tir phrong trinh (1) taco :

: v2
Y oo = 2% 0.03x K W j —1} =0.16 3

0.363W

Tuong tng voi bo ghép dauravoi hé sé phanxala R, = exp(—y ) = 85%.

7.11A Hiéu suét doc trong mot laser sng dirng

Hé s6 goc cua duong cong hiéu sudt cla 2 laser, gia s ¢6 hiéu sudt lvong tir, hiéu
sudt bom, hiéu suat ngang bang nhau, chi khac nhau hiéu sudt ghép dau ran, va
cac hiéu sudt doc m,. Hiéu suat ghép dau ra khac nhau trong 2 laser b&i ching c6

hé s6 truyén qua cla gwong dau ra khac nhau. Bac biét, doi voi ca laser vong hoac
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laser song dirng v6i 1 bd ghép dau ra, ching ta co thé viét n_ =y, /(y, +v,) , & day
vy, lasy mat mat bén trong trén mot Ian truyén qua va y, sy mat mét logarit do bd
ghép dau ra. Hon nita, trong bubng cong hudng vong hiéu sudt doc ludn lubn bang
1, tikc lam,t =1, trong khi d6 trong budng cong hwdng thdng nd ludn ludn nhd hon
1 do céc van song dirng ctia mode laser va gia tri clia né dat dén 1 khi laser hoat
dong trén ngudng. Dac biét , gin ngudng co thé chirng té rang n,? = 2/3, trong khi
do laser hoat dong tai mirc bom Ién hon nhiéu lan ngudng thi ching ta co
n,>=8/9 (xem phan 7.3.2 ctia PL). Ty s6 clia hé s6 goc clia dwong cong hiéu suat
yvay > doi voi 2 laser s8 1a:

O pWa® v

n 2
n(2) n22)1,“(2) Ygz)( 1

@ @

T di liéu cla dé, ching ta c6 y,'=0.05,y7 =0.1 va y, =0.05 khi laser hoat dong
gan ngudng n,>=2/3 , vi vay tir pt (1) ching ta c6 n'/n*=1.125, dbi vGi laser
hoat ddng trén ngudng 10 lan ta c6 n,>=8/9 van'/n* = 0.844
Chiy thém

Viéc rat ra gia tri giai tich n, =2/3 cla hiéu suat doc cua laser song dirng hoat
dong gan ngudng rat can thiét. Viéc nay duoc thuc hién qua viéc phan tich truc
tiép pt téc dd tinh dén tinh chat song dirng cliia mode cong hwdng. BE dat duoc
muc tiéu nay, ching ta hdy xét cac laser 4 mirc bao gém moi trong hoat tinh cé
chiéu dai | , tiét dién ngang A va chiét sudt n, dwoc dat bén trong budng cong
hudng Fabry-Perot v6i chiéu dai hinh hoc L. Tt cac pt toc dd phu thudc khong
gian duoc cho bdi pt (E.1.9) clia PL, cho phép rang du¢i cac diéu kién xac 1ap s6
photon cdng hudng ¢ trong mode laser thda man pt:

2
EJLV:E (2)
Val, o ot
Tt V

O day: R latéc do bom;t la thoi gian sdng clia muc laser cao, t, lathoi gian
sdng ctia photon trong budng cong hudng, o latiét dién dich chuyén ¢ tan so cla
mode cdng hwédng, u la bién do trvong phu thudc khéng gian ctia mode clia budng
cong huang, V lathé tich hiéu dung ctia mode trong budng cong hwdong dugc xac
dinh bai pt (E.I.7) clia PL vatich phan & vé trai trong pt (2) duoc lay trén thé tich
ctia mdi trvong hoat tinh. B&i vi trong bai tap nay ching ta quan tam dén anh
hwéng cac van mode séng dirng dén hé sd goc clia d wong cong hiéu suét laser,
ching ta sé bo qua su phu thuéc theo phuwong ngang clia mode bom va mode cong
hwéng, tic 1a chiing ta s& gia st phép gan dang song phang cho cac treong. Hon
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nira, chlng ta s& gi¢i han viéc phan tich trong trvong hop téc do bom R la dong
diéu doc theo toa do z clia truc budng cong huéng. Trong tredng hop nay, ching
ta cd thé thuc hién tich phan trong phuong trinh (2) trén cac bién ngang (x,y) dé
thu dwoc :

t00 AR

ot @l 1
V

dz=— 3)
1+—|u(z)| Te

O ey

O day u(z2)=sin(kz) la van song dirng chuén hoéa ctia mode budng cdng hwéng
Fabry-perot. Cong suét laser dau ra P, va cong suat bom P, c6 lién quan vGi ¢

out

va R, quahé thirc (7.2.18) va(6.2.6) cua PL, tirc l&

72

P hv 4

o =y @
hvaI

P, = ©)
My

O day n,la hiéu sudt bom, L, =nl+L-I1achiéu dai quang hoc clia budng cong
hudng ,v va v lacac tan s6 bom va laser tuong tng , va y, do mat mat logarit
ghép dau ra .Tir phwong trinh (4) va (5), ching ta cé hé s6 géc clia duong cong
hiéu suat n,=dP, /dP,:

out

hv ¢ d¢

6
“Mehy, 2L, dR, (©)

MNs
O day ham¢ = ¢(R)) duoc xac dinh bai phuong trinh (3). Giatri ngudng R, thu
duoc tir phrong trinh (3) bang cach dat ¢ =0 va dwoc cho bai :

\
R pth = (7)

1

0

Néu chlng ta ldy vi phén ca 2 vé cla pt (3) d6i voi R, va ¢ va tinh cac phuong
trinh thu dvoc tai R=R, va ¢,, =0. Chung ta thu dwoc :

[Ju(z) oz R, =2 Y ( J f\ (2) =0 (8)

0
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Thé biéu thirc R, dwoc cho bai pt (7) trong pt (8) va gidi dé tim (do/dR )R
ching ta thu dwoc :

pth

yu(z)‘4 dz

B&i vi t . =L, /yc; & day y la dd6 mat mat logarit trén mot l1&n truyén qua (xem pt

(7.2.14) cua PL), tir pt (6) va pt (9) cudi cung chang ta viét hé s6 goc cla duong

cong hiéu suat gan nguéng dudi dang :
hv v,

=N, ——= 10
N =N, v, 2, (10)
O day chlng ta d& duwa vao hiéu suét doc m,
1 2
1U|u(z)|2 dzJ
n = (11)

| .[|u(z)|4 dz

0

TU phuong trinh (10) vapt (11) cho phép ching taxem xé anh huwdng cla cac van
song dirng trén hé s6 goc cla dudng cong hiéu suat.Trong mdt budng cong hwéng
vong mdt hudng, chiing ta cé thé gia st u(z)=1 khong phu thudc v ao toa do doc z,
dé cho tir pt (11) ching ta thu dwgc n, =1. Nguoc lai, trong budng cong hudng
Fabry-Perot, dvong bao truong u(z)=sin(kz),& day k =2rv /clasd séng clia mode
cong hudng. Néu ching ta gid st¢ (nhw thwong lam trong cic cau hinh laser phd
bién nhét) rang do dai | ciia moi trudng hoat tinh 16n hon rét nhiéu budc séng laser
A =2r |k, tich phén trong pt (11) cé dang don gian:

Jl.|u(z)|2dz=l<sin2x> (12)

0

[lu@)" dz=1(sin*x) (13

2n
G day: (f (x)) laki hiéucho (1/2n) [ f(x)dx bdivi:
0
(sin®x)=1/2,(sin*x =3/8 (14)

T phuong trinh (11-13), cubi cung ching ta thu dugc n, =2/3.
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7.12A Heé thirc tan sac ddi voi mot vach L orentz
Hé thirc gitra chiét sudt n va hé sé hap thu o clia mét vach dich chuyén mé rong
dong nhéat dwoc cho béi phuong trinh (7.10.2) cla PL vacé dang :

n(v_vo):n0+[i)["0‘v]a(v_vo) M

2nv)\ Av,

& day n, chiét sudt cach xa tan s6 cong hudng, tan so dich chuyén v_, Av_la do
rong dich chuyén (FWHM), v latan sb cta song dién tir do dich chuyén , c latéc
do anh sang trong chan khong va o lahé s6 hap thu d6i véi mot vach L orentz ,hé
sb hap thu dwoc cho bdi (chang han xem pt (2.4.33), (2.5.10) va(2.5.11) ctaPL):

o,N
[1+ 4(v—v0)2/Av02}

a(V-v,)=

2

O day ,o, latiét dién hap thu peak vaN la mat do nguyén tk, ch( y rang hé s6 hap
thu & tan s6 cong hudng tihc la tai v=v, la a,=c,N dbi VOi
N =1.58x10"ion/cm’ vac, =1.22x10cm’ thi chdng ta co : o, = 0.1928cm ™. Doi
VOi v =v,+Av, /2, hé s hdp thu don gian bang mot nira gidtri peak clia no, tic la
a(Av,/2)=a, /2. DUng nhitng két qua nay va pt (1),ching ta thdy rang chiét suét
clia ryby tai tn s6 cong hudng bang n,, tic 1a cach xa gid tri cong hudng. O
v =v,+Av, /2, tlr pt (1) ching ta thdy rang chiét sudt khac véi gia tri 1éch hudng
n, mot luong :

A
An=n(Av,/2)-n,=- C o =% (3)

Poi voi %,=6943nm va a,=01928cm™, tir pt (3) ching ta thdy ring

An=5.3x10". Chay rang dong gop vao chiét suit duoc cung cap bdi vach dich
chuyén R rat nho so véi n vaco thé bo qua trong thuc té.
Chu y bé sung :

Phuong trinh (1) thiét 1ap m6i quan hé gilra chiét suat va hé sé hap thu doi voi
dich chuyén nguyén tir Lorentz c6 thé duwoc rat ra dung mé hinh cé dién don gian
vé sy hdp thu va sy tan sac trong méi trwong dién moéi, md hinh Drude-Lorentz.
Trong m6 hinh nhu thé, electron quang hoc clia mét nguyén t& dich chuyén khdi
vi tri can bang x=0 clia n6 do trwdng dién tir dat vao no bi kéo Ve vi tri ban dau do
1 lyc dan hai ( luc lién két), chiu mot lwc ma sat do tinh dén cac va cham va biic
xa lwdng cwc. Phuong trinh chuyén dong d6i vai do dich chuyén electron x la:

18




d’x  dx 5
M—-+y —+ Mo X=ekE 4
az T ()

O day: mva e lakhéi lvong va dién tich bén trong clia electron, o,la tan s6 dao
dong tw nhién cla electron ;y dung dé chi dong gop cla su tiéu tan va E(t) labién
do clia dién truong cla song dién tir toi nguyén ti. Chay rang, trong céch viét pt
(4) van toc electron dx/dt da duwoc gia st rang nhd hon rat nhiéu so véi van téc anh
sang c, vi thé co t,hé bd qua luc dién tir tdc dung trén electron. Néu ching ta xét
mot treong don sac, E(t) = Ecosmt tan s6 o , nghiém cla pt (4) c6 thé dé dang
duoc tim bang cach Ansatz:

X(t) = %, exp(iot ) + X, exp(—imt) (5)

O day bién do phtrc x,clia dao dong co thé thu dwoc bang cach thé phwong trinh
(5) vao pt (4) va cho céc s hang dao dong bang nhau 1a: exp(xiot) . Chlng tathu
duoc :

ek /
X, = o/ 11 (6)

(mé—w2)+imy /'m

Lu&ng cuwc dién dwge cam ng béi treong toi la
2
e /m

=ex
P (0 —0%) +iyo /m

E,exp(wt)+cc. (7)

O day c.c. chi lién hop phirc. Néu ching ta c6 N nguyén ti trén mot don vi thé
tich, dd phan cuc vi md bi cam tng béi trwong dién tir la:

Ne* /m
(0 —0%) +iyo /m

p=Np= E,expiot)+cc.  (8)

Tir ly thuyét dién tir co ban, ching ta biét rang do phan cuc cho bai pt (8) chi hang
s dién moi twong dbi e, clia mdi trwdng :

(9)

O day n, (sO thuc) 1a chiét sudt clia mdi trudng cach xa vach cong hudng &
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o =wm,. Hé s6 hdp thu o (w) vachiét sudt n(e ) cia mdi trvong dugc cho bdi (a)0
doi v&i moi truong hap thu ):

a(m)z—%lm\/a_r (10)
n(w):Re\/;; (11)

0] day c lavan téc anh sang trong chan khdng. Néu chling ta gia st rang dong gop
vao hang s6 dién mdi (9) duoc cho béi cac ludng cuc cong hwdng nhé hon so voi
doéng gép khai ((n,)?,ching taco thé gia st :

2
\/;;n0+ Ne /T : (12
2n,e, [((ooz ~0?) +ioy /m}

Vi thé tir phwong trinh (10-12) chang taco :
Ne%y /m o)

OL((O)Z ; 2 2)2 2.2
2n,me,, (030 -® ) +o%y?/nf

Ne” (035 —032)

2mnge, (mg —m2)2+0)2y2 / n?

2

(13)

(14)

n(®)=n,+

Pé rat ra duoc pt (1), chiing ta can dua vao ghép gan ding gan cong hudng. N6
dang cho cac b dao dong tat dan yéu, tic la ddi voi Ao,/o,<l & day
Ao ,=y /'m. Nhu ching ta sé& chliing minh bén dudi, diéu nay co nghia rang do
rong vach phd Aw ,clia duong cong hap thu nhd hon tan s6 cong hudéng o, diéu
kién duvoc thda man trong vach quang hoc ciia buwéc séng. Béi vi déng gop cong
hudng trong pt (9) mét di khi |o —w,| > Aw, tkc 1a du xa tir tan s6 cong hudng o,,
trong phuong trinh (9), chiing ta c6 thé cho (o} —o?)= 2w,(© -0,) Va 0 =e, Vi
thé tr phwong trinh (13) va(14) chingtathu duoc :

Neo 1
a(0)= 5 (15)
2n,me (o Aw, 2((0 —0)0)
14| A2 7%)
Aoy,
Ne’ 0 -0,
n(o)=n,— 5 (16)
( ) normomoA(Do2 2((0 —030)
14| A2 %)
Aw,
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Phrong trinh (15) ching to rang vach hdp thu la Lorentz véi FWHM bang Ao, .
So sanh phuwong trinh (15) va (16) cudi cung chdng ta thu dwoc :

c(o-a,)

n(o)=n,- —
0

o (o) (17)

Phuong trinh (17) rat vé phuong trinh (1) khi chang ta thay o = 2nv .
7.13A Dich chuyén tan sb trong laser mé& rong dong nhat
Tan s6 dao dongv, trong laser mé rong dong nhéat don mode, nhv dwgc thdo luan

trong phan (7.9) clia PL, duoc cho bai hé thirc dich chuyén tan so :

v :(VO/AV0)+(VC/AVC) )
1/ Av,+1/ v,

O day v, latan s6 trung tdm cia dich chuyén laser ;v, latan s6 clla mode bubng
cdng hudng lanh gan nhét véi tdm cla vach do lgi. Va Av_ va Av, la dd rong cla
tan s6 cong hudng mode ctia budng cong hudng va dich chuyén laser tong ng.
Ly do vat ly co ban tai sao tan s6 dao dong v, ndi chung khong trung voi tan so
mode ctia cdng hudng v, , mand duoc kéo vé phia tam cuta vach do lgi v, ladich
chuyén nguyén tir dong gop vao mdt sé st mé rong cua chiét sudt cia moi tr wong
nhv dwgc chirng minh trong bai tap (7.12P). Sy phu thudc tan s6 clia chiét suat gan
cong hudng nguyén tir thuong dwoc bd quatrong cac tinh toan tan sé cong huéng
mode trong budng cong hwdng déng vai tro trong hién twong dich chuyén tan s6.
Dé chirng minh phwong trinh (1), chiing ta hdy xét budng cdng hwdng quang hoc
Fabry-Perot do dai hinh hoc L chira mdi truong hoat tinh cé chiéu dai | véi chiét
sudt (khéi ) n,. Nhu d& chirng minh trong bai tap 7.12 P, chiét suét clia moi trudng
do loi ké ca dong gop cong hudng do dich chuyén laser la (xem pt (1) cla bai tap
7.14P):

c(V—V,)
2rAV,V

n(v)=n,+

g(v) )

O day g(v) lahé s6 do 1oi.Néu v, latan s6 dao dong dich chuyén pha cla truong
laser sau khi di hét mot vong budng cong hwdng duoc cho béi :

Ag =2

N
- [L=T+In(v,)]+0 3

O day ¢ dung dé chi dich chuyén pha do nhiéu xa hodc phan xa tai cac guong
(xem phan 5.2 ctia PL). B&i vi cac truong phai tv tao rachinh nd sau khi di qua hét
mdt vong budng cong hudng ching ta co :

2%




Ad, =2mn (4

m la sd nguyén. RS rang diéu kién nay xac dinh tan s6 dao dong clia budng cong
huéng dugc lam day véi moi truong do loi. Néu v, latan s6 mode cong huwéng
lanh thi hién nhién chingtaco:

2nV,

2 . (L=1+Ing)+¢ =2mn (5

Két hop véi pt (2.5) ching ta thu duoc :

c(v, =)l
L=v |L+——— 6
Vc e VL |: e + 27'CAVOVL g (VL ) ( )

O day L, =L-I+In, lachiéu dai quang hoc clia budng cong hudng. Khi laser hoat
dong & trang thai xac 1ap, do loi mot vong budng cong hudng bang do mét mat tirc
&

g(VL)I =7 (7)

O day y 1a d6 mat mat logarit toan phan trén mdt Ian truyén qua. Bang céch khai
trién biéu thic giai tich trong phan 5.3 ctia PL, c6 thé dé dang thdy rang y co lién
hé v&i do rong Av,_ cla sy cdng hwdng mode clia budng cong huéng béi hé thirc :

cy
Av, = 8
Ve=o (8

e

Dung phuong trinh (7) va(8), phwrong trinh (6) cé thé duoc viét duwdi dang :

V=Y, [1+ L (vL—vo)} ©)

OVL

Giai pt (9) dé tim v, cudi cung ching ta thu dwoc (1).

7.14A Tinh toan sv dich chuyén tan so trong laser He-Xe
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P06 rdng Av_ cla tan s6 cdng hudng mode trong budng cdng hudng dugc cho béi :

8 -1
Av, = e o_ 0.5x107ms ~ 79.6MHz Q)
2rl,  2rnx0.Im

Vithé ty s Av,/Av, gilra do rong cta dich chuyén laser mé rong Doppler v a tan
s6 mode cdng huong :

AV, _ 200MHz _ ”E
AV. T79.6MHz

c

2

BGi vi Av, gan bang vai Av,, ngudita hi vong sé& cé dich chuyén tan s6 manh khi
budng cong hwéng laser v, dwgc diéu hwdng cach xatam vat do lgi v,. Sy chénh
léch tan s6 v _-v, gilta tan s dao dong laser that sy va cdng hudng mode clia
budng cdng hudng céd thé dwoc rit ra dung hé thirc dich chuyén dwgc cho bdi
phuong trinh (7.9.1) clia PL ( xem bai tap 7.13P):

v v, = Yo=Ve  SOMHZ ) ) iz 3)
1 Av,  1+25
+7
Av,

c

Cha y rang ding nhu dv doan, s dich chuyén tan s6 kha rd rang va thuc su co
thé dwoc quan sat vai laser He-Xe bréc séng 3.51— pm.

7.15A Gi¢i han lvong tir_ctia dd rong vach lasser

Gi¢i han co ban cta do rong vach laser do nhiéu phét xa tw phéat trong mot don
mode doc dwgc cho bdi cdng thirc Schawlow -Towens ¢6 dang (xem phuong trinh
(7.9.2) cia PL):

Av, = : 1)

O day N, va N,Lamat do ctia cac mic laser trén va dwdi, P 1a cong sudt laser dau
ra,v, latan sd cua trwdng laser va Av, la do rong cla tan s6 mode cla budng
cbng huéng :

1 yC

Av, = = @)
2nt, 2rnl,

Trong pt (2),7._L./(yc) lathdi gian séng photon budng cong hwéng vac latée do
anh sang trong chan khéng. B6i véi A, =0.164nm,y =0.01 va L ,=12cm ching ta
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c0 v, =c/A =28195x10"Hz,1 =L /(yc)=40ns va tir phuong trinh (2)
Av,_ =398MHz. D0i v6i laser Nd:YAG, mtc laser thdp c6 thé dwgc xem nhu gan
tréng tirc 1a N,/ N, >1,vi thé ching ta co thé gia st rang trong phwong trinh (1)
rang N,/(N,—N,) =1. Dung phép gan dung nay va d6i voi mot cong sut dau rala
P=100mw, tlr phuong trinh (1) cudi cling ta thu dwgc Av, = 0.186mHz. Chu ¥ rang
gi¢i han do rong vach nay trong thuc t€ co thé bd qua so v&i nhiéu trong moi
truong, chang han nhu cac dao dong chiéu dai ctia budng cong hwéng, thwong gay
ra s mé rong do rong vach phod vai chuc KHz trong céc laser khong 6n dinh dén
vai Hz trong céc laser ding phuong phap 6n dinh chd dong chiéu dai budng cong
hwéng.
~ ChGybdsung:

Gi¢i han co ban vé sy don sac cla laser don mode hoat dong & ché do lién tuc
dugc cho boi cong thirc Schawlow-Townes phuong trinh (1), dugc thiét 1ap boi
nhiéu phat xa ty phat bat nguon tir ban chét lvgng ti cua truong dién tir. Mac da
viéc xem xét nhieu phat xa tw phat can c6 mét ly thuyét lwong tl laser day da,
nhung c6 thé dua ra duoc cach tinh toan do rong vach phd laser do phat xa tw phat
bang cach ap dung hé thirc bat dinh nang lwvong thoi gian clia co hoc lvgng tlr co
dang :

AEAt > 1 ?3)

Hé thic ndy thiét 1ap mot gidi han dwéi A& cia do bat dinh ndng luvong cda hé co
hoc luvgng tt trong qua trinh do nang lvgng doi hdi mot khoang thoi gian At. Néu
¢ lasd photon trong mode cong hwéng vav, latan s6 cla ching, nang lugng E
dwoc cho béi E=hv ¢ saocho:

AE = hv,Ad + hpAv, (4)

O dayA¢ va Av, la do bat dinh clia ¢ vav, . D6i vai mot laser trén ngudng, s
photon ¢ cd thé nam trong khoang 10° dén 10 (xem vi du 7.1 clia PL), vi thé do
bat dinh cla s6 photon A¢ /¢ dwgc hi vong la nhé hon nhiéu so voi do bat dinh
tan s6 Av, /v, .Trwdng hop ndy cling co thé hiéu dugc bang viéc nhan xét rang doi
vGi laser trén ngudng dieu kién do loi can bang voi do mét mat & dao dong trang
thai xac 1ap ( xem phwong trinh (7.3.4) cta PL) twong (ng voi sy khoa bién do cla
truong bén trong budng cong huédng, tic Ia ¢ , nhung khong phai pha clia no, tic
|a nhiing dao dong do dd bat dinh Av, cla tan s6. Do dé trong phwong trinh (4)
chiing ta ¢ thé bo qua sd hang dau tién & vé phai.Vi thé sau khi thé pt (4) vao
phwong trinh (3), hé thirc bat dinh nang luvong cé dang :

Av, =

2ndAt ©
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PE tinh at, chling ta thdy rang bt ci¢ phép do E n&o cling can mot khoang At
khong dai hon thoi gian song phat xa tu phat, tic 1a 1/at phai 16n hon téc d6 C
cla s tang s6 photon trong budng cong hwdng do phat xa tw phat. D6i vai laser 4
mitrc, viéc xem xét phuong trinh (7.22) cla PL cho thdy rang 1/At=C=V,BN,, Vi
thé phuwong trinh (5) chota :

, ViBN,

Av,
2nd

(6)

O day B latde do dich chuyén cdm (ng trén mot photon trén mot mode. V, lathé
tich mode trong moi tridng hoat tinh va N, lamat do clia muc laser trén.Vi thé dé
dang viét lai phwong trinh (6) dudi dang tiéu chuan nhat dwgc cho bdi pt (7.9.2)
clia PL, sau do6 chuing talai thdy néu P la cong suét laser dau ra, t.=1/(2rAv, ) la
thoi gian séng photon budng cong huwdng , N_=N,-N, la sy dao I6n mat do thi
ching ta c6 P=hv ¢/t =2rnhv ¢Av, va BV, =1/t N, =2rAv /(N,—N,) (xem
phwong trinh (7.3.2) cua PL ) tirc la:

P

= 7

¢ 2nhv Av, )

V.B= 2nAv, )
N, - N,

Thé phuong trinh (7) va (8) vao phuwong trinh (6), cudi cung ching ta thu dugc
cbng thirc Schawlow-Townes dwgc cho bdi phuwong trinh (1).

7.16A Piéu huwdng laser Ti —sapphire bang mot bd loc ludng chiét:

NéEu L, chi chiéu dai bang doc theo huéng chum bén trong bang, khodng cach tan
0 Av, gitta2 cyc dai lién tiép nhau cla b loc lwdng chiét dwgc cho bdi (xem vi
du 7.6.2 cia PL ):

Cc
AV, =—— 1
str Le(ne_no) ( )

O day c latdc do anh sang trong chan khong va n, , n, chiét suét cda tia thudng va
tia bat thuong.Theo khodng cach buwéc song Ax ching ta c6 thé
Vit AL, =A%Av,, /¢, cdng thirc ndy co thé dugc rat ra dé dang bang cach Iy vi
phén theoiva v hé thirc 1 =c/v. B6i vb6i n,=1.535n,=1.544, ) =780nm va
A\, =6nm, chling tacO Av,, = cAL,, /A%= 2.96x10%Hz . Vi thé tir phuong trinh (1)

fsr v
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ta thu dwoc L, =c/| Av,, (n,—n,) |=11.27mm. Chiéu day bang L I&
L =L, cosO, 2

O day 6, la goc Brewster bén trong. Néu n chi trung binh cla n, va n_, géc
Brewster d6i véi bang thach anh 1a 6, =tan™" n=57°.Vi thé, qua dinh luat Snell,
goc Brewster bén trong & 6, =sin"[(1/n)sin®,]=33".Tir phuong trinh (2) voi
L, =11.3mm, cudi cung chdng ta thu dugc L = 9.45mm.

7.17A Chon loc mode ngang

Chuing ta hdy chi ra qua y(¥ s mat mat do nhiéu xa trén mét Ian truyén qua déi
véi mode TEM, , clia budng cong hwéng ddi xirng vaqua y, =—In(1-T,) = 0.1% do
mét mat logarit do sw ghép dau ra. Gia st rang do loi khong b&o hoa trén mot 1an
truyén qua la o =0.1 la giong nhau doi voi tat ca cdc mode ngang, dé tranh dao
dong laser & cac mode ngang bac cao thi do mat mat logrit toan phan trén mot lan
truyén qua vy, =v,/2+y? cla cac mode TEM,_  bac cao hon phai lén hon do loi

m

khéng b&o hoa o tlrcla:

Yim +?>0v (1)

Ba&i vi ching ta hi vong rang mat mat do nhiéu xa 1a mot ham ting theo bac mode,
cac mode TEMg; bac thdp nhat sé théda man diéu kién (1). Diéu nay cho ta
vy0.0745. Do budng cong hudng ddi xing véi tham s6 g=1-L/R=0.8, tir hinh
(5.13) clia PL chiing ta thdy rdng diéu kién y(9)0.0745 dugc théa man mién la so
Fresnel N =a*/AL cla budng cong hudng nhd hon 2. Tir két quéd nay ching tathu
dwgc dwong kinh khe cue dai 2a dam bdo dao dong @ mode TEM,, co bén 1&

2a=2(NAL)"” = 2mm )

7.18A Dao _ddong don mode doc trong mdt laser duwgc mé rong khéng dong
nhat

Bd&i vi dich chuyén laser CO,cht yéu bi mé rong Doppler véi FWHM clia d uong
cong do loi Gauss Av, =50MHz, khi laser hoat déng & mic bom bang hai lan gia
tri ngudng tat ca cac mode cta budng cong huwédng voi tan sdé duoc diéu hudng
céch xa tam clia vach do lgi nhd hon Av,/2 trén ngudng va do dé co thé dao
dong. Néu tan s6 cong huwdng ctia budng cong hwdng tring vai peak dich chuyén,
hoat dong don mode doc doi hdi rang cac mode tan s6 cong hwdng mot phia cach
nhau +c/2L so vGi cac mode trung tam, roi xudng vach do lgi mot tan s6 Ién hon
Av, /2, thc |&
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>0 (1)

Chon Av,=50MHz va gidi phwong trinh (1) ddi véi L ching ta thu dwgc khoang
cach guong cuc dai doi hoila L, =c/Av,=6m.

7.19A Loai b sv tao hd phd bang k¥ thuat mode xoan

Chuang ta h@y xét sy giao thoa clia 2 sdng phan cuc tron véi cung bién dd E, va
cach quay, chung truyén nguwoc nhau doc theo huéng z clia budng cong
hudng.Theo bai tap, dé ki hiéu cach phan cuc quay phu hop ching ta ding quy
wéc nguoi sat ludn luén doi mat véi chum anh sang t6i, nghiém don gian clia bai
toan cd thé thu duoc bang cach dung biéu dién cuc trong mat phang ngang (x,y)
clla huéng truyén ddi véi cac véc to trwong dién cla hai séng phan cuc tron
truyén doi 1ap nhau. Ki hiéup va ¢ la bién d6 va pha cla dién trudng va voi hé
quy chiéu cla phuong trinh (1) chiing ta cé thé viét doi véi 2 song :

p, = B¢ =kz—ot,p, = B0, = kz+ ot +¢, b, =kzt+ot+d, (D)

V@i k=2rn /% lasd séng va o =kc tan sd gdc clia cac song va ¢, la sy tri hoan
pha gilta hai song. Cha y rang, theo phrong trinh (1), cac véc to tredng dién cla
hai sdng quay trong mét phang ngang véi cling tan sé géc o nhwng theo hwéng
ngwoc nhau, mdt theo cung chiéu kim déng hd vacéi kia ngugc chiéu kim dong
hé. B6i v&i ngudi quan sat d6i mat voi anh sang téi, diéu nay phu hop véi su kién
ca hai song déu phan cuc tron tréi va phan cuc tron phai.Véi sv ho tre clia do thi
trong hinh (1), c6 thé chitng minh rang theo quy tic hinh binh hanh, tdng véc to
cla céc truong dién cta 2 séng phan cuc tron la mot véc to tao véi truc x mot géc
¢ bang :

_ito,
b= 3)

Dung phuong trinh (1) va(3) ching tathu dugc :
¢ =kz+¢,/2 4)
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Fig.1 Interference of two counterpropagating circularly-polarized waves.
T pt (4), ching tathdy géc ¢ khong phu thudc vao thoi gian t, mdc du ¢, va ¢,
cO phu thudc, két qua Ia trong khi céc véc to biéu dién 2 song phan cuc tron quay
trong mit phang ngang theo hwéng nguoc nhau, téng cla ching c6 hwéng dao
dong xac dinh hinh thanh véi truc x mot géc ¢ dwoc cho béi phwong trinh (4).
Diéu nay c6 nghta la dién trwong téng cdng phan cuc tuyén tinh v abién do cla né
dao dong theo thoi gian gilra khéng (khi hai sdng giao thoa cong ngugc pha) va
2E, (khi hai sdng giao thoa cling pha).T it phuong trinh (2), chiing ta thdy rang:
()& mat phang quy chiéu z=0, dién truong tdng cong phan cuwc tuyén tinh véi bién
dd 2E, vahinh thanh vai truc x mét goc ¢(z=0)=¢,/2
(ii) & mit phang z=d, dién truong tdng cdng van con phan cuc tuyén tinh véi cing
bién dd 2E, nhung hinh thanh v&i truc x mot goc ¢(z=d)=¢(z=0)+kd
7.20A chon loc don mode doc bang etalon bén trong budng cong hudng
Dé cho don gian, ching ta gia si rang ca chiéu da budng céng hudng va goc
nghiéng etalon dwoc diéu chinh sao cho tan sé budng cong h wéng va Peak truyén
gua cua etalon trung v&i tdm cua vach dd lgi, do lgi toan phan trén 1 lan truyén
qgua bi chiu bd&i mode budbng cong huwdng dwgc cho bdi cong thic
G,exp(-y)=1.25, ¢ day G,=1.3 la d0 loi peak khdng béo hoa va y =0.04 la do
mat mat toan phan trén mot 1an truyén qua ké ca sy mat mat do ghép daura vasy
mat mat bén trong. Néu Av =c/ 2L =150MHz lakhodng cach tan sb gitra cac mode
doc lan can nhau ctia buéng cong hudng laser, hoat dong don mode doc S8 dugc
bao dam mién la tdt ca cac mode doc léch hwdng chiu sy mat méat nho hon do loi
tire la:

exp(—y)G,g (mAv)d (1)

P6i voi bat ki mode nao m=+1+2+3..Trong phuong trinh (1),
gv) :exp[—InZ(v /Avo)z} la dwong cong Gauss cla dich chuyén do lgi mé rong
Dopler, Av,=3.5 GHz la FWHM la cla duong cong va T(v) la ham truyén qua
clia etalon bén trong budng cong hudng. T(v) dwoc cho bdi (xem phuong trinh
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(4.5.6) clia PL)

T(v)= : 2)
|

O day R lahé s6 phan xa clia 2 bé mét etalon va | =nlcosd =nl=2.9cm d6i vdi
géc nghiéng nhd 6. Cha y rang khodng ph6 tw do etalon dugc cho boi
Av . =c/2 =517GHz, Ién hon so véi khoang cach mode doc theo truc budng
cong hudng Av vabang voi do rong duong cong vach do loi. D6i voi cac mode
doc & dudi cac peak ¢ bén dau tién clia ham truyén qua etalon c6 thé dé dang
chitng td6 rang phuong trinh (1) dwgc thdéa mén, bdi vi
G exp(—y )g'Av , =0.27(1.Vi thé dé dam bao hoat dong don mode doc thi phuong
trinh (1) dwoc théa man (*ng v&i 2 mode doc ké véi cac mode cong huwéng, tic la
doéi véi m=+1. Diéu nay mang lai :

T (Av)( L =08 3

G, exp(-v)g’ (av)

Dung phrong trinh (2) c6 thé viét lai :

(1—Rf<08@1—Rf+4Rgnﬂ%zsy]} (4

Boi Vi & =sin’(nAv /Av )=8.3x107°la mot dai lvgng nho, co thé tim duoc dé
dang (1-R) tr bt dang thic (4), mang lai d6i véi cac bac chinh 1- R(4¢¥?, nghia la
R)64% . Néu tinh toan chinh xac hon R bang quy trinh I3p, ta sé thu duoc R) 70% .
Nhu vay do dai cuc tiéu clia etalon la:

nRY?

F = ~0.87 (5)

Chuong 8:Tinh chat laser chuyén tiép
Bai tap

8.1P Dao ddng phuc hoi trong laser Nd: YAG
Tinh tan s6 dao dong phuc hoi cta laser Nd:YAG khi né hoat dong & tr én ngudng
2 lan, gia str chiéd dai budng cong huwdng L=20 cm ,thanh Nd:YAG c6 chiéu dai
I=0.8 cm ,chiét sudt YAG n=1.82 va thoi gian sdng cua laser & trang thai trén
t =230us va do mat mat logarit toan phan trén mét lan truyén qua y = 2%.
8.2P_Phd nhiéu clia cong sudt dau ra ddi voi laser 4 mirc
Xét laser 4 mic don mode dwoc bom song lién tuc va gia st rang nhiéu Gauus
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clia phd trang duoc chdng 1én téc dd bom lién tuc. Rt ra biéu thirc giai tich doi
vGi phd nhiéu clia cong suét dau ra laser.

(Huéng dan: dau tién viét phwong trinh téc dd cta s6 photon trong mode dao
déng va déi voi sv dao 16n mat do voi sé hang nhiéu Gauus dwoc thém vao téc do
bom. Sau d6 tuyén tinh héa phwong trinh téc do quanh nghiém trang thai xac lap,
thu duoc bang cach bé qua s6 hang nhiéu va nghién ctu tinh chat nhiéu clia hé
tuyén tinh v&i sw hién dién ctia nhié u Gauus trang nay)

(Mtrc khé cao hon trung binh).

8.3P_Cong tac Q-nhanh trong laser Nd:YLF

Laser Nd:YLF dwoc bom bang dén Flash hoat dong & ché do xung va duoc kich
xung Q-nhanh béi 1 t€ bao Pockels bén trong budng cdng hwdng duoc tao béi 1
tinh thé tich cwc, chiéu dai I=1cm,véi chiét suat n=1.45 duoc dat tai tam cla budng
cong hudng dong tiéu d6i xirng L=30cm. HEé sb truyén qua cla bd ghép dau ra
budng cong hudng la T=20% va dd mat mat laser logarit bén trong trén 1 lan
truyén qua duwgc tinh toan la y, =5%. Gid sk tiét dién phat xa cam (ng
c,=1.9x10"%cm* clia Nd:YLF tai bwgc song laser 1a A =1053nm, tinh nang lvgng
va khoang thoi gian xung cla cac xung Q -chuyén manh, khi nang lvong cua
xung bom né bang 2 1an gia tri ngudng.

8.4P_Tinh toan nang lwgng xung va khoadng thoi gian xung trong laser
Nd:YAG cong t&c Q- 1ap

Khi laser Nd:YAG trong hinh 7.4 va 7.5 clia PL dugc bom & mi)c P, =10kw va
chuyén manh Q-lap & tan s6 10 kHz bdi 1 b0 diéu bién am quang, mat mat do
chen clia né la cé thé bd qua. Tinh toan nang lvong va khoang thoi gian clia xung
dau ra cling nhu cong suét trung binh ddi va6i truong hop nay.

8.5P Dién ap mdt phén tuw séng trong té bao Pockels cong tac Q

Xét t€ bao Pockels trong 1 cau hinh doc tic la véi trvong 1 chiéu dat vao hwéng
chum di qua tinh thé phi tuyén.Trong truong hop nay,chiét sudt cam (ng
An=n,-n laAn=n’rV /L & day ,n, lachiét sudt theong, r,, lahé s6 phi tuyén
thich hop cua vat liéu ,V la dién &p, L lachiéu dai tinh thé. RGt ra biéu thic cla
dién ap can thiét dé gilr cho s két hop té€ bao Pockels-kinh phan cuc trong hinh
8.5a clia PL & vi tri dong (dién ap mot phan tw séng ).Tinh toan dién ap Y2 song &
A =1.06um trong trvong hop t€ bao Pockels KD,PO,,d6i v&iKD,PO,,
Il = 26.4x10?m/v va n,=1.51.

8.6P_Cong tac Q-tich cuc trong laser 3 murc

R0t ra biéu thirc d6i voi nang lvong dau ra va khoang thoi gian xung ap dung cho
laser 3 mitc chuyén mach. (Mrc khé cao hon trung binh).

8.7P Tinh toan géc Iéch chum béi mot bd diéu bién Am guang

Chum laser He-Ne buwéc séng (trong khéng khi ) A =632.8 nm bi lam [éch b&i mot
bd diéu bién &m quang LiNbO, hoat ddng & ché do Bragg & tan s6 -1 GHz. Gia st
van téc am thanh trong LiNbO, la 7.4x10°cm/ s va chiét sudt n=2.3, tinh toan géc
l&ch ctia chum.
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8.8P Khda mode clia cdc mode dai bén véi bién do ngiu nhién

Gia sl rang tinh hiéu khéa mode c6 N d ai bén cling pha nhung bién do clia cac dai
bén riéng biét ngau nhién dwoc phan b6 ngau nhién va dong déu gitra giatri 0 va
cwc dai E,. Tinh ton giatri ki vong cla cong sudt dau ra trung binh trong tin hiéu
N-mode va cong suat Peak ctia xung khda mode wu thé trong méi chu ki.(Mtc kho
I&n hon trung binh).

8.9P_Xung Gauss c6 tan s6 bién thién theo thoi gian voi hé thirc khéa pha bac
hai

RUt ra biéu thirc giai tich d6i véi tin hiéu xung khéa mode ph wong trinh 8.6.14 clia
PL trong trvong hop phan bd Gauss clia cac bién dé6 mode va hé thirc khda pha bac
hai 2.

8.10P V& su tuan hoan clla cac tin hiéu khéa mode

Bang cach 18y gan ding téng trén tit ca cac mode trong pt (8.6.10) clia PL v&i 1
tich phan ,dac tinh quan trong cua tinh chét dau ra bi mat .Bé | agi?

8.11P Dbiéu kién khoa pha ddi véi s khéa mode h ai bac 2

Gia str rang hé thirc pha gira cac mode doc lién tiép nhau 1a ¢, , —¢, =@, —@, ,+7
va bién do phd khong di trén 2N mode. Ching td rang tan sé bay gior 1a 2Av &
day Av =c/2L lakhoang cach clia cac mode doc theo truc clia buéng cong hudng
(huéng dan :hay bat dau bang cach ching to rang hé thirc khoa pha d woc thda man
bang cach gia st ¢, =0 néu | chdn va @, =n /2 néu | 1&. Sau do viét tin hiéu khoa
mode nhu t6ng cla sy chdng chét clia cac mode doc v ¢i cac chi s6 mode chan va
|& va chiing to rang hai téng nay twong tng véi 2 chudi xung bi tri hodn 1 khoang
thoi gian 1a1l/(2Av )

(Mtrc khé 16n hon trung binh).

8.12P Tinh todn dd rong xung trong laser Nd:YAG khda modetich cuc

Laser Nd:YAG hoat dong & buwédc song A =1064nm, duoc khda mode bdi 1 bd diéu
bién &m quang. Gia st chiéu dai budng cong hudng L=1.5m va do rong vach pho
dwgc md rong dong nhét voi chiéu rong Av,=195GHz, tinh toan dé rong xung ki
vong. Néu do rong xung dwgc mé rong dong nhat thi dé rong xung ki vong sé
bang bao nhiéu ?

8.13P_Phan tich xung Gauss ctla kh6éa mode tan s6

R0t ra biéu thirc giai tich cla do rong xung v a si bién ddi tan s6 theo thoi gian clia
cac xung Gauss trong st khéa mode tan sé cla laser duoc mé rong dong nhat.
(Mtic khé 16n hon trung binh. Nén doc phu luc F dau tién clia PL ).

8.14P Khoa mode trong laser He-Ne

Xét laser He-Ne hoat dong & bwdc song 632.8 nm va gia st rang tai nhiét do
phong do réng vach do lgi dwoc md rong Doppler véi do rong vach pho
Av,=17GHz. Néu laser hoat dong di xa ngudng va ong laser c6 chiéu dai
L=40cm. Khoang thdi gian xung ki vong bang bao nhiéu vatan sd bang bao nhiéu
khi laser dwgc khdéa mode béi 1 bé khéa mode am quang .

8.15P K hda mode hai clia mot laser trong budng cong huéng tuyén tinh

Mot hé laser duwgc tao bdi budng cong hudng tuyén tinh chiéu dai quang hoc
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L=2m, bi kh6a mode bang cach dat mot bd khdéa mode am quang b én trong bubng
cong hudng laser & khoang cach d=L/4 tlr gwong dau ra. Tinh todn giatri cuc ti€u
clia tan s6 khoa mode v, can thiét dé tao ra chudi xung khda mode. Diéu gi xay ra
néu bd diéu bién duoc diéu khién dén tan so gap 2 lan gia tri cuc ti€u clia nd.
8.16P_Tinh toan nang lwong xung va cong suat peak trong laser Nd:YAG
khéa mode thu déng

Laser Nd:Y AG dwoc khéa mode thu dong béi mot bd hap thu béo hda nhanh phét
ra mdt chubi xung véi tin s6 v_=100MHz, mdi xung c6 do rong la
:At, =10ps(FWHM cla cuong d6 xung ), cong suat dau ra trung binh la
: P, =500mW . Tinh toan ndng lwgng xung va cdng sudt xung peak clia moi chudi
xung dugc phat ra.

8.17P_Khoang thoi gian xung trong moét laser Ti:sapphire dugc khoa mode
thau kinh Kerr ly twéng

Xét laser Ti:sapphire dwoc khoa mode thau kinh Kerr vagia st rang do méat mat
mot 1an truyén qua toan phan co thé dugc viét 1a 2y, =2y —kP. O day P la cong
suat laser bén trong budng cong hudng peak va k ~5x10°W™ la hé s6 mat mat
phi tuyén do co ché khéa mode thau kinh Kerr. Gia st d6 lgi mot lan truyén qua
b&o hoa la 2g,=0.1, bang théng dd lgi 100THz va nang lugng bén trong budng
cdng hudng E=40 nJ, tinh toan khoang thoi gian xung dat duoc trong treong hop
gidi han khi cac hiéu (rng tan sac budng cong h wong va sy tv diéu bién pha co thé
bo qua.

8.18P_Khoang thoi gian xung trong mot laser khéa mode Ti:sapphire loai
soliton

Trong mot laser Ti:sapphire khoéa mode thu dong, co ché tao dang xung chl yéu
duoc thiét 1ap boi sw trong tac qua lai gitra sy tan sdc &m clia budng cdng hudng
va sy tv diéu bién pha trong moi truong Kerr. Ching ta biét rang sy tan séc van
toc nhoém trén mot lan truyén qua la ¢ =-800fs* va s dich chuyén pha trén mot
lan truyén qua phi tuyén trén cdng suat trong mdi truvong Kerr la § = 2x10°W™,
tinh toan khoang thoi gian xung dau ra va cong suat peak xung, gia s budng cong
hwéng phi tuyén co6 chiéu dai L=1m , sy ghép dau ra T=5% va cong suat dau ra
trung binh P, =50mw .

8.19P_ Sy m& réng xung trong ban thach anh

Gia slr van toc nhém (GVD) ddi véi thach anh & A =800nm la 50fs*/ mm), tinh
todn chiéu day cuc dai cla tdm thach anh dé cé thé truyén qua 1 xung 10fs tan so
khong thay ddi theo thoi gian cla bién dang cuong do Gauss .Néu dd rong xung
dau ra khong vuot qua do rong xung dau vao 20% (Hudng dan:dung céc két qua
phu luc G cua PL).

8.20P Su tw tao anh ctia chudi xung khéa mode

Xét sy truyen mot chubi xung khda mode & tan s6 v qua mdt mdi trudng tan sac
vGi (GVD) khong d6i bang B,. Chitng to rang & khoang cach truyén L tir mat
phéng vao dwoc cho bdi L =n/npy2 (n=1,2,3...), chudi xung tu tao lai hinh dang
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ban dau ctia né (anhTalbot)
(Hudng dan:viét dién truong cla chudi xung khda mode nhu téng cta cac mode
doc theo truc khda pha vatruyén moi thanh phan don sic cla truong doc theo moi
treong tan séc, gia st dinh luat parabol d6i véi hé thirc tan sic. Sau do ching to
rang sau khi truyén qua moét s6 nguyén lan chiéu da cla chiéu dai co ban
L =1/nBy 2, s tri hodn pha dugc tich Ity béi mbi mode la mot s6 nguyén clia
2n .

Traloi
8.1A Dao dong phuc hoi trong laser Nd:YAG
Tan s6 dao dong phuc hdi » cua laser duoc mé rong dong nhat 4 mic cé dang
(8.2.11) clia PL. Céc tham sb laser dwa vao trong phuong trinh nay la tham so
nguwdng trén x. Thoi gian séng cla laser trang thai trén © vathoi gian séng photon
t..Theo phuong trinh (7.2.14) cta PL thi thoi gian séng photon 1 &

T =5;34ns (D]

yC

c

O day L, =L+(n-1)=20.65cm la chiéu dai quang hoc clia bubng cong hudng
(L=20cm la chiéu dai hinh hoc cla budng cong hwéng , 1=0.8cm la chiéu dai clia
thanh Nd:Y AG, n=1.82 chiét sudt ctia n6 ) va y =0.02 la d6 mat mat logarit toan
phan trén 1 1an truyén qua. Tl phwong trinh (8.12) va (8.15) cla PL chung ta c6 :

t, =2~ 230us 2
X
o= X212 asskHz ©)
TT

c

TU phuong trinh (8.2.11) clia PL cudi cung ching ta thu duoc :

2
o = mz—Kij = = 355kHz (4).

0

8.2A Phd nhiéu clia cong sudt dau ra ddi vai laser 4 mirc

Diém khéi dau cla viéc phén tich dé tinh toan phd nhiéu cwong do S, (w)la céc
phuong trinh toc do dGi voi laser dwgc mo rong dong nhat 4 mirc dudi sy hién
dién clia nhieu ngau nhién. B6i v6i tham s6 bom, nhirtng phuong trinh nay da thu
duoc tlr phwong trinh (7.2.1a) va(7.2.1b) ctua PL 1&;

‘Z—':':Rp—Bq)N—ﬁ+gp (13)
T

do _ 9

0 v, BN - (1b)

c
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O day &,(t) trong (1a) 1a sb hang nhiéu twong thich delta phu. Do sit bién thién

clia nhiéu duoc gia st 1a nho, ching ta co thé tuyén tinh hda phwong trinh (1a) va

(1b) quanh nghiém trang thai xac 1ap (N,,d,) bang cach dat :
N=N,+3N,p=¢,+5¢ 2

O day SN va sp labién ddng nho clia cd mat dd va sd photon do s& hang nhiéu
&,(t). Nghiém trang thai xac lap thu duoc tir phuong trinh (1a) va (1b) bang cach
bo qua s6 hang nhi€u va cho c&c dao ham theo thoi gian bang 0; chiing ta thu
duoc:

N, = 3a)
° BVr, (32)
x-1
=— 3b
bo="3 (30)

O day x= R,/R, va R, latdc do bom téi han dugc cho bdi phuong trinh (7.3.3)
clia PL. Sau khi thé Ansatz (2) trong phuong trinh (1a) va (1b), st dung phuong
trinh (3a) va (3b) va bd qua cac sd hang phi tuyén chang han nhw 8¢ 8N trong
phuong trinh vira thu dugc thi ching ta tim duoc cac phwong trinh tuyén tinh sau
day doi vai sy dao dong SN va & :

BN _ X5N-BNSp+E, (44)
dt T

do% _ BV4SN (4b)
Dé tinh 8¢ (t) ching tathé phwong trinh (4a) § N(t) thu dugc tir phwong trinh (4b).

Chung ta thu dwoc phuong trinh diéu khién bac hai vi phan nhu sau déi véi 8¢ :

A% x dso
dtz +T_T+ 0‘)58(1) = BVa‘bo& p (5)
O day chung ta dat:
(’35 = Bzvad)o N, = x-1 (6)
T

c

Tir Iy thuyét hé tuyén tinh voi sur hién dién cla nhiéu dirng, chiing ta biét rang mot
nhiéu dirng dau vao véi mat do phd cong suat S(m)dugc chuyén thanh nhiéu

dirng dau ra mét do phd cong suét S, () duoc cho bdi S,(0) =S (o)|H (03)‘2, & day
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H (o) laham truyén ctia hé vi thé ta co :
Sy (0)=(BVido)'S (@) H ()] ™
O day S, (o)lamat dd phd ctia budng nhi€ug, ,S, (o)la phd cong sudt clia cac

bién dong s6 photon va ham truyén ctia hé, H(w ) thu dwoc nhu bién do cta nghiém
cuwdng blrc f(t) = H exp(jot) cla phuong trinh :

d*f  xdf .
e +T—E+m§f =exp( jot) (8)
Chiing ta dé dang chirng minh duoc :
1
H(o)= (9)

oF -0’ + jxo It

BGi vi &,(t) 1a dwoc gia st 1a nhiéu Gauss twong thich delta. Phd cong suat S, (o)
n6 khdng phu thudc vao tan s6 goi 1a nhiéu trdng .Tir phuwong trinh (7), chiing ta
thdy rang phd cdng sudt ddi véi su dao dong trong s photon 3¢ (t) vavi thé cong
suét dau ra 8P(t)ti I& véi |H (co)‘z. T& phwong trinh (9), cudi cung ching ta thu

duoc :
1

2
(cog —coz) +Xw’It?

Sip(@)|H () = (10)

8.3A Cong téc Q-nhanh trong laser Nd:YLF

Déc tinh xung laser Nd:YLF cong tac Q c6 thé duwoc tinh dung phuong trinh
(8.4.20) va (8.4.21) clia PL, n6 cho chiing ta biéu thirc giai tich ddi v&i nang lwong
xung va khoang thoi gian xung cua laser 4 mirc céng tac Q -nhanh theo cac tham
SO laser bao goém hé s6 ghép dau ra logarit v,, dién tich chum A trong méi trvdng
do loi, tiét dién phat xa cdm tng o, vathoi gian song photon budng cdng huwéng
1., hé s6 tan dung nang lvgng n.vaty s6 x=N, /N, ma qua dé ngudng vuot qua.
Dai voi cac gia tri tham s6 duoc cho trong bai toan nay ching taco :

v,=-In1-T)= 0223 1)
T, = L =~ 6.28ns (2

cy
O day :T=0.2 la hé s6 truyén qua clia bd ghép dau ra , L, = L+(n-1)=30.45cm la
chiéu dai quang hoc cutia bubng cong hudng vay =y /2+y, =0.1616 la do mat mat
logarit toan phan trén 1 lan truyén qua. Dé tinh dién tich chum A ,dau tién ching
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taviét A, =nw/ /2, & day o, la kich thuéc spot chum bén trong tinh thé tich cuc.

BA6i v6i budng cdng hudng dong tiéu, W, dugc nhan tir pheong trinh (5.5.11) cla

PL duwoc cho bai cong thirc W, =(LA/2n )2 .Tuy nhién, trong trudng hop cla

chling ta chiéu dai budng cdng hudng dwa vao trong phuong trinh trudc la chieu

dai nhiéu xa clia buéng cong huéng: L, =L-1+I/n=29.7cm. Vi thé ching ta co :
2

_TEWO_M
A 2 4

=~ 7.9x10*cm® (3)

Hé s tan dung nang luong n. tvong (ng véi ty s6 x=2 c¢6 thé duoc tinh tir hinh
(8.11) clia PL I& n.=08. Tk phuong trinh (8.4.20) va (8.4.21) va sk dung
phuong trinh (1-3), cudi cing chlng ta thu duoc dbi voi nang luong xung va do
rong xung gia tri bang s6 nhv sau :

A, 022 7.9x10*en?

— X Lo 6.63.10"*J sx 2.849x 10*'s = 0.14mJ

YZ
E = 2
2 E 19 xlO_lgcm

Ce

At, =1, — ' = 6.28nsx 5.214= 32.7ns
x=Inx-1

8.4A Tinh toan nang lvong xung va do rong xung trong laser Nd:YAG_cong
tac Q Iap ,

Nang lrgng xung va do rong xung cta xung cong tac Q dugc cho boi phuong
trinh (8.4.17) va (8.4.21) cla PL, ¢ day, theo ly thuyét vé cong tac Q-Iap lai, s
ddo 16n mat dd N.vaN, trudc va sau moi xung dwoc xac dinh nhuw l1a nghiém cla
phwong trinh (8.4.18) va (8.4.31) cua PL.Trong trwong hop cda ching ta, dir liéu
nhuv sau la cé gia tri: cong suat bom dau vao P, =10kw , cdng suat ngutng bom
R, = 2.2kW , thoi gian gilta cac xung lién ti€p nhau t = 0.1msva thgi gian tri hoan
1 =0.23x10"°s. Vi thé ching ta ¢c6 x=P, /P, =4.545 va f*=1/t,=23. Nghiém
do thi cla hé (8.4.18) va (8.4.31) d6i voi N, /N  va doi vai N, /N, co giatri nhu
sau (xem hinh (8.11) clia PL):

N N,
—-198 , —-=0236 (1)
N N

p i

Sir dao 16n mat do toi han N gia st y =0.1192,c =35x10¥cm’ val=7.5 cm, st
a:
N, = y—l = 4.5x10%ions/cm® 2)
(e)
Chon thé tich tich cuc V,lathé tich cla thanh, ndng lvgng xung dau ra E c6 dang
phuong trinh (8.4.17) clia PL (v, =0.1625,V, = 2.37cm®, hv=1.87x10"J ):
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<

E=

2(N, =N, )(V,hv)=19.8m] ?3)

Vi thé cong suét trung binh la:
p -E_1j08y (4
T

out
p

Cubi cung, khoang thoi gian xung dwgc cho béi phwong trinh (8.4.21) cla PL:

AT =1 I = 89.4ns (5)

O day t, =L,/ ¢y =15.7ns lathoi gian séng photon (L, = L+ (n-1)| = 56.15cm)

\ Chay
Chu'y rang do chu ki clia xung t, =1ms gan bang voi thoi gian tri ho@n clia mét do
© =0.23ms, cOng suft dau ra trung binh P_, trong ché do cong tac Q-Lap duoc cho
béi pt 4) hoi nho hon cong suat dau ra
P =(Vuhv/lot)(v,/2)(P, /B, —1)= 21W khi hoat dong & ché do lién tuc (xem pt
(7.3.9) clia PL ). Biéu nay c6 nghia la da s6 sy dao 16n mat dé dwoc tich Ity bdi
quatrinh bom dwoc chuyén thanh xung laser .Tuy nhién, néu chu ky xung 16n hon
nhiéu so v&i thoi gian tri hodn, mat do cong suét dau ra trung binh khi hoat dong &
cong tac Q sé duoc hi vong lanhd hon gia tri lién tuc 1a P, , bdi vi trong truong
hop nay su dao 16n mat do gilra 1 xung va xung tiép theo bi méat do cac phan ra
blic xa va khéng birc xa .Vi du & tan s6 1 KHz, twong ng v6i 1, =10ms va
f*=1/1,=023, tir pt (8.4.18) va (8.4.31) thi chung ta sé thu dvoc N, /N =4.48
va N, /N, =0.012, twong (rng v&i nang lugng xung E =59.4mJ va cdng suat dau
ratrung binh P, =59.4W .
8.5A Pién ap mot phan tw song trong té bao Pockels cong tac Q
Ching ta hay xét s két hop cla t€ bao Pockels va mot kinh phan cuc véi truc
kinh phan cuc tao mot goc 45° so véi truc ludng chiét cla té bao Pockels. Anh
sang phan cyc tuyén tinh di vao té bao Pockels dugc chia thanh 2 song voi dién
truong clia nd bang nhau vé bién dd do s dinh hwéng cla cac kinh phan cuc doc
theo hai truc lwdng chiét x vay. Hai séng nay tuwong ng véi song thuong va bat
thwong truyén voi 2 van tdc pha khac nhau. Sau khi truyén qua chiéu dai L cla té
bao, si chénh [éch pha gilra cac song thwong vabat thuong la:

2
Ad):(ki—kz)L:k—n(nx—ny)L )

0
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O day 2, la budc song trong chan khong va n,n, la chiét sudt thuong va bat

thwong. Sau t€ bao, song truyén qua noi chung phan cuc ellip. Dac biét néu A¢ la

mot sO nguyén lan = /2, &nh sang tré thanh phéan cuc tron. D€ chuyén chum phan

circ tuyén tinh thanh chim phén cuc tron, lugng chiét n=n, —n, phai thda man

diéu kién sau :

(2m+1) 2,
L 4

An=n —n =

2
O day mlasd nguyén dwong. T dif liéu ctia bai todn ching ta biét rang do ludng
chiét An c0 lién hé véi dién ap V quabiéu thirc sau:

An= ngresvt )

TU phrong trinh (2) va (3) chung tacd

V:(2m+1)k0 @)
4n§r63

Dién ap thdp nhét thu dwoc bang cach dat m=0 trong pt (4) dwoc goi la dién ap
moét phan tu séng. Trong trvong hop té bao Pockels KD,PO, & budc song
A =1.06pum, gia st d6i véi KD,PO,,r, = 26.4x1072V /m va n, =1.51, dién &p mot
phan tw song la:

Ay

V=—v
Angles

= 2.915kV (5)

8.6A_Cong tac Q-tich cuc trong laser 3 mirc

Phan tich cong tac Q-tich cuc nhanh trong laser 3 mirc ¢ 6 thé duoc thwe hién theo
cac k¥ thuat tvong tw nhu sau, né da duoc xay dung trong phan 8.4.4 cta PL ddi
vGi laser 4 mirc bat dau tr phwong trinh téc do cla laser 3 mirc dwoc thao luan
chi tiét trong bai tap 7.4P .Bat N(t)=N,—-N, va ¢(t)la sy dao 16n mat do va sb
photon budng cdng hudng trong mode laser trong (rng; trong tredng hop cong tac
Q-nhanh, sy bién thién ctia N va ¢ sau thoi gian chuyén mach l&

dN

o - 28N (1)
do _ ¢

pm = . + BoV,N (2

c

O day B latéc do dich chuyén cdm (rng tr én photon trén mode, T lathoi gian séng
clia photon trong budng cong hwéng va v, lathé tich mode trong méi trwdng hoat
tinh. Ch y rang béi vi ching ta quan tam dén sy hinh thanh xung céng téc Q, né
xuat hién trén thang thoi gian ngan hon nhiéu so véi thoi gian sdng mic laser bén
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trén, trong phuong trinh (1), chiing ta da bd qua sw thay déi dao 1on mat do N do
ca qua trinh bom va s phan ra btrc xa/khong birc xa clia mirc laser trén xuat hién
& thang thoi gian cham hon .Cling cha y rang phwong trinh (1) va (2) khac voi
phuong trinh (8.4.828) va (4.8.4b) trong PL cla laser bn méc mot hé sb 2 trong
phwong trinh ddo 16n mat do. Biéu nay la do hién twgng vat ly trong laser 3 murc,
bét cr qua trinh phét xa cdm (*ng nao twong (ng v&i mot sk chuyén doi mat do duy
nhat tir mirc laser trén dén mic thap hon, do dé dong gop 2 1an vao s giam dao
I6n mat do. Nang lvong xung dau ra duwoc cho bdi (xem thém phuong trinh
(8.4.16) cua PL :

E:IP (t)dt = [YZ ]hvjq) (t it (3)

O day P(t) 1a cong suét dau ra va phuong trinh (7.2.18) clia PL da dwoc dung.Tich
phan trong phwong trinh (3) co thé thuc hién bang céach 14y tich phan ca 2 vé cla
phvong trinh (2) tr t=0 dén t=o va dung diéu kién bién
¢ (0)=¢, 20,0 (0)=¢(f)=0 va phuong trinh (1) ching ta thu duoc :

[ o(dt=Va (NN )/2 (4)

Vavi thé :

N;

N —
E='2y hy— (5

2y 2
O day N. va N, lagiatri dao 1on mat do trudc va sau xung cong tic Q. DE xac
dinh N, thi chang ta phai triét tiéu bién thoi gian trong phuong trinh (1) va (2)
bang céach xét ty sd gitra phwong trinh (1) va(2), ta thu duoc :

N
BoWLRL
dN 2 N
Tich phan ctia né voi diéu kién ban dau ¢, =0 chota:
do Vv,
N Z[N N=N,In(N, /N)] )

O day N, =1/V,Br, =y /ol lagiatri tdi han cla sy dao 16n mat do déi voi budng
cong huéng Q cao. NEu ching ta gia st trong phuong trinh (7) ¢, =0 chiing taco
thé thu dwoc N, /N, nhw mdt ham cta N, /N, bang mdt phwong trinh &n, n tao
lai chinh xac phuong trinh (8.4.18) clia PL ) c0 san d6i voi laser 4 mic. Chuy
rang viéc so sanh phuong trinh (5) véi phuong trinh twong ty dugc thdy trong
trvong hop laser 4 mirc [xem phuong trinh  (8.4.17) cta PL] cho ching ta thay
rang nang lwong dau ra cla xung cong tac Q ddi vai laser 3 mirc bang phan nira
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nang lwvgng dau ra clia laser 4 muc.

Theo PL, khodng thoi gian xung dugc xac dinh laAt, =E/P,, & day P, 1a cong
sudt Peak clia xung. D& xac dinh céng sudt xung Peak P, ,chiing tacht y rang theo
phuong trinh (7.2.18) clia PL, P, =(y,c/2L,)hvw,. O day¢, 1a Peak clia Photon
budng cong hudng thu dwoc tir phrong trinh (7) bang céach thiét 1ap N=N,. Vi
thé ching ta c6 :

CcV. N, N.
P, =YZL 2 th{N—'—l—In—'} 8

e p p

B&ivi N, =1/V,Bt, =7y /ol vallz ,=cy/L,. Tl phuong trinh (5) va(8) cudi cung
chiing ta thu dwoc ddi biéu thirc clia khoang thoi gian xung l&:

(N =N )/N,
Atp =1, (9)
N. N.
S _1-In—
Np NP

So sanh phuong trinh (9) véi phuong trinh (8.4.21) clia PL, ta thdy biéu thirc cla
khoang th&i gian xung doi véi cac Laser cong tac Q 3 mirc va 4 mic la giong
nhau.

8.7A Tinh toan géc léch chum b&i mot b diéu bién am guang

Buwéc séng am twong ng voi tan s6 am v, =1GHzva gia st van téc am trong
LiNbO, v=7.4x10°cm/sla A, =v/v, = 74um. Gia si rang bo lam I&ch &m quang
hoat dong & ché do Bragg , chim bi nhiéu xa mot goc 6'=x1 /i, =05°, & day
%.=632.8nm la buéc song clia chum téi. Chl y rdng phuong trinh (8.4.4) clia PL,
ché do nhieu xa Bragg dugc thda mén d6i véi chiéu dai tinh thé L' 3.17mm.
8.8A Khoba mode cua cdc mode dai bén vgi _bién d6 ngau nhién

Tin hiéu khéa mode E (t) do sy chdng chat ciia N mode dai bén dong pha véi bién
do A cothé dugc viét la

E(t)=3 A exp(jnat) 0

O day o =2r /T lakhoang cach tan s6 gitra ca&c mode 1an can nhau v a A, 1a bién
dd cua ching. Chang ta cé thé cho A mang gia tri thuc. Bdi vi bién d6 A la céc
bién ngau nhién dwoc phan bd dong déu gitra 0 va giatri cuc dai E,, x&c suét dé
A, nhan mot gia tri trong khodng (A+A+dA) lag(A)dA. O day mat do xac suft
g(A) co dang:

40




VE, i 0<A<E,
g(4)= . v}
0 otherwise

Cong suét trung binh theo thoi gian P, dwoc thyc hién bang tin hiéu khéa mode
&

QV:%I‘E(t)‘Zdt: Z,JA‘A“ expl (n—m)mt]dt:ZAf ?3)
Giatri ki vong clia P l&
=3 =3 [ Aa(a pa - N [am- N
aV n=1 n=1 _, EO 0 3

Dé:’ tinh toan gia tri ki vong cla cong suat Peak clia xung kh 6a mode wu thé trong
moi chu ki, chiing ta hdy tinh toan trung binh tap hop cla cong suat quang hoc tiic
thoi, tic 1a:

POY=(EOP= > (AAYep[i(-m)et] O

n,m=1

Néu ching ta gid st rang cac bién A ,A_la doc 1ap thdng ké ddi v6i n # m, thi
chingtacd:

AAY= [ [ AAG(A ) (A )dAdA, - (T Ag (A)dAj -5 @

Thé phuong trinh (6) vao phuong trinh (5) ching tathu duoc:
2 N 2N 2
(P(t)) = % > expli(n-m)at |= i—"';exp (inct )

n,m=1

(")

TU phwong trinh (7), cubi cung chang ta c6 cong suat xung Peak dat duwoc tai t =
Ovagiatri ki vong clia n6 la (P(t)) o, = N’E5 /4.

8.9A Xung Gauss c6 tan sb bién thién theo thoi gian v&i hé thirc khoa
pha bac hai )

Bién dd cua hinh bao chudi xung tir si¥ chdng chat clia cac mode doc truc budng
cbng huwéng khda phala:

A(t):éA exp(jlAnt) 1)

O day,ddi voi phan b bién dd Gauss va hé thicc khéa mode bac 2 bién do phic
cla E dugc cho b&i(xem phuwong trinh (8.6.10)va (8.6.13) cta PL):
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E=E exp{[ilﬁfj ln;]exp[j (o +17; )] 2

Trong phuong trinh (1) va (2), Ao la khoang céch tan s6 gitra cac mode doc truc
budng cdng hwdng lan can nhau, Aw, la do rong dai cla cwong do phd, ¢,va ¢, la
hai hang s6 xac dinh diéu kién khoa pha. Trong trudng hop s6 mode doc 16n dao
dong , tlc lakhi Ao, > Aw , tong & phwong trinh (1) c6 thé duoc tinh gan ding
bang tich phan trén | tir | = —o dén | =0 (xem bai tap 8.10P). Trong gia thiét nay,
thé phuong trinh (2) vao phuong trinh (1) ching tathu duwoc :

A(t)=E, T dl exp(-cj *+ 2] )= E, \/gexp (c5/c,) ©)

O day ching ta da dat :
2
2A® In2 .
= SLL 43
e} [A(DJ e (43)
¢ = A Jaot (4b)
2 2

Ding phuong trinh (4a) va (4b), biéu thirc cta dién trwdng toan phan cda chudi
xung khéa mode c6 thé duoc viét dwdi dang cudi cung:

E(t")coexp(-at?)exp(jBt >+ jod') (5)
O day t'=t+¢, / Ao lathdi gian hdm,vahing s6 o va p |
(ij"‘[szlnz
2 A 2
o= 0 (68)
(ZAQ)J In22
+Q,
Ao, 4
(5]
2 2
p= Z (6b)
[2&») In22
TP,
Ao, 4
Chay rang, d6i voi diéu kién khoa phabéc 2 xung cudi cung biéu dién s bién déi

tan so theo thoi gian tuyén tinh, dé latan s6 song mang tirc thei cla xung bi quét
tuyén tinh theo thoi gian theo o(t') =o,+2Bt' (xem phwong trinh (5) . Trong thuc
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té, cac xung quang hoc c6 tan s6 bién doi theo thoi gian tuyén tinh c6 thé d woc tao
ra trong laser m& rong dong nhét bang cach dung bd digu bién pha bén trong
budng cong huéng tao ra mot hé thirc khoa pha bac 2 gilra cac mode doc truc cla
budng cong hudng (xem bai tap (8.13P)

8.10A V& su tuan hoan clia cac tin hiéu kh6a mode

Bang cach 14y gan ding téng trén tat ca cac mode trong phuong trinh 8.6.10 cla
PL vai tich phan, khoadng cach chénh [éch tan s6 A gitra hai mode 1an can nhau
tré thanh nhd vo cung.Vi thé khodng thoi gian gita 2 xung lién tiép nhau la
1, =21 /Aw tién t6i vo cing. Thay vi thu dugc mdt chudi xung tuan hoan céch
nhau mdt khoang thoi gian bang thdi gian di hét mot v ong budng cong hudng,
ching ta chi thu duoc mét xung.

8.11A Diéu kién khéa pha d6i véi khéa mode hai bac 2

NEu chiing ta gid s tan s6 ctia mode doc theo truc bac thap nhéat khi tan s6 man g
clia dién trudng dwdng bao chudi xung A(t)thu duoc nhu sw chéng chét cia 2N
mode doc theo truc khda pha vai bién do bang nhau E,,co dang:

At)= EOZZ_N:exp(jAmIH io) (1)

O day diéu kién khoa pha tuan theo phuong trinh vi phan bac hai :
P~ 20+, =T ()

Chuing ta c6 thé tim nghiém tong quét clia phwong trinh (2) nhw la mot sy chong
chét cac nghiém cla phuwong trinh thuan nhat ¢,,, —2p, —9, , =0 vanghiém cudng
birc. Hai nghiém doc lap tuyén tinh cla phuwong trinh vi phan dong nhat cé thé tim
duoc la @, =1va ¢, =1 vavi thé nghiém tong quat clia phwong trinh dong nhét la
@, = +cl, & day ¢ va c, lacae hang s tly y. Nghiém riéng ctia phuong trinh (1)
co thé tim bang Ansatz:

(" =al? 3)

O day hang s6 « trong phuong trinh (3) dwoc xac dinh bang cach thé phuong trinh
(3) vao pt(2). Chungtaco:

of(1+1°-27+(1-1) |=x (@
Vithé o =/2 .Tém lai nghiém tong quét nhét clia phwong trinh khéapha (2) 1a:

T
(P|:C1+Cz|+5|2 (5)

Chu y rang gia tri khong bién mét ¢, chi don thuan twong (ng vGi s thay ddi pha
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clia duwong bao trwong A(t), trong khi dé vaéi s dich chuyén thich hop goc thoi
gian, ching ta co thé gia st ¢, =0. Khdng mét tinh tong quat, trong cac phan sau
ching tasé gid s ¢, =c, = 0,vi thé tir phuong trinh (5) chang tathu dugc :

”lz 0 (mod 27) for!/ =2reven 6
=0 P02 (mod 2) forl = 2r-+10dd
Dung phuong trinh (6) ,dwdng bao chudi xung A(t) nhu trong phurong trinh (1) c6
thé viét dudi dang :

N N
At)=E, D exp[j(2r-1)Act+ jn/2]+E,> exp (j2rAct )
r=1 r=1

=E,f(t)[1-exp(-jAat+ jn/2)] ¥
O day ching ta d& dat:
| .
f(t):gexp(ZjAcort):exp[jA(o(N +1)t]% (8)
Cuong do cla chudi xung dau ra la:
A 02| f (t) [1+sin(Act)] ©)

Pé hiéu vé dang xung trong phwong trinh (9), chling ta thdy rang \A(t)\zlatich clia
cac ham tuan hoa dao dong nhanh\f(t)\z, no thé hién cac peak hep c6 dd rong la
~(n /NAw) tai cac thoi gian t =nn/Aw(n=123,...) c&ch nhau T =n/Aw Vi
dudng bao bién thién cham [1-sin(Awt)]. Néu s6 mode dao dong N di I6n thi
ching ta thuc hién phép gan ding [1-sin(Aot)]=[1-sin(Aet,)]=1. Vi
thé|A(t)] e f (t)[ . Didu ndy chimg t6 ring chudi xung dau ra co tan s6 lap lai
Vip =L/T_=2(Ao/2r)bdng hai lan khodng cich tan s6 Av=Aw/2r clia céc
mode doc theo truc clia budng cong hwéng.

8.12A Tinh todn do6 rong xung trong laser Nd:YAG khda mode tich cuc
Déi voi vach laser duoc mé rong dong déu, khoang thoi gian xung trong laser

khoa mode &m quang duwoc tinh gan ding bang phueng trinh (8.6.19) clia PL:
0.45 (1)

(VnAV, )1/2

Arp

1

O day v latan s6 diéu bién va Av,la bang théng laser. B6i vai mot budng cong
hwéng laser tuyén tinh chiéu dai quang hoc L, tan s6 diéu bién dwoc cho bdi cong
thirc v, =c/2L. O day c latbc do anh sang trong chan khong . B4&i véi chiéu dai
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budng cong hwdng L=1.5m thi ching taco v,, =100MHz. Gid st Av,=195GHz, tir
phuong trinh (1) thi chdng tathu dwoc At =102ps. Chuy rang, néu vach do loi
dwoc mé rong khong dong nhat, khodng thoi gian xung sé dwgc cho béi phuong
trinh (8.6.18) cuia PL vavi thé vé co ban khong phu thudc vao tan sé diéu bién v_
va ti 1& nghich voi bang théng do lgi Av,.Trong trudng hop nay, ching ta sé thu
duoc khodng thoi gian xung :

0.441
AT = — =~ 2.3ps 2
Ty 23 2

Ngan hon nhiéu so v&i khoang thoi gian xung thu deoc d6i voi vach dong nhét.

8.13A Phan tich xung Gauss clia khéa mode tan s6

Co sa ly thuyét dé phan tich sw khda mode diéu bién tan s6 (FM) gidng n huv co sé
ly thuyét dé phan tich si khéa mode diéu bién bién do duoc duwa vao chi tiét trong
phu luc F ctia PL .Y tudng co ban la khi hoat dong khda mode trang théi xac |ap,
s luan chuyén cla xung bén trong budng cdng hwdng laser sé tao lai hinh dang
clia né sau mot vong cach nhau mot sy tri hodn pha nao do. Néu U, U, vau, la
cac toan tir mo ta su tryén xung trong moi truong do lgi, yéu t6 mat mat va bo
diéu bién pha thi ching ta doi hoi rang :

U,UU,A(t)=exp(id)Al) (1)

O day A(t) 1a duong bao ctia sy ludn chuy&n xung trang thai xac 1ap trong budng
cong hutng va ¢ lasu tri hodn pha cé thé co. Biéu thire clia U U, gifng nhu cac
biéu thirc tim duoc trong khda mode AM va duoc cho bdi phwong trinh (F.1.15)
va (F.1.13) cua PL. Trong trwong hop diéu bién pha, ching ta co
U, =exp| jy,cos(o,t)], & day o, latan s6 diéu bién va v, lachi s6 diéu bién.
B&i vi chling ta hi vong xung di qua bd diéu bién twong ng véi diém dirng hodc la
cwc dai hodc l1a cyc tiéu cla sy diéu bién pha, ching ta co thé Idy gan ding cos
bang mot quy luat parabol gan cuc tri vathiét 1ap d6i véi cac chi s6 diéu bién nhé
(v <1):
U, =1 jy, [1- (027 /2) ] )

O day du & trén phai dwoc chon theo xung di qua bd didu bién twong (ng voi cuc
dai clia sy diéu bién pha. Nhu da dwoc thdo luan van tit & phan cudi bai tap,
truong hop nay co lién quan voi viéc néu mot xung khéng di qua bo diéu bién
twong (’ng véi hodc 1a mot cuc tiéu hodc 1a mdt cuc dai clia bd didu bién pha. O
trang tha chuyén ti€p né s& bi hit vé mot trong cac cuc dai cla diéu bién pha
thudc vé bang thong do loi xac dinh clia moi tr wong hoat tinh .Sau khi thé phuwong
trinh (F.1.13),(F.1.15) va (2) vao phuong trinh (1) va dung diéu kién
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[(9:7.vm[0)) <1] d6i voi dwong bao xung, chling ta thu dwoc cac phuong trinh vi

phén sau :
g 1{—2 jz—dz i1 jelap)=0 @
0 Aw ) dt? oo 2

Nghiém Gauss clia phuong trinh (2) véi tham s6 xung phirc c6 thé tim dwoc dudi
dang :

A(t)oexp[ - (o + jB)t*/ 2] 4)

O day o lahéng s6 thuc thiét 1ap khoang thoi gian xung va p 1amdt s6 thuc hoac
duong hodc am khong ddi, thiét 1ap st dao dong tan s6 theo thoi gian clia xung.
Sau khi thé phuong trinh (4) véo phuong trinh (3), ching ta dé dang thay rang
phuong trinh (4) la nghiém phuwong trinh (3) miénla:

o2 V—m(—‘”mmmj (59)
2 \2g,\" 2
B =a (5b)
Vi g, va¢ la:
go=v+ago(AiOJ (69
2 2
b=s10-pa 12 | (&)

Chu y rang, trai ngwoc véi sy khoa mode AM, céc xung Gauss trong khda mode
FM dao dong tan sb theo thoi gian véi tham s6 dao dong la B /a =+1, dau cla su
bién doi tan s6 theo thoi gian duoc xac dinh bai sw truyén qua clia xung trong bd
diéu bién twong (rng v&i hoic la cuc dai hodc lacuc tiéu cha nhiéu loan ph. Ciing
can chi y rang, do giatri ctia B khong triét tiéu, tir phuong trinh (8.6.16) clia PL
chling ta thdy rang tich bang thong thoi gian At,Av, 16n hon gia tri cuc tiéu 0.441
dwoc tién doan bai dinh ly Fourier mot hé s6 22, tire la ching ta c6 doi voi khda
mode FM At _Av, = 0.63.

Va4

Chuy
Dé tra loi cac bai tap, chiing ta chi gi¢i han & viéc xac dinh cac nghiém xung
dirng, cac nghiém nay tao lai hinh dang ctia n6 sau khi truyén qua mot vong, bé
qua khia canh dong hoc quan trong dé xét sv on dinh clia nghiém xung . Rat quan
trong dé chi ra rang ngudi ta da chiing minh rang nghiém xung Gauss duoc cho
bdi phuwong trinh (4) va (5) 1a 6n dinh. Dic biét c6 thé ching té rang bat ki mot
xung nao khi di qua b0 diéu bién vao moét Iic nao do bi hat vé phia hoac la cuc
dai hodc lacuc tiéu cla nhiéu loan pha. Do do, né 1abd hit kha di d6i vai xung.
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Tl quan diém vat ly, diéu nay la do viéc néu tdm cda xung bi diéu hwang tr cuc
dai hodc lacuc tiéu cla sv diéu bién pha nd sé chiu mot sw dich chuyén tan so khi

di qua bo diéu bién. Hiéu (ng nay duoc trung hoa bdi bang thong xac dinh cla
moi treong do loi, nd day pho xung hwdng vé tam cla vach do lgi trong mién thoi
gian. Diéu nay twong (rng va&i sk khda tam cutia xung hwéng vé diém diéu bién pha
dirng. Déc biét co thé chirng td xung diéu huwdng ban dau bi hat vé phia diém
dirng clia su nhiéu loan pha cé cing dé cong diéu bién pha nhw dd cong bi chiu
bdi xung ban dau (xem hinh (8.1) ). Sy ton tai cta 2 bd thu kha di d6i véi khoa
mode FM twong (*ng v&i dau nhan doéi trong phuwong trinh (5b), trong thuc t€ |a
nguyén nhan cla su chuyén mach khong dang quan tam cla hoat dong laser gilra

hai diéu kién trang thai dirng khac nhau.
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Fig.8.1 Schematic of the sinuscidal phase modulation showing the attraction of

detuned optical pulses toward the stationary points of phase perturbation.
8.14A Khda modetrong laser He-Ne
B&i vi vach do loi bi mé& rong khong dong déu, d6i véi hoat dong laser & trén
ngudng bang théng dao ddng cé khuynh hwéng bao phl bang thdng doé lgi toan
phan. Dic biét,gia st rang phan bd Gauss ddi véi bién do cta cac mode bi khoa,
chiing ta c6 thé tinh toan khoang thoi gian xung tir ph vong trinh (8.6.18)cla PL,
tire la:

At = 0'4?1; 0.26ns ()
AV,

Tan s8 ctia xung duogc xac dinh bang khoang tan s6 clia cac mode do ¢ theo truc
budng cong huéng duoc cho béi cong thirc :
2

Vv, =—=375MHz 2
P =L (2

8.15A Khda mode hai cia mot laser trong budng cong huwéng tuyén tinh
Mot cau tra oi dé cho bai tap nay co thé duoc rat ra bang cach xét bdi canh mién
thoi gian cla si khéa mode trong laser (xem phan (8.6.2) clia PL ). Diéu kién can
thiét d6i véi mot xung truyén b én trong budng cong huéng laser thich hop voi sw
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diéu bién mat mat bén trong la xung di qua b6 diéu bién twong (rng véi cuc tiéu su
diéu bién mat mat. Néu mot xung di qua bo diéu bién tai thoi diém t, sau khi phan
xa tlr gwong dau ra no lai di qua bo diéu bién & thoi gian t’=t+(2d/c), & day d la
khoang cach quang hoc gilra cac bd diéu bién , (& day gia st rang dé cho don gian
néu bd qua dd day ) va guong dau ra vac lavan téc anh sang trong chan khéng.
DE cho phu hop, chiing ta doi hoi rang thoi gian chuyén tiép 2d/c 1a mot sé nguyén
lan cua chu ki diéu bién T_=1/v_. Biéu nay cho ching ta v, =m(c/2d), voi
m=1,2,3... Néu d lamdt cai phan nguyén cla chiéu dai budng céng huéng L, tic
lad=L/N, cudi cung ching ta thu dwoc:

c
V., =mN— 1
n oL )

O day cd m va N 1a sd nguyén. Giatri cuc tiéu cliasy didu bién mat mét budng
cong huwong doi hoi dé dat dwgc khoa mode laser tuong ng voi m=1 tic la
;v =N(c/2L). Bbi voi N=4 va L=2m ching ta thu dwgc v_ =300 MHz . Trong
truong hop tan s6 diéu bién bang 2 1an gia tri cuc tiéu nay trong thoi gian chuyén
tiép t’-t thi cd hai cuc tiéu clia sy mat mat diéu bién, nd cd thé gan cho hai xung
riéng biét. K&t qua la tang tan so clia chudi xung khéa mode hai lan .

Chay
Chu y rang té bao &m quang phai dwoc diéu khién & tan s6 bang nira tan sé diéu
bién can thiét (xem thao luan & trang 341 cta PL).
8.16A Tinh todn ndng lvong xung va cbng suat peak trong laser
Nd:YAG khéa mode thu déng
Trong laser khéa mode thu ddng véi vach do loi dong nhat, bd hap thu bdo hoa
nhanh va bién dd xung trang thai xac lap dwgc moé t& bédi ham Sechant hyperbolic
dé cho cong suét xung dau ra co thé duoc viét la:

P(t)=P,sexh’(t/z,) @)

O day P, lacong sut Peak xung var,co lien quan dén khoang thoi gian xung
At, cla cuong dd xung bdi cdng thic :t, = Ar,/1.76. Nang lugng xung E va
cong sudt quang hoc trung binh ctia chu6i xung P,, hién nhiénla:

E:TP(t)dt:Pstechz(t/rp)dt (2

Py =VE 3

O day v_ latan sé clia khoang thoi gian xung. Bang cach thé & =t/t, va tinh dén
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T sech?dg =2 4)

Tir phrong trinh (2) va (3), taco thé dé dang thu dwoc :

E=2P7, =z113RAr, 5
P, =113v,PArt, (6)

O day At , =10ps,v, =100MHz va P,, =500mW ,tir phrong trinh (6) ching ta dé
dang thu duvgc P, = 442.5W vavi thé tir phuong trinh (4), E =5nJ

8.17A Khoang thoi gian xung trong mot laser Ti:sapphire duvoc khoa
mode thau kinh Kerr ly tuéng

Trong tredng hop khda mode thu déng bang bd hdp thu bdo hoa nhanh, khoang
thoi gian xung dwoc tinh gan ding bang phuwong trinh (8.6.22) clia PL:

079( g\ (P )

. gO S

Ar =290 % ) | K 1
T, Avo(yj (P] (1)

p

I

O day Av, la bing théng do loi , 2g, 1a do loi bdo hoa mot 1an truyén qua ,y ' lasy
mat mat mot lan truyén qua cuong do thap clia b hap thu bdo hoa, P, 1acdng suét
b&o hoa ctia bd hép thu b&o hoa va P, la cdng suét Peak clia xung . Trong truong
hop khéa mode thau kinh Kerr, hoat dong tvong dwong cla b hap thu bado hoa
nhanh dugc cung cdp bang mot sy mat mat phi tuyén phu thudc vao cong suat
dwoc dua vao bdi khe bén trong budng cong hudng ,dan dén hé s6 mat mat phu
thudc vao cong suat trén mot lan truyén qua la:
2Yt =2y - kP (2)

O day y la sy mét mat tuyén tinh vak 1a hé s6 mat mat phi tuyén. DEé thu dugc
biu thirc At, &p dung cho trong hop cla ching ta. Dau tién chiing tachu y rang,
ddi vai bo hap thu bdo hoa ching ta ¢ thé viét (xem phuwong trinh (8.6.20) cla
PL):
(P
2y, =2y -2y (FJ ©)

S

So sanh phuong trinh (2) va (3) dan dén dang thirc don gian sau day gitra cac tham
sb ap dung cho hai trudng hop :

P 2
L 4
Tk (4)

49




Tu phuong trinh (1) va (4) chang tathu duoc :

0.79( 2g. )
Aty == (i] ©)

Av, ( kP,

Dé thiét 1ap moi quan hé gitra khoang thoi gian xung At,v6i nang lvgng xung E
thay vi cong sudt Peak ctia n6 P,, dau tién ching ta thdy rang, d6i véi xung sechant
hyperbolic ching ta co (xem bai tap 8.16P):

E

P = 6

P 1.13rp (©)
Thé biéu thirc clia P, dugc cho bdi phurang trinh (6) vao phuong trinh (5) dan dén
biéu thirc sau d6i vdi khoang thoi gian xung :

Ac _113(079 [290] 7)
" E Ay, )\ K

Thé vao phwong trinh (7) c& gia tri bang s6 cua ba tap
:E=40nJ, 29, =0.1,Av,=100THz va k=5x10°W™, ching ta thu dugc
At, = 3.5fs.
8.18A Khoang thoi gian xung trong mot laser khéa mode Ti:sapphire
loai soliton

Khodng thoi gian khéa mode loai soliton duwgc cho bdi phuong trinh (8.6.41) cla
PL codang :

3.53p"
ATy = % @
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O day E 1a nidng lwong xung bén trong budng cdng hudng ,¢"l1a sy tan séc nhém toan phan
trén mot lan truyén qua trong budng cong hwdng va & dich chuyén pha phi tuyén trong moi
truong Kerr trén mot vong truyén qua buéng cdng hwéng va trén mot don vi cong suat
quang hoc. DBdi véi sy ghép dau ra nhd, nang lvong xung bén trong budng cong huéng E
lién hé véi cong sudt dau ra trung binh P, bdi hé thic sau:

Ex-&R (2)

O day T, =2L/c lathoi gian di hét mdt vong budng cong hudng va T 1a hé s6 truyén qua
clia bd ghép dau ra. BG6i véi L=1.5m, nguoi ta thu dwgc T.=10ns va do do ddi voi
P,,=500mW va T=0.05, phuong trinh (2) cho ching ta E=100nJ . Thé gia tri nay cla nang
lrong xung vao phuong trinh (1) va gia si [p" =800fs*| va & = 2x10°W™, ching ta thu
dugc At, =14fs. DE tinh cong sudt ning lvong xung, ching ta nhé lai rang déi vai xung
dang sech cong sudt dinh xung P, cO lién hé véi nang lvgng xung E va khodng thoi gian
xung At bdi hé thiec (xem bai tap 8.16P):
E
1.13At,

©)

P:

TU phuong trinh (3) voi At =14 fs va E=100nJ, ching ta thu dvgc: P, = 6.3MW

8.19P_Su mé rdong xung trong ban thach anh

Xung Gauss truyén bén trong mdi trirdng tan sac vai sy tan sic van téc nh 6m khong déi B,
gitt nguyén hinh dang cla né, nhung ca khoang thoi gian xung va sy thay ddi tan sd theo
thoi gian theo qua trinh truyén. Ddc biét, khodng thoi gian xung clia mét xung G auss khoéng
bién ddi tan s6 theo thoi gian tang trong qué trinh truyén trong moi trwdng tan sac. D6 voi
moi trwdng cd chiéu dai L, khodng thoi gian xung t, & dau ra clia moi trieong c6 quan hé voi
khoang thoi gian xung & dau vao <, qua hé thic (xem bai tap (G.15) cla PL):

2

. T{u [LL] ] @

O day : L, =t2/|B,| lachiéu dai tan sic cla xung trong mdi truong. Boi vi FWHM cla bién
dang cuong do xung Gauss At, ¢ quan hé voi t, qua At, =2(In 2)”2rP vOi At, =10fsva
B, =50fs*/mm, ching ta c6 1, =6fs va L, =0.72mm. Néu chlng ta doi héi © 1.2c,, tir
phuong trinh (1) chdng tathu dugc :

N2
L. (T—p] _1<0.66 @)

Lo T,

Sk




Chiéu dai cuc dai dwoc phép clia bang tinh thé thach anh la L = 0.66L, = 0.47mm .

8.20P_Su tu tao anh ctia chudi xung khéa mode ,

Dién trwong E(t) doi véi chudi xung khéa mode tai dau vao clia mdi truong tan sac cé thé
duoc viét 1a sy chdng chét cta cdc mode khoéa pha véi khoang céach tan s6 goéc o, =2rv,, va
bién do phtrc E , tuc la:

E(1)=exp(joi) 2 E e (jot) (1)

O day o, latan s6 mang quang hoc d6i voi mode 1=0. Mdi thanh phan don sac & tan s@
‘0, +o, truyén trong moi trudng tan sac véi hang s6 truyén B, =B (o, +o,l), O diy B (o)
|a hé thirc tan sac clia moi trwong. Dién trwdng & khoang cach | tir dau vao clia mdi truong
duoc viét boi:

E(z,t):liEl exp[ j (@o+0, )t - B (1)z] @

O day: B (1)=P (o, +m,) ). Trong truong hop tan sic van tdc nhom khdng d6i (GVD), hé
thirc tan sac B (o) co thé duoc tinh gan ding bang dinh luat parabolic ,ttc 1a:

B(m):BO+Bl(O‘) _wo)“'%f’z (03_0)0)2 (3)

O day: Bo=P().B,=(dp /dw), va [32=(d2[3/dm2)m |a tham s GVD. Dung phuong

(]

trinh (3), phuong trinh (2) ¢6 thé viét dudi dang:
E(zt)=exp| | (of - B,z)] Z E exp| jo) (t-Bz)]exp (-iBod 2/2) (4

Viéc xem xét phuwong trinh (4) cho thdy & khoang cach truyén la boi s6 cla chiéu dai co ban
L =1/(npVz), the latai z=L,=nL,(n=123..), pha cla s6 hang exp trong s6 hang cudi
cung clia phwong trinh (4) lamot boi nguyén lan clia 2x , bat ké gia tri ctia chi so mode | ,vi
thé ching ta c6 :
E(Ln,t)=exp[j(mo'—¢)]ZE, exp(jo,lt') (5)
|=—00

O day t'=t-B,L, lathoi gian ham va ¢ =L, (B, —B,) & s6 hdm pha hdng s6. So sanh
phuong trinh (5) vai phuong trinh (1) cho thdy rang & khoang céach truyén L. chudi xung tu

tao lai ding hinh dang clia n6 ca cuong d6 va pha, ngoai trir doi voi thoi gian khong can
thiét va tri hodn pha. Chl y rang tinh chat nay la ding bat ké gia tri cla bién dé6 mode E ,
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ttrc 1an6 khong phu thudc vao hinh dang xung khda mode. Can chi rarang su tu tao anh clia
chubi xung ban dau nay lam mét tac dung cuda hiéu (ng tan sic m& rong moi xung khoa
mode. Tuy nhién hiéu tng nay doi hdi chudi xung tuan hoan trai rong tir t=—o dén t=oo.
Trong thuc t€ n6 s& dwoc tao lai t6t bdi mot chubi xac dinh céc xung mién la sd xung lon.
Tinh chét ty tao anh nay dirng sé c6 gia tri néu dang séng ban dau khong tuan ho an.
Chay

Hién tuong tw tao anh ma qua dé maot trudng tudn hoan truyén trong moét moi trudng tan sac
tw tao lai dang ban dau ctia né & mot khoang cac h thich hop giéng nhu hiéu ing Talbot clia
quang nhiéu xa, boi vi ké tir cudi thé ki 18 su twong tw nay dwgc giai thich trong sy tuong
duong vé mat hinh thirc gitba s truyén xung trong méi truong tan sac bac hai va sy nhiéu xa
khbng gian cua trvdng séng vo hudng.

Céc laser trang thai ran, laser thuc nhuém va laser ban dan

9.1P: Hé s6 goc dudng cong hiéu suét trong laser Ti: A,QO
Laser Ti:AlLO, duogc bom doc boi mot chum diéu tiéu cia laser Ar* & budc séong bom
A, =514nm. Mot bo diéu chinh budc séng duogc chén vao trong budng cong hudng lam

cho laser dao dong & budc séng 850nm. Gia st rang dO mat mat trén mot 1an truy én qua
bubng cong hudngy, =10%, hé s6 phan xa guong ddu ra R = 95% va hiéu suit
bo'm p, =30%, gia st rang laser hoat dong du6i diéd kién t6i wu. Tinh hé s6 géc duong
cong hiéu suét cla laser.

9.2P: Cong suat dau ra cua laser Nd:YAG.

Laser Nd:YAG dugc bom ngang & budc séng 808 nm. Mode laser ¢ kich thwéc vét
W, =1.4mm; tiét dién phat xa cdm ¢ng o _=2.8x10"°cm’va thoi gian séng & mic trén
|&c = 230um. Gia st rang bd ghép dau ra voi hé s6 truyén qua T= 12% d voc dung va
ngudng bom la P, = 48.8W . Tinh toan cong suat bom can thiét dé thu dwoc cong suat dau
ra P_, = 45W tur laser nay.

9.3 P: laser Nd:YVO, trong swong mu

M6t cong ty laser chi cho nhitng nguti mua nhitng tinh ndng cla laser Nd :YVO, moi &
ngoai troi. Laser nay né c6 cong suat bom ngudng B, =W ¢ cong suét bom P, =7W, cong
sudt dau ra P,, =W . Thinh linh mdt lvgng swong mu day d&c roi vao trong dién tich phd
ra; do sy mat mat tang & bén trong budng cong hwdng laser cong suat bom nguwdng tang
gap 2 lan. Tinh toan cdng suat dau ra cta laser nay trong nhitng diéu kién nhu thé khi
cong sudt bom tuong tu P,. DE cho don gian, gia st rang sy hién dién clia svong mu bén
trong budng cong huwdng laser khdng &nh huéng dén hiéu suat bom.

9.4P: Laser trang thai rdn mau xanh

Laser trang thai ran mau xanh dung mdi trivong hoat tinh [aNd:YAG, dua trén s chuyén
ddi séng hai bac hai bén trong budng cong hudng clia birc xa laser tinh thé ha bac hai
duoc chén gan gvong dau ra. Hé s6 truyén qua cla bd ghép dau ra 1aT, = 99% tai 532nm
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va T, =0.01% tai 1064 nm, thanh dau ra dvgc bom doc & brdc song 808 nm. Gia st rang
hiéu sudt bom la u, =45%; cudng do bao hoa d6i voi Nd:YAG 1a2.9x10"W / m?; kich
thuwdc vét mode bén trong thanh [&W, =120um; laser hoat dong du¢i diéu kién bom téi wu
va hé s6 mat mat trén mot lan truyén qua la y, =3% & buwéc sdng 1064 nm khi khong c6
sy phat séng hai bac hai. Si chuyén ddi cong suét trong tinh thé phi tuyén cé thé d woc
biéu dién 1a P,, =k(P, )Zc’y day P, lacong sudt & bwdc séng 1064 nm di vao tinh thé; P,
la cong sudt 532 nm phat ra tir tinh thé; k =102W™" la hé s6 chuyén ddi. Tinh toan cong
suat bom can thiét trong laser nay dé cong suat bom dau ra P, = 2W & budc song la 532
nm ( Mc khé 16n hon trung binh).

9.5P: Laser Yb:YAG valaser Nd:YAG

Hai cong ty san suat laser Ién la cac d6i tha canh tranh manh trong thi trwong laser trang
tha ran. Cong ty A ché tao laser Nd:YAG va vai thang sau cong ty B tao ra laser
Yb:YAG. Hai laser dugc bom doc duéi diéu kién bom t6i wu; kich thwéc vét mode trong
thanh Yb:YAG nho hon 5 lan trong thanh Nd:YAG. Hon nira cac hiéu suat bom trong 2
laser la nhw nhau. Cong ty A phat biéu rang laser Nd:YAG c6 ngudng bom I6n hon 3.6
lan cla laser Yb:YAG cua B. Gid st rang st mat mat trén mot lan truyén qua y = 6%
trong 2 laser, tinh toén chiéu da clia thanh Yb:YAG, dung céc gia tri bang s6 dugc bao
céo trong bang sau:

Nd:YAG (1%at. w.) | YD:YAG (6.5% at. w.)
N, (10" cm™) 1.38 8.97
7 (ms) 0.23 1.16
g, (102 cm?) 28 1.8
o, (10%° cm?) - 0.12
A (nm) 1064 1030
A, (nm) 808 941

0 day N, lamat do clia cic mau hoat tinh trong moi trwong; < la thoi gian séng mirc laser
trén;c, latiét dién phat xa cam (ng hiéu dung & buéc séng laser A ; o, latiét dién hap
thu hiéu dung & buwéc séng laser; &, la budc song bom.

9.6P: Sv di huéng trong thanh laser Cr:LiSAF

M@t nghién ctru sinh chén mot thanh laser Cr:LiSAF bén trong budng cdng hwéng laser.
Thanh c6 mét d6 la 10 Cr*" ion/em® drgc bom doc & buéc séng 670 nm; chum bom
dugc phan cuc theo hwéng thang ding. I\/Ic}t bd diéu chinh Iam cho laser dao déng & budc
song 850 nm va chi chon sy phan cuc thang ding, né trung véi hudng voi truc quang hoc
Cr:LiSAF. Nghién cltu sinh phat biéu rang do tinh di hvéng ctia Cr:LiSAF ngudng bom
tang 3 lan khi quay thanh 90° quanh truc quang hoc. Tinh toan chiéu dai thanh cac giatri
bang s6 duoc bao céo trong bang sau:
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Cr:LiSAF Direction // Direction L
. (10%° cm?) 5 1.8
g, (10%° cm?) 5 2.3

0 dayo, latiét dién phat xa cam (ng hiéu dung & budc song laser; o latiét dién hép thu &
bwdc séng bom; cac ki hiéu song song va vubéng goc chi hwéng cla truc quang hoc
Cr:LiSAF ||va L v6i hutdng phén ciyc anh sdng tuong tng.

( Hwong dan: tra 1o bai tap nay doi hoi cac nghiém dd thi va nghiém giai tich ctia mot
phwong trinh phi tuyén)

9.7P: cbng sudt nguéng bom trong bom doc

Dong gbp trang thai co ban va kich thich thiét 1ap biéu thirc clia cong sudt bom ngudng
ctia mot laser & mot cau hinh bom doc, néu hap thu & trang thai co ban duoc dac trung béi
hé s6 mat mat trén mot Ian truyén qua y,,va hdp thu trang thai kich thich dugc dac trung
bdi tiét dién hap thu trang thai kich thich o, duoc tinh dén. So sanh céc két qua cua
phuong trinh (6.3.20) cua PL.

9.8P Cdng suat bom ngudng trong laser héa mau déng gép bdi ba-bdi ba

Thiét 1ap biéu thirc cong sudt bom ngudng cla laser thuéc nhudom duoc bom doc khi qua
trinh truyén qua vai toc do k. ; hap thu bdi ba- bdi ba voi tiét dién o, la phan rd boi ba
v0i thoi gian song 1, dugc tinh dén .Gid st chum bom va chum mode déu cé phan bd
gauus .So sanh bi éu thirc nay véi biéu thirc dwoc rit ratrong bai 9.7

9.9P Hé sb géc dwdng cong hiéu sudt trong laser hdéa m au \
Xé 1 laser 6G-rhodamine dao dong & buwéc séng 580nm va dugc bom & 514nm bang
laser Ar*. Gia st diéu kién bom t6i wu v6i kich thudc vét bom la 100 um va véi 80%
cong suat bom dwoc hap thu trong dong tia hda mau, cling gia st sv ghép dau ra 3% , s
mat mat bén trong trén 1 lan truyén qua 1% vathdoi gian séng ddi voi trang thai don kich
thich th nhat l1a 5ns.Tinh toan hé s6 gbéc cla dwong cong hiéu suat cta laser nay khi
khdng c6 quatrinh truyén qua. By gi® gia st toc dd qua trinh truyén qua kg =10's™, tiét
dién phét xa cam (ng cta dich chuyén laser o, =1.5x10"°cn??, tiét dién hap thu cla dich
chuyén boi ba-bdi ba o, =0.5x10"°cm” vathoi gian séng bdi ba o, =0.1us . Tinh todn hé
s6 goc duong cong hiéu suat hiéu dung vaso sanh né véi két qua trudc day .

(Hudéng dan:ban nén giai bai 9.8 trwéc khi giai bai tap nay ).

9.10P Laser nhiéu tang

Xét mot hé thong laser duoc tao ratlr sw ghép tang ctia 3 laser, mot laser phat buwéc song
500nm bom mot laser Ti: AlLO,, bom mot laser Nd:YAG. Gid st rang laser xanh c6 cong
sudt ngudng P, =0.75W va hé sé goc duong cong hiéu sudt pg =13%. Laser Ti: AlLO, ¢
cong sudt ngudng P, =17W va hé s6 géc dudng cong hiéu sudt p,, =15%va laser
Nd:YAG c6 cdng suét ngudng P, =W vahé sb goc dudng cong hiéu suét u, =12%.Tinh
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todn cong suat nguwdng cla laser xanh dé dugc cong suat dau ra P, =0.75W tlr laser
Nd:YAG.

9.11P Cac mode doc trong laser ban dan \

Xét laser ban dan véi chiéu dai buéng cong hwéng L=350 um.Gia st rang, vach do loi c6
bang thong  Av, =380GHz va chiét sudt nhom cla ban dan
n,=n+v(dn/dv)=n-2(dn/dx)=3.6.Tinh toan sb mode doc roi vao trong vach nay.
Bubng cong hudng laser phai dai bang bao nhiéu dé dat dwoc dao dong don mode doc?
9.12P Sv loan thi bom trong laser ban dép \
Gid str m6t chum & mat dau ra clia laser ban dan két hop vé mat khéng gian. Gia s rang
phan b truong ngang doc theo huwéng song song va vudng goéc véi noi ti€p xic c6 bién
dang Gauss véi kich thuéc vét W va W, . Cling gia st rang, d6i v6i ca hai phan bo
treong, vi tri cia c6 chim xuét hién & mat dau ra .Vai nhitng diéu kién cho trudc nay, hay
rdt ra biéu thic clia khoang céch truyén dé chum tré thanh tron. ChonW,, = 2.5umva
W,, =0.5um@ cb chum, tinh todn giatri clia khoang cach nay déi véi A =850nm.

9.13P Ngu®ng dong trong laser GaAs/AlGaAs

Xét laser di cau truc kép bao gom I6p hoat tinh GaAs gitra hai 16p phi AlGaAs phét bic
xa\ =840nm. Gia st cuong do hat tai dién khi trong sudt N, =1.2x10*hat tai dién/cm® ,
chiéu dai budng cong huwdng L =300um, dd lgi vi phan ¢ =3.6x10"°cm?, thoi gian song
blrc xa t, =4ns, chiéu dai cla I¢p hoat tinh d=100nm, hiéu suat lwvgng t& bén trong
n, =0.95 va sy mit mét toan phan trén mot lan truyén qua y =1.43. Gia st rang chiét suét
cla l6p hoat tinh va clta cac I¢p phu la n =3.6va n,=3.4. Tinh todn méat dé dong &
ngudng can thiét trong laser nay.

9.14P Heé s6 goc dwdng cong hiéu sudt trong laser GaAs/AlGaAs

Biéu thirc clia cong suat dau ra P, cua laser ban dan la (xem phwong trinh (9.4.14) cla

out
PL):

P - (I_Ith)nihv In(R)
o e In(R) —a.L

O day :I 1adong hoat dong , 1, 1a dong ngwéng n, 1a hiéu suét lvong ti bén trong ;latan
sO laser R lahé sd phan xa clia cac gwong dau ra ,o la hé s6 mat mat bén trong , L lachiéu
dai budng cong hudng. Bat dau tir phuong trinh ndy rit ra biéu thic cia hé s6 goc dudng
cong hiéu suat cla laser. Sau do tinh toan hé sd6 goc duwong cong hiéu suat laser
GaAs/AlGaAs doi voi dién ap dat vao V=1.8V .Gia slr chiéu dai budng cong huéng
L=300 um. Hiéu suét lugng t bén trong n, =0.95, hé s6 phan xa cta hai mat cubi
R=32%, hé s6 mat mat o =10cm™ va buwéc séng phat xa A =850nm.

9.15P Phan hdi phan b trong laser ban dan

NGi chung céc laser ban dan loai Fabry-perot dao dong & vai mode doc, dé dat dwoc dao
dong don mode, nguoi ta S dung cdu tric phan hoi phan b6. Xét laser phan hoi phan bo
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duoc biéu dién trong hinh 9.29b clia PL.Tinh toan chu ky ctia su diéu bién chiét suét, gia
st laser hoat dong don mode & bwéc séng A =1550nm va chiét sudt trung binh trong ban
danla: n,=35.

9.16P Ngudng dong trong laser giéng lvong ttr

Xét laser giéng lwong t bao gom I6p hoat tinh GaAs véi chiéu d ay d=10nm gilta hai 16p
phi AlGaAs phét ra & birc xa budc séng 840nm. Gid sir mat do hat tai dién khi trong su6t
N, =1.2x10"hat tai dién/cm’;chiéu dai budng cong hwdng L =300um, do lgi vi phan
o =6x10"°cm’, thdi gian s6ng bic xa t, = 4ns, hiéu sudt lugng tr bén trong n, =0.95, sy
mat mat toan phan trén mét lan truyén qua y =1.43 vahé sé giam cam I'=1.8x107. Tinh
toan mat dé dong & nguwdng can thiét cla laser nay. So sanh két qua nay voi két qua thu
duoc cla laser ban dan di cdu trdc kép duoc xét trong bai 9.13.

9.17P MAat dd hat tai dién trong laser phat xa méat bu 6ng cong hwdng thang ding &
ngudng

X ét laser phét xa mit budng cong hudng thang ditng (VCSEL) bao gdm mdt 16p hoat tinh
kep gitra hai bd phan xa Bragg.Gia st rang |op hoat tinh bao gdm nhiéu cau tric giéng
lvong t&r véi chiéu dai hiéu dung d=30nm ;chiéu dai budng cong huwdng (bao goém cac Iép
cach déu nhau la )L=2um, hé sO phdn xa clia hai guong L=99%; Hé s6 mat mat
L =18cm™; do loi vi phan o =6x10"°cm’ va mat do hat tdi dién khi trong subt
la N, =1.2x10" hat tai dién/cm®. Tinh toan mat do hat tai dién tai nguéng trong laser nay

Tra Loi
9.1A: Hé sb géc dutng cong hiéu suét trong laser Ti: A,Q
Hé s6 géc duong cong hiéu sudt p_ cla laser bon mic c6 thé dugc viét la (xem phwong
trinh (7.3.12) ctia PL):

el 2

o} dayn,lahiéu sudt bom ; y la dd mét mat mot lan truyén qua ;y,la sy mét mat bo ghép
dau ra ;vIatan s6 phat laser ; v, latan s6 bom , A la dién tich mat cit ciia moi truwong
hoat tinh ; A |a dién tich mat cat cia mode laser. D6i vi sw bom doc dudi cac digu kién
t6i wu kich thuéc vét mode va kich thwéc vét cia chum bom bang nhau vi thé A= A . D8
tinh toan hé s6 géc dwong cong hiéu sudt ching ta c6 thé gia st 2y =y, =0.1; sy mat mat
clia bo ghép dau ra co thé duoc tinh 1ay, =—In(1-T,)=-In(R,)=0.05. & day T,va R,Ia
hé s6 truyén qua va hé s6 phan xa ctia guvong dau ra (xem phuong trinh (7.2.6) ctia PL).
Thé cac gia tri bang s6 dugc cho & bai tap vao phwong trinh (1), ching ta dwgc n, =91%.

9.2A: Cong sudt dau ra cualaser Nd:YAG )
Cong suat dau ra P, cla laser 4 mic cé thé dwgc biéu dién la (xem phuong trinh (7.3.9)

out
cua PL):

=Y




P (A)Is)[%j(%—lj ®

O day A, la dién tich mat cat ciia mode laser ;y,sw mét mat bd ghép dau ra, p,vap, la
coOng sudt bom va cong suéat nguwdng tuong &ng , I, =hv/ct cwong dd bao hoa cla hé 4
mirc (xem phuong trinh (2.8.24) cla PL). Sy mat mat clia bd ghép dau ra co thé dwoc tinh
la y,=-In(1-T,), & dayT,la hé s6 truyén qua clia guong dau ra. DUng gia tri bang so
dwoc cho trong bai tap, phwong trinh (1) c6 thé duoc viét |a

P,, =0.219(P,-PR,) 2
Tl phrong trinh (2), chiing ta co thé dé dang tinh dwoc cong sudt dau vao p, can thiét dé
dwoc cdng sudt dau ra P,, =45W lap, =253.7W.
9.3 P: Laser Nd:YvO, trong swong mu
Néu ching ta xét cong sudt bom & ngudng P, trong laser 4 mic (xem phuong trinh
(6.3.20) clia PL), chiing ta thdy rang P, lu6n [udn ti 1& v&i hé s6 mat mat mot 1an truyén
qua y trong budng cong hwdng laser. Bat ké thanh laser dwgc bom theo huéng doc hay
huéng ngang, hon nita theo bai tap sy hién dién ctia swong mu trong budng cong hudng
khong anh hudng dén hiéu sudt bom, chling ta cting co thé gia s rang ca hai tiét dién mat
cat ctia moi trwong hoat tinh A vactia mode laser (A ) khéng thay doi do sy hién dién cla
swong mu .Vi cac ly do nay st nhan doi P, dwgc quan sat twong (ng voi sy nhan déi cua
y . Bay gi0 xét biéu thirc doi vai hé s6 goc dwdng cong hiéu suat n trong laser 4 mirc
(xem phuong trinh (7.3.14) cta PL.:

Ns =M NNN: (1)

O day n,la hiéu sudt bom, n, =v,/2y lahiéu suét ghép dau ra ; n, =hv /hv lahiéu suat
lwgng t& laser van, = A / Alahiéu suat ngang. Trong phuong trinh (1), n,chi thay doi khi
sy mat mat budng cong huong tang. T thao luan ¢ phan trudc, chung ta thay rang :
y tdng gdp doi thi n_gidm bang mot nira gia tri ban dau cla nd. DE tinh todn giatri ban
dau cla n, chiing ta co thé dung hé thirc :

Pout :ns(Pp_Rh) (2)

O dayPp,,,P, vaP, lacong sudt laser dau ra, cong sudt bom va cong sut bom tai ngudng.
Thé cé4c gia tri bang s6 dugc cho trong bai tdp vao phuong trinh (2), ching ta dwoc
n. =(1/6)=16.7% cla gia tri ban dau cta hé sb géc duong cong hiéu suét. Sau khi swong
mu xudt hién ching ta dugc n, = (1/12)=8.3%. Trong trwvdng hop nay cong sudt bom
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nguong tang gédp doi ,vi thé B, =2W. Thé cac gia tri moi nay vao phuong trinh (2),
chdng ta thu dwoc céng suat dau ra méi P, =0.42W .

thfog
9.4P: L aser trang thai rdn mau xanh
Laser dwgc md ta trong phan sau véi su ho tro ctia hinh (9.1)

SH crystal
Nd:YAG rod v Pa
i i -; m U u: >
. Po > Pox= Pra
HR at 1024 nm *  HR at 1024 nm
AR at 532 nm

Hinh 9.1 so d6 buéng cong huwéng
PE cho don gian ching ta sé gia sir rang bo ghép dau ra ¢ hé sd phan xa 100% & b woc
song 1064nm va hé so truyén qua 100% & bwéc song 532nm. Hon nira chiing ta sé gia st
rang hai bac hai dugc tao bdi chim laser di vao bén trong tinh thé phi tuyén tir bén phai
sang bén trai sé hoan toan bi hap thu bdi thanh Nd:YAG dé cho khong cé mat mat nao
khac ngoai trir mat mat do sv ghép dau ra va mat mat bén trong.
Dua trén co s& cla gia thiét nay va xét moi quan hé clia cong suat & bwéc song 1064 nm
vacong suat hai bac hai dwoc tao ratrong tinh thé, sy mat mat dau ra cé thé duoc viét 1a:

Yo=-In(1-T,)= kR, (1)

O day T,lahé s6 truyén qua hiéu dung clia bd ghép dau ra, mét khac cong suét dau ra hai
bac hai tir laser P,, c6 thé duoc biéu dién 1&

Pa =(Abls)(%](%—1} @

th

O day A, ladién tich mat cit cla mode laser, y,la hé s6 mat mat clia bd ghép dau ra ; P,
vaP, lacong suat bom va céng sudt bom ngwdng tuong tng , 1, =hv/tc lacwong do béo
hoa ddi véi hé bon mic (xem phuong trinh (8.2.24) clia PL). Coéng suat bom & nguéng
duwdi cac diéu kién bom t6i wu c6 thé duoc viét la (xem phuong trinh (7.3.12) cla PL):

hv, A
Pp= TP ©)

Mp T O
O dayn, la hiéu suat bom, v, latan s6 bom, A la dién tich mat cat clia mdi truong hoat
tinh, y 1a hé s méit mat mot 1an truyén qua. Cha 'y rang déi voi bom doc trong digu kién
t6i wu , kich thwdc vét mode va kich thudce vét clia chum bom bang nhau vi thé A= A

59




Chung ta c6 thé viét lai phwong trinh (1) voi s ho trg cla hé thirc chuyén doi trong tinh
thé [ P, =k(P,)*] 1a:

1. =kP, = (KR, )" = (KR, )" (49)

ut
Hon nita, hé s6 mat mat mot lan truyén qua co li én hé voi hé s6 mat mat bé ghép dau ra
guabiéu thirc :

kP,,)"?
ey lay Ly

Thé phwong trinh (3) vao phuong trinh (2) va ding phwong trinh cudi cung, biéu thirc clia
v, vay dugc cho bai phuong trinh (4a) va (4b) chung tathu dugc

_ v2 i hV PP Abls
o P =(KRy) [A hVPnP 21+ (KP, S :| ()

ut
Do phwong trinh (5) dé thu dwgc P, nhv mot ham theoP,, , thi ching ta sé thu dwoc :

o Ay, |2 +<kam>“}ﬁs+(aw ﬂ ®

" A hv e 2 k

Thé céc gia tri bang s6 dwoc cho trong bai tp vao phuong trinh (6), ching ta thu duoc
cong sudt bom can thiét dé thu duoc cong suat daura P,,,=8.71W la P, =2W.

out?

9.5P: Laser Yb:YAG valaser Nd:Y AG
Cong sudt bom & ngudng trong laser 4 mirc dudi diéu kién bom toi wu cé thé duoc viét la
(xem phuong trinh (7.3.12) cta PL) :

hv, A
Ry =12 = M
M T G

O daymn, lahiéu sudt bom, v, latan s6 bom, A ladién tich mat cit & moi trudng hoat tinh
y la hé s6 mét mat mot lan truyén qua, © lathdi gian sdbng murc laser trén, o latiét dién
phét xa cam (ng hiéu dung. Biéu thirc nay cé thé duoc dung doi voi laser Nd:YAG duoc
dé cap trong bai tap. Yb:YAG lalaser gan 3 mirc. Cong suat bom tai ngwdng duwdi cac
diéu kién toi wu co thé duoc viét la:

hv
Ry =1+ %l | T A @
Y T O, +Ga
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O day; o, latiét dién hap thu hiéu dung, | lachiéu dai thanh Yb:YAG, N,lamat do toan
phan trong moi tredng. Theo bai tap, ty s0 gilta clia cac cong sudt ngudng Nd:YAG va
Yb:YAG béng 3.6. Diing phuong trinh (2-3) vagia st sy mat mat va hiéu sudt bom giéng
nhau trong ca hai laser ching ta thu dwoc :
e oo {“GaNtl /y} aT2)y o7 (3)
Pona A Ml ooeto. (th /T)

Nd

O day cac tham s6 vat lidu d6i véi ca hai laser d woc ki hiéu bai cac chi s6 Nd vaYb. Bao
phuong trinh (3) dé nhan duoc chiéu dai thanh | Yb:YAG nhy mot ham theo cac dai lvong
khéc chdng ta thu dwoc :

_ A (Ge+6a) (Txp)vb
'Yb(Jw»JO'”%b O () 1} @

Nd

O day A, la bude séng bom. Theo bai tap, kich thudc vét clia mode trong thanh Nd:YA G
lén hon 5 1an Yb:YAG, vithé A, /A, =25. Thé nhirng giatri dugc cho trong bai tap vao
phuong trinh (4) chdng ta thu dwgc chiéu dai thanh 1, = 1mm.
9.6P: Suv di huéng trong thanh laser Cr:LiSAF
Cong sudt bom & ngudng trong laser 4 mirc dudi diéu kién bom toi wu cé thé duoc viét la
(xem phuong trinh (7.3.12) cta PL):
hv_ A
R M
My, T GCe

O day n, lahiéu sudt bom ,v,latan s6 bom ; A ladién tich mat cit cdia moi truvong hoat
tinh, y lahé s6 mat mat mot lan truyén qua, t lathoi gian sdng cla mic laser trén va o,
|a tiét dién phat xa cdm (ng hiéu dung. Do su bt déng hudng cla thanh Cr:LISAF, tiét
dién phat xa cam (rng va sy hap thu bom bén trong méi trvdng hoat tinh thay déi khi sinh
vién quay thanh. Vi ly do nay hiéu sudt bom ciing thay ddi khi thanh dwgc quay.Trong
nhirng phan sau, chiing ta chi gia str rang sw quay ctia thanh khong thay d6i hoic | & sy mét
mat khong thay ddi ca sy mat mat ca bubng cong hudng va kich thwéc vét clia mode. Theo
bai tap vadung phuong trinh (1), ty s6 gilra cong sudt bom va ngudng cé thé duoc viét la:

o1
I3 (2)

e

P M0

Pr Mpo

& day cac ki hiéu ||va L chi hwéng cua truc quang hoc Cr:LISAF song song v a vudng géc
vGi hwdng phan cuc anh sang. DE tinh hiéu sudt bom, chiing ta nh¢ lai rang p, dwoc cho
b&i (xem phuong trinh (6.2.5) clia PL):
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MNp =NNMNN pg (3)

O day m, lahiéu sudt birc xa ;n,1a hiéu suét chuyén d6i ;n, = [1-exp(-al)] 1 hiéu sudt hdp
thu, & dayo lahé s6 hép thu cla vat liéu tich cic val lachiéu dai thanh ; n  lahiéu suét
lvong t& nang lwong. Gia st rang cac dai luong N, MM, Khong thay ddi sau khi quay
thanh, chling ta cé thé viét lai phuong trinh (2) dudi sw ho tre ctia phuong trinh (3) 1a:

1 1- exp(—oﬁl)i @

3 1-exp(—a'l) o}

DE tinh hé thirc hdp thu o chiing ta ¢ thé dung hé thikc :

a=0c,N, (5)
O days _latiét dién hép thu & budc séng bom va N, 1a mat do toan phan cla céc ion
Cr**trong thanh Cr:LiSAF . Chl y rang trong phwong trinh (5), chiing ta gia s rang su
hap thu trong mdi trwong hoat tinh khong bé&o hoa. n_6¢i su hd tro clia phuong trinh (5),
chiing ta co thé viét lai phuong trinh (4) 1&

G![l—exp(—c','JNtl)}z%e{l—exp(—c:Ntl)] (6)
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- v wm m me =
--—
-
-

Left hand side
- -~ - Right hand side

RHS and LHS of Eq. (6) [10% ¢cm?]

0 L i s L 1 L 1 i n 1 " " " A 1 4 n J 2
0.0 0.5 1.0 1.5 2.0

Rod length (cm)

Fig. 9.2 Graphical solution of Eq. (6)

Biéu thirc nay 1a phrong trinh phi tuyén theo bién |. Nghiém c6 thé thu dwoc bang phuong
phap do thi va phrong phéap s6. DE tim nghiém bang phwrong phap do thi, chiing ta vé do
thi trong hinh (9.2) véi vé phai va Ve trai ctia phwong trinh (6) nhu mot ham theo | va sau
dé chung ta tim giao diém cla hai dwong cong.

Dung céc gia tri bang s6 da cho trong bai tap, ching ta tim dugc giao diém & 1=1.1 cm
biéu dién nghiém cua bai tap. Chl y rang nghiém tuong (ng voi giao diém & 1=0 cm
khong co y nghta vat Iy va cé thé bd qua . Can cha y rang khong co6 giao diém khac gitra
hai dwong cong .

9.7A: Cong suat ngudng bom trong bom doc: Béng gdp trang thai co ban va kich
thich

Ching ta hdy xét so dd cac mic ning lwong trong moéi tredng hoat tinh dwoc biéu dién
trong hinh 9.3, O day dich chuyén A chi cac dich chuyén cam (ng, trong khi dich chuyén
B va C chi cac qué trinh hap thu tir cAc murc laser trén va cac mic laser co ban.
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pump level

ground level
Hinh 9.3:D0 thi cac mic nang lwong

Khi c6 hoat dong laser, dich chuyén cdm (*ng A canh tranh véi sy hap thu tir B va C. Bé
rat ra biéu thirc bom ngudng, dau tién ching ta can thiét 1ap biéu thirc cla mat do téi han
N, trong mirc laser trén. Dai lugng ndy cé thé duoc tinh bang cach gia s rang khi laser ¢
tai nguwdng, do loi trén mot 1an truyén qua bang voi do mat mat trong budng cong hudng.
Diéu kién nay co thé duoc viét la:

GeNZCl :Y +GESANZCI +ya (1)

O dayo, latiét dién phat xa cdm (rng d6i véi dich chuyén laser A ;o ., 1atiét dién hdp thy
ddi véi dich chuyén B,y lahé sO mat mat trén mot lan truyén qua do budng cong huéng
vay, hé s0 mat mat trén mot Ian truyén qua do hap thu trang thai c o ban (dich chuyén C).
Tu phuong trinh (1), ching ta thu dwoc :

Y Y
N, = ——"2 2
2c (Ge_GESA)l ( )

T6c do bom t¢i han R, duoc xac dinh, gia st rang tit ca cac mat do kich thich phan ra
gua phét xa tw phat tai nguwéng (xem phwong trinh (6.3.18 ) cta PL):

R — N2c — Y +Ya (3)

¥ 1 (o,-ou)k

O dayrt lathoi gian séng & muc laser trén.
Trong cdu hinh bom doc, téc dd bom c6 lién hé véi cong sudt bom P, (xem phuwong trinh
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(6.3.12) cta PL) :

R =np[ P"J 2 @

2 2
hv, | (0)0 +oap)|

O dayn, la hiéu suft bom; v, latan s6 bom ;| 1a chiéu dai méi treong hoat tinh ; W, 1a
kich thwoc vét clia mode va W, lakich thwée vét bom. V6i sy ho tro clia phuong trinh (3)
va (4), cong sudt bom ngudng co thé dwoc biéu diénla:

y-{-’ya) th 7'C((D§+0)'2)) (5)
N, T Z(Ge —-c ESA)

So sanh két qua nay véi phurong trinh (3.6.20) ctia PL cho thdy rang cong sudt bom &

ngudng tang doi voi mot laser ly tuwdng vi hai ly do:

(a) Sy tang d6 mat mat trén mot lan truyén qua tr y dén y +y,

(b) Su gidm hé s6 do lgi trén mot lan truyén qua toan phan do su hap thu trang thai kich

thich c6 thé dwgc xem nhu sy thay dai tiét dién cdm (ng hiéu dung tr o, dén o, o, .

9.8P Cbng suit bom ngudng trong laser héa mau: déng gép bdi ba-boi ba

Ching ta hdly xét so dd cac mirc nang lwgng trong phan t& thuéec nhudm dugc biéu dién

trong hinh 9.4(xem hinh 9.3 clia PL):

L

th

S, Iy

So
Hinh 9.3:s0 d6 cac mirc nang lwong trong thuéc nhuém
Dich chuyén laser xay ra gitta cac mic dao dong thap nhét clia trang thai kich thich Sva
tap hgp cc mirc dao ddng ¢ trang théi co badnS,. CAS va S dugc goi la céc trang théai don
bdi vi trong nhitng trang thai nay spin dién t&r toan phan trong phan tir thudc nhudm bang
0. Sv tao ra cac trang thai kich thich bang twong tac dién tir voi spin #0 bi cdm do spin
trang thai co ban bang 0 va spin duoc bao toan trong céc kich thich cadm ng quang. Tuy
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nhién, mot s6 mat do cé thé tich Ity trén trang thai cé spin khac 0 (trang thé bdi ba T,
trong hinh (4)) do dich chuyén khong birc xa, cu thé la quéa trinh truyén qua (1.C) tir mat
dd S. Céctrang thaiT,va T, dwgc goi lacac trang thai bdi ba bdi vi spin dién tlr toan phan
trong phan t&r thuéc nhudm bang mot. Trang thai boi ba T, co thé hdp thu birc xa tai budc
séng laser dé tao ra céc trang thai bdi ba véi nang lwgng cao (T,trong hinh (4)) .Co ché
hap thu nay canh tranh véi hoat dong laser. D€ xac dinh anh hwdng cla hap thu bdi ba —
bdi ba trén cong suat bom nguwdng cua laser thudc nhugm, dau tién ching ta phai tinh toan
mat do bdi ba N, dugc tao ra do qua trinh truyén qua. O ché dd hoat dong lién tuc, téc do
tao bdi ba bdi qua trinh truyén qua bang véi tc do phan r& bdi ba. Diéu nay cé thé duoc
biéu diénla:
ket N, =— 1)

O day N, la mat dd mirc laser trén; Slatée do qua trinh truyén qua va kg la téc do qué
trinh truyén qua va . lathdi gian séng boi ba.
Tu phuong trinh (1) ching taco

N =kgt:N, 2

Dé thu dugc cong suat bom ngudng, ching ta phai xac dinh mat do téi han N, trong mrc
laser trén. Pai ch_mg nay co thé duoc tinh gia sir rang khi laser & nguéng do lgi trén mot
lan truyén qua bang d6 mat mat trong budng cong hwdng. Diéu kién nay co thé duogc viét
l&

o N, =y +o:N,l (3)

O dayo,latiét dién phat xa cdm (ng d6i vai dich chuyén laser A ; o, latiét dién hép thu
doi véi dich chuyén boi ba-bdi ba (B); y lahé s6 mat mat trén mot lan truyén qua trong
budng cong huéng ; | lachiéu dai moi truong hoat tinh.

V@i sk ho tro ctia phuwong trinh (2), ¢6 thé viét lai phwong trinh (3) l&

_ Y
Moo = (Ge_GTkSTTT)l @

Téc do bom téi han R, bay git dwoc thiét 1ap bang cach gia s rang tat ca cac mat do kich
thich phan ra & ngudng qua phat xa tw phat hodc qua qua trinh truyén qua (xem phuong
trinh (6.3.18) cla PL).Vi thé :

N Y
R =—%= 5
* 1 (o.—o:kgt )k ®)

O day < la thoi gian séng muc laser trén. Cha y rang hang s6 thoi gian phan rd © duoc
cho béi su két hop clia phan rablc xa vactia phan ra do quatrinh truyén gqua theo hé thirc
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O day, t, lathoi gian séng bic xa.
Trong cadu hinh bom doc, téc dd bom c6 lién hé voi cong sudt bom P, (xem phuong trinh
(6.3.2) ctia PL):

R, =n,| -2 |——2 6)
* Plhy, n(wéﬂgi)l

O dayn, lahiéu sudt bom; v, latan s6 bom ; P,cong sudt bom ;I 1a chidu dai moi trwdng

hoat tinh, W,lakich thudc vét cla mode, W, 1a kich thwdc vét clia chum bom .Véi sw ho

tro ctia phuwong trinh (5) va (6), cong suat bom cé thé duogc viét la:
oy hy, n(coéﬂof))

o n, © 2(c.-0o:KgTy) S

So sanh két qua nay voi két qua ctia phrong trinh (6.3.20) clia PL cho thdy rang cong suét
bom tai nguéng lai tang véi laser ly tuéng.Tinh chat nay la do sy gidm cla do lgi toan
phan mot 1an truyén qua do hap thu boi ba —bdi ba, va cd thé duoc xem la sy thay ddi cla
tiét dién cam ng tir o, sang (o, —o kg1, ). Chay rdng mac du téc d6 qua trinh truyén qua
nhd, si thay doi nén cd thé hoan toan Ién do thoi gian song boi ba dai. Bong gop nho cla
s tang P, cling duoc cho bdi sy gidm nho thoi gian sdng mic laser trént . BAi vai thoi
gian sbng btrc xa t, do quatrinh truyén qua.

9.9A Hé s6 goc dudng cong hiéu suat trong laser héa m au

DE tinh toan hé s6 géc duong cong hiéu sudt chiing taxét biéu thirc clia cong suat dau ra

t laser , P, :
_ Y2 Pp_

7 " out *
O day A ladién tich mat cit cla mode laser ;v,la sy mat mat bd ghép dau ra ;p,va P, la
cong sudt bom va cong suét ngudng twong tng ;1 =hv/cx la cwong do bao hoa ddi véi hé
4 mirc & tan s6 laser v (xem phuong trinh (2.8.24) cta PL ). V&i s ho tro clia phwong trinh
(1), hé s6 géc duong cong hiéu suat n co thé dwoc viét la (xem phwong trinh (7.3.10) cla
PL):

— dR)ut — A}IS’YZ (2)

ns -
dP,  P,2

Trong truong hop laser thuéc nhudém cong sudt b om & ngudng trong cdu hinh bom doc cé
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thé duoc viét la:(xem tra 1oi 9.8):
:thp n(méﬂnﬁ)
"ot 2(c,~0 kgt )

3)

O dayy 1ahé s6 mat mat mot 1an truyén qua trong budng cong h vang ; n,la hiéu suat bom;
Ve latan s6 bom ; © lathoi gian séng mirc laser trén; W, kich thudc vét clia mode; W, lakich
thudc vét cla chum bom ;o tiét dién phéat xa cdm (ng ddi v&i dich chuyén laser;c. latiét
dién hap thu cla dich chuyén boi ba-bdi ba ; k. latoc do quatrinh truyén qua va . thoi gian
song bdi ba. Chiiy rdng: dudi diéu kién bom tdi wu thi chiing tacd W,=W, .
Thé phuong trinh (3) vao phuong trinh (2), ching ta thu duwoc hé thic sau:
- py_2 hv ZZA) : .- 0.KsTr @)
2y hvpn(wo+wp) o,

Chiing ta co thé sap xép lai phuwong trinh (4) 1a:
Ns =N NNNMNg ()

O day n,la hiéu sudt bom ;n =y,/2y la hiéu sudt ghép dau ra ;ng =hv/hv,la hiéu suét
lwong tw laser ;n, =2A I« (W02+W,32)|é1 hiéu suét dién tich van, =(c.-o.kgt; )/o, . Chly
rang cé n, thé duoc xem la hiéu sudt do loi cho ching ta biét ty s6 gitra do loi toan phan va
do loi ly thuyét dat dwgc khi khong co hap thu bdi ba .Thé cac gia tri dwoc cho trong bai tap
vao phuong trinh (5), ching ta thdy rang hé sé géc duong cong hiéu sudt khi khong cé qua
trinh truyén qua sé lan,=43%, do qué trinh truyén qua gia tri nay gidm xubng
N =Ny, = 29%.

9.10 A Laser nhiéu tang

Biéu thirc clia cong suat dau ra daura P

out

cla laser duoc cho béi cong thic :

Pout =ns(Pp_Rh) (1)

O dayn la hé sé goc dvong cong hiéu sudt ; p,vap, lacong sudt bom va cong suét bom tai
nguwdng. Dua trén phwong trinh (1), cong suat dau ra P, tir laser Nd:YAG la:

out3

Pout =ns(Pp_Rh) (1)

O dayn,la hé s6 goc duong cong hiéu sudt cla laser Nd:YAG; P,,la cong sudt bom &
ngudng trong laser Nd:YAG; P ,la cong sudt bom dugc cung cép boi laser Ti:Sapphire .
Phuong trinh (2) c6 thé dwoc viét lai dung phwong trinh (1) dé biéu dién coéng suat dau ra
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cla laser Ti:Sapphire:
Pz =MNss [T]ss (Ppl — PRz )_ Pth3:| ©)

O dayn_,lahé s6 goc dudng cong hiéu suét cda laser laser Ti:Sapphire; P,,lacong sudt bom
tai ngudng cla laser Ti:Sapphire; P, la cong sudt bom duogc cung cép bdi laser xanh.

Phuong trinh (3) c6 thé dwoc viét lai dung phwrong trinh (1) d€ biéu dién cong suét dau ra
cla laser xanh :

Pouts =Mss {T]SZ [1131 (Pp — R )_ Rha }_ Phs } 4
O dayn, lahé s6 goc duong cong hiéu suét cla laser xanh ; P, 1a cong sudt bom & ngudng
trong laser xanh; P, 1a cong sudt bom dién dwoc cung cdp cho laser xanh. Ching ta c6 thé
giai phuong trinh (4) dé thu dwoc P, nhu mot ham theo céc bién con lai :
P, = Pt TMssPins TN 62Pne TNsNeNst P (5)

NsMsMs3

Dung phwong trinh (5), céc gia tri bang s dugc cho trong bai tap, ching ta thu duoc
P =385.6W.

9.11A Céc mode doc trong laser ban dan

Tan s6 cong hudng clia cac mode co thé duoc viét gan ding lav=Ic/2nL ; & day | la mot
SO nguyén ; ¢ la van toc anh sang trong chan khong ; n la chiét sudt cla ban dan; L la
chiéu dai budng cong hwdng. Tl bi€u thirc trwdc day, ching ta co thé dé dang nhan duoc
nv=I(c/2L).Tlr biéu thic nay, bdi vi n la ham cla v, tic lan=n(v) , sy thay doi tan so
Avtuong (ng véi sy thay doi | la Al =1, c6 thé dwgc tinh gan ding tir phuwong trinh
Anv+nAv=(c/2L).Tir phuong trinh ndy viét gan ding An=(dn/dv)Av, ching ta nhan
dugc:

c
AV=— 1
2n L (1)

g

O day:
n n
" T Trv(dn/av) 1-2(dn/dn)

2

La chi s6 nhom vét liéu. Néu dd rong vach do lgi clia chat ban dan la Av_,s8 mode roi vao
trong d6 rong vach nay cé thé duoc tinh gan ding la (xem hinh 9.5)
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2n LA
NV SNy ©)
AV (o
av
«© 2>
Av
>

>
Vv

Hinh 9.5 Vach dé lgi va cac mode dao dong
Dung céc gia tri bang sé dwoc cho trong bai tap, ching ta thu dwoc n=4. BE thu duoc dao
dong don mode thi ching ta phai cd Av)Av, . Theo phuong trinh (1), diéu nay tvong ¢ng voi
budng cong huéng L{115um.
9.12A Su loan thi chim trong laser ban dan:
Kich thudc vét W clia chim Gauss c6 thé dwoc biéu dién nhw ham theo khoang cach truyén

Z theo hé thirc sau:
rZ ?
Wz(z):wf)[1+(nng ] (1)

O day Wy la kich thudc vét & ban kinh ¢ chum va » 1a budc song ¢8 chum (xem phuong
trinh (4.7.16-17) cla PL) .Gdc toa d6 z phai tring vai c6 chum. i
MOt chum Gauss loan thi,chang han nhw phat ra tir laser ban dan co6 thé cé thé dugc ho tro
bdi hai kich thurdc vét W, (z) va W, (2), tvong ng voi hudng song song va hrdng vudng goc
voi 16p tiép xdc diode.
Theo phuong trinh (1), hai dai lvgng nay co thé duoc viét la:

w2 (z2)=w?, [1+(kz/1rwgl )2} (24)

wi(@) =w}, |1+ (12) 7w ) | (2b)

O day W,(2) va W, (2) la cac kich thudc vét & c6 chim d6i voi hai huong. DE tinh toan toa
do cla z, mad dé chum latron, ching ta co thé cho hai kich thwdc vét bang nhau & vi tri
Z.:

w?(z) =wi(z.) €)
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Dung phuong trinh (2a) va (2b) trong phuong trinh (3), chung ta thu duoc :

2_2 W2 _W2
wh e, = Z{ ; } @

2 2.2
n WoWo,

Tl d6 Z_ co thé thu dwoc la

()

Thé cac gia tri dugc cho trong bai tap vao phuong trinh (5), ching ta thu dwgc z = 4.6um.
9.13A: Ngudng dong trong laser GaAgJAIGaAs
Mat do dong & ngudng J, trong laser ban dén cé lién quan dén mat do hat tai dién &
nguwdng N, quahé thirc sau (xem phuong trinh (9.3.4) cua PL):

Jin = (ﬂ] Ny, (1)
T’liﬂl’-r

O day: e=1.6x10"°C la dién tich electron; d la chidu day cla lop hoat tinh; n, lahiéu suat
lwgng t& bén trong, 1a phan clia céac hat tai dién két hgp blrc xa trong 16p hoat tinh ;<. lathoi
gian ta hop blic xa. D€ tinh toan J, , ching ta can thiét lap mat do hat tai dién & ngudng. Tl
s can bang gitra do lgi va do mét mat trong ban dan, rdt ra biéu thic sau d6i vai N, (xem vi
du 9.1 ctia PL):

Y
Ny, = (GT) + Ny 2

O day: y 1a dd mat mat trén mot 1an truyén qua ; o 1a do loi vi phan; L l1achidu da cla moi
trvong hoat tinh ; T lahé s6 giam cdm chum, né biéu dién mot phan clia cong suét chim théat
sy 6 trong I&p hoat tinh. BG6i v&i mot buwde song laser nhat dinh A, hé s6 giam cam chum cé
thé duoc tinh néu chiét suat cla cac Iép hoat tinh ( n)va céc |6p phl (n,) da biét. DE thuc
hién muc dich nay, chiing ta cé thé dung hé thirc gan diing (xem vi du 9.1 cla PL):

D2
2—— 3
2+D? @
O day:
D=2n (n2 —nz)ﬂ29 (4)
1 2 7\‘

V&i sy ho tro ctia phuong trinh (1) va (2) mat dé dong & ngudng co thé duoc viét 1a:
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ey
Jn = [nm MG LF}L Nn} (5)

Thé céc gia tri da cho trong bai tap vao phuwong trinh (4) ching ta dwgc D=0.885;dUng cac
giatri nay trong phuong trinh (3) cho ching ta giatri '=0.2814. Thé cac gia tri nay trong
phuong trinh (5) cung véi cac di liéu dé cho trong bai tap chang ta thu dugc J,, = 703A/ cm?
9.14A Hé s6 géc duong cong hiéu sudt trong laser GaAs/AlGaAs

Cong suat dién P st dung trong laser ban dan co thé duoc bién dién 1aP=VI, & day V la dién
ap hoat dong qua diode laser val ladong hoat dong chay & bén trong. Doi voi gan ding bac
nhat, dién ap cé thé duoc xem la khong doi trén mot khoang dong rong, vi thé hé s6 goc
duong cong hiéu sudt n, clia diode laser c6 thé duoc tinh la:

P dP,
— oul E oul 1
VT (1)

O day P,, lacong suit dau ra cla laser. Tl biéu thirc P, dugc cho trong bai tap va voi sy
ho tro clia phwong trinh (1) ching tathu duoc :

_(m;hv In(R)
ns—( Ve j(ln(R)—ocL] @

Thé cac gia tri bang s6 d& cho trong bai tip, chdng tanhan duvoc p =61%.

9.15A Phan hdi phan b6 trong laser ban dan
Laser phan héi phan b6 bao gdm méi trwong hoat tinh trong dé su bién thi én chiéu day tuan
hoan dwoc tao ra & mot trong cac I16p bao, hinh thanh mét phan di cdu tric. Do cau tric nay
dao ddng mode trong laser chiu mot sy diéu bién cla chiét suét hiéu dung n (2) doc theo
hwéng truyén z. Sy bién diéu nady co thé biéu dién bai:

Ng (Z)=ny+nsin[(2nz/A)+¢ ] (1)

O day Ala budc cla sy thay ddi chidu day tuan hoan. Sy bién d6i chiét sudt cam (ng sy tan
xa clia mode laser theo cac hwéng trwéc va sau. Theo ly thuyét nhiéu xa Bragg, giao thoa
tang cuong hinh thanh gilra cac thanh phan tan xa néu hé thirc sau ding:

A=Ay = 2N, A 2)

O day A la bwdc song mode; &, 1a bwdc séng Bragg; (n,,) 1a giatri trung binh clia chiét suat
bén trong bubng cong hudng laser.VGi sw ho tre clia phuong trinh (1), ching ta co thé viét
lai phwong trinh (2) la:

A=\12n, 3

Thé céc gia tri bang s6 d& cho trong bai tap, ching ta thu dwoc A =221.5nm
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9.16P Ngu®dng dong trong laser giéng luong tur )
Nhv d& dwgc rat ra trong bai tdp 9.13, méat do dong ¢ ngudng J,, trong laser ban dan phai
dwoc viét la (xem phuong trinh (9.4.13) cla PL):

. [ e Y
Jn (HJ HGT) +N, } (1)

O day: e la dién tich electron; d 1a chiéu day cla I6p hoat tinh ; n, lahiéu sudt lvong ti bén
trong, n6 la mot phan hat tai dién két hgp blrc xa trong 16p hoat tinh ; . lathoi gian tai hop
blc xa; y lahé s6 mat mat trén mot Ian truyén qua toan phan ; o la do lgi vi phan; L la
chiéu dai moi treong hoat tinh ; T'1ahé s6 giam cam chum no biéu dién phan cong sudt chum
that sy & trong 16p hoat tinh. Thé cac gia tri da cho trong bai tap ching ta thu duoc :
J,, = 236A/cm?’.
So sanh két qua nay voi két qua thu duoc trong bai gidi 9.13, ching ta thdy mat dé dong &
nguwdng trong laser giéng lwvong tr nhd hon ba 1an trong laser di cau trac kép théng thuwong.
Nguyén nhan cua cac két qua nay la nhw sau :
(a) S gidam chiéu day I6p hoat tinh mot bac vé do Ion.
(b) Sy tang dd loi vi phan o trong cau tric giéng luvong t& do s giam cam electron va
16 tréng, nd duoc bu mdt phan tir sy gidm hé sd giam cam ch UmT (xem phén (3.3.5)
cta PL).
9.17P Mat dd hat tai dién trong laser phat xa méat bu 6ng cdng hwdng thang dieng &
ngudng
Biéu thirc mat do hat tai dién & ngudng N,, co thé duoc rit ra tlr viéc cho do lgi va d6 mat
mét bang nhau trong ban dan theo biéu thirc sau (xem phuong trinh (9.4.9) ctia PL):
N, (%} +N, @)

(¢

O day: v [ahé s6 mat mat trén mot 1an truy@n qua ;o 1a do loi vi phan ;d la chiéu dai cta 16p
hoat tinh ; T'nd la hé s6 giam cadm chum, n6 biéu dién phan cong sudt chum that sw & trong
|6p hoat tinh. Trong laser VCSEL , hé s6 giam cam chim c6 thé duoc gia str la I'~1,do ciu
triic clia budng cong hwdng. DE tinh todn hé s6 mat mat trén mot Ian truyén qua, ching taco
thé dung hé thirc ( xem vi du 9.4 cla PL):

Y =—In(R)+a L (2
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