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A. MODE TRONG HE CONG HUONG
| .MODE :

1.Mode lagi?
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M ode lamot dang ctia dao dong hay sw phan b6 tr wdng dwoc tai tao theo pha trong

khong gian clia song lan truyén sau mot s6 16n lan phan xa.

Mode ladao dong riéng, trong gan dung bac 1 mode c6 thé coi lagiao thoa cula
song phang lan truyén theo hwéng ngugc chiéu nhau gilra hai gwong phan xa.Moi mode
dwoc dac trung bdi cau hinh twong tng cla treong trén bé mat cac guwong va sé nira buéc

song dwoc sap xép gitra hai gwong .

2. Ki hiéu

Ki hiéu : TEMmnq (Transverse Eletromagnetic ) dung dé chi séng dién tir ngang ( 1a song ma
Eva H nam trong mat phdng vudng goc phuong truyén song ).
e ( dac trung cho mode doc truc (con cé kha nang phan biét hai thanh phan con lai).

e m, ndac treng cho loai mode ngang.

Néu chi dé y dén mode doc truc TEM o .Mode ngang gan truc nhdt [a TEM gy , TEM 1oq -

3. Phan loai :
Co hai loai chll yéu : mode ngang va mode doc

- Mode doc : Mode doc la s nut doc theo truc clia hé cong hudng gitia hai guong.
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- Mode ngang la s nit trén mét phang vudng goc voi truc laser .
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Tuy nhién c6 vai gido trinh con ké dén loai mode nita |a mode xién. Khi song phang lan
truyén tir guong 1 dén guong 2 du¢i goc 6 khanhd (1agéc hop béi phuong clia séng téi
so v@i phwong truc cda budng cong hwdng ) thi mode tao thanh trén phwong d6 goi lamode
xién .

4. Thoi gian séng ctia mode :

Sau moi 1an phan xa bién do bi gidm do mat mat vi nhiéu xa hay phan xa . Do c6 mat mat
nén mode co thoi gian song hitu han.

Thoi gian song dwoc xac dinh bang khoang thoi gian dé bi én do song giam di e 1an so vai
dai lvgng ban dau.

I1. DIEU KIEN TON TAI CUA MODE TRONG HE CONG H UONG

- Bubng cdng hudng laser hoat dong véi nhiéu mode khac nhau , m6i mode xem
nhw [a mot tan s6 khac nhau.

- Khi séng phang t&¢i budng cdng hwéng ( BCH )cd nhiéu tan s6 roi rac khac nhau. (Vi
anh sang toi khdng don séc nén chira nhiéu tan s6 khac nhau, (ng v&i moi b wéc song 1a mot
tan so ).

- Khong phai tat ca cac tan s6 dé déu dao dong v atao thanh mode ma chi c6 mot s6
tan s6 dwgc phép dao dong vadat gia tri cuc dai giao thoa tao thanh mode , mot s6 con lai bi
triét tiéu do qua trinh giao thoa
Diéu kién giao thoa cuc dai :

e 50Nng tdi hgp véi phuong truc 0z goc 6
2L.cosO =g

L : chiéu dai clia budng cong huéng
A @ budc song anh sang toi
g: sO nguyén

e SOng tdi truyén theo phwong 0z :
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2L =qgxr
- Nghfa la céc tan sb clia séng t¢i budng cong huwdng c6 budc séng thda diéu kién trén thi
dao dong vatao thanh mode trong hé cong huéng.

Chuy:
- Thong thwong khoadng cach gilra hai guwong L ( chiéu dai budng cong hwéng) rét Ion so véi
do dai budc séng A, ltc d6 q co gia tri rat 1én ( khoang 10° déi véi sang sang viing quang
hoc) .Do d6co su tach tan so gitra hai mode lancan qva -1 la:

e BCH co6 chira hoat chat c6 chiét suatn :

C
qu = fq - fq—l: m

e BCH c6 khong chra hoat chat :

C

Af = fq— qul:Z

- Cung dwong bao vach pho néu Af c¢é d6 rong nho thi s& co rat nhiéu tan s6 phat ra , laser
hoat dong & ché do da mode ( khdng don séc, bé rong phd day ) .

- Cung dwong bao vach phd néu Af c6 do rong Ion thi cd it tan s6 phat ra ( néu chi mot tan
sO phét ra thi laser hoat dong ché d6 don mode, dd rong pho rat hep chi la mdt vach, laser co
tinh don séc cao ) thi bé rong phd kha hep van co6 thé dam bao tinh don sac vi thuc té rét
hiém laser hoat dong v&i BCH phat ra mot tan s6 du y nhat.

Thong thudng laser lam viéc & ché do nao ?

- Mic di anh sang laser 1a énh sang két hop nhét nhwng n6 khdng don séc hoan toan.
Tat ca cac laser déu tao ra anh sang trong mot dai tan n ao dé. DAi tan hoat dong cua laser
dwoc xac dinh chd yéu bai mdi trvong khuéch dai va dwoc goi la dai tan khuéch dai.

- Vi du, mot loai laser khi théng dung He-Ne c6 dai tan khuéch dai khoang 1.5
GHz (dd rong phd c& 0.002 nm), trong khi do, laser ran (Ti:Sapphire) cé dai tan khoang
128 THz (d06 rong phd c& 300 nm).

- Néu muon laser hoat dong & ché doé d on mode thi nd chi c6 1 tan sé dugc phat ra,
IGc nay sy mat mat phai nhé hon do khuyéch dai clla BCH vachiéu dai BCH phai thda :

L= 7‘—2q vGi q labac ctia mode
Tt lachiéu dai L chi ¢ budc song = khong thé ché tao .
- Thyc té L 16n hon rat nhiéu so voi budc song nén g réat Ién = s6 lwgng mode rat
nhiéu .
- Diém ly thi lakhoang cach tan so gitta hai mode li én tiép bt ky qvag-1; cho béi
cong thirc (d6i véi bubng cong hudng rong co chiéu dai L):

Cc
Af = fq—fq&:H
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TU phuong trinh trén, mot laser nhd véi khoang cach hai g wong 30 cm c6 khoang
cach tan so gilra cac mode doc 1a0.5 GHz.

Nhu vay, d6i voi hai laser dé cap & trén, véi budng cong hudng 30 cm, laser He-Ne cd
dai tan 1.5 GHz s& phat 3 mode doc, trong khi laser Ti:sapphire c6 dai tan 128 THz sé phat
chirng 250000 mode.

M&i mode doc ¢6 do rong tan s nao do nhung nhé hon nhiéu khoang cach tan s6 gitra
cac mode
- Nhin chung laser thuwong lam viéc & ché doé da mode vi trong BCH c¢6 nhiéu mode dao
dong.Mudn laser lam viéc & ché do don mode, nguwdi ta phai loai b nhitng mode bac
cao.Chi gir lai nhirng mode can phat. Qua trinh loai bé d6 l1a chon loc mode .

[11.CHON LOC MODE

- M6i budng cong hwdng hoat dong véi ché do da mode, nhiéu mode ngang d woc phat ra,
moi mode tng v&i mot tan s8 khac nhau va do phan ki cling khac nhau.Chi s6 m, n cang cao
thi bac clia mode cang cao, IUc nay mat mat nhiéu hon so véi mic co ban (0,0) lam anh
hwdng dén cong sudat phat clia laser.

- Y&u ciu co ban cla laser 1a c6 tinh dinh hudng, don sac, két hgp va cong suét 16n.
Dé cong suat phat Ién thi mat mat trong BCH phai it ( d0 phdm chat cao). C6 nhiéu cach :

e DE mat mat thap thi hé s6 Fresnel phai Ién

N = &P
AL

Mubn N 16n thi a,a, IbnvaL , A nhd ( ban kinh guong 16n nhwng chiéu dai BCH phai
nho).Diéu nay rat kho vi N phai thoa diéu kién nam trong khoang nao dé hé 6n dinh nira.

e Laser hoat dong ché d6 don mode , & ché do co bdn TEMq , & ché dd nay mat mat la
it nhat.Néu laser hoat dong & ché do nay thi cong suat phat 16n va bé rong pho hep
thoa tinh don séc cao.

Mubn vay laser chi tao ra m6t mode dao dong trong BCH (*rng v&i mot tan s6 duy

nhét.Diéu kién lachiéu dai BCH chi khoang budc song. Khé cé thé ché tao duoc.

e BCH phét da mode, mudn laser c6 cong suét I6n, don sac, ph6 hep ta phai loai bo cac
mode bac cao, gi¥ lai nhitng mode can phat .Can phai choc loc mode.

- Phrong phap chd dong: dung tin hiéu bén ngoai bién diéu anh sang trong BCH
- Phrrong phap thu dong: dat mot yéu t6 trong BCH dé gay hién t wong tw bién diéu anh sang

Du¢i day trinh bay céc phuong phap dat mot yéu to trong BCH dé géy hién tuong tw bién
diéu anh sang.

Chon loc mode ngang ‘
- Viéc nén cac dao dong khong can thiét d voc thuc hién bang cach dwa vao BCH mot
man chan dac biét.
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Theo phan bd treong mode TEMOO c¢6 trwong tap trung gan truc, cac mode bac cao

TEM11, TEMZ20... trwvong dwgc phan bo xa truc, bac dao dong c ang I6n truong phan bo

cang xa.

+

Dt vao BCH thanh chan c6 kich thwéc phu hop
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As shown in Fig. 9.4, high-order modes are larger than low-order modes. For
many laser applications, it’s important that the laser oscillate only in the TEMy,
mode, How can you prevent a laser from oscillating in its higher-order modes?

The answer has to do with the relative sizes of the different modes. The
TEM, mode is smaller in diameter than any other transverse mode. Thus, if
you place an aperture of the proper size (as shown in Fig. 9.4) inside the res-
onator, only the TEMy, mode will fit through it. Higher-order modes will be
extinguished because the loss imposed on them by the aperture will be greater
than the gain provided by the active medium. Some TEMy, lasers come
equipped with apertures like the one shown in Fig. 9.4, while in others the
small diameter of the active medium acts as an effective aperture.

n
e R
TEMgo

ﬂ 71— T —TEM,

Figure 9.4 An aperture in the resonator can force it to oscillate only in the TEMy, mode.

In Fig. 9.4 the TEM;; mode occupies a larger volume in the gain medium
than the TEMy, mode does. The TEM,;; mode can therefore interact with
more of the population inversion and extract more power from the laser. For
this reason, lasers oscillating in high-order modes usually produce more power
than otherwise similar lasers limited to TEMyq oscillation. However, the ad-
vantages of the TEM,, mode often outweigh the cost of reduced power.

Lol oaoddo
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Chon loc mode doc

Thay déi chiéu dai clia BCH.

Pua vao BCH mau chuén Fabry-Perot hodc tdm phang song song.
Dung gwong phan xa c6 hé sé truyén qua thay doi.

Dung phan xa Bragg tao hoi ti€p chon loc tan s6.

+ Thay doi chiéu dai :
« NE&u rat ngén chiéu dai cla BCH c thé giam dan sé mode doc,cach nay khong dwoc
str dung vi lam giam chiéu dai cla hoat chat va gidam cong sudt cla laser.
* Phuong phép chon loc thong dung: dung BCH keép.

L1 L2
Gl G2 G3

« Gbm 3 guong phang G1, G2, G3. Khoang cach gitta G1 va G2 laL1,trong phan nay
hinh thanh cac mode doc v¢i hiéu tan so:

Af, = —

2L,

e Tuwong tu, gitta gwong G2 va G3 xuat hién nhitng dao dong doc vai hiéu tan so:

Nguyén tac BCH kép

* Neéu chon L4 vaLy khéc nhau thi hiéu tan s6 gilra hai mode canh nhau ¢ hai phan
khac nhau.

» Nhiing mode doc c6 tan s6 riéng trong ca hai phan trung nhau méi la mode chung
clia BCH —pho dao dong ctia BCH kép thua di rat nhiéu so véi pho dao dong cla
BCH thuong (khdng c6 G2).

» Hiéu sudt cta phwong phap tang khi tang s6 guong phan xa.
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Ngoai ra con r at nhiéu phwong phap choc loc mode , dwéi day chi gigi thiéu :

Aperture Etalon

e e T Tt —_—

Laser gain {population inversion)

X

/_'_——"—_'__ —lﬁ'\\
Mirror reflectivity

””H[H”H”H“HH Resonator modes

n n ﬁ Etalon transmission

Laser output

Figure 10.14 Single-mode oscillation.

in Fig. 10.14.) Many single-mode lasers use more than one etalon to ensure
that the laser is restricted to one mode.

D3t thém vao BCH mau PDE
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Now, in order to select a specific single high order mode
operation, we 1insert into the laser resonator a DPE. As
shown in Fig. 1, the DPE is inserted near one of the resona-
tor mirrors, preferably near the output coupler mirror. The

L
output | d
beam -— ] . —
gain medium
DPE
output back
coupler mirror

FIG. 1. Laser resonator configuration with a DPE inserted next to the output
coupler,

B.TIEU CHUAN ON BINH MODE

Mode dao dong on dinh khi hé cong hudng cé mat mat thap.
Dé hé cong huwdng c6 mat mat thap, tirc latrong nd ton tai nhitng mode c6 Q Ién, can thoa
man hai diéu kién:

- Kich thuéc guong phan xa phai théa man hé thic:
a3
AL

>1

- Tiaanh sang truyén trong hé khong bi phan ki
Xét hé cong hwdng khong doi xirng véi guong c6 ban kinh cong R; vaR,

L L
- e L
-1 7 n+i e
R -
£t (R f= 2 = B
2 2 T

10
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Hé thau kinh tvong dwong v6i hé cong hudng, néu tiéu cu cla thau kinh bang tiéu cu clia
gwong twong (ng va khoadng cach gilra cac thau kinh bang khoang cach gitra hai g vong.

% Khao sat mot tia sang truyén qua hé thau kinh.
Matran truyén sang trong khong gian tv do:

Matrén truyén sang qua thau kinh 1 1 maéng:

Thau kinh hdi tu f>0; thau kinh phan ky <0

Bay gi® ta xét s lan truy@n clia mot tia sang qua doan thang trung gian ddng nhat c6 do
dai L vatiép theo sau lathau kinh méng co tiéu cu f.

Didu dé twong ¢ng vai sw lan truyén cia tia gitta mat phdng n van+1.

-2 5 ST

e oyl

:>tia§5\ng truy@n ra khoi thau kinh (n+2) ké tir thau kinh n:

I (I
) S 72 il
'xm} h \ fz1 {ﬂ: A BI[x,
16,12 _j;i”l_{“l _[£_/1_£]{1_£]l 0,] {c D} 0,
A A AU AN £
Xn+2=AXn+Ben
{emz = CXn + I:Bn Hay
VGi A1t B:L(z_LJ
f, f

e SRS A

O co ban clia cdu trac thau kinh tuan ho an lamdt cp thdu kinh 1an can (an = 2) vaki
hiéu vi tri 6 bang chi s6 s
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9 :('xs‘fDﬁ,(Z)

L s+l

Tw (1) ta co:
1
6s = E(Xsﬂ_ Axs)
1
es+1 = E(XEHZ - AXS+1)
Thay X.2=(A+D)X,;+(AD-BC)x =0 ya9 (2) tacé:

Tacs Xsop — 20X, + %X, =0

nghigmed X, = X€¥ 292 +1=0 dang:

= €9=b+ 2y1-b?

q =t arccosb

Piéu kién on dinh cla su lan truyén tia sang th i g phai la so thuc

:>|b|§1
Hay 2
—lSl—L—£+ L <1
fl f2 f1f2

Chuyén sang thdng sd hé cong hudng f =§ta co:

o)

0<g0,<1
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g, =1 - f
1 E

gz = ~ e

-
Figure 9.10 The g-parameters for calculating resonator stablity.

Figure 9.11 shows a concave/convex configuration. Is it stable? First, cal-
culate the g-parameters:

50 cm 50 cm
=]1- — =1, =1 — = {5
g =1 —500 cm 11 g =1 100 cm

Then multiply them together:
8,8, = (1.1)(0.5) = 0.55

A = 100 cm R —500 cm

- 50 cm —————

Figure 9.11 A stable concave-convex resonator configuration.

resonator in Fig. 9.11 is stable for an HeNe laser, an Nd:YAG laser, or a car-
bon dioxide laser.

14
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Figure 9.12 shows a concave/concave mirror configuration. To determine
whether it is stable, first calculate the g-parameters:

§1=32=1—9/3=—2
R = 30cm R = 30 cm

80 cm

Figure 9.12 An unstable concave-concave configuration.

Then multiply them together:

g8 = (-2 =4
The product is greater than one, so this configuration is not stable.

15
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