VW WO CHIER Y VLSO




LAMER DIODE



NOI dung

1. Gigi thiéu

2. Burc xa ty phat va birc xa kich thich

3. Cau truc laser diode

4. Dw@i ngudng va trén ngudng laser

5. Cac cau truc cao cap : cau truc dién t
6. Cau tric cao cap : do hoc cdng hudng



Norong pho [l k, T

Ve

(

LED

/—\
Cai tién
S~

_—

Dung moét héc quang
hoc dé tdng cuong burc
Xa cla nhirng trang thai
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1. Gig1i thiéu

Hiéu suat bi gi¢i han
bdi blre xa tw phat

~

~

Dung btre xa kich
thich dé tang cuong
toc do tai hop
electron — 16 trong

LASER DIODE

Hinh 1: So do
mo ta cach
thirc cai tién
LED bang viéc
str dung hoc
quang hoc
LASER



2. Blrc xa tuw phat va bire xa kich thich

I\"\ | Vung dan I\"\ |
X ) X Hinh 2a: bic xa ty
L L, phét : ban dau khong
E, ho => rone ho cé photon, cap e-h tai
»W\ N hop .. - photon.
/ ®\ Vung / @K
/’ . hoatri /
Hinh 2b: birc xa kich
1 % thich : photon kich
\ \ thich, cap e-h tai hop
photon LN, LN, - photon.
Foo > —> S 10 R
& “:'_‘_:;T’.‘:_\ ,_\ - Tac o bdc xa kich thich :
/ @\ / Q\ WS (i) =W, (Fio).n, (o)

f: "\ f: "\ (1)



3. Cau truc laser diode

Roughened
Surfaces

. z SRR RN A D A hA A
Cladding Region \Mfypc _W '@Hﬂ}};};’ Lo Hinh 3a: So d6 hdc cong
Active Region ——3» W_&&i;?“_._wf:“]" /;I hué’ﬂg Fabry_ Per Ot_

Cladding Region i' n-type <2

——— Optically flat and polished
parallel faces

Polished Face Hinh 3b: Cac mode cdng
< huwong.

Polished Face

Hinh 3c: Phu thubc cliia hé
s6 giam gilr quang hoc vao
hang s6 dién moi.

Dielectric Constant




B66c song cua mode cong hdéng thoaman: L = % (2)

ge”Z ; L : chiéu dai hoc
A : buwdc sdng anh sang trrong vat chat

A 3) Lo : bwdc song anh sang trong chan khéng
n n: : chiét suét cta hoc

Khoang cach gidia cac modedong: Ak = TCE (4)

Song quang bo giéi han theo truc z — phdong trinh Helmholtz :

szk(Z) 8(2)0)2_ 2 _
72, +( 2 kij(Z)—O (5)

F:hamsong ;  ¢(2) : hang sb dién moi

T = jvung hoattinh||: (Z)|2 dz
[IF@)[ dz

Heso giam gio quang hoc:

(6)




Dong photon lien hevoi song fien to/ xuyen qua ban dan :

| =] gh exp(—o.X) (7) o. hé sb hap thu (o > 0)

PP | “on : dONg photon tai x = 0

Hé s6 c6 ich : g = hé sb phat xa - hé s6 hap thu
- g(ho) f°(E®).F"(E")- (1- f°(E%) ){1- f"(E") )= [f*(E?)+ f"(E") |1
(9)

fe f": xschiém dong cla electron va 16 tréng

E°va E" lien hevdi nang 166ng photon (trong ¢/m thang) :

E° = E. + L (ho - E,)
m,

Eh — EV—%(hm—Eg) (8)

= 1 =1nexp(g(fio)x) (10)




| =15 exp(g(fim)x)

Nk laser hoat fiong :

w1 = g>0= fe(Ee)+f“(E“)>1 (11)
Khi fio - g(7e) = ——" |ap PN (o) [F(EY+ 1 EN-1]  (12)
mocns ho

Chuy:
e f°=0=1f" > g(o) =—o(io)
o £, f" >0,5: xschiem fiong khong tuan theo TK boltzmann
— gan fiung Joyce - Dixon cho méc Fermi :
n n

- e p 1 p
E_ E+kT{ IN} (14) E. =E, kBT{InNV+\/§NV} (15)

Nc, N, : mat do trang thai ving dan va hoa tri

% A [~ e h
— g(hio) = f (ho) IMiiac bomthap: (f°+ f") <<1 = g<0
DMlj’CbﬁmT:(fe—l—fh)T :>g>o

(10.6) & (10.12) — |Cavity gain=g(hw)T" (10.16)




Nk laser hoat fiong :
* g>0 — Cavity gain=g(ho)I'
* Cavity gain > «

loss

O e Photon bi hap thu bdi ving vo boc va tiép xuc cua laser

; (phu thudc su kich thich va do hut cla chét liéu)

Photon thoat khai hoc laser
(do su phan xa va truyén qua hoc)



FO » - Fl F3 > > F4
F2 < < FG F5 —
F? > F8 |:9 > >y

Hinh 3d : Buwong truyén clia mot song anh sang qua héc quang
Goi I . heso phan xa tai phan cach ban dan - khong khi
t . heso truyen qua tai phan cach ban dan - khong khi
A  heso khuyech Aalii
Taco: FlztzF0 . F.=cF.  ; F =AF

2>~ Hh' 3 0
Fo=uFy 0 Fo=nFy 0 Ry = AR
tt. A
= F, .=F+F,+..= —2=—F
t 4 10 1_ A2r12 0

rtt, A’
Fe=F+F +..= [rz + 11_1;\2&2)& (10.17)



tt, A _ rtt,A°
transzl_l'z\zrf |:O , Fref :£r2+ 2 )FO

voi A= exp{( ggt +ikj L}

trongfio: g, =1g—a,

Nk: F...,Fs #0 khi F,=0

= A’ =1
(10.18) & (10.19) = exp(g,, L) = 1>

2

1, =
p— gtot (th) = Iln rl

1
= thh :OLIOSS_Eln R (R: r12)

(10.18)

(10.19)

(10.20)

(10.21)



4. BEN DUOI VA BEN TREN NGUONG LASER

«— Phat xa ty phat _, ppat xa kich thich—,

Bén dwéinguéng __ | Bén trén nguwdng

Mat do dong bom

Hinh 4.1: Anh sang phat ra la mét ham
cla mat dé dong bom trong laser ban
dan. Bén trén ngudng, phat xa kich thich
vurot troi.

+ Diéu kién nguwong: la diéu kién
khi dd khuéch dai cia hé cong
huwédng vuot qua lvong hao phi cua
hé cbng huong.

InR™
L

Fg (h(D) — OLloss T



4.1 Bén dwdi nguwdong :

e-hin band] Gain spectruml Light Emissiorl
Cavity Resonant Modes R L. - R . .
R f (a): Bén duw¢i ngudng. BO lgi thap
hon mat mat, anh sang phat ra co
J<J, . giiiiiil Cavity loss e kgT > bé rong nhw cta LED.
/‘ﬁ\ 0 T
—> —
@)

Hinh 4.2
ph = (1 - mat mat)(so6 tai hop e- h trén mot don vi thoi gian)

I
_(1_ ~ (4]
I ph (1 ﬁloss)
e
Voi .
I, - dong photon phat ra
| : dong bom laser

[3|oss . mat mat photon



4.2 Tal ngwonq :

< DO thay doi mat dé photon = Phat xa kich thich + Phat xa tw phat

- D6 mat mat do hé cdéng hudng.

(4.2)

— ———— E—— E—

d;m — [Fg(nZD’ Em) _ac]nism + B Rsp(nZD)

S,.: sO photon trén mét don vi dién tich trong mode m

N,p : Mat do hat tai.
E,, : nang lwvgng cua mode m
n, : Chiét suat cia méi trurong.

B : Hé sb phat xa tu phat (dac trwng cho sw phan bé ctia cac photon
phat xa tw phat, dwoc phat ta trong mode ta xét).



< D0 thay doi mat do hat tai theo thoi gian = s6 hat ban dau - s6 hat
tham gia tai hop tw phat - s6 hat tham gia tai hop kich thich.

J..q - Mat do dong butrc xa.

Xét trong trang thai dirng va tai diéu kién ngudng ta co:

B I1p(r]2D)nr (4.4)
S, =
Cr[gth - g(nZD’ Em)]




e-hin bandi

Gain Spectrum I Light Emissiorl

nant Modes T

B Cavity loss b kBT >
0 /\
H H
(a)

Hinh 4.2

(a): Bén du@i ngudng. D6 loi thap
hon méat mat, anh sang phat ra c6
bé rong nhw cha LED.

(b): Tai nguwd&ng Laser. M6t vai mode
sé tr0i hon trong quang pho phat xa



e Mat dé dong nguwdng cuia phan birc xa:

_ en,, (2D) (4.5

T, T,

ny, : Mat do hat tai tai gia tri ngwdng

Jr (th) — en[h dlas —

d.. : Bé day vung hoat dong
ny, (2D) : Mat do hat tai theo dién tich

T, : Thoi gian btrc xa.



* M {300 RSN Y phagpure xa:
- Sai hong cua ban d?@n[h dlas B enth (ZD) (4.5)

ai nod(ERY) =

The CCHC Process o IThe CHHS Process

T
Ny, || Matdo e k}:i tai gia tri nguwdng |
- '(2D) - Mat do hattai theo dién tich N &
'El:

E

r & Thoi gian btrc xa -
/?zw)aé\ ong ngumn khong m @ -
_ 3 N .-
) Jn =eFn dlas . He[b?o Aligrer
e Mat do dong ngudng tong:  Hinh 4.3

e, (2D 3 (4.7)
Jin = AI&TC‘(UQEJ:"FF@’F: nt::]dlas




4.3 Bén trén nquong :

Khi J > J, dorong vach phé gidm do tac dong ctiia BCH va khuéch dai
nhirng mode dat dén mirc nguwdng, dong thoi bd qua cac mode khac.

Mat do dong bom Mat dé photon clia
(Alcm?) mode dinh (cm -2)
10,0 J,, 5600 6,0 X 10°
5,0 Jy, 2800 .|I|||||I|||.|||||| [, 6,0 X 10°
8
2,03, 1120 I Ly, 58X 10
8
1,53, 840 1| Lkt Ly, 22 X 20
1,0 J,, 560 2.4 % 108
0,8 J,, 448 3,6 x 10
| T T T | T T | | | | | |
0,792 0,796 0,800 0,804

Budc song Laser (um)

Hinh 4.4: Quang pho 16i ra ctia laser phu thudc mat dé dong bom



Gain Spectrum I

ant Modes

Cavity loss

(b)

(c)

Hinh 4.2

Light Emissiorl

!

le kgT >

(a): Bén du@i ngudng. D6 loi thap
hon méat mat, anh sang phat ra c6
bé rong nhw cha LED.

(b): Tai nguwd&ng Laser. M6t vai mode
sé tr0i hon trong quang pho phat xa

(c): Bén trén ngudng. Phat xa
kich thich vwot troi phat xa tw
phat. Mot mode trdi sé kiém soat
anh sang phat xa.



5. CAC CAU TRUC TIEN TIEN : CAU TRUC
BIEN CHUAN XAC

CAU TRUC LASE
TIEN TIEN
Khéa nang diéu chinh Kha nang digu chinh
H pho dién H h6é quan
Giéng luvong tlr kéo can DBR cho s phat xa I
mat

Hé cong hwédng nhd cho st
thay dGi blrc xa tw phat?

N |__[Chét dién mdi tian hoan
— | Lwong t&r cham? ? cho cac viing cdm photon?

Hinh 4.5: Cac phwong thirc str dung dé ché tao Laser ban dan tién tién.

Luwong tr soi?

LLLL



5.1 LASER CAU TRUC DI THE KEP:

N npE P
Double

Heterostructure Electrons —
299 L 1 1 1

. . 0000000000000
Ving dan 'seeseseseseseese
2090008099 [

Hang rao
di thé

Tai hop

= activ
layer

0000000

00000000000

. . .. |ococoocoooooco
Vung hoa tri 00000000

* Holes O

Hinh 4.6: Cau truc di thé kép

e VVung hoat tinh k/thwéc nhé = Hiéu suat phat quang cao.

e Chiét suat vung hoat tinh > chiét suat vung xung quanh - anh sang ra
la chum hep.



5.2 LASER GIENG LUONG TU:

C&u trac bat gitr hat tai trong
giéng lwvong ti. Vung giéng lugong tir

cho laser
_)- - = - -

e ~+
CB
Ecz
Ecy ]
IEncrgy hv
+ + €<— Eyy g
Ey —_
A~ - - VB I
Cau truc giam gilr sébng quang ““"‘“‘h+

Hinh 4.7
Uu diém:
- D6 khuéch dai I6n &> Can it e va h dé dat nguwdng laser.
- PO mat mat thap - P cao. Khac phuc :
Han ché: 50-100 A°

Qua trinh Auger tang. Vat liéu c6 do khuéch dai cao



-

N
Céc giéng luvgng tr
kéo cang

5.3 Laser giéng lvong twr Keo cang

Stre

biéu chinh vung cam
dén mot vai budc séng
phat ra

y A

cl

S gidm khéi lvong 16
trong dé dat dong laser
ngudng thap hon

a

Pat dén nang lvong
150meV trong vung cam

mang 7

Stre cang cho phép sw
phat laser dé do sw phan
cuc

Kh6i luvong 16 tréng
gidm b&i mot ban dan 3
thanh phan

Su giam ti s6 Auger

Dung strc cang thich
hop, né co thé cé TE,TM,
hoac anh sang khéng
phan cuyc

Su tin cay laser dugc
phét trién

Khéi lvong 16 tréng giam
lam ti s6 Auger thap hon

Sy thanh 1&p strc cang
ngan chan cac ban vao
vung hoat tinh




5.3.1 Kh& nang diéu chinh ving cam
(Bandgap tunability)

Vung-C —» HH
2SR {5
Vung-C —» LH
GG G4 |,
w5 g J f{ >

Strc cang £ =

aL

C :cé4c hang so luc; a ,b :cc su bién dang thé



5.3.2 Dong ngudng giam
(reduced threshold current)
Suy bien HH,LH m

Kénh GaAs Iny ,Ga, gAs Iny ,Ga, gAs

I : 0.6 1 0.6

0.4 04 |— |
[—
0.2 0.2 |my—

0 I 0 I I
0 1 2 0 1 5 O 1

Mat d6 tdm dién tich (cm -2 x 101?)



5.3.3 Kiém soat sw phan cuc
(Polarization Control)

» Cap trang thai HH chi ¢ dao dong TE
»CaptrangthaiLH/TM >4 LH/TE

> Strc cang thay doi sw tach HH,LH, va su chiém
gilr cua ching & dong ngudng
do sv phan cuwc phat ra cua anh sang laser



5.3.4 Sy giam ti s6 Auger
(Reduction in Auger Rates)

E g/trinh Auger

E,qusng min d0: trao doi N/lugng, B/luong

Strc cang t/doi my,  Ejyusng min /01

E,quong min P/thudc my, m,, E;, n/lvong bién doi A
NEu A =const. bai stec cang thi my 1, E;, 1

xac suat d/tlr va l/tréng & cac mae n/lugng nay sé
thap va hé s6 Auger sé thap.

NEu A gan vung cam thi ti s6 Auger c6 thé tang.
Do ti s6 Auger ~ Fn3, nén n,, | vai stkc cang chac chan
ngan chan ti sd Auger.

nguwdng min



5.3.5 Sv tin cay laser (Laser Reliability)

S lan truyén sai hong gua mét vung kéo cang
thi dwgc ngan chan va cac sai hong cd gang di
vao mot vung kéo cang thi bi day Iui lai.

“*Loi ich khéng mong doi nay cua strc cang co
|& la mét trong nhitng lgi ich quan trong boi vi
do tin cay thiét bi la mat van dé quan trong.



5.4. Laser chuoi lwong tlr va cham lwong
tor
(Quantum Wire and Quantum Dot L asers)
* | ngudng thap, dk: f,+ f, - 1> 0 doéi voi kha
nang tiém vao thap nhat

e  M/d0 tr/thai phai cao ¢ E phét laser va thap &
cac murc E khéc dé tat ca cac tai duoc tiem
vao diode cé thé duoc dung dé cai tién f, va

f, & n/lvgng laser.

o  M/d0 tr/thai d/tlr va I/trong phai d/xing dé ca
f,vaf, c6thé cao & su tiém thap .



P/vGi Laser chudi I/ti:
Mat do trang thai cho m0| vung :

N(E) = J_m (E—En)‘“2

Biéu dien m* trong don vi m, vaE trong eV

N\1/2
N(E) = E%} (E-E,) " (1626x107)ev tm™

No6ng do tai trong mét vung la
n= j N(E) f (E)dE



Giéa st la phan bo Boltzmann :
*1/2 1/2 B
n:\/im (kBT) eXp EFn En
T h KT

Do su khac thwong bo vung trong m/do tr/thai,
do loi gan Eg >> do loi giéng |/ tl
c6 kha nang thu dwgoc mot mat do dong ngudong
thap hon.




» Trong cham I/ tr, mat do trang thai la do cac
muc nang lwvong riéng biét trong cau trac.
cO mat do trang thal ham 9.
c6 thé c6 sw ddo nguoc véi mot su tiém dién
tich rat nho.
<*Mo0i cham chi c6 thé c6 2 dén 3 dién tir va 1o
trong & ngudng.



% Tao su giam gilt mat bén clia cac d/tdr va 10 tréng thi

can thiét cho cac cham I/t va chuoi

|/t

«* C6 nhiéu cach da dugc dung dé tao sw giam gilr mat

bén:

> S phat trién trén dé mau : khic ran
hodc cat dé 1 gdc dé tao 1 s sap xé
giam gilr mat bén p/thudc vao g/trin

N hinh V 1én dé
D CAc ng/tlr. Su

N p/trién cac lop

don ng/tlr khac nhau -> 1am chuoi I/tt. (k¥ that rat

yéu)

> S mai mon va tai phat trién :1 giéng I/ttr 1+ mai
mon 1 vatliéu Eg cao tait  sw giam gilr I/twr .
-> Réat kho vi g/trinh mai mon va tai p/trién thi kho hiéu

va kho diéu khién .



Hé laser dé 2

chiéu

Thuan lgi
Po loi vat lieu
cao 0 dong tiém
vao thap

Kha nang do su
phan cwc dé hon

Thach thic

KV thuat xay dwng
rat kho

Céc v/deé ng/trong trong Viéc
dat dwoc y/té lap day cao va
sir gilam gilr quang

Céc thach thirc nghiém
trong trong su tiém d/tich
tlr su t/xdc- cac v/dé nhiét

hoa tai.




0. cAc; CAU TRUC CAO CAP:
PO HOC (HOP) CONG HUONG

6.1 HOp Fabry-Perot
Vung khong gian gilra cac mode Fabry-Perot

Ak =7 /L
Ao = v
4 L

v la van toc anh sang .
L : Chiéu dai hop



Su giam gilt ngang:
Xéac dinh cac mode
ngang ma no duoc

tao ra trong suw phat ra.

N

18 mode

e

/\dT\ / L \

Cau trac hop cong
hwéng:

P Xac dinh yéu td giam
gitt quang I

e chi mode tr/ thai nén

bi k/thich

Chiéu dai hép:
Xac dinh khong gian

2"dmode

/\

Rrd mode

/N

A
(o8
3

\/

A

v
A

dr

Hinh 6.1: Cac thong s6 hinh hoc khac nhau ctia mot laser Fabry-Perot va
s quan trong cla ching doi voi sy phat xa laser. Mot gidn do clia cac
mode mat bén khac nhau duoc minh hoa.

v



Cau truc cua mot laser diode Fabry-Per ot

p-side electrode

Mat gwong dielectric film

p-type GaAs (InGaAsP) cap
layer

+ Mat guong

Ll

;= Dong
~—

Anh sang ph/xa

p-type AlGaAs (InP)

GaAs or AlGaAs
(InGaAsP) active layer

\ n-type AlGaAs (InP)

n-type AlGaAs (InP) substrate

\

n-side electrode
( ) for InGaAsP/InP laser




Cac ng/ tir trén mat mang (110)
MOi ng/tlr cb 4 lién két:
* 2 I/két trong mat (110)
e 1 I/két ndi v&i moi ng/tlr gan ké
cac mat (110)
m) \/iéc tach c&c mat gan k& can pha v 1
I/két trén ng/tir.

) 4

(a)

(i) laser c/triic di thé p/trién doc theo
(001) v@i t/xac ohmic & cac mat trén
vamat duoi.

(

(ii) Cat thanh céac thanh doc theo
1 chigu (110)

. (iii) Céc thanh tach ra cac manh
doc theo chiéu (110) khac.

(b)
Hinh 6.2: (a) Mat cat cla c/tric phatron kém cé cac mat ké duoc noi

b&i mot I/két don. (b) Céach dung s/xuét 1 hop Fabry — Perot gobm
tach 1 16p dém cé chira c/tric laser di6t.



\Vung soc hep
A *
Anh Ving | Ving soc hep mode ngang don
sang SOC \ )
: ron \Vung soc rong
phat ong )
ra \ * mode ngang da phan

Cac néc (kinks)

Dong tiém vao

Hinh 6.3: Su dich chuyén trong cadc mode
ngang tham giam vao su phat quang cla
mot laser sinh ra cac nac trong duong
cong dong — anh sang phat ra.




< PE tranh vét ndc ma nd sinh ra nhiéu trong truyén quang ta
cO 2 cach:
> HOp dan do loi (Gain guided cavities)
> Hop dan chi s6 (Index guided cavities)
Hop dan do loi |
Cltric b/dan dc ph * 14w~ 7 Eé rong viing soc

nd,egC?«gHb;ng haPiheo chiau .
Thuc ra, nac n rat nhé nén ko la y/td chinh x/d

/ d‘-’”gl“"de ngang. . B /fww Mat do dong
n th/doi do sy phun tai trong vung soc, sv th/doi  » ~—— -+ ohat

nay la 1 hiéu rng khang dan. AL

Tuy nhién, do g ko déng nhat manh nén //\\’ Nong do hat tai

g tao ra hiéu ng dan £ —
Laser dan do lgi khd h/dong & mode ngang don T
trir kKhi dp ~2 um, I gy5ng T dO 1/l 1 |

‘ HOp quang dan chiét suat _gjgt\f!;_k D0 loi
f §
® ’ ‘L




Hop dan chiét suat

Dua vao 1 bac trong sw th/d6i ch/suat & mat bén.

Pé tao mot bac ch/suat mat bén:

Tao 1 I&p don nguyén tir # laser thudng -> mai mon con vai vung
cd micron -> tai ph/trién quang vung h/tinh bai 1 vat liéu Eg 16n.

Laser c/tric di thé mai tang:

v Ko bivétnactrgdgcongas

v Anh séng ra la mode don —
v Dong ngudng rat nho ] T

v’ C6 day du wu diém cua t/c di
v Vung h/tinh ¢6 c/trac giéng |

p-AlGaAs

— n-AlGaAs




6.2. Laser Phan B6 Ho6i Tiép
(The Distributed Feddback L asers)

Laser hdp F-P c6 mét sb bat loi:

Do d ung 1 gwong don tao tr/thai nén nén ko cé 1 mode
guang nao dc wu tién.

Viéc xd mode nao troi hon trg pho g thi do t/c dién cla vung
h/tinh xd.

Vung k/gian mode chi 4-5 A, phé g rat phang nén nhiéu
mode tat trg laser ra

Bé rong tia laser c& 20 A , moi mode cuc ky hep
HOp cong hudng cé thé tw n6 cung cap sw lva chon mode

ha.y khéng? A N A = = N
_aser Phan BO HoOI1 Tié
I P



Laser Phan B0 Vung h/tinh

Laser DFB c6 su lva chon mode dua vao su lan
truyén séng trong c/truc t/hoan.

€ 1-GaAs substrate
Trong c/tr ac t/hoan, h/irng dac biét xay ra khi & AuGe-Ni contae

b/sbng cua séng ~ b/séng cua c/trdc t/hoan.

Trong b/dan, diéu dé lién quan téi nhiéu xa Bragg Anh sang ra

Trong c/tr uc laser DFB: C6 1 lwdi t/hoan.
Truong song quang

Ché tao:

v'Tao c/tric laser co ban

v"Mai thanh 1 c/trac t/hoan

v'Tai ph/trién Ién 16p trén.

v'Caéi lvéi t/hoan cang gan vung h/tinh cang tot

dé séng quang t/tac manh véi no.

Do s sap xép lw¢i dé tao sai hong, lwdi ko qua

Gan vung h/tinh -> kho ché tao, ton kém >> laser F-P



Cau tao laser DFB

Output




Chan thanh cam on quy thay
va cac ban da quan tam theo
dol.



