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Phan I: So lvoc vé Vat ly Laser

|. Lich st cUa Laser

I1. Cac khai niém co ban trong vat ly Laser
I11. Nguyén ly phat birc xa Laser

V. May phat Laser trong thuc té

V. Phan loai Laser

V1. M6 phong may phat Laser khi



|. Lich str cla Laser

e Hién twong phéat xa tw phat trong cac nguén
sang thong thuong.

Absorption and Emission of Radiation by an Atom







 Nam 1917, Einstein da tien doan hién twgong phat xa
cam ung.

[~ Spontaneous Emission [ Absorption [ Stimulated Emission

=




« Nam 1958, cac nha khoa hoc My (Townes va
Schawlow) va Nga (Basov va Prokhorov) doc
lap cong bd cbng trinh vé cach tao ra nguoén
sang thuc té tr nguyén Ii phét xa cam ng.



e Nam1960, T.H.Maiman da ché tao dwgc nguon
sang dau tién hoat ddng theo nguyén li nay.

« LASER (Light Amplification by Stimulated
Emission of Radiation): sw khuéch dai anh
sang bang cach phét blrc xa cdm ¢ng.

Dén flash (thach anh) — — Diiy dién

Guong phin xa
toian phin

Guong bin ma

j+—— Ciing tiic

Nguodn dién

Tinh thé Ruby Xi lanh bing nhim



I1. Cac khai niém co ban trong vat li Laser

e
My

Phat xa tv phat la phat xa xay ra mot cach ngau
nhién khi nguyén tr tr mirc nang luong cao
chuyén vé mirc nang lvong thap.



Phat xa cam tng la phat xa xay ra khi nguyén tu
chuyén tlr mirc nang lvong cao vé mic nang lwvong
thap do sy cd mat cuia mdt photon cam ing.

N




M&i tredng hoat tinh [a mbi trudng bao gdm cac nguyén tir ma trong cau
trdc clia chang co6 san cac mirc nang lvgng nira bén hodc ¢6 kha nang tao ra
cac mirc nang lwong nira bén. Méi tredng hoat tinh cé kha nang phat ra birc
Xa Laser.

Vi du doéi véi hé 3 mirc:

Niang lugong thot gian
nguyén tir Q song~ 107/ s

A trang thai
kich thich

Thoi gian séng ™~ 103 s

.. 99090 .

trang thai
nua bén

trang thai
co ban



 MOI trvong mat do dao 1on la moi trvong chira
cac nguyén tir ¢ trang tha kich thich va trong
cac nguyén tr kich thich nay s6 electron & muc
nang lvong cao nhiéu hon s6 eectron & muc
nang lvong thap.

« Bom la dung mot t&c nhan nao dé dé kich
thich cac nguyén tir tao ra moi treong mat doé
dao 1on.



I11. Nguyeén |i phat birc xa Laser

e Can co mot madi trvong hoat tinh.

e DUng cac phuvong phap bom dé lam cho mai
trwong do tro thanh moi truong co6 mat dé dao
lOn.

e Can dung moét co cdu dé khuéch dai blrc xa
phat ra. Co cau nay goi labubng cdong hudng.



Vi du vé bubng cbng huéng clua may phat
L aser Ruby

Pén flash (thach anh) — — Diy dién

Guong phian xa
toian phan

Guwong bin ma

Xi lanh bing nhém

Tinh thé Ruby



Energie-
pumpe Resonator

Spiegel Blitzlampe teildurchlassiger
(Quarzrohre) Spiegel
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Budng cong huong

Hiéu ung thac
burc xa cam ung

Phan hdi bang
cach phan xa qua
guong cua budng
cong huodng

Pau ra cua
chum Laser




V. Phan loai Laser




V1. M6 phong may phat Laser

Lasers (4.06) ‘:‘ \X\

File Options Help
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. Configure your atom's electronic energy levels
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PHAN I1: LASER BAN DAN

So lwgc Ve tiép xac p-n cdia ban dan thwong
L&p tiép xuc p-n cla ban dan suy bién GaAs
Budng cong hudng cla laser ban dan

Ti€p xUc dong thé don

"iép xUc di thé kép




1. So lwgc Ve tiép xuc p-n cla ban dan
thwong

E E,
¢ E
Fn
E EFp E




Nhng d§ tap chiit donor
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Hudéng khuéch
tian civia 1.3 tréng
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cédc hattai dién.



N, dién tich N, digén tich
‘alm dwong
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2. LOp tiép xac p-n clia ban dan suy bién
GaAs

T T E,
= E Nhitng trang thai
= Nhitng trang E trong [16 tréng]
% tl:}.ii bi lam -
=0 day [cac electron 2h
g | | g
= £, =
L=11]
: I
“ (a) (b)

Hinh 4.11| Gidn d6 ving niang luong don gian héa clia ban din suy bién
[a] loai n va [b] loai p



Gidn do néng lomg Laser Ban dén Gép xie p-n
dung vét licu GaAs

, Tiép xic nhung chua phin cuc Tiep xiic va phén cye
% k. %
Eg:‘ Eg:‘ Z 5
[ [
W — )
By 777 %/W/M 7 b, 2
P P 77

Khi chura tiép xiic



3. Budng cdng hudng clia Laser ban dan



3.2 Laser ban dan hoi tiép phan tan

» Sir dung céch tir Bragg bdng cach lam nhan
l&p bién phan cach gilra hai 16p ban dan cau
thanh laser.



DFB LASER STRUCTURE



LASER BAN DAN

¢ Dac diém chung

¢ Phuong phap kich ithiglidase

\\ -

/—» “Phun dong qua lép tiép xuc p-n\‘

" == Kich thich bang chum dién ti

== Bom quang hoc




1. Bac diém chung
¢ Uu diém:
_ Kich thuwéc rat nho
_ Hé sb té&c dung cd ich rat Ion
_ Co6 kha nang tao day song phat kharong

* Nhuoc diém:

_ BAc don sic vado dinh hudng kém
_ Co6ng suat phéat phu thudc rat 16n vao nhiét dé

Thanh phan hop kim ctia phirc chat ban dan
=) bién doi dd dai song birc xa clia laser



2. Phrong phap kich thich laser ban dan
2.1 Phun dong qua lép tiép xUc p-n

P Mién hoat tinh

p type

%E \ n type T M I
Ep Holes - \ el v I W
&\\\\\\\\“ — Holes INY! by
' - N
Khéng c6 trudng ngoai Khi co trwong ngoal

_ Mién hoat tinh chira déng thoi dién t&r va 10 trong
c6 do day /Dt (dd dai khuéch tan)

=) blrc xa o tan sO AE < hv < (. — ) duoc khuéch dai
khi di qua mién nay.



2. Phurong phap kich thich laser ban dan
2.1 Phun dong qua lép tiép xUc p-n

p-type
— o o ° | AlGaAs
: - conduction band
rYY:
\L' AN photon of light

| 000
- valence band

n-type 900
AlGaAs undoped
GaAs




2. Phrong phap kich thich laser ban dan
2.1 Phun dong qua lép tiép xUc p-n

T|E .

| Power source

.

Silicon

Si0,




2. Phurong phap kich thich laser ban dan
2.1 Phun dong qua lép tiép xUc p-n
3¢ Tinh chat dinh huéng
_Tinh chat dinh hwéng cla chum laser chd yéu do nhiéu xa.

_ PO mod rong cua chum tia: Q = %

_ Su phan bo cuong do bic xa theo géc do nhiéu xa:

Electrical Lead
) nd
SN —K 9 Metal Contact - [

| (9) - 02 Palished End

Junction

Heat Sink
and Electrical

Uutput Contact

Diagram of Semiconductor Laser



2. Phrong phap kich thich laser ban dan
2.1 Phun dong qua lép tiép xUc p-n

* biéu kién ty kich

Hé s6 khuéch dai lwong tir cia mdi tredng hoat tinh

1 1
G=G,+—In—
/ 2L \rlrz
hé sO khuéch dai Khoang cach
nguong gira 2 guong

> may phat ty kich khi: G > G,



2. Phrong phap kich thich laser ban dan
2.1 Phun dong qua lép tiép xUc p-n

* Laser ban dan lam viéc theo ché dé lién tuc & nhiét do
phong

i Al xGal—xAS(p)

_ Dung Diod cau truc kép:-
- GaAs - Al,Ga, ,As(n)

=D Ny ca, as < Neas - laser phat tap trung trong 1op GaAs
(trong mién khuéch dai)

=) Kich thwdc mién hoat tinh nhd hon & dd khuéch dai
tang lén

=) Day GaAs duoc trdng Sn » tda nhiét tot



2. Phrong phap kich thich laser ban dan
2.1 Phun dong qua lép tiép xUc p-n

* U'u diém:

_ Hé s6 tac dung co ich 1on.

Kich thudc nho.

Phurong phép diéu ché bire xa 16i radon gian.

* Nhuvoc diém:

DO kich thudc nho nén cdng suat khéng 16n.

Kho khan trong che tao 16p tiep xdc p-n co E, lon.

Khong nhan dwoc chim laser trong day séng ngan.



2. Phrong phép kich thich laser ban dan
2.2 Kich thich bang chum dién tw

_ Kich thich: chum dién ttr nhanh, nang lvgng ~ 50keV

Chum dién tw

Bandan | |
F:;': C N
!
NN ' Wa’ B}’]TC Xd
/ két hop




2. Phrong phép kich thich laser ban dan
2.2 Kich thich bang chum dién tw

Pién t&r mat nang lwong khi “oanh tac” 1én ban dan

1 Kich thich

Pién tr tr vang HT |én cac mirc cao cua VD: E > AE

l Va cham

Nguyén tlr cCia mang tinh thé

1 Kich thich
bién t&r maéi tr vang HT 1én VD
Qua trinh chuyén dién ttr [én VD duwoc phat trién nhw
“thac 14"



2. Phrong phap kich thich laser ban dan
2.2 Kich thich bang chum dién t

_Moi dién ti trong thac 10 tao mot cap dién ti 10 trong.
_ Bién ti kich thich c6 nang lugng > 3AE
_Téai hop xay ra khi dién tir va 10 tréng tich tu & day ving.
_Mat d6 dong oanh tac du Ién:

=) 5O dién tir va 10 trong & day ving 1on

=) thda man diéu kién: (ue —uny ) 2 AE



2. Phrong phép kich thich laser ban dan
2.2 Kich thich bang chum dién tw

P06 xuyén sau cla dién tir nhanh vao trong ban dan:

= O,llp_l(\/l-l— 22,4E,° —1)

E, : nang lvgng dién tr (MeV)  p: mat do vat chat (g/cm?)
¢ Uudiém:

_ B4c don sic vado dinh hudng cao.

_Cong suat phat 16n.
¢ Nhuoc diém:

__Hé sb tac dung co ich thap (~20%)

~ D0 dai xung cua dong dién ttr phai nho




2. Phrong phap kich thich laser ban dan

2.3 Bom guang hoc: :
ump
* Kich thich mot photon o
_ Dung anh sang kich thich ,/
cO cwong do lon

Laser Output

5

__Nang lwvgng photon: hv > AE

Heat Sink External Mirror
Transparent
Heatspreader
I E
AN ANN2
hv hv



2. Phurong phap kich thich laser ban dan
2.3 Bom guang hoc:

€ Kich thich hai photon
__Nang luvgng photon: hv > %AE

=) hap thu dong thoi 2 phonton

_ Voi laser GaAs: dung laser Néodim dé bom (dd xuyén
sau cla bre xa: 0,3mm ; hé s tac dung co ich: 1%).

Nhuoc diém:

_ Ngubn bom phai c6 cuong do rat 16n. (Laser GaAs.
curong dd nguwdng cua birc xa bom: 16MW/cm?)



2. Phrong phap kich thich laser ban dan
2.3 Bom guang hoc:

Jl| laser material - | "L\_ L\j v_\-,’\

pump pump off ' ' l pump on




PHAN I1: LASER BAN DAN



Loai Laser

Céu tric

X , R Giam cim
T}&p xug g,V ing hoat dong it trong mat
dong thé o phéng tG giay
- 4 ’ Firgs Giam cédm tbt

Tiép xuc don 1 Ving hoat dong & mét phia
. A -GaAs vudng goc vai
di thé g miit phing t&
gifly
. & ' . 1 o Giam cim t6t
Tiép xuc nhi -2/ Y ‘mEGh::‘S‘f“?'“g & ca hai phia
di th A vudng goc vai
1 e 1 - 5
: mét phing tir
gidy
Hinh dang
chum dau
ra dugc dieu
khién bang d¢
khuéch dai
Dj tiép xuc
bi chén viii Giam cim bie
(Hinh dang xg tot & c nhimg
chtuim diu ra mat phang nam
duoc diéu ngang va mat phing
khidnbinghé vuong goc

s6 khiac xa)




So d6 cau trac cla laser diode GaAs lop tiép xic dong thé

« Hat tai trong vung hoat tinh tang hé sd khuc xa cia GaAs

« Sy ting hé so khac xa chi ~0.02, nén ko t6t 1am bd phan dién mdi dan song
e La chum tia do d6 c6 thé thoat ra ngoai thé tich mot
« Bom manh liét |a can thiét dé phat laser

» Dong ngudng cho hoat dong bom vuwot 400Amm-2



Vimg ning hrgng clia tiép xic dong the

71 P b7

2 9




Cuwong do & mat do dong nguong
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KE&t luan veé laser ti€p xuc dong thé

Vén dé chinh voi laser ti€p xtc dong thé la mat do dong ngudng
cao, J,, la qua cao cho trng dung thuc té

- tang theo nhiét do, qué cao tai nhiét do phong, chi lam viéc &
ché dé xung
hasef_tiép x(ic dong thé c6 dac tinh quang hoc ngheo, it giam gilr
at tal
Néu mubn J,, thap: tang ti 1€ phéat xa kich thich va hiéu qua buodng
quang hoc
Pé c6 J,;:
— Giam gilr hat tai trong 1 vung hep
— Tao 0ng dan séng dién mdi quanh viing khuéch dai quang hoc
(tﬁntg mat do photon phat birc xa kich thich) - s giam gilr
photon

Lam thé nao dé ta dat dwoc diéu do6?
L aser diode cau truc di thé




Laser cau truc di thé kép

N GaAs

nGaAlAs
p GaAs
PGaAlAs




L&p chuyén tiép kép

Ban dan ving cdm rong | Egp

Ban dan ving cdm rong | Eg2

bé mét viing dan
A

gl

& mét ving hoa tri

Y4




n N

L&p chuyeén tiép di thé kép dwdi phan
cuc thuan
i

P AlGaAs

90 acceptors

K

T, T e WL L et

" eee

donors

i AlGaAs

I82-16 ——

= i
— % -
L L] L] (T L] EmEgm r_
f—"‘fir: F * + .¥"¥- +
donors i Gads Recombination and
lusinge V..
p AlGaAs hias
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Hinh vé so sanh
dac tinh cua laser

d‘ﬁng thé (a) va dl E, | A~y C
thé kép (b). Laser ' oo £,

dong thé co6 hé so
khic xa thay doi it
hon 1%, condithé .~ _; |,
kép la5%. Sy giam ‘ i ii
gilr photon thé hién T
& biéu do cudi

Refractive
index

ECE 663

[

Refractive
index

Light

|
Active region —>dr«



L aser ti€p xuc di thé kép

_II+

f F F
o L
(0T LU
Cac electron trong wing hia ti E

HEé s6
khuc xa A wL
(¢) Ving hoat An ~ 3%
tith T
Matdd A
photon
(d)

© 1999 5.0. Kazap, Opfoelectronics (Prentice Hall)

(a) Diode tiép xtic di thé
don c6 hai lép tiép xtc giira
cac ban dan cé d6 rong ving
cam khac nhau (GaAs va
AlGaAs).

(b) So d6 ving ning lugng
don gian hoa & ché d9 phén
cuc thuan. Sy tai hgp lai
phat Laser xay ra trong 16p
p-GaAs, lop hoat tinh

(c) Vit li¢u c6 d rong
vung cam cang 16n thi
hé s6 khic xa cang nho

(d) Lép AlGaAs giam
giit photon



Su giam gitr hat tai va photon
 N-Ga_ Al Agp-GaAs|P-Ga, Al As
N |L&p hoat tinh|P

+  GaAsand GaAlAs:

1. C6 hé s6 khic xa khac nhau ¥

NGaalas < Neaas

2. CO E khacnhau E,(GaAlAs) > E,(GaAs)

— D06 rong vung cam khac nhau - tao rao ngan evah
khuéch tan tr GaAs sang GaAlAs - giam gilt hat tai

—  Su khac nhau vé hé sd khic xa = dan song (giam gl
photon)

- E,(GaAlAs) > E(GaAs) = Photon sinh ratrong in GaAs
<8 khong bi hap thu boi GaAlAs.




Oxide

(=1um*) p-Gahs
(~1pm) p-AlGaAs
(~0.15u) GaAs
(~2um) n-AlGaAs
Substrate ik
Laser Beam Metal
Top Metallic Proton Bombarded
Contact ™\ Semi-Insulating Barrier

s W p+ GaAs

p AlGaAs

Active Region
n AlGaAs

n GaAs Substrate

\Elattnm Contact
Emitting Region
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Hé s6 khuc xa & suv giam gi

o~ —
w— ey
o —InGaAs :': 2 g g
88 58
p —InP £ s
InGaAs = N
active
layer n—nP
InP substrate e =
g g
WV V

Figure 5.2 Typical diode structure ceonsisting of four layers on a substrate, index of refraction variation
through the layers, and energy well for electrons.

Active
|
Y

/ \Confined
Wave

Figure 5.3 Side view of an optical field confined in the vertical direction. The portion of the field lying
outside of the active region is less than it would be in the absence of any confinement.



Laser phat xa canh

Cleaved reflecting surface

\

Stripe electrode

Oxide insulator
p-GaAs (Contacting layer)

p-Aleal_XAs (Confining layer)

_—
/

p-GaAs (Active layer)
n-Aleal_XAs (Confining layer)

n-GaAs (Substrate) —— Substrate
2N Electrode

/ \
/

)
I'I Elliptical; ~ / Cleaved reflecting surface
|
8

laser | ;¢ . .
/7 Active region where J>J,;.
\ beam ,, o )
\ /’ (Emission region)
N
-~ 4

Schematic illustration of the the structure of a double heterojunction stripe
contact laser diode

© 1999 S.0. Kasap, Optoelectronics (Prentice Hall)



Laser phat xa canh
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Laser phat xa mat (VCSEL)

Contact

-1

Dielectric mirror

| A .
Pl 2 S 2 S 2 S S S S S S S S A Actlve layer

Dielectric mirror

Substrate

% % Contact
Surface emission
ECE 663



Laser phat xa mat
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VCSEL: Vertcal Cavity Surface Emutting Laser

e

Ordinary LEDs and LDs are edge emitters:

Light out

A much mcre convenient structure is the YCSEL (pronounced as vixel)

¢ Topldimor o 3 .--"‘" ks Lavere
p-type J ER Rl e B : .

Bragg Reflectors By - : RN
n-type {m'““r“!‘hﬂhuti' -



Laser phat xa mat
VCSEL

VCSEL consists of a vertical laser cavity defined by the active region surrounded by
high-reflector(HR) stacks that comprise the mirrors.

Light emission occurs through the top surface.




U'u diém ctia VCSEL

Cau trac dwoc td hop trong cdu hinh méang 2 chiéu.

Dong nguéng thap cé kha nang dat mang mat do cao.

Suw phat xa mat va gan dong nhat voi hinh dang photo detector lam dé dang dinh
hudng va tap trung lai bo song.

Chum tia phat ra hinh tron va phan tan thap thi can cho sw chinh xac quang hoc.
Gia thanh thap béi vi thiét bi duoc hoan chinh va kiém tra du¢i dang miéng.
Dién trd nhiét thap so v&i diode laser phat xa canh.

Van toc truyén cao ma tiéu ton dién nang thap.

Pac tinh dong cua VCSEL

Phat ra buwéc song 850 nm va 1300 nm.
Vat liéu ché tao thdng dung: GaAs, AlGaAs, GalnNAs
Thtr thach doi vi cac k¥ si la lam sao dé ché tao VCSEL c6 cong suét cao.



Gain guided & index guided

(B

Gam-gmded

OUxade-Stripe
Current Confinement
Gain modifies Ime
l(x) leads to lms(X)
Multimode
Im index step -- 0.001
*Dependent on
pumping level
“Antiguiding

X /

Lateral optical continement (X-direction)

J T~

Weakly
Index-gumided

Ridge

Current Confinement
Optical Confinement
Reg(X) & Ime(X)
Single mode
Refractive mdex step
< 0.01
*Antiguiding
*Expensive

Strongly
Index-guided

L_f):ﬁﬂ

—

CMBH

Current Confinement
Optical Confinemsnt
Reg(x)

Stable sinzle mode
Refractive index step
=01
*Very expensive



Diode Lasers

Double-heterostructure architecture is common to diode laser (left). Two
stripe

geometries are used: gain-guided (middle) and index-guided (right
Widebandgap

p-and n-type semiconductor are represented by P and N, respectively.
Current flows through gain-guided structure as shown by arrows; notice
beam shapes produced by all three structures)



Gain guided & Index guided

Heterojunction LD - Guiding fyp{
<(5ain guided
-current density is not uniform laterally
current confined within paths 2 and 3
optical gain highest where the current density greatest
< Index guided
-active layer buried within a wider BG matenals =buned DH structure
active layer is surrounded by lower index = behaves as a waveguide
optical power is confined to the waveguide

n-GaAs (Substrate)




Laser Diode with buried heterostructure (BH)
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Laser cau truc di thé chon




Laser ho lwong tur
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Laser nhiéu ho luvgng tur
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MQW Laser — GRN-SCH Structure
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Advanced LASER Wavelength Design
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(a) A GRINSCH strucmre helps funnel th: carriers into the wells to improve the probability of

recombination. Addinonally, the graded refractive index helps confing the optical mode in the near-
well region. Requires very precise control over lavers due to grading. Almeost alwavs implemented
via MBE

(b} A multiple quantum well structure has improves carrier capiure.

Sometimes the two are combined to give a “digitally graded” device where only two compositions ar:

used but the well thicknesses are varied toimplement an effective “index grade™



Laser giéng luong tir xép tang lién ving dudi

(QWs)

tiém hat tai digni \ /|
: ' \ (QWs)

hy

ving hoat tinh \

lién ving

Vung hoat tinh

(QWs)

hyv

A
C N\ / Tach loc hat tai dién

Vung hoat tinh

Xép ting =Hiéu suat lwgng tir vugt hon 100% va st dung dién 4p phan cuc hiéu qua

= Hiéu suat bo doc cao, do khuéch dai vi phan 16n

Tén xa photon nhanh = mét do dong ngudng twong ddi cao (thong thuong >1 kA/cm?)

Rui Yang's talk



J. Faist, F. Capasso, et al. Science 264, 553 (1994)

QC lasers
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Energy (meV)
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Phwong phap ché tao: MBE hoac
MOCVD
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Type-II Interband Cascade Lasers

carrier injection
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low threshold current, high efficiency, high output power

Rui Yang's talk



Type-II Interband Cascade Design -- An Example
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biéu gi lam cho QC-laser tré nén

dac biét?

Su linh dong trong viéc chon budc sdng phat ra
— d6 day 16p quyét dinh budc sdng phét ra

Ba (rng dung trong cdm bién khi héng ngoai trung/ xa §

Cong suat quang hoc cao ~ 1W, hoat ddong duoc ¢ nhiét d6 phong
— Electron dwoc dung lai ¢ tirng bac

Quatrinh dong luc hoc cla hat tai dién dién racwc nhanh
— Khéng co6 cac dao ddng hoi phuc

Phan cuc tir ngang thuan tly— hiéu qué cao trong ghép anh sang mit phang
— Vi laser

Hé s tang cwong do rong vach pho nho



Laser giéng lwong tir tirng bac

Pa s6 ban dan chta tiép xac p-n phan cuc thuan
noi ma electron sé tai hop véi 10 tréng dé phét ra
blrc xa.

Tuy nhién, QC laser hoat dong theo co ché
chuyén dich lién ving duéi trong giéng luvong te.
Kho khan la bom cho hé théng, van dé nay duoc
gidi quyét bang cach phan cuc dién cho cdu tric
cho phép electron chui ham tir giéng nay dén
giéng tiép theo.

DPay la laser 4 mirc v&i mic thap nhat cla giéng
nay lamuirc cao nhat cla giéng tiép theo.

Chuyén dich gitta nhitng mic 1 va 0 ¢ sv tham
giacla phonon — lam cho quatrinh nay nhanh hon
nhiéu so v6i dich chuyén gira mirc 1 va 2.

unbiased structure
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QC Laser

» Loai laser ban dan méi —duoc phat minh tai
phong thi nghiém Bell vao nam 1994.
« C4u tric ban dan- mot chudi cac giéng luong ti
va hang rao. C6 thé gom tlr 80 dén 800 I6p 45nm[
riéng re.
« Trong moi chudi, nhitng electron thuc hién
chuyén dich gitra nhitng viing dwéi cla giéng
lvong tir, phat ra mot photon.
« VVGi 80 ho#c hon 8 giéng lwong t¢ moi
electron phét ra 80 photon — hiéu suét cao —

trong laser ban dan thwdng moi electron chi Jr"
gay ra mot s phat xa photon. » J\?f
e Budc song 3-27 m (héng ngoai) cdng suat Ién v

dén 1W (hoat ddng & ché dd xung) tai nhiét
dé phong.




Laser lvong t tirng bac THz

KE tlr nam 2002 qua trinh phat trién nhanh cda laser lwong ti tirng bac tan s6 Thz
- budc song Ién dén 150um
Cau trac giéng lvong tr GaAs/AlGaAs — su chia tdch mirc nang lvgng duoc diéu

chinh bang do rong giéng luong tir.

Piéu chinh do rong hang rao va thoi gian chui hAm cho phép diéu khién chinh xac
thoi gian song cula trang thai — cho phép dao 16n mat do

Cau trac giéng lvong tir dwoc 1ap lai 100 lan — 1 electron qua thiét bi tao ra 100
photon —hiéu suét cao.



THz Qc laser

*Ohmic contacts made to top and bottom of device.

Care taken with heat dissipation. ‘Top ohimic

contact and
waveguide
cladding layer

Bottom ohmic
contact

n* doped GaAs——— /

Active region EI'II'.] waveguide Figure:J_Alton

Sl GaAs SuhstrEIE



QC Laser va laser throng

MOt cap electron — 10 trong khi tai hop sé phat ra mot birc xa
Sw tham gia cla electron va 10 tréng: thiét bi ludng cuc

Buédc song duoc diéu khién bdi do rong vung cam cla vat liéu
MOt electron c6 thé phat nhiéu photon (~10)

D6 la thiét bi don cuc

Buwéc song phu thube vao do rong giéng lvong tir (thiét ké)
Nang lwvgng dau ra phu thudc vao sé tang ghép

C6 thé dat dén tan sd THz (khong dat duoc d6i véi laser thuong)
Li twdng cho viéc phat hién , theo ddi 6 nhiém hda hoc v.v....

convetional laser
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Laser giéng lwong ti tirng bac (QC)

« QC Laser dyatrén chuyen dich ndi vung (lién vung dudi) ctia electron bén
trong mot giéng lvong tu.

 Khong gidng cac thiét bi ban dan phat quang khac, budc song phat ra khong
pﬂu thudc vao dd rong vung cdm ma phu thudc vao dé day cua cac I16p thanh
phan.

e Y twdng duoc khoi xwong tir 1971, do Kazarinov va Suris (loffe) da thira
nhan s dao 16n mat dod bang cach phun dong chui ham,

e Nam 1994, Faist va Capasso (Bell) in 1994 da ché tao QC laser dau tién.
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Single Mode Lasers
Approaches to single mode lasers

= Reduce [, sothat A\ is greater thanvwidth of gain spectrum VCSEL

= Make . astrong function of A DFB and DBR

. Make width of gain spactrum narrow quantum dot or gac lasers
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