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4. NGUONG TREN VA NGUONG DUOI CUA LASER

Khac voi LED hoat fiong tren cd che phat x a td phat tao, laser diode hoat fiong
doda tren cb che phat xa cudng birc. Phat xa kich thich phu thuoc vao so photon co mat
trong vat lieu, va tao nen cac photon co cung méc nang 166ng v6i nhéng photon ban
fiau. Nay chinh la nguyen nhan tao anh sang boc xa ket hdp trong laser diode.
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Hinh 4.1: Anh sang phat ra t6i laser ban dan phu thuoc mat fio. dong b6m. Ben

tren ng6ong phat xa kich thich voot troi.

To hinh 4.1 ta thay : Anh sang loi ra to laser fiiot trinh bay s¢ thay fioi kha bat
ngd trong hoat fiong cua laser fiiot 6 ben tren va ben dodi Aieu kien ngédng.

- Nieu kien ngé6ng Addc fionh nghoa la fiieu kien ma fo khuech fai cua he

cong hudng vuwot qua so ton hao trong he cong hodng cho bat ky nang | wong cua
photon nao, khi fio:

Fg(hm):aloss—ml_R (4.1)

- Mot fai 166ng khac fiddc fionh nghéa trong laser la fiieu kien truyen qua khi
anh sang fii qua khong hap thu hoac khuech fiai, nghia la:

r'g(hn)=0 (4.2)



Khi 16p p-n cau tao nen laser ban dan fi6dc phan coc thuan, e va lo trong id6c
bdm vao vung hoat fiong cua laser. Cac electron va lo trong tai hdp fi e phat ra photon.
Nieu nay quan trong fie nhan ra hai vung hoat fiong rieng biet cua laser. Theo hinh
4.1, khi dong phan céc thuan nho thi so electron va lo trong fid6c bém vao nho. Do fio
fio khuech fAai cua thiet bo rat nho so véi hao phi trong he cong hé6ng. Nhéng photon
fiddc phat ra hoac bo hap thui trong he cong h66ng hoac mat mat ra ben ngoai. Vi vay,
se khong co sl tich luy photon trong he cong h6éng. Tuy nhien, khi dong phan coc
thuan tang len, soi hat tai iddc b6m vao tang cho fien khi fiieu kien ngdédng Adoc thoa
man. Photon bat fiau fi6dc tich luy trong he cong h6dng. Khi dong phan céc thuan voot
qua gia tro ngdoing, phat xa cam éng bat fiau xay ra va troi hon phat xa té phat. Nhéing
photon cua anh sang loi ra thoa man fiieu kien ngédng trd nen rat manh. (Hinh 4.2)
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Hinh 4.2: (a) Ben d6di ngddng. No khuech fiai thap hén nhieu so vdi mat ma, anh sang
phat ra co be rong giong nhé mot LED. (b) Tai ngédng. Mot vai mode bat fiau noi troi trong



quang pho phat xa. (c) Ben tren ngddng. Phat xa kich thich voot troi phat xa td phat. Mot
mode troi nhat sel kiem soat anh sang phat xa.
4.1. Ben d66i ngdding:

- Ben dodi ngddng, laser fiiot hoat fiong nhé mot fien LED ngoai trd viec laser
filot co s6 hao phi trong he cong hédng cao, do ben trong he co nhéng gdédng phan xa
lam cho mot so photon khong the thoat ra.

Nat B| lahel so phan bo cua nhdng photon khong the thoat ra ben ngoai. Khi fio
0Sss
dong photon phat ra fiééc tinh :
| = (1 - loss) (total e -h recombination per second) (10.26)
p
_ _ | 10.27
! ph (1_ Bloss)(RsponAdlas) o (1_ Bloss) g ( ' )
A\: dien tich he cong héding cua laser
dlas: be day cua 16p hoat fiong nbi xay ra so tai hop
| : dong phun.
Anh sang loi ra | IOhtharp hon anh sang loi ra t6 fien LED boi vi nhdng photon mat
mat theo he so Bloss'
- Ne khao sat qua trinh hoat fiong cua laser ben tren ngédng, chung ta se xem xet
sO tobong tac qua lai cua cac photon va electron qua nhdng cong thdc. Trong chédng

nay chung ta chg tap trung nghien céu anh sang loi ra la mot ham cua dong phun trong
nhéing mode hoat fiong khac nhau cua laser. Chung ta se viet cong théc fionh 16 6ng cua

hai fiai 166ng nay.
Goi:
Sm: so photon tren mot fién vo dien tich trong mode m
n2D : mat fio hat tai (that)
Em: nang 166ng cua mode m
No thay fioi cua mat fio photon = phat xa cam 6ng — fio: mat mat do hel cong h66ng

+ phat xa té' phat.
Hay:

) (10.28)

d
dStm:[Fg(nZD 'En )—ac]r?snﬁ' B Rsp(n

nr : chiet suat cua moi trédng

ac: he so. mat mat trong he cong hodng (sé hap thu + photon mat mat do thoat ra
khoi he cong h6ong)



o =a__+1InR (10.29)
C 0ss L
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[3 : he so phat xa tdl phat, fiai diein cho sé' phan boi cua tong so photon phat xa té phat
ra trong mode fac biet. ([3 co gia tro khoang 10 — 10° cho nhéng he cong hédng
Fabry-Perot).
e Phat xa cam 6ng : R~ fio khuech fiai x van toc cua anh sang x mat fio photon
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Thai gian song cua photon trong he cong hténg fiddc tinh :
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Cong thdc xac fionh s6i thay fioi cua mat fio hat tai theo thoi gian : (chung ta chz
xet fien phan bdc xa, phan khong béc xa se xet trong phan 10.4.1)

dn,, J, C
Ca = R ST E)Sy (1030

J . :mat fio dong cua phan phat xa

rad
J =3-3 (10.31)

No giam hat tai la do cac qua trinh tai hop t6 phat va tai hdp cam dng. Nhéng
cong thoc fio 16n nay se fiddc thao luan chi tiet hon trong chéong sau, khi nghien céu
ve cau tra 16i choc nang cua laser. Trong phan nay chung ta chz nghien cou trang thai
dong, fiao ham theo thdi gian bang 0. Khi fio t6/ cong thoc (10.28) va(10.29) cho ta:

B Ry (Np) (10.32)
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Giai quyet sdi lap fii lap lai cua cap bieu thoc trein ta sei t hiet lap fid6c moi lien he gida
J va mat fio photon trong nhéng mode khac nhau. Trong qua trinh thdc hien nhdng
phep tinh nay, luon co nhuing s& gia fionh theo sau:

i) Mat fio photon va hat tai fid6c gia fionh la khong b ien hoa theo chieu dai cua he!
cong hédng. Ve nguyen tac, co sO bien fioi khong gian trong nhéng mode dong cua
cac mode ngang va doc. Nhong sé anh h6dng cua bien fioi khong gian nay khong quan
trong fioi voi laser ban dan.

i) Chiet suat khong bien fioi trong toan khong gian.

iii) Thoa so giam gid r va thoa so phat xa td' phat [3 khong phu thuoc vao dong
phun.

iv) Anh h6dng cua sd nen do khuech fai thi khong fiang ke.

Chu y rang, tai fiieu kien ngéong ta co: Oy, — % =0, khi filo mat fio photon trong

mode m la;

s,-" 2 oM g, g E] (039

m

Nho fia biet td bieu thdc cua fio khuech fiai va hinh 10.4, iddng cong tz le gida o
khuech fai va nang 166ng photon co mot fignh tai mot so. méc nang 166ng. Khi fio
khuech fiai tang len, mode gan vo tri fizgnh nhat se co s6 phan bo cao cua mat fio
photon. Nhéng mode & xa fizgnh sel co mat fio: photon thap hon. Neu goi p la mode t66ng
f6ong voi fienh cua fidGng cong khuech fiai, ¢ hung ta co the viet dg/dA =0 tai fiznh,
fioi vOi moc nang 166ng E gan moc nang 160ng khuech fai céc fiai E p, ta co:

(}\’s_}“p)2 dzg
2 dr?

9(E)=9(E)-

Khi dong bom tang len, s6 chenh lech gth_g(Ep) giam fien 0 fe Sp tang nhanh

chong. Noi véi nhéng mode khac, fio chenh lech Oy~ g(ES) fiat fien gidi han.

2.)% g2
(s=p)" d%g (10.35)

gth_g(Es)_) 2 d}\‘Z
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Hinh 10.8: The spectral output of a quantum well laser as a fuction of injected current. Result
are for a 50A° GaAs/Alg3Gay, 7As laser with threshold current density of 560A/cm 2



- Ngay tai va xung quanh dong ng6dng, co so 166ng 16n cac mode trong he cong
hodng laser tham gia vao qua trinh phat xa photon. Tuy nhien, khi laser fié6c don nen
chat che, fiznh chinh bat fiau troi hén va nhéng mode khac tré nen t66ng fioi yeu.
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Hinh 10.9 : A typical depdendence of photon density and electron (hold) density in a Fabry —
Perot laser. The results are shown for 80 GaAs/Al ,3Gag ;As quantum well laser.

- Mot so nhan xet quan trong phai A66c xem xet trong qua trinh thanh lap cong
thoc cua trang thai dong:

i) Mat fio hat tai trong vung hoat fiong bat iau tang len khi laser fi6dc bém to
dong 0, mat fio hat tai fién gian la:

J 1
n,, —_rad’r  (10.36)
e
Khi phat xa cam 6ng bat flau va t, bat fiau giam nhanh, gia tro cua N, tien fien gia tro
bao hoa. Ket qua fiien hinh Addc trinh bay trong hinh 10.9. Chu y rang nong fiol hat tai
phu' thuoc vao dong fiédc kiem soat boi thda so B trong pham vi hep. Gia tro rong cua
B co nghéa la co nhieu so tai hop e -h fiang dien ra trong mode laser.

i) SO ty le cua tong so photon loi ra va dong bdm co mot fiiem uon nho trinh
bay tren hinh 10.6 khi hoat fiong laser bat fiau dien ra. Noi voi mot he cong hédng
laser co gia tro [3 cao, so' phat xa ket hop bat fau xay ra tai dong bém rat thap, khi fio
co s6 phan bo cua nhdng photon lang phi thap. Ta co the thdc hien viec tan g gia tro g
bang cach thiet ke nhéing he cong hédng quang hoc fiac biet, fileu nay se Ad6C thao



luan & phan sau. Tuy nhien, gia tro cua [3 ~10* - 10”° cho nhéing ky thuat laser hien
tai.

iii) Mode fignh cua qua trinh phat xa di chuyen cung voi moc dong, vi vay, fiznh
cua fivdng cong khuech fai di chuyen khong fiang ke khi thiet bo ficdc bom. Them vao
fio, anh hoong fio rong vung cam cua ban dan thay fioi khong fi ang ke khi nhéing cap
e-h Ad6c phun vao. Hinh 10.10 mo ta s& di chuyen fiien hinh cua b6dc song fiztnh mode
khi thiet bo ib6c phun dong hat tai.

iv) He cong hodng Fabry-Perot khong cung cap cho ta s& 6u tien cua mot hay
nhéng mode doc i6oc cho phep. Ve nguyen tac, tat ca cac mode fieu co the tao laser.
Mode tuyen chon fiédc cung cap bdi quang pho khuech fiai, nghda la, t6 nhding fiac tinh
filen cua vung hoat fiong. Vi vay, fidéng vien cua quang pho loi ra cua laser Fabry-
Perot co mot vai mode. Be rong cua fi6dng vien phu thuoc vao moéc fio dong phun.
Chung ta se thao luan cach thdc thiet ke he cong h66ng quang hoc phu hdp, mot mode
tuyen chon tot hon co the fiddic cung cap.

- Hoat fiong cua laser ban dan phu thuoc vao ca nhdng fiac tinh cua vung hoat
fiong cau tao nen laser va he cong hédng quang hoc tac nhan cua so I6a chon photon.
Trong nhong fioan tiep theo, chung ta se thao luan ve hai van fi e nay fie tao ra trang
thai cua nhéng ky thuat laser.

Hinh 10.10.

10.4.1 DONG KHONG PHAT XA.

- Trong thao luan tren, dong xuat hien trong cac bieu thoc la dong phat xa Jrad.

Dong tong la:

J= Jrad + Jnr (10.37)

Dong khong bdc xal la do soi tai hdp cua e -h ma khong phat ra photon. Dong khong
bdc xa co the qui cho hai nguyen nhan. Thoé nhat la do sai hong cua mang (nhdng cai
bay) co lien quan fien s& tai hdp, tho hai la do soi tai hdp Auger. Sai hong lien quan
fien s6 tai hOp t6ong 6ng vOi mat fio sai hong va thoong rat nho trong cac laser dda
tren ky thuat hien fAai (vd: GaAs hoac InP). Tuy nhien, s6 tai hdp Auger thi phu thuoc
thiet yeu vao dai cau truc cua vat lieu hoat fiong va fi66c kiem soat bdi : fiol rong vung
cam, khoi hat tai va sd fiieu hanh nhiet fio. No 16n Auger fiooc viet:

R =Fnd (10.38)

F : heiso Auger.
+ SO phu thuoc chat che cua s6' tai hop Auger vao mat fio hat tai. Chung ta fia
thao luan 6 tren mat fio hat tai trong laser bao hoa tai gia o M, (=N, (th) 'dlas)'

Khi mat fio hat tai fiat gia tro nth, fio khuech fai cua he cong hodng can bang vai hao
phi do he cong hédng, fie nm khong phu thuoc vao cac qua trinh khong béc xa. Dong

ngoéong nodc viet:



J (th)= enpdias (10.39)

Tr
— 3
J  (thy=eFn>d  (10.40)
d : be day vung hoat fiong cua laser.
as

Tong dong ngddng la:

3, =3 (th)+3_(th) (10.41)

+ Phan tai hop Auger (cua dong ngdong) phu thuoc vao fio rong vung cam cua
vat lieu va sd van hanh nhiet fio. Trong nhéng laser cd s6 GaAs, phan nay rat khong
fiang ke, nhong trong nhéng laser 1,3um va 1,55 pm, dong Auger co the fiang quan
tam.

- Cuoi cung la sd phu thuoc vao viec thiet ke | aser, mot phan cac electron va lo
trong AGOC phun vao se roi rz qua vung hoat fiong va soi tai hdp trong nhdng vung p va n
trung tinh. Dong rol rz2 nay fia fiddic thao luan & chddng trode cho fien LED. Dong nay
fia i6dc them vao trong dong tong. Dong roi rz nay trd n en rat 16n khi nhiet fio tang len
va la nhan to quan trong trong sé' phu thuoc vao nhiet fio cua don g laser ngé6ing.

- Nieu nay fi6dc chu y trong phan thao luan nay, fioi véi mot dong ngdéng thap,
viec sé dung mot vung hoat fiong kich thich loai p se hou ich. Nieu nay la do khoi
I66ng cua cac lo trong nang hon nhieu, fio la nguyen nhan gia tro cua fh nho hon
nhieu so voi f € cho cung mot qua trinh bdm hat tai. Bang viec kich thich loai p, co the
lam tang f P va do do dong ngéding can mat fio dong bém thap hén. Trong vi dui 10.7,
chung ta nghien céu sé' khac biet ma kich thich loai p co the lam trong mat nay.

- Chung ta cung chg ra rang, trong mot laser ban dan déoi che fiol hoat fiong phat
laser, mat fio dong phun la ~10*®. Tai mat fio nay co hieu 6ng tai chuan hop fio rong
vung cam nhoé fia thao luan trong chédng 4. Hieu 6ng nay la nguyen nhan cua sé anh
hdé6ng fio rong vung cam. Cung tai nhdng mat fio. nay co nhéng hieu 6ng khong kich
thich thiet yeu.

« VD10.3. Theo nhd cong théc gan fiung Joyce -Dixon, moi quan hel gida mdc
Fermi va nong fio hat tai iddc bieu hien qua cong thoc 10.14 va 10.15. Hay tinh mat
fio hat tai can cho fiieu kien truyen qua trong GaAs tai 300K va 77K. Nieu kien truyen
qua fi6dic Aonh nghda la trang thai ma fio: khuech fiai c dc fiai la zero (nghéa la: tia sang
truyen qua khong mat mat hoac khuech fiai). Tinh fiieu kien truyen qua véi nang 166ng
photon bang fio rong vung cam.

- Taii nhiet fio phong (300K) mat fio trang thai cua vung hoa tro va vung dan la:
NV= 7x10® cm?®

NC= 4,7 x 10" cm?
- Tai nhiet o 77K ;



NV: 0,91 x 108 cm
NC: 0,61 x 10 cm™

Trong laser ban dan, so 1606ng cac electron va lo trong fiddc phun vao vung hoat
fiong la todng AGOGng nhau. Chung ta se tim Addc fAieu kien truyen qua cho nhding
photon vO6i nang 166ng bang fiol rong vung cam. Phep tinh xap xz thi fién gian : i) Chon
mot gia tro cua n hoac p ; ii) Tinh Eana EFptd cong thdc gan fiung Joycy-Dixon

(10.14), (10.15). iii) Tinh fe, f h_1 va kiem tra chac chan chung 6 tai mep vung.
Phep tinh xap x& t66ng td co the fiddc sd dung fie tim fio khuech Aai la mot ham
cuaiqo .

Chung ta tim thay rang cac vat chat trong suot khi n~1,1 x 10 **cm™ &/ 300K va
n~2,5 x 10’cm™ 6 77K. Nho vay mot yi nghéa la sé giam nang 166ng dong phun xay ra
khi nhiet fio giam xuong.

% VD10.4: Theo nho cau truc di the kep cua laser GaAs 6 300K. Thoa so cua so
giam gid quang hoc thi fiong nhat. Haly tinh mat fio hat tai ngédng khi cho rang no I6n
hén 20% mat fio cua s truyen qua. Neu 16p hoat fiong day 2,0 um, tinh mat fio dong
ngoong.

- Theo vi du 10.3 chung ta co tai gia tro truyen qua:
n=11x10"%cm?
- Mat fio ngdong se' la: 1,32 x 10*® cm
- Thoi gian tai hop boc xal thi xap xz 4 lan théi gian t,, nghta la ~2,4ns. Mat fio dong

en,d_ _ (16X10™°C)(1,32x10°cm ®)(2X00 “cm)
T 2,4x10°s

r
=1,76 x 10*A/cm?.

ngdoing la: 'Jth =

+« VD 10.6: Trong he cong hédng quang hoc co chieu dai 200 pum va nang suat
phan xal cua cac goong la 0,33. S6' mat mat do hap thu trong he cong hoong la 10cm ™.
Hay tinh thdi gian ton tai cua photon trong he cong hédng trédc khi iddc hap thu hoac
bdc xa. Thoi gian fio goi la thdi gian song cua photon T, .

g
- He so mat mat cua photon la:
Oligt = Ojgss TOUR = Ojes —%In R=10- |n(0,§>.'_:>) =65,43 cmt

- Gia tro nay ty le nghich voi khoang cach di chuyen cua photon tréoc khi fi6dc hap
thu hoac bdc xa ra khoi he cong hédng. Vi vay thdi gian song la:

1 3,6
= : =0,51ps
vou 3x10" x65, 43 P

Ton =

tot



« VD 10.7: Xet cac laser cau truc do the kep GaAs/AlGaAs & 300K. Mot laser
co vung hoat fiong khong fiédc Kich thich, mot laser khac thi fiddc kich thich loai p voi
mat fio 8 x 10’cm™. Tinh mat fio dong ngd6ng cuahai loai laser nay voi mat mat do he
cong hédng la 50cm™ va théi gian béc xa la 2,4ns cho ca hai laser. Be day vung hoat
fiong la 0,1 pm.

Vi du nay iddc chon fie chéng minh cu the cho 16i ich cua s pha tap loai p
trong viec giam dong ngddng. BOi vi s6 ton tai cua nhdng lo trong trong trong vung
hoat fiong, nen khong phai bdm méc bang 166ng cao fie tao fio | khuech fai. Tuy nhien,
phai chu y rang s6 pha tap loai p qua nhieu co the la nguyen nhan lam tang s6' mat
mat trong he cong hodng va ca sai hong khong bdc xa (mot so chat pha tap col the
fivoc ket hop 6 nhding vo tri khong fionh hodng trodc trong tinh the).

Ne giai quyet van fie nay, mot chédng trinh may tinh nen fioéc viet. Chédng
trinh nay tinh cac méc Fermi chuan cho cac electron va lo trong, sau fiol xac fionh fio
khuech fiai.

Chung ta co:

n n
EFn = Ec + kBT |:|n TN—Cj|

P 1 p
kT |n tot tot
5T { "BN }

n la mat fio electron (va lo trong) i6oc phun va
ptot = p+ pA
p, la mat fio acceptor. Noi voi nhéng laser khong kich thich, ta tim thay rang gia tro

xap xz 1,1 x 10*® laser fiat fien fiieu kien ngédng. Noi voi nhémg laser kich thich chung
ta co mot gia tro cuan = p = 8,5 x 10*" cm™. Mat fio dong ngddng trong hai trééng hdp
la:

)= (1,1X10"cm™)(0,1x10*cm) (1, 6x10*°¢)

J(undoped
2,4x107°s
= 733 Alcm?®
3(doped) = (8,5x10" cm®)(0,1x10*cm) (1, 6x10 *°c)
2,4x10°s
= 566A/cm?

10.5. CAC CAU TRUC CAO CAP : CAU TRUC NIEN TO CHUAN XAC

Mot trong nhéing 6ng dung quan trong nhat cua laser ban dan la linh voc lan
truyen quang hoc, fiong 16c cho viec thiet ke laser hoan hao lai dong ngé6ng thap va
fio rong cua so bien fAieu 16n. Mot fiong ¢6 thuc fiay khac phai tinh fien nhdng laser



vOi tan so boc xa quan trong cho nhdng 6ng dung fiac biet. Gom co nhdng laser bodc
song dai cho phdéng tien lien lac, nhdng laser bédc song ngan cho nhdng 6éng duing bo
nhd quang hoc,...Cung rat quan trong fie co nhdng laser v 0i be rong tia phat xa hep
neu viec tach bédc song hoac sé phat hien nhéng song déng kha thi trong ph 66ng tien
lien lac quang hoc

Trong chédng nay chung ta se tap trung vao van fie cua dong ngédng thap va
quang pho fién sac trong nhdng laser. Qua trinh hoat fiong cua laser fidoc kiem soat
bdi ca nhdng fiac tinh quang va fien. Trong hinh 10. 11 chung ta trinh bay nhdng
phodng cach hédng fien viec cai tien qua trinh hoat fiong cua laser. Chung ta co the
thay, nhéng phddng phap nay can phai thiet ke méi cho ca nhding trang thai fii en va
trang thai 166ng to

ADVANCED LASER
STRUCTURES
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Quantum wells
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Strained quantum wells DBR for surface emission
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uantum wires? ef
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Hinh 10.11 : Approach used to fabricate advanced semiconductor lasers. Question marks are
placed after approaches where considerable technological challenges remain and whose merit
is not yet established.

10.5.1 LASER CAU TRUC D0 THE KEP.



Nhdng laser thanh cong fiau tien gom co viec s6 dung nhdng 16p hoat fiong voi be
day d > 1 um. Thoa so giam gié quang hoc trong nhéng 16p nay rat cao ( I' ~1,0).
as

Mot fiieu quan trong cain chu y la mat fio 3D cua electron (lo trong) qui fionh viec tao
ra fiieu kien truyen qua la mot gia tro n (fio truyen qua) gia tro nay khong phu thuoc
vao be day cua 16p hoat fiong neu T" ~1,0. Gia tro n rat gan voi nm trong nhdng laser

chat 160ng cao. Mat fio dong can thiet tai ngddng ty le voi mat fio hat tai 2D la:
3, = en, d., _ en,,(threshold) (10.42)
Tr (Jth) Tr (‘]th)
Vi vay, nhding thiet bo véi 16p hoat fiong day, dong ngédng can xdng vdi be day 16p
hoait fiong. Nieu nay fial fiddc thay trong nhoing thiet bo hien tai(Xem hinh 10.12)
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Hinh 10.12 : Dependence of threshold current in double heterostructure lasers on width of the
active region. The threshold current density decreases with the active layer thickness because
the 2_dimentional sheet charge density of the injected charge needed for the threshold
condition decreases inversely with the active layer thickness. At very smal | active layer
thickness d< 50A° the threshold current density increases because the optical wave
confinement factor goes towards zero so that the cavity gain is almost zero.



Khi dlastrﬁ. nen rat nho so voi b6dc song phat xa|, gia tro cua sé giam gié quang
hoc bat fiau giam. Cho nhdng gia tro nho cua d| (~100A°) hieu 6ng 166ng to trd nen
as

quan trong. Nhding 16i ich cua laser gieng 166ng t6 se fiddc thao luan tiep theo.
10.5.2 LASER GIENG LOONG TO.

Trong nhding laser gieng 166ng t6, vung hoat fiong ndi xay ra so tai hdp e-h chi khoang
100A°.C4u truc mot gieng 16dng to laser fiien hinh fiddc mo ta tren hinh 10.13.
Mot vung trong hep fiddc bao quanh bdi mot vung trong rong hén fie tao thanh gieng
160ng t6. Xung quanh gieng la 16p ma day. Thong thddng, gieng 166ng t0 N6oC bao
quanh mot vung giong dang “pheu”, fie nhdng electron va lo trong tap trung vao gieng.
Nhong gieng 160ng to: laser AdGc MmO rong them fie fiat AGOC ngdong laser thap.
L&i ich cua no trong nhdng 6ng duing cua ngddng thap fien té viec mat fio fiac biet cua
cac trang thai ma he thong chuan 2D co fidéic. Hinh 10.14 tri nh bay mat fio trang thai
cho cac dai parabol trong mot gieng 166ng t6. Niem quan trong can chu yi la mat fio
cua cac trang thai nay tien fien 0 tai mep vung t rong he thong 3D, con trong he thong
2D (va 1D) thi mat fio trang thai nay la khac 0. Ket qua, khi cac hat tai iéoc phun vao
trong gieng 160ng t0, tao ra so 166ng cua sé ¢ hiem fiong va mat fio trang thai tai mep
vung tang len rat nhanh trong he thong 3D. Nong théi thoa so giam gié. T thi nhol trong
gieng 1606ng to, fio khuech fai I'g co the AGOC cai tien bang he thong gieng 166ng to.
Chung ta xem xet trodng hdp gieng 166ng to hep, cht nhdng trang thai cd ban cua
cac dai con vung dan va vung hoa tri iddc lap fay. Nat EF, E", va E{h fiai dien cac

trang thai cd ban cua electron, lo trong nang va lo trong nhe trong hinh 10.14.
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Hinh 10.13: A typical quantum well laser structure for low threshold lasres. The densit y of
states in the 2D quantum well allows one to achieve the condition for inversion of bands at a
lower injection density. This result in a lower threshold current. A cladding layer with a high
bandgap surrounds the quantum well so that the optical wave i s confined as much as possible
near the quantum well to get a high confinement factor.

Trong gidi han cua s6 chiem fiong dai fién ta co:

m, (- dE
n=——=-|_
nh” & E-E;
exp n+1
KT
m;kBT ( EFn B Ele]
= In<1+exp| ——— 10.43
nh? KT (1043)
Hay:
. nr 7
B, =B +kTIn| exp kT -1 (10.44)

Noi vdi mat fio lo trong ta co (cho ca trang thai cd ban dai con cua lo trong nang
va lo trong nhe).

m, dE m, dE
T | E. —E nh ‘& E,—E (10.45)
exp| " |+1 expl P |+1

Voi m;h var M, la mat fio be mat cua nhding khoi trang thai cua cac dai con lo
trong nang va lo trong nhe. Chu y rang nhéing khoi nay phui vao kich th66c cua gieng
166ing t& va cac dai lo trong naing va lo trong nhe thi khong co dang par abol cho hau
het cac gieng 166ng t6. Tuy nhien, fie tranh viec tinh toan qui fionh trong mot may tinh,
ta co the sd dung cong thdc xap xz iién gian sau:



* hh
m, KT (El B EFD)
=B | nd1+exp~—2L
p Y P T (10.46)
* lh _ E
+mh—k2T In{1+ expu
nh 8
Neu : EM-E">k,T (10.47)

Chung ta co the lap mot cong thdc xap x& cho nhding dai con lo trong nhe chda
AGoc lap fiay va fat fidoc cong thdc phan tich cho B, quy fionh cua p nhd chung ta fa

lam cho dai con cua electron. Vi vay, fie: fiat A60c E tG p chung ta can lap fii lap lai

phep tinh cong thdc fie trd nen fidn gian.

Ne tim fio khuech fiai cua vat lieu trong cau truc gieng 166ng té, chung ta sd
dung nhdng cong théc fia nhan Addc trong chédng 4 ve cac qua trinh hap thu trong
gieng 166ng to. Tai fliem nay. No thi quan trong fiel chu y. nhding qui tac I6a chon phan
cdc quan trong fien t6! bdc tranh trong cac he thong gieng 166ng t0. Chung ta nhé rang
sO chuyen bien td lo trong nang fien electron coimot s lien ket manh vdi anh sang
phan cdc x-y (phan cdc TE) voi z la chieu tang cua gieng 160ng to, tro ng khi fio trang
thai cua lo trong nhei chz lien ket v6i anh sang phan coc z (phan cdc TM). Chung ta
tom tat fiol ben cua sdi lien ket vai s6 phan cdc khac nhau bdi viec nghien céu cac yeu
to ma tran xung 166ng.

e Phan cOc TE:

Lo trong nang = Vung dan : ‘ Pis ‘2 -1 ‘< Py | px|5>‘2 = %4Ep
Lo trong nhe = Vung dan : ‘ Pis ‘2 = %‘< Px | px|S >‘2 = mI;ZEp
e Phan coc TM
Lo trong nang > Vung dan : |p, | =0
Lo trong nhe > Vung dan : ‘ o ‘2 = §|< SMINE >|2 = nng (10.48)

Voi E_ la gioi han nang 160ng voi mot gia tro xap x& : E, = 22eV cho hau het cac

ban dan.



Nhong quy tac phat hien s6 phan coic co anh h66ng quan trong cho cac laser gieng
166ng t6 vai cac dai lo trong nang va lo trong nhel khong suy bien, do fio s6' chiem
flong thi khac nhau. Thong th6dng, khi cac dai lo trong nang gan moc  E., hon dai lo

trong nhe se co s6 fiao ngddc man h trong dai lo trong nang. Ket qua, anh sang loi ra
chu yeu la phan cdc TE, nghta la: s6 phan céc vuong goc vOi chieu tang theo truc z.
No khuech fiai cua s6 phan céc TE va TM trong gieng 166ng té co the fiddc viet

. \ th . ‘ h
cho dai con vung hoa tro M va dai con vung dan n"" la:

ne’h ) i
N, (72 f (ESK))+f (EM -1
nrcmoz\Ngoho) (. ®)|p”m| [e( 2 (K) + T (Ey) ]
(10.49)

O (h00) =

Voi N, (7®) la mat fio lien ket cua cac dai e-h.

Yeu toima tran cua xung 160ng la:

P = [ 07(DON (A2 < S|P > (1050

Vi gZ”(Z) va g&”(Z) la cac ham bien cua electron va loi trong, U\;n la trang thai
trung tam cua lo trong. S6 trung lap giéa cac ham bien cua cac dai la sé hdp nhat co
ban khi n =m (nghéa la: CB1 > HH1 hay CB1 - LH1) va 0 khin #m (vidu : CB1 -
HH2 hoac CB2 - LH1, v.v..) trd khi co mot trdéng fiien fii ngang qua gieng 166ng to.
Cac yeu to ma tran xung 166ng cua P, fia thao luan chi tiet trong ché6ng 4 va cho ta
cong thoc 10.48

Niem quan trong can chu y: laviec xem xet 16i ich cua cac laser gieng 166ng té so voi
cac laser cau truc do the kep. Trong cac laser cau truc do the kep, voi he so giam gi6

I" ~1,0,fo khuech fiai co the fiat fien 10*cm™. Tuy nhien, trong mot hel cong hoong
chat 166ng cao, so' hao phi chz ~30 — 50 cm™, do fio Alieu nay khong can thiet va khong
s0 dung cho tiem nang fio khuech fiai cao. Trong mot laser geing 166ng to, fio khuech
Aai cua he cong h6dng I'g co the che fiat fien 100cm ™ la nhieu nhat. Tuy nhien, nho
the thi fia rat thoa fiang. Vi vay, co the giam dong ngédng fiang ke bang viec s dung
cac laser gieng 166ng to.

Chu y rang cau truc gieng 166ng t6 khong phai luc nao cung tot hon mot laser cau truc
do the kep. Nac biet la trong nhéng khe vat lieu hep voi hieu 6ng Auger chiem éu the.
Do thoa soi giam gid quang hoc nho hon, nen laser gieng 166ng td can fio khuech fAai



vat lieu cao hdn so vbi mot laser rong. Ket qua la, gia tro Ny, co pham vi rong trong
laser gieng 166ng t6. Khi co cac qua trinh Auger, dong ngéong fiddic xac fionh boi:

Jin = enth—dlas + antidms
T

r

(10.51)

Vi so hang thdl hai fiac tréng cho cac qua trinh Auger. Vi viec tang len cua nth trong

cac laser gieng 160ng t6, nen khong can thiet la Jth luon luon giam vai viec giam bel
day cua cua I6p hoat fiong. Vi vay, s6' co mat cua cac qua trinh Auger manh nen ton
taii mot fio rong thich hdp nhat cho cac laser, be rong fio thé6ng rong hon 50 -100A° fioi
vai trédng hop cac qua trinh Auger khong quan trong.



