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BO PHAT QUANG

+ Tiép giap di the kép

# LED — Light Emitting Diode

+ Laser diode - LD

+# Cac nguon laser ban dan don mode

# B6 phat quang
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TIEP GIAP Dl THE KEP (1)

¢ Qua trinh hép thu va phat xa:

. X¢&t hé 2 mirc don gian: ¢6 3 qua trinh co ban
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a) Qua trinh hap thu b) Phat xa tw phat c¢) Phat xa kich thich
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TIEP GIAP Dl THE KEP (2)

< Tiép giap P-N:
. Hinh thanh tir hai loai ban dan loai n va ban dan loai p: Khi
chua dat dién ap phan cuc = C4c hat tai da so khuyéch tan qua
16p tiep gidp = Hinh thanh hang rao thé

. Trang thai can bang thiét 1ap = Ving nghéo (khdng co hat tai

linh dong)
depletionlregion
n side @ @ p side — n-type f
1000019000 | T N\ g
0000|9000
CACRCIHCIICNONCXO,
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TIEP GIAP Dl THE KEP (3)

< Tiép giap P-N:

. Phan cuc nguoc: Ving nghéo mé rong ra, cac dién tir va cac 16
trong khé gip nhau dé tai hop phat ra &nh sang = Str dung trong

photodiode.
Reversed hiased
Minority carrier flow Valence hand
— /
n side i i p side j
0,0 | Noxe)
O | NONO,
O | 00
Conductian hand ﬂl’idcned dBp;Btiﬂl‘l re,gic-:1

+ J—
s
External battery
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TIEP GIAP Dl THE KEP (4)

< Tiép giap P-N: o
. Phan cuc thuan: Vung ngheo hep lai hay hang rao thé thap
xudng = cac dién tir va cac 10 trong duoc bom vao viing nghéo
dé dang tai hop phat ra anh sang.

. Quan h¢ giira dong chay qua tiép giap va thé dit vao:
I' = Llexp(qV /ksT) — 1],

Narrowed depletion region

_— - - - I
EC n side i p side
M 988111938
| ®
. T1O00- 10008
n-type ' e
External Ib:atter:,i
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TIEP GIAP Dl THE KEP (5)

. Cau tric dong thé: cac hat tai khéng bi giam hdm = hiéu suat phat

xa kem. %
. Céu trl,,IC dl thé kép. gé\)m 3 lép Co bén n-type /f/tiue p-type

7 4 . P m Conduction
-,LO’p ban dan mong & gitra c0 E; nho (16p e L
tich cuc)
: X . A Bl mendew | o
- Hai 16p ban dan p va n hai bén co E; 16n  © I
hon (CaF 16p han ché¢) | |
. Uu diém: : Jan=ni-ny
= Giam hé.m hat tdl i I[ Mode
] N . | profile
- Giam ham photon s * 1'
l
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<& ,( y 9 Metal -ty H-type etype p-type p-type Miztal
° comtach LEHIYS Gy Al A Ciany _ Al As Gy Al As CiaAs contact
** Cau truc cua LED: :

Light guiding Becombination | Light puiding | Metal contact

’( , R "7\ , and carrier region and curnier improvemen 3
t d th k confinement comfinement layer
. Cau trdc di thé kép
= [ gm =L} pm = 1 pm ~ 1 am

. Dua trén co ché phat xa tu
phat

. nh sang phat ra 1a 4nh sang v — B
khong két hop cO0 dd rong fecon ey |t

2 - ] B = B pe
pho 16n (30 - 60 nm) w OO0 | e e
N 7 J4 i} I l
. D rong chim sang phat xa ' wwsewe | 1w |
16n = Hiéu sudt ghép nho " ‘ .
1 | 2 3 4 5

10
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LED (2)

< Mot s6 loai LED:
. LED phat xa mat:

Surface-emitting LED

(>

Bonding material
% Metalization
Metal tab
Ty

Etched
Substrate . .
SN\ - . “m\ el \

Light
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\ n — AlGaAs
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heterojunction

layers

S——p - AlGaAs

Ezzgncmtnt < W;’.«%
$i0, isolation | / | §i0, isolation
Metalization \
Heat sink / \
Active region Circular metal contact

Cantac
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TR,
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7
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Primary light-em

_

pt-GaAs
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LED (3)

< Mot so loai LED:

. LED phat xa canh:
Edge-emitting LED

Stripe contact
(defines active area)

Active area

Metalization (for
electric contact)

Light-guiding layers

Substrate

C— 8i0, isolation layer

s Double-heterojunction
layers

S

Metalization (for
electric contact)

Heat sink

3
0
o _j

Incoherent optical
output beam
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LED (4)
¢ DPac tinh P-I ctia LED:

. Do dap tmg cua LED: Rpgp = Pe/l
RLED = NextMint (i /q). (331)

. Puong dac tinh P-1ti 1€ theo I, bao
hoa & dong bom cao.

Output power {mW)

. Nhiét d¢ tang = Do dap trng giam.

0 50 100 150
Current (mA)
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LED (5)
% Pic tinh pho cua LED:
. Pho cua LED lién quan dén pho phat xa tu phat.

. D0 rong phé: Av = Ak% S 1.8@% (3.33)

F

Relative output power

Fdl itting
LED

I I I I I I I I
1.18 1.22 1.2¢ 1.30 1.34 1.38 1.42 1.46

Wavelength (gm)
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LASER DIODE (LD) (1)

% CAu tao co ban cua LD:
. Laser: B cong huong trong mot moi truong tich cuc (khuyéch
dar1)

. Laser ban dan hay LD: cau truc di thé kép

Cavity sides are rough cut Cavity ends are

\ cleaved on (110)
Dielectric /_crystal planes
reflecting . - T

layer(s)

Optical and carrier Transverse field

confinement layers Lasing spot

Longitudinal size, ) m .
250-500 wm e,
\F_ Lateral size, |
5215 pm

Optical output
to be coupled
into a fiber

Fabry-Perot laser

51078 )

Lateral mode e

30-50°(8 )

Laser is a cavity, and forms lateral, transverse, and longitudinal modes
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LASER DIODE (LD) (2)

% Diéu kién ngudng LD:
. Qua trinh hoi tiép quang: thuc hién trong moét hop cong hudng hinh

thanh boi 2 guong phan xa.

N2
. B0 phan xa: Ry= (” o _l ) ,, (3.43)
n—+ 1

. Nguong laser: cac photon sinh ra tir phat
xa Kich thich b6 xung cho cac photon bi
mat di do suy hao = khdai quang phai du
16n dé bu suy hao hop cong huéng = Hoat
dong laser chi xay ra khi dong bom > dong
nguong.

Ry

z
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e N NN,
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X ]
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LASER DIODE (LD) (3)

% Diéu kién ngudng LD:
. Bién do tin hiéu quang sau moi 16 trinh
Epexp(gL)v R iR exp(— iy L) exp(2ikL) = E (3.44)

Trong do: E,-bién do trudc 16 trinh, L-chiéu dai 16p tich cuc

o:.-suy hao bén trong hdp cong hudng, k-s6 song, R-hé sé phan xa

. Biéu kién dé phat xa laser: (1) bién do sau mdi 16 trinh phai 16n hon
bién do ban dau, (2) pha sau mdi 19 trinh phai khéng doi.

. Tal nguong: Egexp(gL)v/R Rexp(—oiy L) exp(2ikL) = Ey. (3.45)
5 | 1
. Vé blén d6 8§ = Uint + i In (R[Rg) = Oint + Olmir = Olcav, (3.46)
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LASER DIODE (LD) (4)

% Diéu kién ngudng LD:

. Diéu kién v€ pha: 2kL =2mn or vV =V, =mc/2nL, (3.47)
M-s6 nguyén = cac tan so cua cac mode doc phat xa laser.

. 314 su phé kdai dang Gauss:

1 2
2= a0 - A AT 49
20
_L2n  2Ln m_l_L2n_2an

m = 2, = - V. - 1 - ¢ ni—1
Av=v, —v, _ = ¢ Frequency difference of two modes (3.49)

J' 2Ln

AZ
AA =
2Ln
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LASER DIODE (LD) (5)

% Diéu kién ngudng LD:

, . A --—-: L—- l \ Gaussian
. Do pho kdai laser du rong (~ \ output
10 THz) = Tén tai nhiéu mode \  m=5
doc = Laser da mode ¢
M
822 824 826 828

Wavelength (nm)

Multimode FP laser spectrum
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LASER DIODE (LD) (6)

¢+ Cac cau truc cua LD:

Dielectric p — InGaAsP
;:_ /_ - IGaASP - — Zn Diffusion
> 77

P - InP LI
p-InP

n-InP \— InGaAsP "~ InGaAsP
n—InP

n* - InP (substrate) n* - InP (substrate)

(a) (b)

Cau triic LD dan séng khuyéch dai (a) dai oxide (b) dai tiép giap
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LASER DIODE (LD) (7)

¢+ Cac cau truc cua LD:

Contact Ridge Mesa Contact

~ Z - e
EWW\Q\N\&\\\ A R R

Si05 p~InP Si0, n - InP
n =P InGaAsP B InGaAsP n—inP

(active) (active)
n* - InP n* —1inP
{substrate) (substrate)
(a) (b)

Cau triic LD dan song chiét suit (a) ddn song chiét suat yéu (b) dan
song chiét suat manh
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LASER DIODE (LD) (8)
< Céc clu tric ctia LD:
. Laser phan b6 héi tiép (DFB): Qua trinh hoi tiép duoc thuc hién
boi nhiéu xa Bragg ghép cip cac séng lan truyén theo chiéu
thuan nguoc.

Ghép cap chi xay ra d6i véi mode thoa man diéu kién Bragg:

DFB LASER

5TTYPE GRATING
AVAVAVAVAVAVAVA VYV, ==
n-TYPE ACTIVE
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LASER DIODE (LD) (9)
% Cac cau tric cta LD:
. Laser bd phan xa Bragg phan bo (DFB): Cach tir Bragg hai dau
duoc st dung nhu guong phan xa.

D06 phan xa dat cuc dai ta1 budc song thoa man diéu kién Bragg.
DBR LASER

| i

DBR | n-TYPE i DBR
|
i |
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LASER DIODE (LD) (10)

¢ DPac tinh cua LD:
. Trang thai tinh: Pac tinh P-|

ANH HUONG CUA NHIET
D¢y i = Lpoe’ /10 (3.74)

n = T}DE_T’IT'] (3.75)
Thing giang cong suat phat xa
theo nhiét do:

PT +AT) _ o —AT/T, (1 n Fuuedlite
P(T) m —
I I
M= T/ — (3.77)

LIGHT/FACET (mW)

) (3.76)

A~13um
10°C
20
- 30
40 ';
/
0 50

CURRENT {mA)

5060 70

90

10C

o

120

130°C

200
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LASER DIODE (LD) (11)
« Nhiéu cta LD:
. Cac nguon nhiéu chinh tir LD:
- Nhiéu vi sy hoi tiép quang bén ngoai

- Nhiéu lién quan dén dao dong hoi phuc

- Nhiéu vi nhay mode

- Nhiéu phan mode

- Nhiéu vi phat xa tu phat

- Nhiéu vi thing giang do nhiét do va dong bom
. Nhiéu cuong do twong doi RIN:

Hai co ché sinh nhiéu co ban:

- Phat xa tu phat (chiém uvu thé)

- Nhiéu n6 (tai hop dién ti-10 trong)
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CAC NGUON LD bON MODE (1

. Laser ghép cap hop cong
hudng:

Su dich pha trong hop cong hudng
ngoai = ghép cap chi xay ra do6i
v6i hoi tiép déng pha cho cac mode
laser cO budc song triung voi mot
trong cac mode doc.

\
3
LASER EXTERNAL N
CAVITY CAVITY N
N
S
MIRROR—/
P
g
LASER f=—EFFECTIVE MIRROR
CAVITY ; REFLECTIVITY R ()\)
5
7
1 LOSS PROFILE
GAIN PROFILE
=
=T
o
MAIN MODE /—SIDE MODE

WAVELENGTH A
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CAC NGUON LD BON MODE (2)

. Laser hop cong hudng ngoai

. Laser hop cong hudng phan chia 7

ghep cap.

. Laser DBR nhiéu phan.

l

7 L, Z %} \

...............................................................................................................................

IR NN R AL ERTRANY

&

lfl lfz 113

e W S I e e iR

e Nt

- L N ANNAANAANANNNY]

{e)

ON: THONG TIN QUANG - KHO


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

BO PHAT QUANG (1)

¢ G101 thiéu: Co 2 loai bo phat quang
. biéu bién tryc tiép: LED or LD

Light 1 = Light on

T output 0 = Light off

Modulating
signal
{electrical)

. Diéu bién ngoai: LD + B di€u ché ngoai

|T|_’ Modulator Hmmnmm...
Ligit

1 = Light on
output 'I 0 = Light off
Modulating
signal
(electncal)
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BO PHAT QUANG (2)

% Ghép ndi nguon quang va soi:
. D6i v6i LED: St dung vi thau kinh: ~ 1 - 10 %

Cladaing
1LEDD el
Active

w4 ( Core H O

T

Roeunded-emd fiber Nonlmaging microsphere

G h

Cylindrical lens

[maﬂjng sphers
- H
(- L
e - -

Sphericalsurfacad LED and spherical-ended fiber Taper-ended fiber

. P6i v&i SLED: ~ 1 %, ELED: ~ 10 %
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BO PHAT QUANG (3)

% Ghép ndi nguon quang va soi:
. D6i v6i LD: Str dung vi thau kinh: ~ 40 - 90 %

Tapered lensed fiber

Laser

(b)
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BO PHAT QUANG (4)

% Mach phat diéu bién cuong do:
. Mach kich thich sir dung LED:

- D61 voi tin hiéu twong tu: St dung transistor ludng cuc, LED két noi véi cuc ¢
hodc e voi mot dién trd han ché dong. Tin hiéu diéu bién dua vao cuc b.

Dong diéu bién: i(t) =, + | .cosot = P = P, + P_.cos wt (3.118) V.
o
m= 1/, - 6 sau diéu bién (3.119) v
. A d g R LED
= m’= P_/P, - d0 sau dicu bién quang
Bov. —v ) %
Theo mach: 1, = Lo Vso |
: R a PR (3.120)
Trongdo: 5 = R.R» [, = _R.
" R.*R, "R, TR, ©
Dong chay qua LED: v, _=iRr *v_ +v, (3121) °
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BO PHAT QUANG (5)
% Mach phat diéu bién cuong do:
. Mach kich thich str dung LED:

- P61 véi tin hiéu so: Khéng can phan cuc. st dung transistor ludng cuc,
LED c0 thé dugc mac noi tiép hoac song song. Tu C dé tang toc do dicu

bién. ot
y

Modulation
signal

= To boost
—— T higher frequency
comEonents

FEARE
()
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BO PHAT QUANG (6)

% Mach phat diéu bién cuong do:

. Mach Kich thich sir dung LD: Khac véi LED, cac mach kich thich LD
can ¢ mach vong diéu khién 6n dinh cdng suat phat quang.

Dong tin hi¢u

Mach diéu khién
dong kich thich

So1 quang

Mach diéu khién
dong bom TEC
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S WTATHONG TINGUANG
ey

BO PHAT QUANG (7)

% Mach phat diéu bién cuong do:
. Mach kich thich sur dung LD:

p a $
@ OUTPUT MONITOR =e

BIAS —= AN
DATA - == Ve
Ves
+
; VbrIVE

=5.2V I
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