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Double-heterojunction laser

current flow
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Optical transitions

C h v
5 B Absorption
4
2 > -
2 e Spontaneous emission
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v
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Optical gain

® ( photons s 1em=2 ) photon flux
g(cm-1) optical gain
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Carrier confinement in a homo-junction laser,

v

. population
conduction P type i, version N type
band conduction
! P e
Eg
. hv
Fermi level EF, Fq

electrons

| valence
e
forward bias V
no bias, V=0 Carriers can diffuse and are poorly

confined
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Carrier and optical confinement in a
double-heterojunction laser

forward bias
Double-heterojunction
laser

refractive

index

conduction band

d ~0.1-0.3 ym

L,/ injected electrons

GalnAsP

Condition for Net stimulated emission
Eg<hv<Eg+EFc+EFv

[I. Hayashi, M. B. Panish, F. K. Reinhart, « GaAs-Aly Ga {.x As double-heterostructure injection lasers »,
J. App. Phys., vol. 42, pp 1929-1941, Apr. 1971]

[M.G. A. Bernard, G. Duraffourg, Phys. Status Solidi, 1, 699, 1961]
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Threshold condition for a
Fabry-Perot laser

R1 : @0 Exp(g-o)L | R2

R{Ro®0 Exp(g-a)2 L

[ gain 7 ®0 = R1Ro®0 Exp(g-a)2 L

— g=o0+(1/L)Ln(1/Sqrt(R1R2) )
[internal Iossj/ mirror Iossj
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Light-current characteristics

Linear gain approximation 5
dth = @ ( Nih -Nyp) gth = 100 cm-1

4 |
Optical confinement j =02 _
3

P(mW)

Case ouble-Hetero structure laser 5 '
I'gth = Fajnt + (1-T)ogladd. + 1/L Ln(1/R) 1
-> threshold carrier density N (cm™S) 1.
Ntn = 2x10 18 cm™3 0l
Recombination rate 0O 20 40 60 80 100
Jled = Rrad (N) + Rnon rad (N) I(mA)
-> threshold current density Jth(kA/cm'z)
100 lgp(mA
Jih(kA/cm?) = 100 n(mA)

Jth = 1 kA/ cm? L(um) w(um)
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Spontaneous and external
differential efficiencies

ALCATEL

Spontaneous radiative efficiency 5
_ radiat. recomb rate 4_' \ .
Hspont = rotal recorah. vate | saturation
_ (Jth)raa ; 3 ]
J E 2_' %
External differential efficiency o _
(per facet) 1]
L v AP/l e AP ol /A 003 mW /ma
7 Amjecedelectons  Alfe  hy Al 0 20 40 60 80 100
A(pam) AP(Watt) I(mA)
) 1.2398  Al{d)
1 muirorloss
) 2 total cavity loss
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Optical spectrum for a

Fabry-Perot laser
g 1 q integer >
L= — (1)  free space wavelength T
2n L cavity length =
n effective index = fe ri‘q
5E j
g
Longitudinal mode spacing Ahq
by differentiation of (1) | Nar
1490 1500
wavelength ( nm
A g g A
0 = dgq + — dA — — dn (2) L =400 ym
2n 2n 2 n? A= 1494 nm
A A2 ; n=3.53
Ay = 2L n (3) dn/d). = -0.12 pm"]
e
1 dn Effective group indexj Ne =3.70
H{.=H[1———] A)\q:O.75nm
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Threshold current density and
active layer thickness

The threshold current density is minimum around 0.15 micrometer

Threshold current density
(kA/cm?2)

0 0.1 0.2 0.3 0.4

active layer thickness (um)
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Threshold current density in a

Quantum Well laser

The threshold current density is minimum for a 5-well laser

M Mo st
[ g

f=

Jth (kAfcm2)

I

—h
(R

I

L = 400pum
{1 D2=D4 = optimum value
for each Nb of wells
“jth eta vz NOW DATA" QW
0 5 10 15 20

Number of Wells
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| Quantum well
semiconductor lasers

conduction

band
Eac A
Epg )AEc
E1c

)

1 transition with s l‘ﬁf

Eg highest gain

dui

(@)
hY=Eg+ Eic + Einn ;_: GalnAs

O e e S >

Eghh E 1lh U

E3hh 2Ih AE,, R

Eain

valence B —— -
band L,

multiple quantum well laser

2
for an infinitely deep well Ep = JJ_Z ; (%‘)
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Control of the emission wavelength in a
guantum gwell laser

V the energy hv of the peak gain is determined by the width L, of the well

V¥ the emission wavelength is controlled by L,

conduction conduction
band band
Eie [--1--|] AE 1 AE,
¢ f  C S ¥
EQ hv= Eg+ E1G+ E1hh Eg
Eqph F--1-- Eypn - - L gu——
AE,, ﬂE“
valence
band R w;éir&oe - e
L, =5nm L; =9 nm
A=1.4pum A =1.55 pum
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Maximum material gain in a

guantum well laser

G(N) Data

2500-

[Zielinski]

N
o
o
o

well: GalnAs
barrier: GalnAsP, xg =1.2um

- quantum weD
1500-
1000-
500 /

Maximum Gain (cm-1)

N (10’\18 cm-3)

in quantum well lasers:
« threshold carrier density is lower

/V Cbulk GalnAs)
0

* higher modulation bandwith (due to higher dg/dN)
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Temperature dependence of the

threshold current density
IVBA Auger
100007 Conduction Condugtion
t ] Band Band
m —_—
= QN
S = TO=60K
5 g GalnAsP hv
=2 10001 B9 S
> ] acceptar
n = ] TO=110K v
o9 - .
- ]
c 0
o
/aAs. TO=120K
100 ' ' ' '
100 200 300 400 3 3
TEMPERATURE(K) Split-Off Split-Off c
E k
4 T ™\ k
=~ T
Ju (T)=doeTe origin of the low Tg in GalnAsP
low Tg <-> high temperature - carrier leakage over barriers
sensitivit * Inter Valence Band Absorption
\_ y _J  + Auger recombination
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, Semiconductor Lasers operating principle :
outline

V¥ gain and recombination processes, thresold, QW lasers
->waveguiding in semiconductor lasers

V Distributed FeedBack lasers (DFB)

¥V Semiconductor Laser structures
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Waveguide structure

field
profile

exponential

I
/
cosine (
.{ \\\~q_\‘\\
exponential ””’////’V

Electric field
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Beam ray description of guided modes

Core\nlcore cladding ngjag dl
o = T >
3 lEf” [
oY - - _
O'%%, \EEM cladding ngjad
0n = sin-1 ( Peff0
0 = sin™' ( A )
core Ncore = 3-93
0. = -1 lcm Naffd Nclad = 3-17
c Sin ( ncore ) 61 -— Sin-1 ( e—) d=0.75um
Ncore 2 modes TE(, TE1
. 0 (°) | neff
critical angle B¢ for guided modes: TEO | 79 | 3.46
total internal reflection 0> 6C TE1 67 | 3.25
critical| 64 | 3.17
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Optical field profile
(perpend. to junction plane)

ALCATEL

FIELD AMPLITUDE

1
= \
E !
=
Neore= 3-93 ;
Nclad.= 3-17 2
o~1,25 ~0,25I T 017’-5' O~L4 — I~OAI — 0.6
X (micro—mneter) X (micro-meter)
dyet= 0.1 ym dyct= 0.4 ym
neff = 3.20 neff = 3.38
I'=0.17 d g/e2=1.1pm I'=0.77 d 1/g2=0.65 ym
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Beam divergence

h 1 //
X
///
7 77 10 mW
L 777
Y< R GWW
BJ_ BEED- > ___SBERE
half intensity |
cont{Qi ! 0.6 mA
. 0
//
50 +50 50 +50
z | Angl e(°)

EJ_(B)= E(X)e'j[kSine]XdX 6//=230

— 0
A. Accard, F. Brillouet, E. Duda, B. Fernier, G. Gelly, L. Goldstein, D. Leclerc, D. Lesterlin, GJ— - 24
J. Phys. lll, France, Vol 2, p1727-1738, 1992
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, Semiconductor Lasers operating principle :

ALCATEL

outline

V¥ gain and recombination processes, QW lasers
¥V waveguiding in semiconductor lasers
-> Distributed FeedBack lasers (DFB)
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Principle of DFB lasers (Distributed FeedBack)

Optical feeback is achieved by a periodic perturbation along the
propagation direction z (modulation of the effective index)

with a grating

case of index coupling:
the interaction between

A = grating period
R S

.| confinement layer

waves R and S is described grating layer
by a real coupling coefficient active layer
K(cm-1) confinement layer

optical feedback due to constructive interferences between
the two waves R and S travelling in opposite directions
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Selective feedback for A = A Bragg

A» <« |cladding layer

[ A+ Asin®]neff=qABragg

\ /// active layer
0=n/2  — A Brag A< cladding layer
-2 N eff

first order grating (g=1)
MBragg =1.5um A =0.2um

second order grating (q=2)
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Modes and respective threshold
DFB laser Fabry-Perot laser
S
% ° o o o % 0o 0 o o o o
o o O
2 ° o % ° 2
o =
-|'=- )
=y
z_ A
c = g5
o S -.g .
£ £€
3 w - MM
Wavelength

Wavelength
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. Semiconductor Lasers operating principle :

ALCATEL

outline

¥V gain and recombination processes, QW lasers
¥V waveguiding in semiconductor lasers

V Distributed FeedBack lasers (DFB)

-> Semiconductor Laser structures
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. Vertical laser structure
)
(bulk active layer)

GalnAsP contact layer p+

InP p
\CAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV/

GalnAsP A =1.3yum 0.1 ym
- GalnAsP_ A =1.55um - 0.1 um

InP n 0.2 um

InP substrate n
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Vertical laser structure(Quantum Well)

GalnAs contact layer p+
InP p

(GalnAsP A =1.2um) | D2=9-150 nm

wells (9 nm) and
barriers (9 nm)

D2=9-150 nm
InP n D3 =100-400 nm

- GalnAsP

Ag=1.2pm

GalnAsP Ag=1.2pum)

InP substrate n

B. FERNIER, L. GOLDSTEIN, A. OLIVIER, A. PERALES, C. STARCK andJ. BENOIT :" Multiquantum well
lasers at 1.5um by GSMBE ",15th ECOC, SWEDEN, WeB 14 - 6, pp. 264 - 267, (1989)
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Broad area lasers

100 um _
Simple laser structure to «— contact
test the lasers p GalnAsP
* no lateral current spreading p InP

* good determination of

- Jthreshold (kA/cm2) -GaInAsP active -

- external efficiency n InP
requires pulsed operation n InP substrate
to avoid heating
(h|gh IthreShOId — 05-3 A) s,
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Stripe lasers

Joum Sio2  SiO2 p+ GalnAsP " wPpznl D

)
s
N
N
N
o
\
N
N
N

. |InPE,Be lW&B
p InP pin InP n

I GalnAsP active [

i n GalnAsP passiv
/ InP n substrate

n InP substrate A

b))
«
b

«

n InP substrate

100 um _ o
o o
< -~
Gain guided S <
(light is absorbed in c—— — 5 — I
the unpumped region) g
= Index guided
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Buried double-hetero-structure laser
processing(1)

p+ GalnAsP
p InP

n InP

n InP substrate

1 epitaxy

T FFFFFFFFFFFS

2 SiO2 deposition

3 Si02 engraving 5 epitaxial regrowth

4 mesa engraving 6 AuZn contact &
engraving
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Buried double-hetero-structure laser
processing(2)

ALCATEL

7 Si02 deposition 8 TiPtAu p contact 9
- lapping & chemical
SiO?2 polishing
7n diffusion P+ GalnAsP - AuGeNi n contact
\E\ - /7
p InP n InP

-GalnAsP active

T N pinP

n InP

)

(
))
L3¢

n InP substrate
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