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DFB/DBR laser

for optoelectronic integration Fabry Perot type lasers with etched

or cleaved facets are not well suited. Dyrnamical single mode behaviour
has to be achieved by a wavelength selective feedback, The DFB and

DBR concepts are well suited,

DFB lasers

DFB lasers with gratings of the first Bragg order and antireflection
coatings do not oscillate at the Bragg wavelength, There is a stop
band depending on the strength of the coupling of the light to the
grating. Below and above the stop band borders two modes oscillate
simultanecusly. Means for discrimination of one of the modes have to
be found, Different methods have been proposed for the removal of the
degeneracy of the threshold gainm:

1} antisymmetric taper in the coupling coefficient,

2) chirped grating: A or Noff varies slowly along the axis,

3) n/2 phase shift of the grating,

4) short area in the waveguide with changed stripewidth:
n/2 phase shift,

5) different reflectivities at the endfacets,

DFB lasers with gratings of second order

The methods for dynamic single mode operation can also be applied

to gratings with second order, In addition, there is one more
mechanism not present in lasers with gratings of first order, namely
radiation losses. This additional mechanism and the more easy tech-
nological access make the grating of second order interesting. Thus
in the case of n/2 phase shift without radiation loss & similarly
good yield of aproximately 90 % D3SM lasers is achieved as in the
case of a laser with radiation losses without phase shift, having

at least one facet antireflection coated, The radiation loss metheod,
thus, has specific advantapes, but the main disadvantge s, that the
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Generally much attention has to be paid to the feedback sensitivity
of the DSM/DFB lasers, especially if the frontfacet is antireflection
coated and K«L is relatively small.

For 1.5 /um DFB lasers external quantum efficiencies of more than

25 » nave been achieved. For a gapmode oscillation by a combination
of antireflection coating of the frontside and bigh reflecting

rear side even 38 % have been achieved, The maximum CW output power
experimentally determined exceeds 50 mW at 1.5 ,um and more than

100 mW at 1.3 /um in DFB lasers. The lowest threshold currents for
lasers emitting as 1.5 Jum with first order gratings are around 5 mA,
L = 100 /um. For lasers with second order gratings }nd 300 /um length
10 mA have been achieved, In both cases the facets were as cleaved.
These values are well comparable regarding the different lengths.
Thus, no preference for gratings of first or second order can be
derived.

DBR lasers

In a DBR laser the coupling between the active area and the two
passive DBR grating areas is an important factor. Thus, threshold
currents and internal gquantum efficiencies are strongly dependent

on the coupling of the active and the two passive wavequides. The

two passive waveguides furthermore must have very low losses to
achieve a good sidemode suppression ratic, Since the relatively long
passive DBR wavegquides have a rélatively high reflectivity for the
Bragg mode the sensitivity against external reflections is lower than
in a DFB laser.

The necessity for a low length of the active waveguide has a big
disadvantage for the DBR laser: The threshold current densities are
much higher than in a DFB laser. This is a disadvantage because the
degradation in the system InGaAsP/InP is induced by the current
density and not by the optical power as in GaAs, In addition the
high threshold current density leads to a high value of the carrier
density at threshold, thus, the importance of the Auger effect and
intervalence band absorption grows. Also the external quantum
efficiency and T° drop . For an integration the DBR laser has the
additional disadvantage of a relatively great length,
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Chirp

DFB lasers as well as DBR lasers have a structure dependent chirp,
j.e. the modulation current dependent frequency variation, yielding

an envelope curve, which is much broader than the natural laser line,
This chirp is, however, many times lower than the dynamical broadening
in a Fabry Perot type laser, The dynamical, frequency dependent
wavelength shift in both types is -<omparable and can be minimized by
the choice of the structure, Besides that the chirp can be reduced

in direct digital modulation by 2 proper shaping of the current pulses.

Temperature dependence

For an increase of the temperature in a DFB laser the carrier density
grows and, thus, the refractive index of the active layer decreases,
j.e. the corrugation period optically grows. Hereby the Bragg wave-

' length moves with increasing temperature in the same direction as the

gain curve, This fact makes a big DSM temperature range possible
without mode jump (> 100 °C).

A DBR laser behavious differently since the injection does not take
place in the area of the grating. Thus, the o¢ptical corrugation
period in a DBR laser does not grow by the injection like in a DFB
laser. The emission wavelength consequently increases more siowly
with increasing temperature than the Bragg wavelength. That means

the Yaserline moves to the short wavelength side with regard to the
Bragg wavelength. If this shift is larger than half a mode separation
a mode jump occurs., Therefore the maximum temperature range for
dynamical single mode operation is larger in a DFBE laser as compared
to a DBR laser.

Sidemode suppression ratio

Above threshoid a nonlinear effect occurs with increasing injection:
spatial hole burning. This effect reduces the gain difference between
the lasing mode and the next neighbouring mode and in consequence the

sidemode suppression ratio. For KL = 1.25 the influence of the nonlinea

gain is minimized since under these conditions the photon distribution
in the resonator is very flat, The feedback sensitivity under these
conditions is, however, high.
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Technological Steps:

1) Epitaxy: LPE or MOVPE

Farschussgsl Mutilut aer DUF

(

1.3xm) n InCaAsP | 200nm waveguiding layer (2:107cm3)
5B I ntyaheb2e] 120 oder 190nm  active layer

InP 200nm  buffer layer
p-InP substrate | (4-10'8cm™3)

- 2) definition of graling

All dimensions in pm

Photoluminescence- studies

Apy *20nm —> Gain-Maximum = desirable A

Lasar

definition of the desirable coupling coelficienls ¥
= calculation of the grating morphology

amplitude ¢a=60-110nm)> \/_\ /q\_____/_

-distance graling-aclive layer
(d=90-100nm)
active layer (5-120,190nm)

corrugation period
(J_\_:232.5. 235nm )

duty cycle W/

InGoAsP 4

eleciron beam lithography, A1/O3 dry etching (UNI Sig!)
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tional view of a DFB laser
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b)

4) prepatralion of {he mushroom-stipe structur a)
a) definilion of mesa
N, dry elching with Ti/SiaNg etch masks
b) under-cutling:
seleclive etching of
quaternary layers
2 A 119
)m( - Y LTI T aar T et i
) [
1.5pm

5) 1ebury of the active layer <)

- mass transport with intrinsic InP
n*-InP (n = 10'8% cm?)

or by hydride VPE

Q (A=1.3 pm)

xﬂ(k= 1.55 um)

- pyrolytic Si0O3-coating

6) eiching of wafer to 100 pm residual thickness,

metlallic contacts (Au/AuGe/Ni) p*-InP Substrate

+ buffer (0.2 um)

T) cleaving into laser diodes of 150-300 ym length

A 84 r—e—em
2627 15KV ®3@.888  ivm WDL6

DFB Mushroom Laser

a) Cross sectional view '
b) 1%t order grating with A/4—phase shift,
<) Laver structure




operlies of our strongly coupled DFB laser diodes:

g - 1.52...1.56ym

Iy = 15mA (typ. values), lowest values: 9mA

To = 60K

dr/dT - 0.08 nm/K

di/dl - -0.2 t0.05nm/mA (below threshold)
d)/dl - + 0.0l +0.003 nm/mA (above threshold)

SMSR up to 512 dB
K - 150 ... 400 cm’  (K-L-3..9)

n - 0.03...0I8W/A (depending on the
position of phase shift)

chirp - 0.5 nm (at 20dB for 8Gbit /s NRZ)
(1y- lin- 30mA, al, - 40mA)

eye opening: horiz.» 93%, vert. - 96%

line-widlhs: 15 MHz withoul saturation

0
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PLINCIPLES OF WAVEGWDES
“. Yi’x’z ny
: T | w’f.veveY‘Y‘Y’V’VOV‘V’Y.VQV‘V‘VOV’V
CUOERRROOOO0OO000
d ..020!2020"o‘o!léoﬁéeﬁéoﬁ_t\s\\\

ATATA

ﬂ=n;kcos®

e ~2dn, ksin @ + @2(n1, 0z, 0) + pa(ny, 1y, 0)

—2mrx .

T

& = —2d(n, ksin 2]

i

w LLLLLLLL £

2

] n

W /e

Ho Eg

H=M
2

n} —nj

V = kdy/ni - nE.

NoRMALIRED fHASE Fog H, AND Ef-HcDEs I A
WEAKLY G UIDING , SYMM | (LEFT) AND UNSYMHM,
(L eHT) FILMWAVECUVIDE



;S0 -
my
Ny Raurmwelle cos®p= ;;cus@. n
xé* |
Fllmwelle
2

y V A 3 3 /Y'1

r I~ B, Ta s ’ ’

PR r Substratwelle ; «

P ’ -
30y = —cos B
R .

TE:
3E
S5 x? + k' [n(x) JE=0
n_. 3.3332
TM:
z
a H H 1 aH 22
35 + k' [n(x) e"]I'I I 9x Ox
n_. 3.3255
I{x)
- A5
- 2.4
- 3.3
- 3.2
T 1 [] []

1} 200 400 00

ng = 3.33321

— x{nm)

- AA -
CCUPLED HCPE ANALYCLS

The conventional coupled-mode equations are given by
2. 19]
dA; )
Z - e m B e (n
dA, SN g i e
f‘"z" = —(g = jB)A; — judf (2)
where

Afiny = Aggpy exp —fBy A forward (buckward) wave
Bu = px /A the Brugg wave vecior

B. = By, + {5 + jg) = 2xn /A the traveling wave
propagation constant

effective refractive index

free-space wavelength

grating pitch

grating order

deviation in propagation cunstant from Brugg
condition

g = tlectric field amplitude gain

x = coupling coefficient

*  denotes the complex conjugate

n=
Mz
A=
p=
i =

B, = 8, B/ (forward eigenmode pair) (3)
;= 8_C; {backward eigenmade pair) (4)

(6+jg); (5 +jg)Y - |«[1'?
[ s - 1«[ 5)

,,n

S, =

5 P -
s BT +jg) — |« e

X

The propagation constant of the eigenmodes ( 8,) can be
found by assuming

Af = Af exp ~jf.z (n
Ay = A exp + ji,z. (8)

Substituting (7) and (8) into (1) 10 (6) results in
I8 =108 + gy’ = |x[)"" (9)

We can now wrile down the forward and backward ei-

genmode pairs:
forward pair:
Aslenp ~ jBuyt + So cxp + jByz] exp — g,z
(10)
backward pair:

Afexp + jBoz + 8. exp —jByz] exp + jB,z.
{11
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TRARLEER MATRIX METHOD
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MEESHeL® ConDrTion FeR AN UNSYHMKETRICAL Determination of the coupling coefficients

LASER & FTUYURE 1

80
. 70 1) experimental : from the stopband width:
€ 60-
w 4
§ 50 2
SIS K = % ngg A)‘st/ AB N, s offective refractive inde:
g 30 Ag bragg-mode wavelength
£ 20- A, stopband width
10 example:
04 N . -
0 50 100 150 200 stopband width = 6.6 nm > K = 286cm’!
z (um)
T T coupling coefficients of our DFB laser diodes :
° L
M () DERSITY CF PHOTORS Te THE RIGHT «~ \E_"\L K - 150 ... 400 Cm-i
f &Y 1 4 " LerT ~ \ £ \1
‘ ‘.‘Fg
T FACET TRANS HIsSSION 3
THRESWoLD &M = LOSSES ‘
LOSSES ' T, : ' .
e PLY 4+ T nLLY 2) theoretical :
Ay SENY ' Aw = LL&) g () Az ’
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W = 5 (2 w (2> dx (1Y K. = —3——~——5—|—corr Sin (qud/ay (streifer et al.
L L 9 2 q
B Meff
§(3) consTt GAIN = § fumd% + jjfmd?
L dn ff : .
= T_ploy 4 T ulL) = f@&)["*m *I’(%)]A% (D Kq =%+ —== a8 Fy (Benoit et al.)
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Spectra taken near threshold :
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Sidemode Suppression Ratio SMSR {dB)

- "@E_—..@

I I | l [ Discussion of high couEling coefficients:

M.# 1) reduced sensitivily of the spectra on facel refleclivity
e
o

seleclive etching of facets does not change the
main mode oscillation

— only 5-10% lhreshold change after X/4 SigN,

coating
but n- 0.07 => 011 W/A

- gasy handlings for coalings

2) Lower feedback sensilivily

® L=171pm
O L=1pm , : }2) due to strong photon pile-up at 174 phase shift
number of photions
T = 20°C —

'///////////// Wil

//}7///////////////////////////////////////

40 50 60 70 80



3) However due 1o high coupling n¥

can be compensaled by placing the

\/4 phase shifi nearto the front facet

n-007TW/A (/4 centered)
n-01W/A (1/4 decentered)

best values: 1 -0.18 W/A

4) Linewidihs: » show no dependence on K-L

e no line width saluration

5) Threshold gain from calculated spectra:

threshold gain compared to

the side-modes (independeni from the
phase of the facel - exacl cleaving position
in the last comnugalion near the facet).

This is not the case for 1< K.L <2.

6) No mode jumps as predicted in the literature

7) We even observe enlariged eye-opening in our

experimenls compared to our simulations based
on rate equations for curreni, pholon densily,

frequency and phase deviation.

coupling factor & {(ecm™1)

400
300
200 |
100 | M
Benoit et al.
Streifer et al.
-0 T T i) T
0 . . 0.20




coupling factor k (em™?)

Red/blue shift of the bragg mode

Benoit et. al.

500 4 ® Experiment
as Monm 15215 ——1——1——T—— T T T T
| A110-26-4A
T 1.5210 |
3 I nm
[ _§ ps0m
~< i 0250 0.016;':1——
400- £ 15205 |
o _
a
[
g _
L = 228um
{51950 1 o4ttt
300 0 10 20 30 40 50 60 70 80

Bias current (mA)

Streifer et al.

200 | ammmisena




Wavelength A (um)

b
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Shift of the bragg-mode wavelength:

1.5290 LA B S S R IS S ML ANMS R A R EE N H %%— >0 e band shrinkage due to
| A1091-D9-8 | many - parlicle effects
(high carrier concentrations,

1.5285

band renormalization)

e thermal effects due i{o high

injection currents (Varshni s law).

1.5280

e gain maximum shills to higher

energies for increasing carrier
l¢h= 11.8 mA densities.

L =172 um j e spatial hole burning

1.5275

—r r 1 [ T T T LI B T 1 T r 1
1 L ' L 1 i l J‘ 1 1 1 1 1 1 L L

1.5270 R A SR S SN SR S N 9-1-)-‘—<0 e below and near threshold:
O 10 20 30 40 50 60 70 80 9C refraclive index depend

Bias current (mA) sensitively on the energy

(Fermi energy variation, dn/dN < Q)

™

- Ter
R A+ 3
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intensity (arb. units?

)

=1

fhrashold gain {(cm

intensity (arb. unita)
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Results forxL -6
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Variation of endh- fécel phase for xL- 6

Definition of end - facet phase &:

= 2x

Transmission
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o o O ©
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o o o o
h b ot .
g

Transmission

5 & & 5 &
.Lc'.:tb-‘-qj
Hg
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N‘A+ an

A= A + B = corrugation period

d = thickneas of the outer layera
In the laser structure
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Transmission Transmission Transmission

Transmission
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Fabry-perot spectrum
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DFB - spectrum

threshold gain (em™!)

Sensitivily on end-facet phase

w

120 -
100

80 ~

HES ?5@;7 Ferot

end - facet phase

Bragg mode has Vlowul: threshold gain Independent of end- facet phase .

Cain difference between Bragg mode and side modes > 15 cm !

— Monomode operation for all values of end- facet phase

threshald gain (em™!)

120 4

100

g ?f-‘é.'z_f‘," sat

-180 -120

-60

end - facet phase

T T Ty T
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Modal behavlour strongly dependent on exact cleaving position
tn +hae last ~arettoation nericd near facet



wavalength (pm)
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Influences of end-facet phase forxL-6
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linewidth measurements

Optical feedback causes various effects in laser behaviour,
especially in laser 1inewidth, There are five different regions of
feedback power ratioc (R.W, Tkach & A.R. Chraply&y; region I ... V).
In region I no (external cavity) mode hopping accurs. The emission
line is narrowed or broadened, depending on the phase of the feedback
light. The mare distant the external reflector is, the more sensitive
reacts the laser on the feedback. For a very short (~ 1 mm} external
resonator mode hopping starts at feedback power ratios increasing
above approximately - 50 dB, whereas fora 1.6 m 1ong external cavity
‘the power ratio is about - 20 dB, Thus, very great care has to be
taken to prevent linewidth narrowing or broadening or even mode
hopping. In regfon 1T a vapid mode hopping between external cavity
modes occurs for out-of-phase feedback, In the case of in-phase
feedback the laser locks to a single mode, resulting in a further
reduction of the linewidth. This occurs to the minimum Tinewidth
mode, not the minimum threshold mode (transition I + I1). This
hehaviour ranges up to a feedback power ratic of - 45 dB (independent
of the external cavity length) and then changes to region 111,

Region III fis characterized by suppression of mode hopping and single
mode oscillation with reduced linewidth as compared to the no-feed-
back case (no dependence of external caiity length). Region III
ranges up to a feedback power ratio of about - 38 dB and then changes
to region IV, In region IV satellite modes appear, separated from the
main mode by the relaxation oscillation frequency (there is no
dependence 0N external cavity length), These modes increase with
increasing feedback, eveﬁtually broadening the linewidth to several
GHz. This situation has been called "coherence collapse"” (coherence
leagth in the order of -1 mm). The transition to this state depends
gignificantly on the a-factor.

In region V the laser operates stably again with a narrow linewidth,
This region is usually not to be reached by unintentional feedback.
Under normal linewidth measurement conditions one deals with region I
or 11. The transition from region 1 to region II may occur at very
low feedback levels, depending on the distance of the reflector

(- 80 d¢B for 1.6 m distance}. Thus, it is desirable to operate with
the first possible reflection very near to the laser (don't use

-

e fibwn mintaile cannactina laser and isolatort]).

As a rule, one should make the distance laser - first isolator as
short as possiblie with all lens surfaces antireflection coated and
eventualily tilted. If the sensitivity of the linewidth setup is high
enough one can also put the first cn11imatingrlens near to the laser
and use optical attenuation in the beam to reduce the feedback Tight
level, eg - 20 dB attenuation helps to reduce feedback by - 40 dB8,

° 1 T 1 1 T T
X
A A
-0 ]
20l -
=
-30 -

FEEDBACK POWER RATIO (d48)

10 20 40 a0 160 320
DISTANCE TO NEFLECTION {em)

Experimentally observed fecdback power Jevels at which transitions between different
regimes of feedback cffects occur. The feedback power ratic as defined here
corresponds to the effective external mitror reflectivity and the laser was biased well
above threshold.



_L“"'_J' - "Lff_

5 Gbit/s NRZ Modulation : 8 Gbit/s NRZ Modulation :

[-48 mA, al-40m? [-50mA, Al-40mA [

)
‘ A ] P
_;a"’}ﬁ; i&“s .’&‘. &*’a‘i i i f w t -
EINTAAYER W AN ] NER
. | ¥, . : ] I T _:\ R .
~ 1L I I AL Y
‘ | ! ‘ h { ‘, fi:j\rkjkk
i / M Y * A ATA" k
---urifillten'-:yd. f

8 Gbit/s NRZ Modulation :
[=55 mA, aAl-40m!?

Optical output power (arb. units)

' ’ I - ""”l"l.!':f-’[""if?:’!‘5_-5-;.-.L~‘-ﬁ'=.£,.:
) : FII “I"Il‘llllilx"ll"ll""j’l"l‘-b_l‘k
M'A”mﬂ 3 low pass filler - |
VAR LAY 7
oplical output|
.:l:: Lo fomeatornad. i

unliliered
|

0 100 200 300 400 50 -




J

oin®

00
viof

[

NS IS WIS IR U WU W

sty vy lvyuade

3
il

| EEETE

[ N e |

-t —

PIRECT DIGITAL MoDuLATION
WiTH FEEDBRACK

Nxr 21 8CH= / 55mA / FP—Tvyrp

SINGLE-MOPE SEMICONDUCTOR 1ASER WITH EXTERHAL FEEDBACK

2

ALPHA = BDOESDN AN = 2200907 DECTAL = 200€-19 D) = L356-01
0 = 50619 WYFEXT = 100(-09 MYPIRL = 130E-02 NSP = 200E+00
NIH = 219E400 K = S00E-03 © NG = 1.0E+00 OMECA = G:00E+00
OMEGO = DOOL+00 Rl = 3208-00 R2 = 320e-01 TAU = 4 15€400
TAUD = B.66E-03 TAUP = 400E O3 TAUS = 2006400
l T T‘" — - 0 %
i T T T 3 ™ T I T T T
n 1 )
w ]
i) E .
g 15 .-*
[F] j
T
O v A T A N w4 N " L L romt [RE L
i Qun 4.012 4018 4,010 + 024 4078 .
1 15) x108 3008 012 30té 3020 :.u}z;s} J.028
b Lt 5 ,
T 1 17 " F 71 E LI I S R I L
| » ] 4
» ]

g8

a ok

4011

1 1
31.0900 1012 1,016

|4
LT PO TNV PV W

4018 4020 L0244 024
1 (5}

1020

o1
vIs)

1]

05

[ EUETE RN TN ST U FUwee |

xp-? 29

0s

Lo oty ew s Lo e b el

oo
sio?

a r P i

T gaato el b e 1 "

- o
- a
=

W

- o

-
I

@
@

e TP AT ATTITEE B AW

e

Loaaa

TN VI TPV WA IS

xia?

FRED BACK
s8GH= /

L4 TS | 1 | L erp?
1008 5017 Jois 3oz0 ol LICH
T8}
T i T | T l T l T

A0
1 | 1 | 1 ] 1 |5 fere-®
3.098 3,012 LN 20 3020 34 AN H ]
LR L]
3
T T T T ¥ T T 1 T
-
L5te
IR NN T N WS RN R kg~
5,003 3002 j.oie Y oz0 on 3020
: B 108
s
T | T E T l T I T

vip- ¥

3 008

Yoz

Jors

1020

3.624

3078

5 5mA.

m

[P

=
o

110!

|
L

1

I SRS B

'
il

(]

T

FENCINTY IR S SRV VI

(]

/ DEFB—TyE2

S L U N

IR SRR ST M | ' vip?

3} ool AR Jork 3 ni0 s 3028
[y

5

T T YT I "i

b b b L Jee?

3 008 Yo J0ls 5.020 J.D?El) R L)
7(s

] 1 } L :,,1 i [

i
i
L c1p- ¥
3 ol yog Yok Jozro ERFE) 3038
1Sy
|

2,1
B

' ]
N P PN DR PR TS

3608 32 104 3 ada 30'1:_‘ yoz8



T

Injection—-Locking
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