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Material and Homework

Read:

Chapter 5 Section 5.4,5.6 Yariv and Yeh
Chapter 6 Sections 6.1-6.5 Yariv and Yeh
Chapter 3 Section 3.0-3.2 Yariv and Yeh
Chapter 15 Yariv and Yeh

Appendices 1 and 2 in Coldren (on reserve)

Homework #3
Due Tuesday, May 2, 2006

a. Derive equation 5.4-1 in Yariv starting with equation 5.3-8
b. Problem 5.1 Yariv
c. Problem 5.6 Yariv
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GaAs/GaAlAs and GalnAsP Lasers

» GaAs/ Ga, Al As Lasers
» Active region (gain) is either GaAs or Ga, Al As.

» AlAs has a larger bandgap than GaAs
» Therefore Ga, ,Al, As has a bandgap in between

» X indicates fraction of Ga atoms in GaAs

» Light frequency emission depends on active region x and its doping
» 0.75 um <A <0.88 um

» Ga, InAl, P, Lasers

I-y"y
» Active region is Ga, In,Al, P,
» Light frequency emission depends on active region x and y and its
doping

» 1.1l um<A<1.6um
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GaAs/Ga,_ Al _As Double Heterostructure Lasers

» Three layered dielectric waveguide : It
» Thin active layer undoped i =
» Cladding GaAlAs layers heavily dope p x
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Modal Gain

»  When the gain coefficient y is constant over
active region width, the modal gain can be
defined as

8= yra - anrn - aprp

d 0
i [ et a: [fre [
. [lef ae " [IEfde” - [IEF e

» a, is the loss in un-pumped n-type GaAlAs and
a,, loss in un-pumped p-type GaAlAs. y is gain
in pumped active layer. I'), I',, I, are the fraction
of optical mode power in the active region, n-
type and p-type cladding regions respectively.

» Varying d changes the mode shape and relative
confinement to the active and surrounding
cladding regions as shown by example on the
right.

» The mode shape we are talking about here is the
gain guided (vertical) mode shape. The mode
lateral confinement will be discussed a little later
in the lecture.
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Threshold Current Density

» Asddecreases, I', decreases, and more mode
power propagates outside the active region and
does not receiver gain and can be attenuated.

»  Threshold gain condition can be written as

TTTTTTTTTTTT I T T T I T T 17T

T
3000 ! '—

+

1 2500
w,=al, +a,l, —zlnR+as

» Given losses, R and confinement factors, we can
calculate the gain y required for threshold.

»  Under steady state, the carrier injection rate

2000

T
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Ji — Threshold current density (A/cm?)

T _ 4800 2
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equals the electron-hole recombination rate, and 1500 — &
the electron hole recombination rate can be oo
calculated for the required y n=014
1000 — DH Lasers
- Calculatedg =33 cm~! n=1
i = N_d : Experiment
q T Lo ® Ax = 0.65+ 0.05
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Active layer thickness d (um)
»  Threshold current density (J,/d) is plotted on the A
right as a function of active layer thickness for a Yariv and Yeh, Photonics

broad area (low lateral confinement) laser
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Power Output

»  As the injected current increases beyond threshold, the laser oscillation intensity increases and the
stimulated emission dominates the carrier lifetime to the point where the inversion is clamped at its
threshold value

»  For 7, defined as the probability that an injected carrier recombines radiatively in the active region,
the power emitted via stimulated emission is (we derived this previously for steady state)

I-1)n
=( th)nz hV
q

»  The total stimulated radiation is either absorbed in the cavity or eventually escapes out of the laser
cavity as output power.

P

e

_apn,, Le)"(a)

IR
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Differential Quantum Efficiency

» The ratio of the photon output rate resulting from a
given input carrier injection rate 1s the external

differential quantum efficiency .,
d(P,/hv)
Nex =
d\(I-1,)/q]

» And the overall laser efficiency is

In| —

R /S Ly P R
- [Vappl l I anppl OCL + ln(l)
R
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Small Signal Modulation

Relaxation oscillation: Is due to an interaction between the carrier and photon density

Interaction dN I N
Carrier < Photon Z=_V—T——G(N)'(1—€'S)'S
density (N) density (S) 4 n -
i d S N
Stimulated B _r Gy -e5)-5- S Dbl
emission dt T T

p n
Define the relaxation frequency

Where :
a = damping constant. Increases with increasing photon density in steady state.
w, increases with increasing bias current.

S £O ( f ) Incr:easing bias cunre?t
A .
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» Why do most transmitters bias the off level of
the laser close to threshold instead of zero
bias?
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Large Signal Modulation
Step Response

Turn-on delay:
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Large Signal (Digital)
Modulation

» Pulse response of a directly-driven semiconductor

= mﬁtﬁrn—on delay 7, is determined R
by drive circuit/laser combination. I, (1)

= Determined by the “zero” current
level (below or above threshold) : > 1

V2

TOV[ =
2 f,

P

on

oy

Envelope is determined

by laser damping
/ coefficient vy

= Want « to dampen out relaxation
oscillation well within the bit

. Ringing at
interval. relaxation
= Choose I, to set frequency and oscillation
magnitude of relaxation oscillation iL frequency wg
relative to bit period ; : > [
—| — i
_ T'eF,

r= Vnhv

ECE162C, Spring 2010, Professor Blumenthal Lecture 8, Slide 12



Digital Modulation

> What does NRZ, DIGITAL MODULATION OF A CONSTRICTED
MESA LASER (50 ps/div, 100 mA DC BIAS)
mean?
What does RZ B, N
mean? 2 Gbit/s NRZ 2 Gbit/s RZ
What is an eye
diagram? - TN

4 Gbit/s NRZ 4 Gbit/s RZ

8 Gbit/s NRZ 8 Gbit/s RZ

16 Gbit/s NRZ (20 ps/div)
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