Photonic Technology Paper 3B6

2014 Examination Cribs

Q1 (a) This is largely a bookwork section. A good answer would include a detailed description
of the structure of a Burrus/SELED (with perhaps a detailed diagram as below) and discuss its
operation, for example including details on current confinement and causes of optical loss. Answers
should give details of typical range of colours with predicted numerical performance parameters,
materials used and potential applications.
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In terms of thermal management, the SELED has much of the substrate etched away: this allows
high coupling efficiency into a multimode fibre, and sometimes a spherical micro-lens is interposed
as well. In addition the heat generation is close to the p surface which can be bonded directly to a
heatsink, and the contact metal also reflects some light back upwards into the fibre. [30%]

(b) (i) The optical power from the LED is given by, P =nlhc/e\. The current, [, however is set by
the voltage dropped across the voltage source resistance and the internal impedance of the SELED,
so that,

I= (V — Vf)/ (RS + RLED) = (V — (hC/ e?»)) / Ryt where Ryt = R + Riep
=> P = nhe(V-(hc/e)))/eARot
—> 1 = ePARo/((he(V-(he/eh))) = 0.07 30%]

(ii) The overall quantum efficiency is given by 1 = NintNext => Mint =M Mext = 0.7

However Mint= {1/t )/(1/Tr + 1/T0r)
= Tor = Nint Tre /(1 - Mint) = 4.67 15 => 1,=1/(1/tx + l/ty) = 1.4 1s [10%]
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(iii) The variation of LED power with temperature is given by
P(D)/P(T)) = exp[-(T - T))/Tp] = 0.44 for a temperature change from 20 °C to 85 °C.
=> P(85 °C) = 2.2 mW => Change in power = 2.8 mW [10%]

Ea
(iv) The power dependence on time is given as P(t)=P(0)e™ where B=p,e ¥
If the lifetime, t;, is defined as 0.5 = exp (-Bt)), after some manipulation

t(T/M(T) = exp {(-Eo/K)(1/To-1/T))} =R say

=2 E,=-kIn(R) (1/T»-1/T1) =4 x 10%°J = 0.25 eV after inserting values [20%]

Q2 (a) (1) This is primarily a bookwork section. Good answers should include:

o A brief description of the three major types of electron/photon interactions in materials,
namely Spontaneous Emission, Stimulated Absorption and Stimulated Emission.

o An overall explanation of the use of a pn junction at which stimulated emission occurs,
with good answers describing the operation of semiconductor heterostructures.

o An explanation of the use of cleaved facets to allow optical feedback necessary for lasing to
be achieved.

. Finally good answers should indicate how stripes, ridges, mesas or buried heterostructures can
be used to confine light and carriers in the transverse direction, hence enhancing the device. [15%]

(i1) Again, a bookwork section, where a very brief explanation should be given of the need for
direct bandgap materials, with good answers also commenting on the role of heterostructure
materials. [5%]

(b) (i) A good answer should state that the rate equations make the following assumptions:
e the carrier, photon and current densities are constant in the diode laser throughout its volume,
e that the laser generates purely monochromatic light in one mode,
e that the amplification of light by stimulated emission is linear with carrier concentration and,

e that temperature effects are negligible.
In terms of the electron rate equation:

dn n I
E__r_Jr;_g(n_HO)P

s
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The LHS of the equation concerns the net rate of change of carrier concentration. The RHS has the
following terms in order: (i) spontaneous emission, which causes a depletion of carriers per unit
time), (ii) current injection (which causes an increase in carrier concentration), and (iii) nett
stimulated emission and absorption which causes carrier depletion and enhancement respectively.

L —glr-n )+ 2L
at T, 7T

s p

The LHS of the equation concerns the net rate of change of photon density of the lasing mode. The
RHS has the following terms in order: (i) stimulated emission, which causes a growth in photon
density, (ii) spontaneous emission (which causes an increase in photon density, but which is diluted
by the spectral overlap of the stimulated and spontaneous emission), and (iii) loss of photons from
facets and through scattering, as defined by a lifetime. [10%]

(i) Assume that the laser is in steady state, dn/dt = dP/dt = 0 and assume that f is very small.
Below threshold, when P = 0 (there is no lasing light generated), the electron rate equation becomes
simply

O=-n/t,+1/eV => n=Irt/eV

so that the overall operation of the laser can be understood. The carrier concentration in the laser
increases linearly with current until threshold, when it saturates to a constant value.

= I = eVnw/ts)

Rewriting the photon rate equation,

0= g(n—no)P; P/rp => P{g(n—no)—l/rp}: 0
As P may have values greater than 0 (and not less!),
g(n—no)—l/rp =0=>n=n, +1/(gfp)

However all the terms on the right hand side of the equation are constants. Maintaining a steady
state for all values of lasing photon density greater than zero, the carrier constant in the laser is
constant. Let this value be called the threshold carrier density, n.

=TIy = (eV/15).(n, + 1/g 1)
Considering the electron rate equation, 0 = —g(n—n, )P—n/ts + 1/ eV
But n = ny, for all P>0, so in this regime,
I/eV —ny/74}

gln-n,)
Letting I, = eVny/ts,
=> pz_{[_—_[ﬂ_zk(]_jth)

eV g(ny, —n,)

where the slope, the differential efficiency, k = I/eVg(ny, ~ny) [20%]

o
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(iii)

Ngh = Ng + l/grp

Iin

(c) From (b), Iin=(eV/ts).(no+ 1/g1p) = (ewhL/ts).(no + 1/g 1))
=> L =Ipt/(ewh(n, + 1/g 1))

But 1t,=n/[c {a+(l/L)In(1/R) }]

=> L = (Ijyts— ewhce.In(1/R)/gn)/(ewhn,+(ehwac/gn)) = 508 um

(d) AL =2%2nL = 0.62 nm
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