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Enhanced Field Induced Optical Absorption in Graded Coupled Quantum Wetls

1. INTRODUCTION

Qua,ntum wells coupled via a thin separating bar-

rier have been shown to display unique Sta,rk shifts,

which are much different from that of isolated quan-

tum wells.l) It is possible to decouple both quantum

well structures for electrons and holes and hence lo
calise the particles in the respective wells by the ap
plication of a,n electric field, resulting in large changes

of the optical coeficient.2) However, the electric field

necessary for the decoupling of the strongly coupled

quantum wells is too high.

In this paper, we propose a new scheme, whereby

the potential profile of the coupled quantum well struc-

ture is slightly inclined for lowering the electric field

required for complete well decoupling. Numerical cal-

culations of the absorption spectra and room temper-

ature absorption'current spectroscopy of samples of

graded coupled quantum wells fabricated will be pre-

sented.

2. DESIGN OF GRADED COUPLED QUANTUM
WELLS

The potential profile of any quantum well struc-

ture can be inclined by either an applied electric field,

or by a va,rying material composition. In a struc-

turally pre-biased qua,ntum well, it is noted that the
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FIGURE 1

Schematic potential profile of a structurally
pre-biased graded coupled quantum well.

inclination of the conduction band is in the opposite

direction to the valence band. Since the Sta,rk shift

achievable in a quantum well system is proportional to

the efiective mass of the particle involved,3) the case

whereby the applied electric field further increases the

inclination of the valence band is expected to bring

about a larger Stark shift of the fundamental absorp

tion peak in an isolated single quantum well.a)

In the graded coupled quantum well structure, the

energy bands are varied continuously across the whole

structure, as shown in Fig. 1, to enhance the field

induced decoupling effect. Ilowever, the direction of
the electric field to be applied for achieving the above
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Coupled quantum wells have been known to display unique Stark shifts. In this paper,
a s9he1ge, whereby the potential profile of the coupled qua,ntum well structure is slightly
inclined, is p_roposed for lowering the electric field required for complete well decoupling.
Numerical calculations of the absorption spectra of the graded coupled quantum wells under
an electric field confirm the above effect. Moreover, robm tempeiature absorption current
speclra of the pi-n diode samples fabricated show good agreement with the calculated
results.
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FIGURE 2
Electric field dependence of the transition energies of

an AlGaAs/AlAs graded coupled quantum-well
structure witli the aluminium content varied linearly

from 0 to 0.05 across the entire structure.

enhancement is not apparent at first glance.

Numerical calculations of the eigen energy levels,

wave functions and absorption spectra of the graded

coupled quantum wells under an electric field have

been made, using the tunnelling resonance model and

variational computations.s) Figure 2 shows the elec-

tric field dependence of the transition energies of an

AlGaAs/AlAs graded coupled quantum well structure

with the aluminium content varied linearly from 0 to

0.05 across the entire structure. The well width and

the separating AlAs barrier thickness are 17 mono

layers (ML, lML:2.8e4) ana 2ML respectively. The

electric field is positive if it is applied in the direction

as to further increase the inclination of the valence

band. It is clear that enha,ncement of the decoupling

effect, via the merging of the electron symmetric-

heavy hole antisymmetric (es,ha) and electron anti-

syrnmetric-heavy hole symmetric (ea,hs) transitions,

only occurs when tle electric field further increases

the inclination of the valence band.

The efiect of the degree of inclination of the energy

bands in the graded coupled quantum well structures

is next examined. Figure 3 shows the dependence

of the decoupling electric field and maximum absorp

tion coefficient achievable upon complete decoupling
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FIGURE 3

Dependence of decoupling electric field and
maximum absorption coeffic"ient achievable upon
complete decoupling on the aluminium content at'the extr.-" .tt"d of the potential profile.

on the aluminium content x at the extreme end of

the potential profile shown in Fig. 1. The physical

dimensions of the structure is the same as that men-

tioned above. It can be seen that a larger inclination

of the energy bands results in a lower electric field

necessary for complete well decoupling. However, too

sharp an inclination results in decoupling at lower os-

cillator strengths since the squared overlap integrals

of the electron and heavy hole wave functions vary

more slowly with the electric field.

3. OPTICAT ABSORPTION SPECTRA

The calculated room temperature absorption co-

efficient spectra of the graded coupled quantum well

structure under various electric fields is shown in Fig. 4.

The aluminium content of the structure is varied lin-

early from 0 to 0.05 for the system and the well width

and separating AlAs barrier thickness are 17ML and

2ML respectively.

As in the case of the normal strongly coupled quan-

tum well structure, only transition peaks of identi-

cal symmetries are observable at zero electric field.

With an increase in the electric field, the electron

symmetric-heavy hole antisymmetric and electron anti-

symmetric-heavy hole symmetric absorption peaks ap
pear a.nd merge into a strong single peak at wave-

length 768nm and field 40kV/cm. This corresponds to
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calculated room !"r#Sy*tt luuorption spectra of
the graded coupled quantum well. The notation

(ei,jk) represents a transition between the electron i
(s for symmetric, 1, for antisymmetric) and j (h for

heavy, I for light) hole k (s for symmetric, a for
antisymmetric) modes.

a,n absorption coefficient variation of 7160cm-1 with
respect to the zero field state, and compares favourably
with the necessary well decoupling electric field of
120kV/cm and maximum absorption coefficient vari-
ation of 5710 cm-1 at the same field of 40kV/cm with
respect to the zero field state in a normal strongly cou-

pled quantum well structure of GaAs with the same

physical dimensions.

4. SAMPLE FABRICATION
Actual fabrication of the graded coupled quantum

well structure by molecular beam epitaxy (MBE) is

difficult since the aluminium content must be varied

rapidly and continuously across just 3GML. Moreover,

a. slight fluctuation in the aluminium flux could eas-

ily upset the profile of the entire structure. Conse-

quently, the equivalent graded coupled quantum well
structure shown in Fig. 5, whereby alternating ultra-
thin GaAs and AlGaAs layers of va,riable widths are

used to simulate the varying aluminium content, has

l>een employed in place of the ideal structure for fab
rication by the operation of the Knudsen-cell shutters
in the MBE system. The calculated absorption spec-

tra of the equivalent structure is shown in Fig. 6 and
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FIGURE 5
Schematic potential profile of the equivalent eraded

coupled quantum well structure, where the thTckness
of the embedded ultrathin Ale.lGao.sAs layers in the
entire 36 monolayer structure is vaiied to simulate

the ideal case. The integers in the figure indicate the
thickness of each layer in monolayers.
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calculated room ,."|t:yrTrt S,urorption spectra of
the equivalent graded coupled quantum well.

it matches that of the ideal structure in Fig. 4 very
well.

To examine the enhanced electroabsorption effect,

fifteen sets of the equivalent graded coupled quantum
well structure are embedded in the intrinsic region of
a p-i-n diode. Figure 7 shows the room temperature
absorption current spectra obtained at various reverse

biases. It can be noticed that an absorption peak at
774nm suddenly appears at a bias of. -2.25y, when
compared with the spectra of bias 0V, -lV and -2V.
The peak clearly distinguishes itself with a bias of -
2.5V and above. This is in fairly good agreement with
the calculation results.
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FIGURE 7
Room temperature absorption current s-pectra of the
equivalent graded coupled quantum well structure at

various transverse driving voltages.

5. CONCLUSIONS

A novel coupled quantum well structure, whereby

the potential profile is slightly inclined, is proposed

for lowering the electric field required for complete

well decoupling. The aluminium compositional pro

file is set such that the inclination of the energy bands

vary continuously across the whole structure and the

electric field is applied in the direction as to further

increase the inclination of the valence band. Numer-

ical simulation of the absorption spectra at various

electric fields reveals a strong dependence of the de-

coupling electric field on the built-in structural poten-

tial inclination. Room temperature ab,sorption cur-

rent spectra of the pi-n diode samples fabricated with

the equivalent graded coupled quantum wells in the

intrinsic region have shown good agreement with the

calculated results. Consequently, it can be concluded

that in the graded coupled quantum well structure,

large absorption coefficient va^riations occur at a much

lower electric field, pointing out the possibility of high

speed optical modulation with low driving voltages.
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