@%% ®

Chinese Optics BT

A BXDCR T BOUE R R BT

Bk, RAGK, LR, HRM

FIHASL:

IR, SN, VLI, R, A oWt T B R R RS O[], TR DR, 2020,
13(2): 396-410. doi: 10.3788/C0.20201302.0396

SU An, MENG Cheng—ju, JIANG Si—ting, GAO Ying—jun. Activation effect of complex medium on the

optical propagation properties of optical quantum well[J]. Chinese Optics, 2020, 13(2): 396-410. doi:
10.3788/C0.20201302.0396

TELR 2 View online: https:/doi.org/10.3788/C0.20201302.0396

LT BRI HoA S EE

Articles you may be interested in

SiZe R BOA S InGaAs/AlGaAsT FBHE 2L ST

Intermixing in InGaAs/AlGaAs quantum well structures induced by the interdiffusion of Si impurities

i Y2, 2020, 13(1): 203 https://doi.org/10.3788/C0.20201301.0203

Mn $82% ZnSe i U R AOEHEFUITSE
Temperature—dependent photoluminescence properties of Mn—doped ZnSe quantum dots

H1 A%, 2015(5): 806  hittps://doi.org/10.3788/C0.20150805.0806
BT R S R AT AR i B ST

Design and research of Ge / Si avalanche photodiode with a specific lateral carrier collection structure

i EYE2. 2019, 12(4): 833 https://doi.org/10.3788/C0.20191204.0833
G I B A AR S ik SRR

Fano resonance properties of the arrays of metallic half-ring/rectangle structure

HRE Y. 2015(3): 360 hitps://doi.org/10.3788/C0.20150803.0360
R TR OEHOR
Advances and prospects in quantum dots based backlights

Y. 2017, 10(5): 666  https://doi.org/10.3788/C0.20171005.0666


http://www.chineseoptics.net.cn/
http://www.chineseoptics.net.cn/
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20201302.0396
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20201301.0203
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20150805.0806
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20191204.0833
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20150803.0360
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20171005.0666

F13% M2 T EDG Vol.13 No.2
2020 4§ 4 J Chinese Optics Apr. 2020

XEHS 2095-1531(2020)02-0396-15

Activation effect of complex medium on the optical
propagation properties of optical quantum well

SU An' ,MENG Cheng-ju'* , JIANG Si-ting' , GAO Ying-jun’
(1. Department of Physics and Electronic Engineering, Hechi University, Yizhou 546300, China;
2. College of Physical Science and Engineering, Guangxi University, Nanning 530004 , China)

* Corresponding author, E-mail ;mengchengju@ 163. com

Abstract; By using the transmission matrix, the activation effect of complex medium on the optical propaga-
tion properties of optical quantum well has been studied. The result shows that, the light transmissivity and in-
ternal local electric field of an optical quantum well can be activated by complex medium. There is always an
internal local electric field in the optical quantum well made of whether real medium or complex medium. The
local electric field will always cause the frequency quantization and the appearance of discrete narrow transmis-
sion peaks in the transmission spectrum. Active impurities are added to the medium A. When the imaginary
part of dielectric constant of complex medium, namely k, is positive, both the local electric field in the optical
quantum well and the transmissivity of discrete narrow transmission peaks will be attenuated. With the increase
of k value, the monotonic attenuation of internal local electric field becomes more obvious. However, the sen-
sitivity of the response of local electric field to the positive imaginary part k is different at different wavelengths
of optical quantum well, and the electric field at the central wavelength of the quantum well is the most sensi-
tive to the k value. When the imaginary part of dielectric constant of complex medium, is negative, both the
local electric field in the optical quantum well and the transmissivity of discrete narrow transmission peaks will
have an amplified gain. As the value of negative imaginary part |£| increases, the internal local electric field
will increase to a maximal value and then become attenuated. However, the maximal value of the local electric
field in gain amplification and the corresponding k| value are different at different wavelengths of the quantum
well. To be specific, the local electric field in the short-wave direction of the quantum well is the most sensi-
tive to |kl value, while the local electric field in the long-wave direction is the least sensitive to k1| value.
The modulation mechanism of complex medium towards the light transmission characteristics of optical quantum
well has positive guiding significance for the theoretical research and practical design of new optical filters, op-
tical amplifiers and optical holophotes, and for the research of internal mechanism of light transmission charac-
teristics of an optical quantum well.
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1 Introduction

It is well known that semiconductor materials
and their technology have revolutionized the technol-
ogy of information transmission. However, with the
increasing demand and the limitation of production
design and process, the information transmission
speed and process integration of semiconductor com-
munication devices have almost reached their limits ,
that is, the information technology with electronics
as the information transmission carrier has encoun-
tered a "bottleneck" in its development. So the re-
searchers begin to shift their focus on photons,
which have irreplaceable advantages over electrons,
such as exiremely fast propagation speed, large
transmission capacity and no interaction. Therefore ,
photons has been expected to replace electrons for
information transmission since the birth of photonic

]

crystal concept''?’. The use of photonic crystal as

doi;10.3788/C0. 20201302. 0396

the carrier of information transmission will also spark
a new round of information technology revolution.
Photonic crystal is a kind of artificial micro-struc-
tured optical material formed by the thin films in or-
dered arrangement and with different permittivities.
Its strangest and most attractive characteristic is that
it can be selectively passed by some light frequen-
cies. Moreover, its transmission behavior can be
manually controlled by reasonable structure adjusting
or impurity adding. This characteristic is of great
practical significance for efficient information trans-
mission by light *®/.

A large number of research results show that
when a periodic photonic crystal is defective or
doped with impurities, the propagation of light to the
defects will cause the appearance of local photonic
state, in which a strong local electric field will exist.
Because light is confined to the local state, the pho-
tonic state density in that area will be very high and

finally the transmission peaks ( defect mode) with
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high transmittance and narrow bandwidth will be

1) Tt can be seen that

formed at the macro leve
the effect of strong local electric field in the photonic
crystal can be used to realize optical filtering very
well. Therefore, how to reasonably design and pro-
duce local photonic states in photonic crystals and
how to enhance the density of local photonic states
are not only the problems to be solved, but also the
focuses of research. As a result, the researchers
have designed a photonic crystals quantum well
(PQW ) structure with stronger internal effects on
optical localization. The optical quantum well struc-
ture is composed of a well layer and a barrier layer.
Due to the restriction of the barrier layer on both
sides, light is highly localized in the quantum well.
This highly localized electric field will result in the
frequency quantization. The quantized light will pass
through the photonic crystal through resonance tun-
neling and form discrete transmission peaks with ul-
tra-narrow bandwidth, thus providing theoretical
support for the realization of high-quality optical fil-
teringm"g] .

In recent years, the researchers have further
added active impurities ( such as erbium, etc. ) to
the PQW medium to obtain better optical filtering
effect. The results show that the active impurities
have a good modulation effect on the light transmis-
sion characteristics of optical quantum well. Espe-
cially, they have an amplification effect on the light
transmission of the quantum well, which is generated
by the frequency quantization of local electric field

in the welll*!"14:1920]

Therefore, there must be
some correlation between the amplification effect on
transmission characteristics and the internal local e-
lectric field, that is, the problem is whether the in-
ternal mechanism of this light amplification effect is
the amplification of internal local electric field by ac-
tive impurities. Based on this thinking, this research
project has especially studied the gain amplification

mechanism of active impurities on the local electric

field in an optical quantum well by establishing the

PQW structure model and adding active impurities to
the medium. The research results will provide theo-
retical guidance for the design of optical amplifiers

and filters in the optical quantum well.

2 Research method and PQW struc-

ture model

2.1 Research method

The main objects of this project are the trans-
mittance and internal local electric field of an optical
quantum well, so the transmission matrix method is
used for their calculation and exploration. The core
of transfer matrix method is to convert the Maxwell
equation of light transmission in thin film medium
into a transmission matrix. Then the total transmis-
sion behavior of light in the whole periodic film me-
dium ( photonic crystal) is equal to the product of
the transmission sub-matrices of light in all the me-
dium layers, so the process of solving the Maxwell e-
quation of electromagnetic field transmission in a
photonic crystal can be converted into the process of
solving the eigenvalue problem. The transmission
matrix method is a visualized method with few matrix
elements and high computational efficiency. It is es-
pecially advantageous in the calculation of transmit-
tance, reflectance, electric field distribution, and

[45, 13-18]

dispersion curve . As the transmission matrix

has been widely used, it will not be repeated here.
2.2 PQW structure model

The constructed PQW
(AB)"(ABA)"(BA)™, as illustrated in Fig. 1. In
the model, ( AB)"(BA)" is the barrier layer of op-
tical quantum well, and (ABA)" is the well layer of

structure model 1is

optical quantum well. m and n are respectively the
number of permutation cycles in the barrier layer and
well layer of a photonic crystal, and can be rounded
into positive integers in calculation, research and
actual design. Judging from model structure, the op-
tical quantum well (AB)™ (ABA)" (BA)™ is a

structure of mirror symmetry. In the model, A and B
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are thin film medium and their material, permittivity
and physical thickness are as follows; A: AsS, g, =
6.760, d, =741. 0 nm; B.SiO,, g, =2. 1025,
dy = 1329.0 nm. If active impurities are added to
the medium, the permittivity of the medium will be a
complex number and the medium will also be called
complex medium. When the imaginary part of com-
plex permittivity is positive, light will be attenuated ;
when the imaginary part of permittivity is negative,
light will be gained and amplified*""""*"***) " The
energy band structures of the photonic crystals
(AB)’(BA)’ and (ABA)'" can be drawn through
Matlab (a scientific computing software ) program-

ming, as shown in Fig. 2.

(ABY(ABA)'(BAY"
(AB)" (ABAY' (BAY"

r \ 0 I \

Fig. 1  Structural diagram of 1D photonic crystal well

K1 —4t 1R T Prai R gl

As can be seen from Fig. 2, in the wavelength
range of 2 381 ~2 789 nm, the passband of the
well-layer photonic crystal (ABA)'" falls completely
into the forbidden band of the barrier-layer photonic
crystal (AB)° (BA)”, that is, the photonic crystal
(AB)" (ABA)" (BA )™ reasonably constitutes a
PQW structure. When the medium is doped with ac-
tive impurities to form the complex medium, the op-
tical quantum well is a quantum well structure con-
taining complex medium, complex-medium optical

quantum well for short.

2 1
= (@)
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= (b)
£ 05 ]
g
[_‘ 1
2400 2600 2800
Anm

Fig.2 Band-gap structure of 1D photonic crystals. (a)
(ABA)";(b) (AB)*(BA)®
B2 2T AR BRE G . (a) (ABA) "5 (b)
(AB)*(BA)’

3 Calculation results and analysis

3.1 Transmission spectrum and internal elec-
tric field distribution of quantum well in
real medium

First, with other parameters unchanged, define
the number of barrier-layer cycles of the optical
quantum well (AB)" (ABA)"(BA)" as m =3 and
the number of well-layer cycles as n =2, 3 and 4 in
progressive increase. Considering the vertical inci-
dence of light, the transmission spectrum of the opti-
cal quantum well (AB)’ (ABA)" (BA)’ can be

drawn through Matlab programming and simulation,

as shown in Fig. 3. In the figure, the abscissa is the
wavelength of incident light, and the ordinate is the
transmittance.

As can be seen from Fig. 3, when the thin film
media composing of the optical quantum well are all
real media, a wide forbidden band will appear in the
wavelength range of 2 381-2 789 nm. There are dis-
crete narrow transmission peaks with 100% transmit-
tance in the forbidden band. The number of trans-
mission peaks is related to the number of permuta-
tion cycles (n) of the well-layer photonic crystal
(ABA)" and is equal to n — 1. In addition, as can

be seen from Fig. 3, with the increase of the num-
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Fig.3 Transmission spectra of PQW ( AB)’ (ABA)"
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ber of permutation cycles (n), the number of dis-
crete narrow transmission peaks will increase, while
the bandwidth of transmission peaks and the distance
between transmission peaks will decrease. The com-
parison between Fig. 3 and Fig. 2 shows that, the
wavelength range in the transmission spectrum shown
in Fig. 3, where discrete narrow transmission peaks
appear, is exactly the wavelength range in Fig. 2
where the quantum well structure is formed. There-
fore, when light is transmitted to the optical quan-
tum well, the localization effect of quantum well
structure on the light will limit the light propagation.
This strong localization effect results in the frequency
quantization of light field in the quantum well. The
quantized light passes through the quantum well in
the way of resonance tunneling, forming discrete
narrow transmission peaks in the transmission spec-
trum. Moreover, as the number of well-layer cycles
increases, the range of frequency quantization will
be enlarged and the quantization degree will be in-
tensified, that is, the wavelength range of discrete

transmission peaks will increase and their bandwidth

will decrease. This light-transmission characteristic
of optical quantum well has important guiding signifi-
cance for the design and manufacture of optical fil-
ters with high performance.

Then, the local electric field distribution inside
the quantum well can be plotted. Given the number
of well-layer cycles (n = 4), the corresponding
wavelengths of three discrete narrow transmission
peaks, namely A, =2 447.72 nm, A, =2 556. 21
nm and A; =2 675. 13 nm, are taken as the incident
wavelengths for calculating the internal local electric
field. The local electric field distribution in the opti-
cal quantum well (AB)*(ABA)*(BA)’ is shown in
Fig. 4 (b-d). In the figure, the abscissa z is the
propagation position of light in the optical quantum
well, and the ordinate | E/E,| is the relative value
of the local electric field. The Fig. 4(a) shows the
transmission spectrum of the quantum well (AB)’

(ABA)*(BA)°.

—_
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Fig.4 Transmission spectrum and electric field distri-
butions of PQW( AB)* (ABA)*(BA)°®
4  (AB)*(ABA)*(BA)® i i1tk 55 Hi b 3 Aii

As can be seen from Fig. 4, when light propa-
gates into the structure of optical quantum well, a

strong local electric field is formed inside the quan-
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tum well. When the wavelength of incident light is

A, =2 447.72 nm, the maximum value of local e-

lectric field inside the quantum well is |E/E, 1
9. 531; when the wavelength of incident light is
A, =2 556.21 nm, the maximum value of internal

local electric field is | E/E, |, =10.29; when the
wavelength of incident light is A, =2 675. 13 nm,

max

the maximum value of internal local electric field is
|E/E, |, =8.394, as shown in Fig. 4(b-d). It
can also be seen from Fig. 4 (a) that, the narrow
transmission peak A, =2 556. 21 nm is located at
the center of the quantum well, and has a narrower
bandwidth than the discrete transmission peaks on
both sides. When being calculated based on this
wavelength, the local electric field inside the quan-
tum well will be the maximum. This indicates that
the light field incident to the quantum well structure
is localized in the quantum well. The closer it is to
the center of the well, the more localized it is.

3.2 Transmission spectrum and internal elec-
tric field distribution of quantum well in
complex medium

We still take the optical quantum well structure
(AB)*(ABA)*(BA)’ as the research object. Sup-
pose that other parameters remain unchanged, and
add active impurities to the medium A. First, con-
sider the doping with the active impurities with at-
tenuation effect. Then the permittivity of the medium
will be a complex number with positive imaginary

111921 In this case, the optical quantum well

par
structure is called complex-medium optical quantum
well structure. Suppose g, = 6. 670 + 0. 1i. The
transmission spectrum and internal electric field dis-
tribution of the complex-medium optical quantum
well (AB)*(ABA)*(BA)” can be drawn, as shown
in Fig. 5 (a-d).

Firstly, as can be seen from Fig. 5, when the
medium A of the quantum well is doped with the im-
purities with attenuation effect, the light transmis-
sion and internal local electric field of the quantum

well will show different degrees of attenuation. The

comparison between Fig. 5 and Fig. 4 shows that,
when the medium A is a complex medium with atten-
uation effect, three narrow transmission peaks of the
optical quantum well (AB)”(ABA)*(BA)’ will ap-
pear at A; =2 447.72 nm, A, =2 556.21 nm and
A; =2 675.13 nm respectively. Their transmittances
will decrease from 100% in the real medium to
23.43%, 17.29% and 21.25%
When taking A, =2 447.72 nm, A, =2 556.21 nm

respectively.

and A; =2 675. 13 nm as incident wavelengths to
calculate the internal local electric field, the maxi-
mum values of internal local electric field will be at-
=9.531, 10.29 and 8.394
=4.736, 4.376 and

tenuated from |E/E, |

max
in real medium to | E/E |,
3.965 in complex medium. Therefore, the internal
cause of the transmittance attenuation of discrete
narrow transmission peaks in the transmission spec-
trum is that active impurities with attenuation effect is

added into medium of optical quantum well, which

results in attenuation of internal local electric field.

2 02
E )\ i (a) F
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4 T
T ‘ , AR
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Fig.5 Transmission spectrum and electric field distri-
butions of PQW(AB)® (ABA)* (BA)® with ¢,
of 6.670 +0. 1i

K5 &,=6.670 +0.1i I (AB)* (ABA)*(BA)® iy
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Secondly, when the medium A is doped with
the activated impurities with gain effect, the permit-
tivity of the medium is a complex number with nega-

- : [19220]
tive 1maginary part .

Suppose g, = 6. 670 -
0.02i. The transmission spectrum and internal local
electric field distribution of the complex-medium op-

tical quantum well (AB)”> (ABA)* (BA)’ can be

drawn, as shown in Fig. 6 (a-d).
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Fig.6 Transmission spectrum and electric field distri-
butions of PQW( AB)’ (ABA)* (BA)”® with ¢,
of 6.670 —0.02i
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As can be seen from Fig. 6, when the medium
A of the optical quantum well is doped with the ac-
tive impurities with gain effect, the discrete narrow
transmission peaks and internal local electric field of
the quantum well will show gain amplification of dif-
ferent degrees. The comparison between Fig. 6 and
Fig. 4 shows that, when the medium A is a complex
medium with gain effect, three narrow transmission
peaks of the optical quantum well (AB)’ ( ABA)*
(BA)® will appear at A, =2 447.72 nm, A, =
2 556.21 nm and A; =2 675. 13 nm respectively.

Their transmittances will increase through gain am-
plification from 100% in the real medium to
156.85% , 186. 45% and 164. 96% respectively.
When taking A, =2 447.72 nm, A, =2 556.21 nm
and A; =2 675. 13 nm as incident wavelengths to
calculate the internal local electric field, the maxi-
mum values of internal local electric field will be in-
=9.531, 10.29
=11.85,

14.00 and 10. 69 in complex medium. Thus it can

creased through gain from |E/E, |

and 8.394 in real medium to | E/E, |, .
be seen that the addition of the active impurities with
gain effect to the medium A will amplify the gain of
the local electric field inside the quantum well, and
the gain of the transmittance of discrete transmission
peaks in the transmission spectrum.
3.3 Response of internal local electric field to
the imaginary part of complex medium

We still take the optical quantum well structure
(AB)?(ABA)*(BA)” as the research object. Tak-
ing the imaginary part £ of complex medium as ab-
scissa and the maximum value of the local electric
field |1E/E,| as the ordinate, the response of local
electric field to active impurities can be plotted.
When the medium A is doped with the active impuri-
ties with attenuation effect, namely g, =6. 670 + ki,
the response curves |E/E;| ~k of the maximum val-
ues of internal local electric field to active impurities
can be calculated by assigning & = 0, 0. 04,
0.06...,0.12,0.16 and A, =2 447.72 nm ), =
2 556.21 nm, A; =2 675. 13 nm (incident wave-
lengths) , as shown in Fig. 7.

As can be seen from Fig. 7, when the medium
A is doped with the active impurities with attenua-
tion effect or when the permittivity of the medium A
is a complex number containing the positive imagi-
nary part k, the maximum value of the local electric
field 1E/E,| inside the quantum well will be attenu-
ated with the increase of k. Moreover, the attenua-
tion speed of the maximum value of internal local e-
lectric field varies with incident wavelength. When

the wavelength A, =2 556. 21 nm corresponding to
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the central transmission peak of the quantum well is
taken as incident wavelength, the maximum value of
the internal local electric field | E/E| has the fas-
test attenuation rate. When the wavelength A, =
2 447.72 nm corresponding to the transmission peak
in the short-wave direction is taken as incident wave-
length, the maximum value of the internal local elec-
tric field 1 E/E, | has the second-fastest attenuation
rate. When the wavelength A; =2 675. 13 nm corre-
sponding to the transmission peak in the long-wave
direction is taken as incident wavelength, the maxi-
mum value of the internal local electric field |E/E, |
has the slowest attenuation rate. It can be further in-
ferred that when the positive imaginary part k increa-
ses to a certain value, the local electric field inside
the quantum well will approach zero. At this point,
the transmittance of discrete transmission peaks is
zero at the macro level, that is, the optical quantum

well can achieve the function of optical holophote.

T T T
10 A 4,=2556.21 nm |
n =2 447.72 nm
K A 2=2 675.13 nm ]
AN
5
2
6 |
4 L
.
1 1 * b e 2
0 0.05 0.1 0.15

Fig. 7 Electric field distributions versus k of PQW
(AB)’(ABA)*(BA)® with &, of 6.670 + ki
B7 &,=6.670 +ki i,k XFf (AB)* (ABA)*(BA)®
PR HL 35 1Y) 5 T

When the medium A is doped with the active
impurities with gain effect, namely g, =6.670 - ki,
the response curves |E/E,| ~k of the maximum val-
ues of internal local electric field to active impurities
can be calculated by assigning £ = 0, 0. 04,
0.06...,0.12, 0. 16 and A, =2 447. 72 nm,

Ay, =2 556.21 nm, A; =2 675. 13 nm ( incident

wavelengths) , as shown in Fig. 8.

300 F T

250 A;7=2 675.13 nm -
A,=2447.72 nm

200 5 55621 nm

|E/E,|
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100

0 0.05 0.1 0.15
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Fig. 8  Electric field distributions versus k of PQW
(AB)’ (ABA)*(BA)® with &, of 6.670 — ki
K8 &, =6.670 — ki I,k % (AB)’ (ABA)* (BA)’®
PAL BT L 37 1) S T

As can be seen from Fig. 8, when the medium
A is doped with the active impurities with gain effect
or when the permittivity of the medium A is a com-
plex number containing the negative imaginary part,
with the increase of k| , the maximum value of the
local electric field | E/E,| inside the quantum well
will increase, reach an extreme value, and then de-
crease. Moreover, at different incident wavelengths ,
the maximum value of the internal local electric field
|E/E,| will have different inflection points towards
the extreme value. When the wavelength A, =
2 447.72 nm corresponding to the transmission peak
in the short-wave direction is taken as incident wave-
length, the infection point will appear at the maxi-
mum value of internal local electric field |E/E,| =
299. 60 given that |kl =0.10. When the wavelength
A, =2 556.21 nm corresponding to the central trans-
mission peak is taken as incident wavelength, the
infection point will appear at the maximum value of
internal local electric field | E/E, | =166. 50 given
that | £ 1 = 0. 08. When the wavelength A, =
2 675.13 nm corresponding to the transmission peak

in the long-wave direction is taken as incident wave-
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length, the infection point will appear at the maxi-
mum value of internal local electric field |E/E,| =
52.196 given that |kl =0.10. It can be seen that
when the medium A is doped with the active impuri-
ties with gain effect, gain amplification will occur to
the local electric field inside the quantum well in the
same trend, namely increasing first and then attenu-
ation. However, the extreme values of internal local
electric field under gain amplification and the corre-
sponding negative imaginary part are different at dif-

ferent wavelengths.

4 Conclusion

Through the transmission matrix method, the
response of light transmission characteristics in the
optical quantum well to complex medium has been
studied to achieve the following conclusions

(1) Whether made of real medium or complex
medium, local electric field in optical quantum well
will always cause the frequency quantization and the
appearance of discrete narrow transmission peaks in
the transmission spectrum;

(2) When the imaginary part of permittivity of
the complex medium doped with active impurities,
namely k, is positive, both the local electric field in
the optical quantum well and the transmittance of

discrete narrow transmission peaks will be attenua-

—— SO IR —

1 3]

e

AT SRR, > AR AR SRR S (5 B AL
FHoARE R T AR . (HEEE SEPRAT R Y
SETHRIA P TR BRG] , - S RE 15 e 60
SR AN T A R A R, B LR
TAE B BRI B BRI B
TR AL B REZDE T A T Ot T
HA R B A i A iR AR BAE S A

ted. With the increase of k value, the monotonic at-
tenuation of internal local electric field becomes
more obvious. However, the sensitivity of the re-
sponse of local electric field to the positive imaginary
part k is different at different wavelengths of optical
quantum well, and the local electric field at the cen-
tral wavelength of the quantum well is the most sen-
sitive to the k value;

(3) When the imaginary part of permittivity of
the complex medium doped with active impurities,
namely k, is negative, both the local electric field in
the optical quantum well and the transmittance of
discrete narrow transmission peaks will have an am-
plified gain. As the value of negative imaginary part
| k1 increases, the internal local electric field will
increase to a maximal value and then become attenu-
ated. However, the maximal value of the local elec-
tric field at different wavelengths in gain amplifica-
tion and is corresponding to different 1k value. To
be specific, the local electric field in the short-wave
direction is the most sensitive to | k| value, while
the local electric field in the long-wave direction is
the least sensitive to |k value.

The modulation mechanism of complex medium
to the light transmission characteristics of optical
quantum well has a positive reference value for the
research and design of the functions of new optical

filters, optical amplifiers and optical holophotes.
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