ECE 5212 10042016 HW6 Quantum confined Stark Effect in Quantum Wells, Optical Modulators (given on 10042016 as HW5A due 10112016. New Q.5 band filling due next week.
Q.1 (a) Describe the operation of a MQW based electro-absorptive modulator (seeL5 PowerPoint Fig. on slide 1 by Wood et al.  or Fig. 15 on slide 2 by Kan et al).  
[bookmark: _GoBack][image: ]
(b) Calculate change in power output due to change in absorption coefficient change as funciton of applied perpendicular electric field E when the field is changed from 0.4x105 V/cm [identified as (i)] to 1.2 x 105 V/cm (plot iii) of Kan et al figure below at an operating wavelength of 860nm. The GaAs well is 100Å and AlAs barrier is 200 Å. Given: (860nm)=10cm-1 at E= 0.4x105 V/cm and (860nm)=4000 cm-1 at E= 1.2 x 105 V/cm.
[image: ]

(c) How many quantum wells are needed to reduce the incident intensity by 50%. SEE HW4B


Q2. (a) How does a Fabry-Perot structure with cavity filled with MQWs enhance the change in % transmission as the electric field is applied across the cavity? See slide 3 and 4 (L5). Also see supplementary notes distributed today. See page 4 for Fabry-Perot info from Hinton’s Plenum reference. Use equation 4.3.116 and 4.3.14 and 4.3.3 (HINTs on page 5). Fabry Perot cavity transmission equations. Use angle of incidence to be zero or normal incidence. 

Q 2(b) what happens to % transmission if the quantum well thickness is reduced from 51A InGaAs to 40A InGaAs while maintaining the cavity thickness same. Explain in terms of wavelength of operation. 



Q.3(a)  How does an index of refraction change n changes the phase of a light wave propagating in a waveguide. Given phase change  equation and index change values, what is the thickness of quantum wells to have a phase change of . 
[image: ]

Q.3(b) Describe the operation of a Mach-Zehnder modulator using linear electro-optic effect in fibers or in LiNbO3 waveguide based devices. Figure below shows n for linear electro-optic (e.g. LiNbO3) and quadratic MQW waveguide layer. 
[image: ]



Q.3(c) If the output intensity Io equation as a funciton of phase change  is given below,  find the ratio of Io/Iin for a MQW waveguide with GaAs quantum wells (like device of Q.1b operating at a field of 1.2 x 105 V/cm (plot iii of Kan).


Q.4 Calculate V value for MQW Mach-Zehnder modulator if the index of refraction change at E field of 1.2 x 105 V/cm.  USE Kan et al index change values. Fig. for Q1b.

Info for Q.2. H. Scott Hinton, An Introduction to Photonic Switching Fabric, Plenum, 1993. Section 4.3.1 Fabry-Perot Etalon. 
The cavity shown below is sandwiched between two mirrors M1 and M2 and has a thickness is d and comprising of multiple quantum well with an effective index of refraction nc. The incident wave electric filed Ei is reflected as Er1 depending on incident angle i and part of this is transmitted at an angle t. The phase shift between two adjacent reflected/transmitted waves is  


Here,  is the phase change at the interface (it is for dielectric mirrors). As shown in handout during Lecture L6 (page 12 Fig. 1a and Laser Chapter in ECE 4211) the summation of all outputs gives field transmissivity t= Et/Ei.  The intensity ratio is It/Ii = (Et/Ei )2 =t2. Similarly, as the intensity reflectivity coefficient R = r2. The summary of equations representing transmission and reflection coefficients are given below. 

Transmission,, 


Reflection , here 
	

	
page 176 of Notes.



When the light is incident normally i and t are zero. . The transmission is minimum if sin2/2 = 1. Or when  is , 3or  = , 3

For minimum 
For maximum, sin2/2 = 0, is , and Tfpmax = 1. One can thus find the ratio. 
The Fabry-Perot peak shifts when an Electric field E is applied across the multiple quantum wells as index nc value is changed (see Q1b). For a given wavelength 860nm =0.86 microns, using index change nc = 0.005 at two different Evalues find the d change and corresponding intensity change. 

Q.5 Electro-absorptive or electro-refractive optical modulator are based on quantum confined Stark effect or based on band-filling. Figure below shows a device (ref: Q. Huang et al, APL 2016) based on band filling of multiple quantum wells. 
(a) Describe its operation.
(b) Identify the waveguide region.
(c) How band filling change the absorption and index in MQW guide layer. .
[image: ]
[image: ]
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FIG. 1. (2) Cross-sectional view of the EAM bonded on SOL (b) SEM image
of the cross-section of the fabricated I1-V/Si hybrid waveguide.
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Qiangsheng Huang, '? Yingchen Wu,>® Keqi Ma," Jianhao Zhang, Weigiang Xie,>

Xin Fu," Yaocheng Shi,' Kaixuan Chen,* Jian-Jun He ® Dries Van Thourhout,”

Gunther Roelkens,” Liu Liu,* and Sailing He'**

" Centre for Optical and Electromagnetic Research, State Key Laboratory for Modern Optical Instrumentation,
Zhejiang University, Hangzhou 310058, China

2Photonics Research Group, Department of Information Technology, Ghent University-IMEC, Ghent B-9000,
Belgium

3State Key Laboratory of Modern Optical Instrumentation, Centre for Integrated Optoelectronics,
Department of Optical Engineering, Zhejiang University, Hangzhou 310027, China

4ZIU-SCNU Joint Research Center of Photonics, Centre for Optical and Electromagnetic Research,

South China Academy of Advanced Optoelectronics, Science Building No. 5, South China Normal University,
Higher-Education Mega-Center, Guangzhou 510006, China

(Received 28 January 2016; accepted 25 March 2016; published online 5 April 2016)

In this paper, a method for realizing a low driving voltage electroabsorption modulator based on
the band-filling effect is demonstrated. The InP-based electroabsorption modulator is integrated
using divinylsiloxane-bis-benzocyclobutene adhesive bonding on a silicon-on-insulator waveguide
platform. When the electroabsorption modulator is forward biased, the band-filling effect occurs,
which leads to a blue shift of the exciton absorption spectrum, while the absorption strength stays
almost constant. In static operation, an extinction ratio of more than 20dB with 100mV bias
variation is obtained in an 80 ym long device. In dynamic operation, 1.25 Gbps modulation with
a 6.3dB extinction ratio is obtained using only a S0mV peak-to-peak driving voltage. The
band-filling effect provides a method for realizing ultra-low-driving-voltage electroabsorption
modulators. © 2016 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4945666]




image1.png
(¥861 “1dV “Ie 12 Spoom)
FOLYHIAON MO t-1-d v 40 DILYINTHDS

waA

S qeh N R
MEERT
3l A |3
O I
3
AYAVaS ol s In
n | el v |g 0o
4Hory Al o i} eois | amon qyia
povinoy isl o st | no13 215VINOD
oo fy) n syoafy
ﬁ SUIAVY
Jvian ey uBaIne-143
13v1iNOD e oo

I1vELSENS
syon I\




image2.png
Refractive Index Varation anin (%)

80 80
Wavelength (nm)

@)

Absorpton Coefficient (cm)

o w0 w0
Wavelength (nm)
®

Fig. 15. Theoretical dispersion of (a) the field-induced refractive index
‘variation for & field modulation from 0 to (i) 0.4 X 10% (ii) 0.8 X 10°,
Gii) 1:2 X 16%, (iv) 1.5 X 10°, and (+) 1.7 X 10° V./em, and (b) the
absorption coeffcicnt under an applicd field of (0) 0, () 0.4 X 10%, Gi)
08 X 10°. i) 12 % 10°, (i) 1.5 % 10°, and (v) 1.7 X 10° V /em
The calculations were carried out for 3 GaAs /AlAs QW structure with
2 wel thickness of 100 A
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