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Effect of barrier Mg doping 
on LED optical power

Mg doping in the barriers of MQWs
enhances photoluminescence intensity, 
thermal stability, and internal quantum 
efficiency of LEDs. The light output power 
of LEDs with Mg-doped MQW barriers is 
higher by 19% and 27% at 20 and 200 
mA, respectively, than that of LEDs with 
undoped MQW barriers. The improvement 
in output power is attributed to the 
enhanced hole injection to well layers in 
MQWs with Mg-doped barriers.

Energy band diagrams of well and barrier layer of 
LED A and LED B at 4 V, (a) valence band and (b) 
conduction band. Carrier concentration throughout 
MQW at 4 V, (c) LED A and (d) LED B.



Development of blue LED 
structures grown by HVPE

LED structures entirely grown by 
HVPE have been developed with 
modeling support and fabricated



Development of ZnO -based 
hybrid LEDs

TEM image 
of hybrid 

ZnMgO/ZnO/
AlGaN LED 
structure

a novel 
ZnCdO/ZnO/AlGaN
LED structure is 

designed and 
optimized by using 
SiLENSe prior its 

fabrication



Designing of advanced EBLs for 
III-nitride laser diodes

conventional EBL

EBL based on a 
superlattice structure

a new design of EBL based on superlattice structure 
has been suggested and optimized by SiLENSe in 

order to suppress electron leakage in a 405 nm laser 
diode structure



Optimization of MQW active region in 
a dual-wavelength LED structure

control of
emission spectra 

by MQW 
barrier doping

doping of MQW active region has bee optimized to 
improve the hole injection in all the wells 
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Use of short-period superlattice for 
reduction of the efficiency droop

A partnership between Ioffe Physico-Technical Institute, Epi-Center and STR-Group has 
modelled electron and hole distributions in two types of LED: (a) a device with a conventional 
active region, containing five, 3 nm thick quantum wells sandwiched between 10 nm-thick 
barriers (b) a device with a short-period superlattice active region comprising 2.5 nm-thick 
wells and barriers.

Far more uniform hole distribution is possible with a 
superlattice active region comprising 2.5 nm-thick wells and 
barriers. Such a structure is far better at combating droop

Presented at ICNS-9. Glasgow, 2011

http://www.compoundsemiconductor.net/csc/features-details.php?cat=news&id=19734032&name=Droop%20draws%20the%20crowds%20at%20ICNS-9



Development of CdZnO/GaN SQW LEDs 

using modeling support, hybrid CdZnO/GaN LEDs were developed and fabricated for 
the first time



Semipolar MQW green LEDs

Results indicate that improving hole injection efficiency is a key objective for 
enhancing the performance of (20-21) MQW green LEDs. 

The EL spectra of dichromatic DQW LEDs with (a) 
undoped barriers and (b) Mg-doped barriers under 
various injection levels.

Authors report the effects of Mg doping in 
the barriers of semipolar (20-21) multiple-
quantum-well light-emitting diodes (LEDs) 
with long emission wavelengths (>500 nm). 
With moderate Mg doping concentrations in 
the barriers, the output power was 
enhanced compared to those with undoped
barriers, which suggests that hole transport 
in the active region is a limiting factor for 
device performance. Improved hole injection 
due to Mg doping in the barriers is 
demonstrated by dichromatic LED 
experiments and band diagram simulations. 



Near UV LED grown by 
atmospheric pressure MOVPE

Under 100 mA current injection, the LED output power  with Al 0.089In0.035Ga0.876N QB can be enhanced 
by 15.9%, compared with LED with GaN QB

The letter reports a 

theoretical and experi-

mental study on the device 

performance of near UV 

LEDs with quaternary 

AlInGaN QB. The indium 

mole fraction of AlInGaN

QB could be enhanced as 

the TMGa flow rate was 

increased. It was found the 

AlInGaN/InGaN LEDs can 

reduce forward voltage 

and improve light output 

power, compared with 

conventional GaN QB.

(a) The calculated EL spectra and (b) conduction band diagram of these four LEDs at 
100 mA current injection. The inset of (b) shows the vertical electron current 
density profiles near the active regions



C-V measurements with
additional laser illumination

The developed approach can be an 
effective method to determine the 

carrier distributions and the degree of 
well-to-well nonuniformity in 
InGaN/GaN MQW structures.

Simulation data of band diagram and carrier 
concentrations at (a) V=2.5 V, (b) V=-3 V, and (c) 
experimental C-V depth profile with and without laser 
illumination

The accumulated carrier distributions in the
active region of InGaN/GaN LEDs were 
investigated experimentally by C-V measurements 
with additional layer illumination both at RT and 
80K. By varying the illuminating powers of the 
resonant excitation, well-to-well non-uniformity 
through the MQWs was clearly revealed. 



Suppression of efficiency droop 
in blue MQW LED structures

experimental 
data

an LED structure free of AlGaN EBL has been suggested on the basis of simulations, 
providing a smaller efficiency droop

simulations



LEDs with trapezoidal wells

MQW LED with trapezoidal wells was suggested allowing improvement of efficiency droop 
at high current densities.

Schematic band diagrams of 
MQWs of (a) LED with 

rectangular-shaped well and (b) 
LED with trapezoidal-shape well

Simulations show that separation of electron and hole wave functions 
in the wells was reduced in LED B. Overlaps of electron and heavy 

wave functions in the well adjacent to p-GaN in LED A and LED B are 
37.2 and 41.6, respectively. 



N-polar LEDs

(a) Schematic structure of InGaN/GaN MQW LEDs
used in the simulation. (b) Schematic band 
diagrams of Ga-polar MQW LEDs. (c) Schematic 
band diagrams of N-polar MQW LEDs.

The improvement of efficiency droop in N-polar LEDs
is attributed to a decrease of an internal electric 

field in InGaN well layer with increasing forward bias 
voltage which enhances the electron and hole wave 
function overlap and to a decrease of the electron 

overflow at high current density.

(a) The calculated internal 
quantum efficiency of
Ga- and N-polar InGaN/GaN
MQW LEDs as a function of 
current density. (b) The 
calculated electron flux in p-
GaN region of Ga- and N-
polar InGaN/GaN MQW LEDs
at a current density of 150 
A/cm2.



InGaN Green LEDs with Gradual QWs

A conventional InGaN QW’s structure was 
replaced by a gradual InGaN QW’s structure. 

The transport efficiency of injected holes was 
increased, because band bending in the valence 
band was alleviated, increasing the overlap of 
electron and hole wave functions as well as the 
rate of radiative recombination. 

Most importantly, the leakage of injected 
electrons to the p-type region is correspondingly 
decreased, suppressing the efficiency droop of 
the LEDs.

Institute of Electro-Optical Science and Technology, National Taiwan Normal University, Taiwan



InGaN/p-InGaN as an insertion layer 
between the EBL and the last barrier

EQEs and output powers of GaN, 
InGaN, and p-InGaN LEDs versus 

forward current

Introduction of a p-InGaN insertion layer between the p-AlGaN layer and the last 
barrier is effective for increase of hole injection and suppression of electron overflow to 
the p-side. The efficiency droop of only 7% was reached at operating current of 1 A

www.compoundsemiconductor.net October 2012



Hybrid approach for simulation of LED 
operation is accepted by Philips and OSRAM

About simulation of current flowing in a LED chip
The model implementation may be dramatically simpli fied by assuming that lateral 
current spreading only occurs in the n-layer. The m odel can be reduced a scheme, 
where the active region is presented as a contact r esistance boundary between 
two semiconductor layers.

Excerpt from T. Lopez and T. Margalith, 2008 Philip s Research & Philips Lumileds Lighting Company

By E. Baur, OSRAM Optosemiconductors GmbH, 2007

Active region

Diode equation



Optimization of electrode configuration 
to suppress current crowding

Simulations allowed authors to design electrode 
configuration for a uniform current injection in a large 
GaInN LED chip and demonstrated a increase in output 

power in an optimized device.



Optimization of electrode configuration 
to suppress current crowding

Improvement of LED performance due to 
appropriate chip design



Sharp Laboratories of Europe Limited 

http://www.sle.sharp.co.uk/research/advanced_optoelectronics/blue_leds.php

Modeling software such as SpeCLED is used to optimize 
the LED chip design in order to improve operating 
voltage, light extraction efficiency and junction 
temperature. 
Other tools such as SiLENSe are also available to 
model band diagrams and to understand fundamental 
theoretical work, such as the piezoelectric effect in 
nitride-based devices. 

Electroluminesence from blue LED chip

LED chip design using SpecLED



Enhancement of light extraction 
in UV LEDs

A nanopixel LED design with an Al reflector was developed resulting in enhanced light
extraction in UV LEDs

Schematic cross-sectional view of 
nitride-based nanopixel UV LED with 

Pd contacts and Al reflector layer

Simulation of the current injection in the active region for 
nanopixel AlInGaN LEDs with nanopixel size 1x1 µm2 and 
nanopixel spacing (a) 4 µm, (b) 2 µm, and (c) 1 µm. The total 
current is constant. In the graph the injection current 
density as a function of the position along a line through the 
center of the nanopixels is shown for the different 
structures.



Efficiency improvement by substrate 
processing

On substrate processing, patterns with high 
density and high height have the largest 
radiation efficiency

RATRO RATRO 
simulation resultsimulation result

Actual deviceActual device

PSS pattern diagram 
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Efficiency and electrical characteristics 
of high-voltage LEDs

Measured spatial distribution of light output 
under 0.1-W operation for (a) 50- and (b) 
100-V HV-LEDs and under 1-W operation for 
(c) 50- and (d) 100-V HV-LEDs

The spatial distribution of light output 
and simulation results showed that 100-
V HV-LED with smaller microchips had 
superior current spreading. 
As a result, under 1-W operation, the 
luminous efficiency of 100-V HV-LED 
with smaller microchips was enhanced by 
7.8% compared to that of 50-V HV-
LED, while the efficiency droop 
behaviors were reduced from
28% in 50-V HV-LED to 25.8% in 100-V 
HV-LED.

Smaller microchips exhibited lower series 
resistance and forward voltage, leading 
to higher wall-plug efficiency.



High-Performance VLED

Schematic cross sectional view of the 
VLEDs with the BCBL and highly reflective 
n-type Cr/Al/Pt/Au electrodes

Calculated light 
intensity distribution 
in near-field region 
of (a) VLED-I, (b) 
VLED-II, (c) VLED-
III, and (d) VLED-
IV

A GaN-based vertical light-emitting diode (VLED) with a novel structure, consisting of a buried current 
blocking layer (BCBL) inserted in p-type GaN and non-alloyed reflective n-type electrodes (Cr/Al/Pt/Au) 
on N-face n-GaN, is proposed and its enhanced light extraction efficiency is demonstrated.



Design of novel light-emitting devices
and IP generation

Patent of Russian Federation No 2304952 issued 
by October 27, 2007

Patent of Russian Federation No 2309501 issued 
by October 27, 2007

Patent of Russian Federation No 2277736 issued 
by June 10, 2006

Patent of Russian Federation No 2262156 issued 
by October 10, 2005

Patent of Russian Federation No 2262155 issued 
by October 10, 2005 for UV LEDs

for UV LEDs

for blue LEDs

for 808 nm high-
power laser diode

for 808 nm high-
power laser diode

IP generation based on results of modeling by SimuLED package



Our customers

STR currently provides software and consulting services t o companies and
Academic Institutions in USA, Europe, and Asia. 

• Anna University, India 
• Youngnam University, Korea
• University of Maryland, Department of Electrical an d Computer Engineering 
• Electrical and Comp. Engin. Departm. and Nano Tech C enter, Texas Tech Univ., USA
• Chonbuk University, Korea
• UCSB, Solid State Lighting and Energy Center, USA
• Pohang University of Science and Technology (POSTEC H), Korea
• Advanced Optoelectronic Devices Laboratory, National Ta iwan University
• Department of Applied Mathematics and Physics, State Univ ersity, Vladimir, Russia
• National Chiao Tung University, Taiwan
• Interdisplinary Graduate School of Science and Engin., To kyo Institute of Technology
• Semiconductor Device Laboratory, Yamaguchi University,  Ube, Japan
• Korea Polytechnic University, Siheung City, Korea
• Academic Physical Technological University, RAS, St .Petersburg, Russia
• Ching Yun University, Taiwan
• Tomsk State University, Russia



Our customers

STR currently provides software and consulting services t o companies and
Academic Institutions in USA, Europe, and Asia. 

• Technische Universitat Berlin, Institut fur Festkorperp hysik, Germany
• Tokyo Institute of Technology, Japan
• School of Electrical and Computer Engineering, Georgia In stitute of Technology, USA
• Tyndall University, Ireland
• Electrical & Engineering Department, University of Dela ware, DE, USA
• Department of Electronic Sci. & Engin., Kyoto Unive rsity, Group of Prof. Kawakami
• College of Optics and Photonics, University of Central Flo rida, FL, USA 
• National Cheng Kung University, Taiwan
• Department of Materials Science and Engineering, Meijo Un iversity, Nagoya, Japan
• Department of Electrical Engineering, The National Centr al University, Jhongli, Taiwan
• Youngnam University, Korea
• Hongik University, Electronics&Electrical Engineering  Department, Korea
• Moscow Engineering Physics Inst., National Research  Nuclear Univ., Moscow, Russia
• Center for High Technology Materials, University of  New Mexico, USA



Our customers

Customers from research centers and LED companies. We are grateful to 
those of our SimuLED™ customers from who permitted us to refer their 
names.

• Central Electronic Engineering Research Institute, India
• Institute of High Pressure Physics, Polish Academy of Sciences, Warsaw, Poland 
• Bridgelux, USA
• Epi-Center, Russia
• Soitec Phoenix Labs, USA
• Palo Alto Research Center, CA, USA
• Korea Advanced Nano Fab Center (KANC)
• UV Craftory Co., Ltd.
• Industrial Technology Research Institute of Taiwan, Taiw an
• Kyocera Co., Japan
• Gwangju Institute of Science and Technology, Gwangju, Ko rea
• Formosa Epitaxy Inc.
• Seoul OptoDevice Company, Korea
• Sandia National Laboratories, Albuquerque, NM
• Panasonic Semiconductor Opto Devices Co., Ltd., Japa n 
• Plessey Semiconductors Ltd., UK



Our customers

Customers from research centers and LED companies. We are grateful to 
those of our SimuLED™ customers from who permitted us to refer their 
names.

• R&D Department, Engineering Center, Sanan Optoelectr onics CO.,LTD., China
• Interuniversity Microelectronics Centre (IMEC), Bel gium
• Fraunhofer Institut Angewandte Festkörperphysik, Freib urg, Germany
• Samsung LED, Korea
• Sensor Electronic Technology, Inc., USA
• Heesung Electronics, Korea
• De Core Nanosemiconductors Ltd., Russia
• Sharp Laboratories of Europe Limited, UK
• Smart Lighting Engin. Res. Center, Rensselaer Polyt echnic Institute, Troy NY, USA
• Seiwa Electric Mfg. Co., Ltd., Japan
• State Unitary Enterprise "Pulsar“, Russia
• THELEDS Co., Ltd., Korea
• Genesis Photonics Inc., Taiwan
• Nippon Telegraph and Telephone Co., Japan 
• Korea Photonics Technology Institute, Gwangju, Kore a
• Stanley Electric Co., Ltd., Japan


