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Main focus:
• Reduction of the efficiency droop by an appropriate 

MQW design
• Simulation of physical phenomena crucial for LED 

operation
• Substrate lift-off and texturing the back surface of 

n-contact layer 
• Advanced ITO deposition technology developed for 

antireflection coating
• Vertical LED fabrication
• Multilayer metallization for flip-chip LEDs 
• HV LEDs based on flip-chip design

Fields of  Expertise (2000-2017)



Reduction of the Efficiency Droop by an Appropriate 

MQW Design

Short period superlattice

as an active region

The droop in SPSL structure is 
two times smaller than in 
“standard” MQW one

Carrier concentration distributions
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Texturing the Back Surface of the N-contact Layer

Ar:BCl3 Ar:Cl2 

Ar:Cl2:BCl3 KOH 

KOH +Ar:Cl2:BCl3 

Ar:Cl2:BCl3+KOH

Different types of relief gained by treatment variation for optimal light extraction 



Effects of Texturing
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The Method For ITO Layer Refractive Index Variation

Patent pending

Antireflection coatings

Conducting Bragg reflectors

The method allows one to

deposit ITO films with

different refractive indices

in the range 1.2 – 2.0

Gradient index films

Multilayer coatings 

deposited within this 

approach



Multilayer Metallization Flip-chip LEDs

Chip linear size: 1.28 mm (45 mil)

Active (p-n junction) area: 1.00 mm2

Active to total area ratio: 78%

Flip-chip design provides: 

 Lowest thermal resistance between the die and the 

heat sink;

 Increasing the quantum efficiency due to high 

reflective ITO-based p-contact and reflective n-

contact;

 Possibility of operating at higher currents.

Multilayer plating mirror allows:

 To minimize the light absorption;

 To minimize the thermal resistance of the chip due to 

the direct contact with the heat sink;

 To minimize chip area due to the delivery of current 

to n-contact via the second layer metallization.

Calculative optimization of the chip design

provides:

 Optimal current spreading in the active region;

 Minimum series resistance;

 The optimal active region area to the total area ratio.



Chip electrical parameters:

Rdiff ≈ 0.27 Ω   <J> = 35 A/cm2 σJ ≈ 7 A/сm2 @ 350 mA
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Near field emission

(experimental)

Data averaged over the stripe shown on left figure

Experimental Near Field Emission and Simulated 

Pumping Current Density

Standard current density deviation for this chip is about 20% , that means rather 

uniform current spreading and ability to operate at higher currents



Integrated High-voltage Flip-chip Design

16 elements connected in 

series

Operating voltage: 48-50V

Chip size: 45 mil (1145 µ m)

Sapphire substrate

p-contact

n-contactInsulator

Bridge

Schematic image

Flip-chip design makes it possible to benefit all the advantages 

described above



p-contact
n-GaN surface

SiO2

n-contact
Interconnecting metal 

bridge

Some Steps of High-voltage Chip Processing

After mesa etching 

and p-contact 

deposition

After insulation 

deposition

After n-contact and 

interconnecting 

metal layer 

deposition



We are in a search for experienced
industrial partners who are interested in
their product line shift to effective high
power LEDs.

Business Proposals

Probable scheme of collaboration

Industrial partnerOur team

Russian LED market

Technology transfer



 Adoption of new technology
approaches

 Improvement of LED power
 Increase of LED efficiency
 Market expansion

Mutually Beneficial Collaboration

For the partner side For our team side

 Technology promotion
 Getting feedback from 

industrial partner and adjusting 
technology approaches 
according to it’s needs

 Further technology 
development
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