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Nanowire LEDs

Kishino – Nanocolumn LEDs

 Review of earlier work

 IR LED (86%InGaN) 

Red LED

IR LED



LEDs - Soraa

Droop
- Auger is it! (optical, electrical)

(Not carrier leakage from wells)

- Keep carrier density low
=>  thicker wells, m-plane

LEDs are currently HVPE GaN (face?)
(working on bulk)

GaN on GaN  
- low dislocation, reliability @ 1kA/cm2
-Thermal dissipation
- Less droop
- Cost driven by lm/mm2

Very big proponent of GaN substrates

MR-16

Simple chip:  p-down mount
no substrate removal (heat spreader)

No change in Po for 1000hrs, 160A/cm2

Peak EQE 73%

1000A/cm2



Droop

1. Droop largely due to polarization of QWs…. Go to non/semi-polar planes

2. Focused on EBL.  InAlGaN improved EL.

3. Bulk GaN

From ICMOVPE-16:

IQE

J  kA/cm2           0.2

80
%

1. M-plane LEDs
IQE 96%
No droop to 600 A/cm-2

Doesn't understand why droop is so low.

4. C-plane LEDs
“Little” droop to 200Å/cm-2

5.     IQE low at low current density
(point defects in InGaN?)



Rump Sessions



 Polarization fields contribute to droop  

 Lower carrier density

 m-plane should help, not clear

 Compare LEDs on c- and m-

 M-plane has lower droop   

 Faster radiative recombination

 2x more active material

 m-plane other material problems

Rump Session:  Strategies to overcome droop

Soraa (?)

Fred Schubert

 Presented was to reduce droop based 
on his explanation of droop



 For I > Ipeak IQE

 radiative recombination rate decreases
(appears that non-radiative recombination rate is increasing)

Radiative recombination rate will saturate more at a given current:

 High carrier density

 Low temperature

 Small active volume

 High piezoelectric field

 Unbalanced e- & h concentrations

Rump Session:  Strategies to overcome droop

Jong-In Shim,  Hanyang University



1.  Wants thick InGaN well, ~ 20nm, very hard
 so thin barriers.

2.   Low dislocations…  bulk GaN (from ICMOVPE-16)

Amano

Rump Session:  Strategies to overcome droop

SNL Data ( 108 cm-2)

IQE



1. Electron leakage in GaN nanowire LEDs with 
InGaN dots embedded in GaN

2. Electron leakage is responsible for LED 
degradation with current

3. Adding a p-AlGaN e-block stopped leakage,  no 
droop to 2200A/cm-2.

4. Clearly droop is not dominated by Auger 

Rump Session:  Strategies to overcome droop

NanoLetters 12 (2012) p1317

LED 1



Rump Session:  Strategies to overcome droop

NanoLetters 12 (2012) p1317

LED 2 – Add EBL between dots and QW

 No emission from QW

 No e- leaking to QW

LED 3 – EBL, no QW



GaN on “anything”

Higher surface migration
=>  Lower Tg

=>  No phase separation
=>  No substrate interaction

Roll to roll processing:
Mica sheet
Large grain metal
Graphite sheet

Might be same process as PLD
presented at EMC and ICNS
several years ago.  
(Univ. of Tokyo)



GaN Substrates

Start with HVPE seed and lower dislocations 
(some variation of “confined epitaxy”)

“Necked down” like in Si

Traps 
dislocations

Like Amano, ELOG through opening
Grow seeds together

Dislocation free,
XRD:  2.1”

Grow multiple openings 
and coalesceThick sapphire 

mask with hole

HVPE seed

GaN 

Sapphire

Sapphire mask 
1mm thick
0.5mm hole

• Na Flux process, 800°C

• 1.6cm, 400hrs

• Single grain emerges from hole in sapphire mask

• Dislocations:   0 to 1000 cm-2

• XRD:   (002) – 27”

(102) – 26”

Amano (ICMOVPE-16)



GaN Substrates

Super Critical Acidic Ammonothermal Technology (SCAT)
 150 – 300 Mpa
 500 – 650C
 30-600 um/day
 (Sapphire,  20,000kg / 50 days)

Very nice 16x36x5mm GaN crystal



GaN Substrates - Soraa

For LEDs … all the known reasons

Power Electronics.  Now can consider vertical devices

SCoRa – Scalable Compact Rapid Ammonothermal

 10-30um/hr =>  5-100x higher than conventional ammonothermal GaN

 Dislocations 1e5 – 1e6 cm-2,   XRD  300-200”  (not state of the art)

 N-type background, yellowish



GaN Substrates

Many other presentations on 
GaN substrates.



Structural Analysis

 Calculated activation energies for pipe diffusion Ga, N & vacancies along dislocations

Mechanism for dislocation climb?

 Open core dislocations (a-type)   4, 8 & 5/7 atom rings

 N diffusion in 5/7 ring,  Ea > 1.5eV, complex, not rate limiting

 Ga diffusion in 5/7 ring,  Ea > 3.3eV , Gav even higher Ea

 Si:  Ea > 5.5eV,     Mg:  Ea > 3.5eV

APL 97, 261907 (2010)



High pressure growth of InGaN

How to grow better InGaN:  

 Tg < 800C  Impurity incorporation is high

 Tg > 800C  In is lost from surface

High pressure is needed to keep In on surface

 Target growth to 10 atms.

 Novel 2-stage system for bubblers

Presented data on Xin vs. pressure in QWs

 QWs have poor XRD, gas change out at high pressure

Xin vs Pressure,  
--- thermo-analysis



InGaN Laser Diodes - Nichia

Power Blue and Green LD for micro-projectors
 c-GaN, cleaved facets

525nm 520nm 450nm
Ith (mA) 430 360 230
Jth (kA/cm2) 2.38 2.0 0.64
Po   (W) 0.83 0.97 3.75 (2.3A)
Vf (V) 4.81 4.74 4.29
WPE (% @ 1.5A) 11.5 13.6 38.5% (2.3A)



Solar – Iwaya, Amano

InGaN cell on free standing GaN

- Argued that InGaN can be produced economically

- Working toward multi-junction InGaN

1.  Improved InGaN with GaN substrate

2.  Use InGaN SL rather than single layer

8%InGaN (100-200nm)

N-GaN

P-GaN

Too much strain
=> pits, misfit dislocations

Use InGaN/InGaN SL

SL1:  (3nm 6%, 3nm 17%)

SL 2:  (3nm GaN, 3nm 17%)

@ 300suns:    Efficiency – 4%
FF- 79%
Voc – 2.2V

SL 1

N-GaN

P-GaN

SL2



HEMTS - Panasonic

Review previous work
- 10kV HEMTs
- Gate Injected Transistor (p-AlGaN gate)

AlN       

Silicon    
Inversion layer

2.  Power switching required DC isloation
- Use RF coupling circuit

“Drive by microwave”
- DC isolation to 10kV
- Monolithic DC-DC, inverters…etc.

New work
1. AlN on Si  (not in abstract) 

- Build HEMT structures on thick AlN/Si 
- Thinner epi with 2kV breakdown    

HEMT
layers       



GaN devices will replace Si (IGBT, MOSFET)

GaN (vertical) - High power modules > 50kW
- GaN substrates 

GaN on Si (lateral) – Low, mid-power modules

Challenges for GaN electronics
 Current collapse
 Avalanche capacity 
 Insulated gate lifetime

Si devices survive avalanche event,
GaN doesn’t

HEMTS - Toyota

Current hybrids – 2 cooling systems
(engine - 100C, Si electronics – 65C)



HEMTS

Similar to ICMOVPE-16 talk 

Design and simulation of 
vertical GaN transistor

In-situ SiNx passivation critical



HEMTS

Talks by Transform


