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d ag(z) =(1-¢)-as+¢-ap(2)
cp(2) =(1-&) - c5+& - cp(2)

degree of relaxation: 0< é: =1
&0, dg==dy

E

¢ =1, dg=ag

aj.? Actual strained lattice constantof the layer

as actual lattice constant at the end of the previous layer

aE in-plane lattice constant of Free-standing layer

[compositon(z), Vegard law(z)]

Fig. 1 Epitaxial layer on the underlying layer.
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Heterostructure Global parameters ] M aternials properties ] Reszults l S pectrum ] Laser palameters] wavreguide ]

Physical and Solver parameters

Physical parameters

Temperature [K]

Quantum Potential Model

Electron Quantum Potential Correction Factor
Hole Quantum Potential Commection Factor

Temperature Factor for B

Temperature Factor for Cn o
Temperature Factor for Cp a
0. 101, 2—3.
i i defaul]t: 0.7/1
Main solver parameters
Intervals per layer 100
(the number of computation mesh) M aximum number of iterations 2000
Spectrum solwver parameters
Meszh step [nm] 0.05
wavefunction damping in a barrier 100
M aximum number of levels In a QW 100
Minimum energy lewvel [e¥%] 0.0z
Spectrum broademng [eV¥] 0.0z
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2. SpeCLED

« 2-1. Chip structures available

o 2-2. Layer Y X|2} SF

e 2-3. Layer Properties Profile

o 2-4. Computation Vertical mesh
« 2-5. Chip computation mode
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2-2. laver

-Layer A -

p-pad(metal with wire
bonding)

p-electrode( multiple metals)

p-spreading like ITO

n-pad

n-electrode(multiple metals)

n-semiconductor

Substrate

-|IO

1]
1%

o
OA

=
LN

|0

-Layer =8 89|

Layer

C Mobility, @M= M| M, & L
Semiconductor  5's S hcor

Conductor g¥ER/ HIHEE
Spreading M7|ME & from sheet R
Insulator gk
Substrate Qe /M|

J(bias), IQE()), spectra(bias)

Active region(z=0)
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operties profile
e 2-3-1. p-GaN mobility & doping profile
e 2-3-2. n-GaN mobility & doping profile
« 2-3-3. Vertical mesh

« 2-3-4. Layer contact resistance

e 2-3-5. Heat transfer coefficient
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p-GaN profile

Thickness(+2z) h_Mobility(z,T) Doping(z)

p-GaN2=0.02um  M=10*(300/T) S5el8
p-GaN1=0.18um  M=8%*300/T) 1lel9
z=0

Function tab in mobility(z,T)

If (z>0) and (z<0.18) then
h_mob=8*300/T);

If (z>0.18um) then
h_mob=10*(300/T);

Result=h_mob;

1111111

EEEEEEE

11111111

Piecewise tab in doping(z)

LM%} p-GaN12| S 2 A

NME YRAICL

‘p-GaNe} vertical mesh= 101

E=35 17 1o/ FU RIS NS S

02
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n-GaN profile Piecewise tab in doping(z)

Thickness(-z) E_Mobility(z,T) Doping(z) W t :

Z=0

n_GaN_ND (z)

1419,

n-GaN1=0.5um Mob=100%*(300/T) 1lel9

9N wgf - GaNel £

| vertical mesh ¢ %‘130?;8 :
n-GaN2=30um  Mob=120%(300/T)  5el8 S s e S
Function tab in mobility(z,T)

TE+l8]:
REE 8|

If (Z<O) and (Z>'0.5) then EE+IS§
e_mob=100*(300/T); ol
If (z<-0.5um) then N N I I
e_mob:lzo*(goo/T), R e R R I N S

Result=e_mob; Bton | B || oo | oo ||
— ! ﬁlmpolt‘ ¥ Delete ‘ 1% Change ‘ mﬂ Defalt EE Defaul (f'::gl;ar (ff:g;ar ’T”Ji

Function
Geom | Grid | Layers fFunctions MaterialsJAdive RegionIRun RATRO
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e \Vertical mesh £=9| S 7= LS A ALA|ZE
O Zasto 2 vertical meshQ| =717} A At
T Alto| Pet2 OjX| A20|0 AR S A
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mesa depth(tdLum (0.7

p-electrode(D].nm ’507 ® A|%E‘" O||A_=| E_)]\_j p_GaN EIEE n_GaNgl
n-electrade(d].nm ,207 —||:—7}”7|' O|'Lé| Zg—c?— p_GaN(s) aﬂd ﬂ'GaN(S)
r-pad(pl.um ,17 = __I_I;I IF‘5|.
p-pad(P).um ’17 = - O O

top substrate(E)um (100
battom substrate(Fum |100

Yertical Mesh, Mumber OFf Intervalz substrate w-estension |1
Ip-semiconductol[NA] |12 | substrate y-extension |1
rrsemiconductorMa) |7 Additional Lapers
top substrate(ME] |2 [~ n-hlocking [~ phlocking
bottom substrate[NF) |2 | [ p-zpreading
1 [ Modified Active Fiegion

4= Back =l = " 0K | X Cancel |
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Contact Resistance [Qhmtcm ™2}

pElectrode |3E-4
nElectrode |1E-6

-Layer A e

p-pad(metal with wire
bonding)

Contact Resstance To Semicpructor Laper

p-electrode( multiple metals)

Specifc Zentact Resistance, Obmiem "2 [1.0E-2

p-spreading like ITO

n-semiconductor
P&n blocking layer
CH 9= oM Moy zE 9XMEEal
v Substrate Holat )

Active region
= 7F 8§l z=00] %{X| -z




—— e — e —
Aisa] OlHEXI ALisd =2lXIl
Tooc 2L H-d Tooc 2 dHd
ETE A= 200
ETE A= 200 AuZt 7|
Augt O 7| e e e e |
Alpha, WimA2/K Ta, K
pPAD External Surface |0 j |300 j
nPAD External Surface |0 - |300 j
N (o0
Substrate Bottom Surface |195 |300 j

sapphire

Sapphire mnpad

p-pad C’ 200

1eb
v \/heat sinker

Heat sinker
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Series calculation
Solver Settings ] Output l

Computation Mode V1=3.2v—->11=350m¥
V2=3. 1v—->12=1650mA

{« Series Calculation .

¢ Series Calculation for SimuLaNp | ¥ o 009¥=->1=30m&

Y2=3.01-->12=50mA
Total Current Range oltage

Min |10

(" Single Calculation

mA Initial Voltage, V'

32
Max IF - Yoltage Fitting Step, V 0
Yoltage Variation Step, V' |0.05
min. 1=10mA full 3D M At..
12=30m& —->active region only
13=50mA-->active region only~

Run Solver

Computat

& =
1 ill

on
Solver setting

Current Solver Settings | output |

Convergence Limits

AJ, mA: |"E-3

U Re=sidual Preliminary: |'I E-5

U Re=idual Final: |'|E—i3

BCGS Solver Parameters:

U-Mumber of kterations: |2|:||:|

LI-Residual Limit: |1 E2

U-Inertion: |1E—E- [v Automatic

lU-Relax: |I2I.Ei'

V o

o~ ol
VUCT

Active Region Parameters
W Linearization Method
" Tangent planar

v cecant Wertical

Relaxation (0.5

0<RBelazation<l

O:more slow and stable

Current Spreading | Heat Transfer] Coupling I
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e 3-1. Global parameters
e 3-2. Bulk Properties 49|
e 3-3. Surface Properties 74 9]
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|| File Opticns Configuration Picture Help

—Global Parameter

~Emigzion Parameter ~Palarization Effect- ~Intensity Distribution———————————

E mizzion ‘W avelength, nmII-’lSD I
Phatan Energy. gV: |2 FiaTa e

dominant wavelength

¥ Account for Polarization
& Distribution from SpeCLED I

Initial Emission Polarizatior
TH: |05

™ Urifarm Intenzity Distributian

photon =27 4 pui

—Computational Parameter

MNumber of Baps, 107°6; I‘I
I
Far-Field Mesh Cells: ISD Detector Angle, degres:

Threshald Ray Intensity, %: |1
F# S 77| intensity 1% 2!

Far-Field Fadius, mm:

22 FPie2 2t

Intensity Distribution File: |C:\Pr0gram Files (x86)\STR Inc\SpeCLED RATROAJB\ExampIESWem cal_BlockingLayerywertDie(1000).cos

—p-Pad p-Blocking Layer
Surface covered by p-blocking layer, p-spreading layer, p-electrade, and p-pad

Multiple Layer

M M aterial

‘ IHBHBCUDH CDBffiCiEﬂtI Transmission Coefficient | Absorption Coefficient I

p-Spreading Layer
p Spreadmg Lawer p-Blocking Layer

H

Reflection Coefficient

SO

MNew Layer

Delete Layer tove Down

L
1
'
T

2

15 20 25

Repeat

o Apply |

30

T
35 55 60 65 70 75 80 85 90

Photon JARZt

: : 0
Angle, degree

RUN

Geoml Grid | Layersl Functions | Materials | Active Regionl Run IRATROI
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- 52 File Heterostructure Material properties Run  Export Tools Window Help
Waterial E G
u|e(a] »|w|0| 2le]|o
Chip Layers = =
: ] I 1 Global p I Matesials prop Results 1 Spech 1 Laser p W d
p-Semiconductor n-Semiconductor - =
£ M Electrons v| Holes lonized donors lonized aceplors
s £
Al Refraction Index g SEe
p-Gats Wavelength Dependency E 1:: L —
n-GaAs (™ Constant Bl e
Sapphire . o £
JH-SIC (* Parametric Approsimation 1E+164 chip Ti=310K &2 carrier
EH-SiC {15 concentration
Gals z 1E+14]
nz["""] =1+ — 1E=13]
Gak - }\31 8 %
L5-3252 g e
Dexter Lab 410|425 A1, nme 190 [
Bxh-2611-100 g 1E=10]
Expodz16 Abzoiption Index LAR
W avelength Dependency . S e
" Constant £ 187
P : B o = 1E+G |
" arametric Approximation £
|below bandgap) E 1E+5
= 1E+4]
== 2 Hl A2 carrier E o]
concentration I o= g+ AXnN I L -
§
7l
o, 1/em: |0.00 j/:: : : . . . . o=
| 100 200 300 400 500 500 700 800 300 1000 1100
o3 [1 0418 I et EEL L

Restore Defaults
x Cancel
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1. "B"Q} Z0| n-pad=n-elec. 0| &2 &4
n-electrode Mo|gt € Q ¢ 11, n-padE
Multiple MEHSEO n-electrode &4 EALE

-

n-pad

Sapphire

"no area”= RATROA|AH0j|A H| 2| &

Surface properties Explanation
D |p-semiconductor Free surface of p-semiconductor
G |p-electrode Surface covered by p-spreading layer and p-electrode
no area |p-pad Surface covered by p-spreading layer and p-electrode and pad
A |n-semiconductor Free surface of n-semiconductor
no area |n-electrode Surface covered by n-electrode only
B n-pad Surface covered by n-electrode and n-pad
substrate bottom surface
hetero-structure/substate interface
substrate sidewalll
substrate sidewall2
F p-spreading layer Surface covered by p-spreading layer only
F p-spreading-p-blocking layer Surface covered by p-blocking layer and p-spreading layer and not covered by p-electrode or pad
E p-blocking layer Surface covered by p-blocking layer only
H |p-pad p-blocking layer Surface covered by p-blocking layer, p-spreading layer, p-electrode, and p-pad
G |p-electrode p-blocking layer surface covered by p-blocking layer, p-spreading layer, and p-electrode, not covered by p-pad
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o 1. SILENSe:
-2 &H: "Hetetrostructure”, "Global parameter”,
-AH A B E: Series calculation for SpeCLED
- ZAap o =>"~T_300.sct”, “~T_320.sct”, “~T_350.sct”

n n

2. SpeCLED: &l #tx Q&
"Active region”EHOI A 181 Z I} M AT "sct” MY & g 2C

3. RATRO
"Global parameter(Uniformity intensity A EH)"->"Bulk properties”>"Surface properties”>Run
E

=1l 1
Al

4. SpeCLED "Run"&H0j| LEE(user inputOfl 3tH ZAu} 1 =) A At
21k ~(mA).cgs T} &

5. RATRO “intensity distribution from SpeCLED" 2 E MEi>4H cgs oY /1 EH
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