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The Effect of Doping Concentration on the Qutput Optical Power of
InGaN/GaN- Based Single Quantum-Well Light Emitting Diode

Kalhor, Behroz?; Kalhor, Davood?; Souri, Dariush!
1-Department of Physics, Faculty of Science, Malayer University;
2-Faculty of Physics, Damghan University

Abstract- The main advantage of using of quantum-wells structure in light-emitting diodes (LEDSs) is that these structures boost
the surface recombination of electrical charge carriers and then, increases their output optical power. Doping concentration is
one of the most effective factors for the magnitude of the output optical power in these LEDs. In this study, a single quantum-
well LED based on InGaN/GaN was simulated and the effect of doping concentration on its performance was investigated at
fixed anode voltage by using Silvaco (ATLAS) software. Characteristics of LED have been achieved for different values of
dopant content. The output optical power of the LED would begin to raise to an optimum point as a result of increase in doping

concentration.

Keywords: recombination, output optical power, light-emitting diode(LED), quantum-well structures, doping concentration.

\E
2l o yiws BBWWW.OPSLIE colu jo a8 cul jlael glls b,90 50 alie oyl


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1622-en.html

[ Downloaded from www.opsi.ir on 2025-12-20 ]

WAP Goge VoY Gl SCigish (659l g (qwaipe (il jiST (uedd 5 Sigig8 9 Sul il JiST (e oz 9 S

p-Electrode

- .
p-GaN
p-Alg 2GaggN
n-Electrode
Ing 2GaggN
.

n-GaN contact

GaN Buffer

Sapphire Substrate

0ads (§kw as LED o laa¥ jlisl o Ko

InGaN
Ec
GaN AlGaN
1}
Eye
L —f hv
Ce barrier Eg U Eg QW >
I
L qp— Ev

INGaN/GaN Syt Jad ;o ogiileS ol (65, 7 bV i

Gty I e 5 (2T gs e Y Culis e

L§)L‘" Al e oA w;).}m)o dLm a;bsl.bogj;'.ﬁ‘
A5l a (1) Jpaz 3l

b ol yoend oolatwl slge Slasie:) ooz

osle o - -
o1 (nm) cm3 Y]
GaN P f.. IRARER!
Alg2Gag N P Yoo I RARER!
Ing.2GaopgN - Y -
GaN N .- I RARER!
GaN - Y. -

2 69 w5 5L LED jleads S 9 cvaline sy
15 el sgzg b 5l el ond Ll gl and

doddo —)

(LED) 3,5 slogo sl eolaiwl ;! o Jlo o
Ny, lidy; o g glp 5 b Roled o
el LLED plgs 3 (Saiis )8 .ol 05,5 o ol 3!
b Kales ool 6l el @l 4y a5 s
2 so5ilsS ol> S5 GWLED o g s [V, ¥ lusl
0 T 9 oly sl sl 8 InGaN/GaN 4l
ol> 5929 b YU (6,9 0,00 5 oobaw oS 55k Y]t
so5lsS ol SLLED )5 .ol iy olSal cogiileS sla
G,y INGaN/GaN sls 4Y 4 b sls Jol> a5 oS
w5 55k 55 e 50 9 55 aenS sl Sl 5 igd (o
oads 32,5 sl Jolb> [F] axsl o alb @ 6,95 slo
g ot b Jolb> JBs (ll 4 joeie (ogiilsS olx 5o
NP gt 31T 1Y IV PR T A PRNE S IRV PERC N
59 ledel> 15 018 (gaghilsS ol jo (oS i (b
@ e 5l @le g il 03l 1.5 ogiilS ol 0)l9ns
o I8z 5 oo 8 wiile llse wisd (oo pelas

D)8 586 (25,5 59 Ol 95 2
Sy90 LED oSG (S xSl g (Sl o ,Sloe allie ol o
ol> S5 LED 5 ol sl ol 48,5 )13 o

Sl & ol lo aasia g oad slo and (caglss
ol ol sy (2T il sl JB

S5t s plonil g, Y
UK e (6 55 b 54l 51
Lo INGAN &Y [l ] 5 el o0 oolizsl (V)
oy S (o0 )L, (oeglsS ol &y g wtly (o0 2
S8 | Sglite (sbloyors 30 51 od JuSis _soghlsS

Jad o (V) USS olao Eg wenl g Eg barir slo (55,5
Dl ls )3 GaN 5 AlGaN S i

Wb (o ) Do 4 655 BB alal,
Eg,ow = EgweLL + Eon + Ece )

WJ)J 4) Eoe 9 th 9 W) L)'“JL’ 6))"‘ Eg,QW dJa.l‘) U"l )d

[\]M IR o)......>|55 QBJ;;S_”ﬁo)_é} <5))4‘

2ib o yiws BBWWW.OPSLIF cole o a5 ol jlael slyls 550 50 allis ol


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1622-en.html

[ Downloaded from www.opsi.ir on 2025-12-20 ]

VWAF e VoY

Anode Voltage (Volt)
-2 -1 0 1 2 3 4 5 6
60 T T T T T T T 40
g |- 1x10" cm
—o=—3x10" cm’ {30
& —e— 2x10" cm <
E 404 20 - §
2 —e— 2x10” cm <
‘g 30 420 §
£ 5
o o
o 20 3
B o
é:: 410 E
104
0] s-a—s-a—s-aaxxnax 40
T T
0 1 2 6

3 4
Anode Voltage (Volt)

A VT el glo  JBa bl o 1V jloges ¥ S
AlGaN

iz sl &YT Sl ol owilusinegd  loges
Tl 5o el o oals las (F) IS 50 g ool Cawss
0 ORIBl Dol a4 Gulaciieg) Hlade (b SRl L
5 09I Gy P Gl L YL sle by s st
S a8 wdl e 3lasl g STl s w515 4 Tl eo e
o YLl bz o pelicined 5 Jelse

Iyglost
T T » T T
40
354
< 30
o
=
T 25
5 -
g 204
g 3
2 157 —=—1x10" cm”® |
2 10 —e—3x10" cm”
E —a—2x10" cm™|
= 54 —v—3x10"°cm”
. —o—2x10” cm™
-5 ¥ T Y T 3 T Y T Y
0 2 4 6 8 10

Anode Current (A/lcm?)

WY VT I8 i b puilcingd S5 Jloges :F JSs
AlGaN
rdboiagd Jlade (2T (JS (1L (F) Ut 5l
Sty (g0 Ay aballi 4y g WIS g0 Gl 4 £9,0
YOV em® IS slil ay puilaiog) Sl oy i
098 onl lp ag Sl i opl g Canl sdal Canay
Sade a> o iy abis 31 A5 L bl oo JeS e
goad 55 losel onay aily go Sial38l YT JS
i cp eSS el relS Guilacie lade

Olnl SEgi9d (5,9L8 g (qwiige il IS e § SHgied 9 Subl il AT e slez g G

Slgi oogaze [0 (g5 slajly olul el labls ous
= S 2E S S5k obml a0 g asgies

abal,) gl Jlamay ;- SSLE oagay Jdo cren a0 [ Y] o5
) 00 u)f).la_»)a Gl a0 (Y)

2
pn—n

TAUPO| n+nj exp( ETRAP ]
KT,

RsrH = +

™)
pn-n?

+TAUNO| p+n; exp —ETRAP
kT_

5 w555k S e 65 DS ETRAP YL abal) o
oy 4D sl T (ET-EN) S5 sap 55,
5 0958 e Jsb nolae TAUPO o TAUNO g ysls
I S AP N mes il (oo 00>
2l oo b oji g Ly xS I (SIS sledel>
4 ojgl ey Vb ool JBa b Jou )9 slaogo
FIULED o8les (il po S35k S e
ol At ol o 5 euay ol 10 LY ELs s allasl

el oty Llod 5 abal) 5ol g 435,515 L ae

Rauger = AUGN (pn2 - nni2)+

AUGP(np2 - pniz) ®

09 Sl o Jobo i 5 4y AUGP s AUGN YL alal, 5o

‘)‘J‘*i’l'fg5°°)'é'>5

Jelo g Sy Y

AlGaN @Y lp VT JB> aliswn polie gl
S8 ey Oy g odal Cawds LED o) sl dasin
clises polie gl as ol Cawas -V Jloges sl a8 §
ool b Ll oals ool las (F) JSS yo u;;'..;.ﬂ S5
SIS 55 ol e T IS Gl b S
2 Yl B Bl L rimen Sl 035 oy
oais oadlive cwgmme i Culan abiol 5Ly lade
-V loges L) o M3 2oV &> lidl g el

] 08,55 slou)

Y-y

2ib o yiws BBWWW.OPSLIF cole o a8 ol jlael lls b5 5o allie oyl


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1622-en.html

[ Downloaded from www.opsi.ir on 2025-12-20 ]

VWAF e VoY

EONEENS u;:;.,“ﬁﬂ S Dl 0gd oo canlie S
Oeized g zoe Job atiion o Sl cely AlGaN
Job edgazme (Jg 0398 (oo (oo Job Sl )0 (St
@ baye b lg opin 5 ool ol bi> 740

sl o YOV em® o ang (YT JKs

G S i -F
g;u)ﬁy‘ szt;:> )JJlJ GLS)LﬁQ d..~*u 3 oolawl b s LJJ‘ Be
SSLED S slo dasin (B g 29> 9 Oy 2
=l al e, INGaN/GaN 4l 5 oeglsS ol
Y 0 LT JBs (il bass oo olis sl caway
595 (oo Rl gt il (g 5 558 g5 AlGaN
Looyloly 4 ol cmpiiion YOV M em™® Jlade Gl &
58 oly YOV em® a1 T JBe a5l

b oo GRall Dk 4 (g,

&=y

[1] A. Prajapati , P. Dey, T. D. Das, “The Effect of Mole-
fraction on Power Spectral Density of Single Quantum well
based InxGal-xN/GaN Blue Light Emitting Diode”, IEEE,
978-1-4673-6621, 2016.

[2] Y. Zhang, Z. Zhang, W.Liu, S.Tan, X. Zhang, Y. Ji, L
Wang, Z. Kyan, N. Hasanov, B. Zhu, S. Lu, X. Sun, H.
Demir, “Nonradiative recombination-critical in choosing
quantum well number for InGan/GaN light emitting
diodes”, OPTICS EXPRESS,Vol. 23, No. 3, 2014

[3] YJi, Z.Zhang, Z.Kyaw, S.Tan, ZJu, X.Zhang, W.Liu,
X.Sun, H.Demir, “Influence of n-type versus p-type AlGaN
electron-blocking layer on InGaN/GaN multiple quantum
wells light-emitting diodes™, App. Phys. Lett, VVol. 103, No.
053512 ,2013.

[4] S. Singh, N K.Rohila, S Pal, C.Dhanavantri, “Optimization
towards reduction of efficiency droop in blue GaN/InGaN
based light emitting diodes”, Optik-International Journal for
Light and Electron Optics, Vol. 123, No. 1287 ,2012.

[5] S.D.Lester, F.A.Ponce, M.G.Craford, “High dislocation
densities in high efficiency GaN-based light emitting
diodes”, App. Phys. Lett,Vol.66, No. 1249, 1995.

[6] F.Romer, B.Witzigmann, “Effect of auger recombination
and leakage on the droop in InGaN/GaN quantum well
LEDs”, OPTICS EXPRESS,Vol. 22, No. 6, 2014.

[7] M.Oehme, M.Gollhofer, D.Widmann, M.Schmid,
M.Kaschel, E.Kasper, “Direct bandgap narrowing in GE
LED’s on Si substrate”, OPTICS EXPRESS,Vol. 21, No. 2,
2013.

Oln! SEged (5,9L8 g (qwiige il IS uedd 9 Sigied 9 SUbl il A e slez g S

ol Cowdy YOV -T em® J&> ol b Guilaines)
zoA Py oYl B 556 0) UK e
oY1 (I Gl b JSE l Bk 0gd (oo (o) 2
G em?® oo 5l 9,8l oS a4l o
b (g S (oo I (otal33l Wig) (29,5 s YOV
GRS o> Ol e cnl Sl JBs i Gl
ogaze Sy 50 (g5 (le @dly ;o auS pe lay (g0l
b ggdge ol il oo dings jlade sl)ls Li¥T JEs
IV] s )ls cillae oladl ) SKan g pal o BT o0 ol

7 T T v T T

| \{

Doplng Cunoenlrahun n [cm‘] .

Power Spectral Density (W/cm ev)

4 1E17 1E19 1E20
—a— J=3 KA/cm?
s—J=4 KAlcm?®
34 = ' b
3
5
H
24 2
= 4
1<
0
1E15 1E16 1E17 1E18 1E19 1E20 1E21

Doping Concentration n [cm™]

YT I IRl (255 58 Ol Sl Jloged i S
(V] 2 o o0 @l o J31s JS) AlGaN 4

U’“"’Y] b.]li} Q‘).»...su ‘YL, 30 ol )So o)‘s.n 5] os)l.c
2 LED I (75,5 zgo Jsb eogaze 1o Jl,nss cely
Dgl

7 T T T T

—=—1x10"° cm
—+—1x10" cm
—+—3x10" cm
—+—1x10" cm
—+—2x10" cm
—<«—3x10" cm
—»—2x10% cm’

3
-3
-3
-3
-3
&
-3
—+—4x10° cm™

Power Spectral Density (W/cm ev)

300 ‘ 3%0 ' 4(|)0 ' 4%0 5(I)0 550
Wavelength (nm)
2088 (LB LED 5l (29,5 5 5 zoe Job Slpmis 7 S0
AlGaN &Y (sl alise slo YT JK> ol

Olyetd b zge Job s podd Gig, () U5 50
ol 5o 48 gSlan and 20 ol Ltales ¥ JISo

2ib o yiws BBWWW.OPSLIF cole o a8 ol jlael lls b5 5o allie oyl


http://www.opsi.ir/
http://www.opsi.ir/
http://www.opsi.ir/article-1-1622-en.html
http://www.tcpdf.org

