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ABSTRACT

In this study, the effect of temperature on the characteristics of a multiple quantum
well light-emitting diode (MQW-LED) consisting of five InGaN/GaN quantum
wells was studied, with a focus on electrical and optical properties such as the
current-voltage (I-V), the light intensity-current (I-P), and the emitted spectral
density. Using the SILVACO-ATLAS simulation software, the results showed
that increasing the temperature from 200K to 400K leads to an increase in current
at the same voltage due to a rise in the number of carriers. Each temperature is
associated with a specific threshold voltage (V;;,), The bandgap width decreases

as the temperature increases.

The emitted light intensity initially increases with current, but later decreases at
temperatures different from 300K. This is attributed to increased non-radiative
recombination rates. Furthermore, it was observed that the emitted spectral
density broadens with increasing temperature and shifts toward longer

wavelengths due to the reduction in bandgap energy.

The study concluded that the LED performance is negatively affected by
temperature variations, highlighting the need for improved thermal design and
quantum well structure to mitigate these effects and ensure stable and high-

efficiency performance under varying temperature conditions.

Keywords :LED, Quantum Wells, InGaN/GaN, Temperature, Simulation,
SILVACO.
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Dissipation
thermique
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number of photons emitted from active region per second

Mint = number of electrons injected into LED per second
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__number of photons emitted into free space per second
Nextraction =
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number photons emitted from activ region per second
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Graphique interactive Editeur de matériel
Animation et visualisation -—> Invocation d'outil | Editeur de dopage
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papier Commande d'exécution

Interactive
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Qutils de simulation
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Version
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ATLAS JaaY) cala Jsa 3 111
3sas cash Laal) Ju 1040 Atlas gelise palall Jiay) cile & cilaail) ) sela i i )
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[29]deal) (s 4l 53 gl grali pall iy 2,d5 Al gy 38 Laa

Sroup Statermenis

MESH
e . REGION
1. Structure Specification —_— ELECTRODE
DOPING

MATERIAL

" " " MODELS
2. Material Models Specification — COMNTACT

INTERFACE

3. Mumerical Method Selection e — METHOD

LOG

. - . SOLVE
4. Solution Specification — LOAD
SAVE

5. Results Analysis —— EXTRACT
TONYPLOT

[29] A O A5 SV 5 & ol 3 32 Y BlSlae el ol plad) (Ssgl) aanail: (5. TIT)JSAY
ATLAS

Structure Specification (sl JSigd) yaas 13111
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[44] SIS ATLAS ol sl Gani 0 5

<STATEMENT> < PARAMETER> = <VALUE>
:Mesh e

A o L ) A aadiedl mesh 05 bl )3 (8 A0 gandl 5 481 L shadll e Al o8
Ay 5 x Cpleleall aaas

:® mesh o =il dalall A2l
x.mesh location=<value> spacing=<value>
y.mesh location=<value> spacing=<value>

ATLAS
Data from ledex03_1.str .
mesh width=9

x.mesh loc=0.0 spac=0.5

x.mesh loc=3.0 spac=0.5

y.mesh loc=0.0 spac=0.5
y.mesh loc=1.5 spac=0.5

~

y.mesh loc=3 spac=0.5

o

y.mesh loc=3.015 spac=0.001

y.mesh loc=3.018 spac=0.001
L B y.meshloc=3.033spac=0.001/

= =l

Al ) 40l A0k (6. IT) IS
44 sl region JIJWER) Al Of iy 3 BlSkae 2 o Jseanll 4Gl 1553 mesh <l
OS) oy yus 8Slaa 3 1S 3 sha o3 mesh iy Cua (bl 48 5 2aill) de o (43 ) g (38
DT il ary 43S0 calSlaall b 150l 3 a5 shd 53 mesh g Laiy A8y J8 () 4S5 il
[45] s 3Slak il e Jpanl) Hhidea g e Jaaal S 380l meshd) juoad (N 38y
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:REGION o
( QOIS o shliall Ciy yal dapa region <y sl e cmesh JI ci et ac
REGION number=<integer><material type>/ <position parameters>

& e JS dihie JS dan 2 Jh s ohliall paadl sl el Y1 JSA ma g
Mdﬁﬁdbuﬁuﬁijuﬁjjﬂ‘

~

region number=1 X.min=0 X.max=3 y.min=0 y.max=3 material=GaN

region number=2 X.min=0 X.max=3 y.min=3 y.max=3.015 material=GaN

region number=3 X.min=0 X.max=3 y.min=3.015 y.max=3.018 material=InGaN
x.comp=0.16 name=well led gwell

Ghliall Cay a3y (7. JSA
:ELECTRODE e
58 5 2 551 AS LA Aualal) Al s UBY (g s pransy
1S (o Aty peSl Yy poS Ada

ELECTRODE NAME=<electrode name><position parameters>
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ATLAS
Data from ledex;

( electrode name=anode bottom

electrode name=cathode top

cathode

Al el QU8 iy e 8T S

:DOPING o

OsS ) S WS cpsin g il (e kil 5S OF (S aandail) 58 JSael) ol (B A Y] ula
QRO

;‘éJLﬂLS * "Atlas" gl 4 e...u.laﬂ\ Cay 28 drpa

DOPAGE < type de distribution >< type de dopant >/ < position des

parametres>

~

doping region=1 uniform n.type conc=5e18
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FPuits quantigue InGaM-i 3nm
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