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Numerical Investigation of the propagation modes in the perovskite light
emitting diode

M. Yarahmady', E. Yazdani?, M. K. Moravvej-Farshi!

1 Dept. of Electronics, Faculty of ECE, Tarbiat Modares University, Tehran, Iran.

2 Dept. of Physics, Faculty of Basic Sciences, Tarbiat Modares University, Tehran, Iran.

Abstract- Using the finite element numerical method, we have simulated a planar light emitting diode (LED) based on
CH3;NH;PbBr; perovskite material at 530 nm wavelength. Analysis of the LED propagating modes shows that the
difference between the refractive indices of the carrier transfer layer and the transparent electrode is a limiting factor for
the external quantum efficiency. Moreover, the numerical results indicate that the modes are strongly confined in the
middle layer. A further study reveals a similar observation for the second and fourth order modes.

Keywords: Perovskite; Light emitting diode (LED); External quantum efficiency

* moravvej@modres.ac.ir
vya

il s s B WWW.OPSEIE ol y oS ol JLzsl s 5,50 4o allie oyl


http://www.opsi.ir/article-1-2259-en.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

Oz ol 9 Lo o BLLG1S — ubi Y 9 ) -IYAQ ylpl Sigigdaili g lon

doddo —

Sl S5 1) Jlo 3 Lsee 5 e (Sl oLty aiad gl g Lawsi VAVA Jlo jo L sl (5slle sl calSag
5 ¥ as5ln 1) (culug sloo, 3l odol wuiesles 12V Jlo ,o 9 e Y] o V] wols J13 cn i 9550 1) lnculSug 5y Sesg iSlgy]
soylsS (233l b Ll aias 4l GBI slos 53 Guiluwiragly iUl Skl b (0l JonS 55 slog2d (dgl 1930) Jlo o [
el i el sl (nl a5 [D]ings (T o5 slooges 5 cagiilsS Ao oS 555 (5120520 L dliie LB o5 ;55 ol 5 25
B[] s 3155 05 0otk (sl oogs CulSwgp oyl olore 4y Jodseie (sledT ;o CHINH3PbBrs &l)d 6 YoV Y Jlo jo bl o
Sod9uze )3 1) (g JonS )95 0923 lgl () Sem g (6 098 48,5 s I (Sl JonS )58 ooged (59, 2 Dlindos aall
O30l oS 5 lidiog v et anlol jo [V] aisls w1 ¥/E L Sl egilsS a3l g +IVE L ()l cagiileS 233l b F g
@ 51 g () (oegtlsS a3l b (YL (eslS b e e wiiadlys g wisls oS (6551 BB Gl Bua L) colSeg n sosbe
sl 4 Zn0 5315 0S| o5l 9 F8 oole OIS (cwry o b L2l Sa 5 (g90 Ledl IS aalol jo oS LS < /F g oIV T s
Srogs sla iagh ew jo ibae akaii a5 VY Jlo 5L IAL wos 01580 LTS Sene 40 3350 9,550) (soims JLl i ,o o
o5 Sllllae 5918 (Jlo (nl b el oad plnil o131 0 Shos S9m0 (59, 2 (slod S Slalllao (4935 b Casl 009y (alSwg . JoaS 553
$lodgo Jlad 4>l 50 (9558 w95 conlin o 3929 il Sl (SUBng  Jen 95 9920 (90,8l )95 gl Zn] alS” Jelge 4
Biby g plelis sadsi j5 cd; sam ol Jalse B ols 5Li g s oaisS” o) T (25 sagtlsS 003l e o (2usgy SS90

Qg

=L -y

155885165y 1 poeisal e [ ligilys sl il o8 4pnS1 5y 50 oS5 o0 ol clia () 55
a4 o 9 00,5 (glwdnds pliie paie (gode by, l eslaiwl L |, (Ag/ F8/ CH;NH;PbBrs/ PEDOT:PSS/ITO) o yas
955 slaoaias sl o554 PEDOT:PSS g F8 g il 5 w15 slasg iSUl s 5 4 ITO g Ag . mlasslo  jlislo ol 4o (L]
5 shal g lacl v il ouls 423,87 lai o oS je5 0930 ) Jled 4l leiey [CH3NH3POBrs colSg ys o uiorod 0iawd 0,8 o
50 slail w3l 42 g8 HB Cannd 09 oo odmline S 0 4 aisSilas ol oad ool led VS j0 (egil OF ¢ zge Job
5 a8 azel Lol wigh bz LS 155 0900 (29,5 4 atilsty aae a5 el gllae bl 50 058 0 jganme jlSle (Jle slaise
OY Sl culps e WS Wlgs o olas, b bYS e 51 (S w0 e Fy Gl cpl a5 cl ol 0ed s bLal S
JLd 4l o 0,85 cais Jal Y aS 098 oo cumw D92 g0 BT aLL (TO) Blas 04 2SI g PEDOT:PSS) 0 o> cnims Jlal
s 555k AL 3550 S 4y 5T (o0 LA ] rm I pls 4 L5 oS e Jobo s S atiles (Blis 05,580
3920 (7 9,> 5l odd g)l> (g8 Slaad Cod () (agilsS 033k ad e ()1 (oogleS 005l el el Bl Gl el
sl By a5 42 () 5 (Gl T USCE 55 39 on o3 (ol ) JUub ol 0 st 5358 olasd & (Glih 5 2501
Sl yd gl oe odalin KU )3 a5 jshailas el sad ools ules (s JenS )55 9500 LSl )l 5 pod 4 e (s Lacl

DT l5 35 505 e o555 JaS 25,5 5 am0on 5 S o csloes¥ 1o e (T ppame 15 5,045 slos YL

/\n
il oy BB WWW.OPSILIE ol jo 4 sl il Gl g0 40 allie oy


http://www.opsi.ir/article-1-2259-en.html

[ Downloaded from www.opsi.ir on 2025-12-16 ]

(M) cwlis

Oz ol 9 ¢y Limamw o LGS — dl.gi Y 9 ) -IYAQ ylpl SCigigdaili g lon

Olyee Wlgis aS ggm0 4 cwaid Sl b g 500 dlae 03l b (0,02) (g xSl oaums Jlaml 5 Blad 09 2SIl CanSls oo

Ales SaS )5 0giilsS 003l Sguge 4 Wilgs o s ol ) LSl 0wl SauST,

1
r 353
3 0.8 >
3 o6 2.5 -1!,
2 K
3 04 1
0.2 = ‘i“‘
[ _ §
0 05 2

0 0.5 1 15 2
(Mm) Gl Job

1 1t
3.5 3 r 3.5 3
0.8 =\ g 0.81 N
0.6 2.5 % 3 o6l 2.5 —33
0.4 4 £ o4} el
1.5 qj = t 1.5 ‘49
0.2 3 0.2 =
£ - E
0 05 = of 05 =

0 0.5 1 1.5 2 0 0.5 1 1.5 2
(Hm) ;Lo Job (Hm) b Jsb
(o) (<

Sy x5 =Y
osls plosl CHINH3PDBIs olSig o st JunS 95 00 Jlizle (glwancds o 2l (ol jaie (hg) 3l eolainl b alis cpl jo
azxgi B Sl sloasy ;o laase (Sl jgame lie a5 wies g0 lid Lisle jo g lal glade cwyy g Julod 5l Jols guls ool

Blads 09 mSI Y 4y (6,568 (55,0 45 09 s ge ol (pl a8l oo plo 4y Wnonias Jl jo (g lasl glads 5l Lisn (&dly o ool

g Sl Blal 09 55Ul g oasms Jlal sladsY cansls colpd o WS 51 b o] 5 isu aS sy (pl ol gl 040 ci ITO

ot g S 5 sogsd ;o c0sileS 003L 5l cwlin e 4 Sbcaws Gl 0gd oo (B sesiilsS 005l L Keuia ralS

a5l anee ol o ean] gl (sileainge 5 Dlackod sly fhe (ooud Wi oo s ] Slagiluaned 9h B by el Gl ol 03Y

&l
. D. B. Mitzi et. al. Nature, vol. 369, no. 6480, p. 467, 1994.
K. Tanaka et. al. Japanese journal of applied physics, vol. 44, no. 8R, p. 5923,2005.
. C. Kagan et. al. Science, vol. 286, no. 5441, pp. 945947, 1999.
. K. Liang ez. al. Chemistry of materials, vol. 10, no. 1, pp. 403411, 1998.
. K. Chondroudis and D. B. Mitzi. Chemistry of materials, vol.11, no. 11, pp. 3028-3030, 1999.
. A. Kojima et. al. Chemistry Letters, vol. 41, no. 4, pp. 397-399,2012.
. Z.-K. Tan et. al. Nature nanotechnology, vol. 9, no. 9, p. 687,2014.
.R. L. Hoye et. al. Advanced Materials, vol. 27, no. 8, pp. 1414-1419,2015.

S NV VO S

AN
il oy BB WWW.OPSILIE ol jo a5 sl jliel Gl g0 40 allie oy


http://www.opsi.ir/article-1-2259-en.html
http://www.tcpdf.org

