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Using InP/ZnSe/ZnS Quantum Dot

Jae-Geon Choi' and Dae-Gyu Moon'*
" Department of Materials Engineering, Soonchunhvang University, Asan 336-745, Korea

(Received December 9, 20130 Revised February 13, 2014: Accepted February 18, 2014)

Abstract: We have developed quantum dot light emitting diodes (QD-LEDs) using a InP/ZnSe/ZnS
multi-shell QD emission layer. The hybrid structure of organic hole transport layver/QD/organic electron
transport layer was used for fabricating QD-LEDs. Poly(4-butylphenyl-diphenyl-amine) (poly-TPD) and

tris{2,4,6-trimethyl-3- (pyridin-3-ylphenyllborane (3TPYMB) molecules were used as hole-transporting and

electron-transporting layers, respectively. The emission, current efficiency, and driving characteristics of
QD-LEDs with 50, 66 nm thick 3TPYMB lavers were investigated. The QD-LED with a 50 nm thick
3TPYMB layver exhibited a maximum current efficiency ol 1.3 cd/A.
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b ke gof FAo os GUF Ei chEel
A4 vtk FAlo] shsaich (2] wElA o2 o] &3
423 LED (guantum dot light emitting diode,
QD-LED)= MEwrt Fa MAgdAde] 43y &
BE 54°l F& duH nHdE fgaZgole
o] 7Hestel we Azt AYPHm gl [34].
QD-LED§ 43l w3 A8 g go] £1 oA
ol 4% I-VIF SgE weis 32 Agda
ew, 53 CdSe/ZnS, CdZnS/ZnS 52 CdS o]
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A 53= PL (photoluminescence) %#}&&0] o}
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2A 87 9l QlAlel fafskA ke CdSe 7|wke]
FAF Azl AR B oS vhehdz] wiEel
CdSe 7|Wte] F&Ad AMmg AT & Ads 7HsA
o] =t} [7]. shAINE dlf-¥-2 A47F dAA Awm )
dho] HFEa on, ofA7x InP 7]k YA
AES o) 88 QD-LED®] w3k A= @A gbrlh

B d=fo A= InP 7|uke] multi-shell ¥2H3 A&
£ o]&3le] QD LEDE A #sialrt. A9
T4 5AHE F4A717] s AE olF FAel -+
sty ol gole)  Ac]i= poly(4d-butylphenyl-
diphenyl-amine) (poly-TPD)& A}-83}%] o,
A s InP/ZnSe/ZnS multi-shell 4248 Alms A
43141k, Multi-shell 32 A3 Afme 7]1Ee
#o| H]&] PL (photoluminescence) %=t
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poly-TPD uput 4Ako] HFallo] 591 [nP/ZnSe/ZnS
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QD LEDE Al Z}a—}aiu}-. 3TPYMBS®| 7= ket
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[TO (indium tin oxide)?} =¥ F2 7]HE o]
f3t0] QD-LEDE Atk 1TOS WAgL <
10 ohm/sq.o1glcl. A2l 212} (photo-lithography) &
A& o] fdlo] QD-LEDS 4= ITO S A5
qlrt, ITO sigle] &A¥ 7|32 acetone, isopropyl
alcohol, methanolS ©]&3ke] 747} 5, T, 5 &
oF MAF F 24 ZepzvlE o &3t ITO if.‘f‘i%
ARG ITO A A4 F 29 29 4o
2 poly-TPD®} InP/ZnSe/ZnS FAH Wi 5& 59
ol‘;—‘&l-} Poly-TPD %9 344 9|ste] S22
poly-TPDE %1 ¥ 3000 mme= 5& Lol 23|
eyl Poly-TPD #2 57+ ¢F 60 nm‘ﬂﬁl-.
InP/ZnSe/ZnS A4 ko] #2438 flste] HE54lol
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Fig. 1. Device structure of fabricated QD-LED with a
InP/ZnSe/ZnsS QD emission layer.

=0l [nP/ZnSe/ZnS FAFE £9S 3000 rpmo.E Hx
ot 23 ety 8¢ oA InP/ZnSe/ZnS
kalA o] FEE 10 mg/mlE A} o] ¥ 54 50
nm¢ 65 nme] 3TPYMB &% Fell 2lal &
Ast 05 nme LiF¢F 100 nmel AlS =24 o
A8 FAEe] QD-LEDE ¢Hdsisich. Al2kel QD-LED
o] xE 29 19 yElidd ®71E% 25 S5
& Z#87) 918 AFmE o 10° Torrellow,
3TPYMB %3 Al9l FF = 47 01 9 1
nm/si FA A Ak Alze QD-LED = zghel o
A WUxel 3w, 58& 54 F4HE 98l Keithley

2400 42/mE], EEUCIQEE o]g3dlen, EL

2! o
AE F

(electroluminescence) =¥ Eg] FAHE 218 CS1000
spectroradiometeris ] -8-ahalcl.
3. A3 ¥ o

19 2e] 7] 50 nme] 3TPYMBE o] &38te] =
243b InP/ZnSe/ZnS multi-shell QD-LED2] =& g}
o] wg EL ARNE#HS yehdslch 4Aa 2
ITO/poly-TPD (60 nm)/QD/3TPYMB (55 nm)/LiF
(0.5 nm)/Al (100 nm)‘”]l’]' il oo Holgle
kA W Ao FEE 10 mg/mle® &o =3
g sk, 4Abd ws Ase FE7F 10 mg/ml
wrh ol Faz wadFo] dUsHA FAHA ©
grr}, AdME Al Wi upel o] 588 nmolAl 7§
EL #]=228 % 4 glon] o|i= InP/ZnSe/ ZnS %%
A sk g Qg u=tolrh, Ed w3 430 nmoll Al
ofst EL u|2E ¥ 4 glov o] poly-TPDe] %
w2 s}l [R]. 1§ 20 4FIE 350~ 550
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Fig. 2. EL spectra measured at several voltages for the
QD LED with a 50 nm 3TPYMB layer.

— -4V
6v
5, 8V
3
s,
o .
'Ei. er:mu"‘ml
c
5 04} |
E
m 0.2
0.0t J : '
400500 600 700 800

Wavelength (nm)

Fig. 3. EL spectra measured at several voltages for the
QD-LED with a 65 nm 3TPYMB layer.
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Fig. 4. Current efficiency curves as a function of current

density for the QD-LEDs with 50 and 65 nm thick

JTPYMB lavers.
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Fig. 5. Current density curves as a function of voltage for
the (J]) LEDs with 50 and 65 nm thick 3TPYMB lavers.
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Fig. 6. Luminance curves as a [unction of voltage for

the QD-LEDs with 50 and 65 nm thick 3TPYMB layers.

a9 4% A4 A5 3TPYMB 39 F4A&
50, 65 nmi &e] 2% InP/ZnSe/ZnS QD-LED®]
AH Wi wE AF Z&E vepd Zlo|th 3
TPYMB ¢ 77} 50 nmoi el A Hd A
F OESS 13 cd/Agen, F77F 66 nm{l &A=
1.0 cd/A8) Hul A5 &85 Jehldoh £ 23

9] A ALS AF WE7t F7HEl wet F73
astgch AF &89 F4%F i FAH U
A AR of7)ate] oy 7t B& o] FA ¢ &)
7 Ay o AWsi= Auger AAJFoR A
Aoz sekEnt [9). z@elA Hi Hiel 7o)
3TPYMB2| 718 50 nmollA 656 nm= &7}A17]¢

A5 mgo] of7t 7HAaFth QD-LEDOA df A&
e AAFE = A A v&, AA%E BA
¥l o] 7| #pe] ~3 & & zlo] (spin allowed transition)
) g, of 7|2 &4 W8 FAE $3Fe] PL g4 &
&, 9na wx Je= o7izke] vE Fol s 4
Adu, ~ysg ol vj&e 79 12 ¢4#HA Iy
[2]. B A&o|A ALLE InP/ZnSe/ZnS FAHE 3
A}]:{‘—’] PL Sl HE &S oF 40%% 1 ol 3TPYMB
o] FAel uwpel Wakx] kv o7|A &2 ¥E
24 UlRelA AAdE Wel oy wE 5A Eg
STPYMB®] 7ol wg} =2 @ebAA denz
3TPYMB 57 W3 F2 AAs “éi“ﬁq A 2§t
&0 gake n o uela 3TPYMBS == 50
nmell A 65 nmiz Z7HA7IE FYEE Ak e
o] Hlgo] HAafoR &) HAfF &&o] Fad= 2

o sy
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a2y 5% AASF4 A8 3TPYMB F9] F7&
50, 65 nmi ko] A 2e InP/ZnSe/ZnS QD-LED®]
Agtel W AF UEE e Zolth. 3TPYMBE]
25 50 nmol A 65 nmz F7HA 71| e did
S8 97 8% 5 dAge] S7sh dE &9, 50
nm 3TPYMB Z#e] 244 20 mA/em®® A Ui
2 oy gste] 60 Ve Aol Hasht, 65 nm
3TPYMB 4Azte] A% 2L AF U=E o7 st
of 92 V7 "asic) B A QD- LED 20l A

ARFEZor AHSE 3TPYMBO #AA o]FEi=
ok 10”7 em?/Vsel whd 24%#%‘—%0 2 AFEE poly-
TPDe] AFolExE 2x10" cm’/VsE, 3TPYMBE
Az o] F %7} poly-TPD®] A& ool Hl&] 10m)

ol #t}h [10,11]. whebA QD-LEDel 7halizl % qh
3TPYMBe| % o] REHY oo ]3] QD-LED
o] zegte] wpE AFUEE 3TPYMBE S7 w2}
WalEo] & Zlog Fhohych

19 6& 3TPYMB %9 7% 50, 66 nmz 3t
A2 InP/ZnSe/ZnS QD-LED?| & #gtel wh
3= R #olch 3ITPYMBE 5717F 50 nm<l
aate] 7% wa AANHESE A cd/m®e] =S 47
918k A< turn on voltage)e] 3.2 Veln], 100 Ld/m
o] FHEE 7] A% ALY 56 Vot ‘%IPYMB
o] A7} 656 nmgl Azt A5 wF AMAAGLE
Vol 100 cd/m’e] HEE 47| A% Ag> th v
%2 3TPYMBe 5717} 50 nm¢l AAkel vls] &4
gto] =t} QD-LED®| #Hd] %%+ 50 nm 3TPYMB
/“XP—J e 270 ed/m gl e 65 nm 3TPYMB *7‘]'
o] 7% 206 cd/m' R, o}AAA Hol FHErt EA X
o} Alse] PL %}1}3% g, Aa AAF 54 ¥
A4 52 Fle 49 4 Aok dddd

4. 2 E

oo AFFEZFOE poly-TPD, AATF
Zzo g 3TPYMB, @#Zo& Cdg AlgstA &2
InP/ZnSe/ZnS multi-shell %9 $AH LFARE
A gse] QD-LEDZ Al #&sla 3TPYMBO F71&
50, 65 nmiz WEAA wH F& 9L 4F 548 =
’*]"3}911'-? QD-LEDY %A w3Fozye 2§
el en poly-TPD=4E <Fgt EL
L{'Ei"-—nﬁﬁ]‘ 3TPYMB¢ 577} 50 nm¢!
QD-LEDS A9, A5 Hdl £&& 1.3 cd/AAeH

67Ty

J] =2
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QD-LED®] 1 cd/m’e] 3158 A7 218 @ 74
#9232 V, 100 cd/mell A 2] +EAYGL 56 VS
t}, 3ATPYMB®] 5717} 65 nm& E718td # 29} A
9 AAF v &o| ZAFoe QD-LED2 Huj
880 1.0 cd/AR F2&3H, poly-TPDell ]3] A3}
olFE7t W& 3TPYMB Zol Q7M5= #Aste] v &
o] izol ZfAlHMSte] 46 VE Z7Fsk 100 cd/m°e]
IAEE Y3 A w3 95 Vi 2715k
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