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Abstract

The efficacy improvement of the light emitting diode (LED) was studied for the realization of small-size, low power consumption,
and highly sensitive bio-sensor instrument. The performance of the LED with Mg delta-doping at the interface of AIGaN/GaN super-
lattice in p type cladding layer was simulated. The device with Mg delta-doping showed improved current, radiative recombination rate,
electroluminescence, and light output power compared to the conventional LED structure. Under the bias condition of 5 V, the improved
device exhibited 20.8% increase in the light output power. This is attributed to the increment of hole concentration from stable ionization
of Mg in p type cladding layer. This result is expected to be used for the miniaturization, power saving, and sensitivity improvement

of the bio-sensor system.

Keywords: Light emitting diode, GaN, superlattice, doping, light source

1L.M E
A2 7P 247 A e 29 A A
A} 717100 @ @77k Z7HEel wel, W AEe Ansia
Fol 7Fsgk nlo] el o] thEt d7) Shks] K E L ok
tiokre] vlo] e AlM = 54 o tid] Q7S zhs A
A ﬂxl 23S AAA ] 23k A2 F, A EH Jaag

OO

=

=1
=

A7A = PEkA AT R aqg}o].oq
598 4le7] 0.2 7 8ch. ol ), WTiol 2
diode, LED)‘; MESHA AT AL W
AHEEE RO A E AL IS
£ Hs)o)] A9AA 34 7hs g g AT R
AT [1]. AN = vlol e MM el oo
lamp)7} F & A& EAA 9 gro] vIRkaL,
cgo] E\}g (=57 s eN 7};(] U

=

L

= = (light emitting
HYA717] f18h
A714] o=

gm 2 o) A

S g

[e]
o=

g
e %

PN
_I‘T:

(3

bl

A

STk, SR H 2 EolA]

&l i_tu

"o 8F . 3} 8t F 8 #H(Department of Chemical Engineering, Dankook
University)

Dankook University, 152, Jukjeon-ro, Suji-gu, Yongin-si, Gyeonggi 16890,
Korea

“Corresponding author: jangmountain@dankook.ac kr

(Received : Oct. 18,2021, Revised : Nov. 30, 2021, Accepted : Dec. 1,2021)

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(https://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

31

InGaN, AlGaN 52| GaN AlE A3 w 7+A (direct bandgap)

GaN 7|9te] LED= AlMe] A ARE Folal A7]8 4¥3}
st Fe1o] Aol Folshl & 5= JSEE Hpo]Q AlA 7]

710 de] &AL ATk [2,3]. 3 HZ Y& ikl €
3 BAE 714 oUA S WF AT = A o), 1559
LEDS ARE-EE HEo] @ AlAjol] theh Ap7F o] ZI=i=ar 9)

Z+= LED®] el o8t
2889 LED /ido] &
" LEDE Mgo] =3
Z (p type cladding layer)2 Az} 2o E&
shedl, 2832 3 (hole) FYol oY FYE A8 giw
g g&o] Ytk EAAS 7HAL Tk ol2g EAlRle] W
sk A9 ZA /A& vhd ok AR, p F Mg =

E (dopant)= A-9l4 200 meVe] S o] BA43} o
2 213t p¥ GaN Tl FUE BF9] =7t Ht} [6]. & WH
A=, Mge]l &=38% GaN 3 474 A Mg-N-H®} 22 519-E0]
Mge] 5874 GaN A ek A2, GaN W EA3h=
ZAAAA A (natural defect)oll 218+ 27] BAF § F(self-
compensation effect)ol] 213l A4 7FsdF H3-2] FE7} Sot
At} [7-9]. PEA e 2, pd GaN 37 Al F=A " Mge] Fat
$-E(quantum well) =082 SARS 2y O} S8 L20] 93
o}d® < F(annealing effect)S =°]7] 98] & 2= A
8w = o] 2 3l = Gt s AFA o

—

Ly o)
hx_'é];'_

&ol

J. Sens. Sci. Technol. Vol. 31, No. 1, 2022


https://crossmark.crossref.org/dialog/?doi=10.46670/JSST.2022.31.1.31&domain=http://jsstec.org/&uri_scheme=http:&cm_version=v1.5

Yukyung Kim, Seungseop Lee, Juho Jeon, Mankyung Kim, and Soohwan Jang

d% Ash7t At [10-12].

=0]7] S8l thge A7E
GaN ©l| %% (epitaxial layer) A
% l j—%d—i Mg =3 A= 5421214 23y ExEe Atdt
(impurity scattering)°] A ZFsA| A ste] A F-2] o] F o] A
SHE L SAll 27730 Ayt S AFE 28 skt
[13]. ©] &, AlGaN/GaN %7 ZK(superlattice) T2 F3f AW
o Mg®] o235 X718 sislov BA4H
8l a4 7; Goo] A STt [14]. B3, AH 32X
2 AlGaNS AAA &5 =l o3 ¥

ZERoU Mg EHES o] 23 - 2
= A7) A A

lo,

ol
i =

H

4 H
N

o&; oX 1“2

H

ot
o
>,

=]
2

-

0l S ul=o
= Un

Tk [6]. o]l thek A Wt
AlGaN/GaN 247} 2 Alde] Mg WEl =33 (delta doping)S
Edlo] 74 Joo] WS Fo|, BT o] WAE 77
Ao AR dtH R B Mg =UEE o238k ol
ARgE = i

B AFoM= GaN 74 LED 885 =017] 93 p& GaN
750l Mge] dEl =3 AlGaN/GaN 24 A} 3 (Mg delta
doped AlGaN/GaN superlattice) & A Y3t =2 v=9 FF
FANZ F2E AN ST Mg DE EHF AlGaN/GaN
ZAA 2 X3 oo w2 LED Axke] AF-HAY, Hek-3

of
’

o
e

_'
EE
=

o

=9, 713 92 (electro-luminescence), &8, ¥AM A4
3H& (radiative- recombination rate) 5-2] S/go] &} A[EH 0]
AL Fste] A=Ak

Fig. 1> Mg 9 =3 ¥ AlGaN/GaN 22} 73 E£3F of
Fol o2 AlEY oA AMSE gt 9 =9 25 UE
Wtk 300 nme) 710" cm® FEE 24 n¥ GaN ]9l 929
CFARS-E- -2 (multi-quantum  well)7F 285 T} A=
ZL 45%9] Q1Fo] £ 2 nm FA 9 Ing,sGaN #5333 15
nm®] GaN FHF O =2 o] Foj3Itt. TpIAR-EF-2 Aol 20
nm FA 9 1.5x10%cm”® L5 2 AlysGaN A=} ek
(electron blocking layer)©] 1% gtct. A=} 2pckT 5ol 150
nme] 4.1x10"7 em” FEE 2HE pd GaN=o] & X2 LED
AZ} 313, LED A9] $7F F-8-0) 1052] Mg dE} =34 AlGaN/

GaN 2427} A" %2 LED Bg} 3t} Mg de} =3 %
AlGaN/GaN 2242} 7% Ul & Ao 2 5E 0.5 nme] 5%10"

em® FEES 2 p¥ GaNZE, 2nm?] 4.1x10"7 cm® F=E zF

£ p¥ GaNZF, 0.5 nm2] 5x10” em™ FE25 z2He pd GaNF

4 nm2| 4.1x10" cm® FEZ S Al sGaNZ=O. 2 0]—,—01
ZIt}, LED A%} BE p& GaNZ¢] 57 ‘?ﬂ‘ RS AL 2

€ T Y 7, =8 v, B2 om, 2% HAMS

, =4
18k SilvacoAte] AtlasTM Z=2 13} 0] /\]~g— Qi) ok vk

zZh= pd

]o 7
==

J. Sens. Sci. Technol. Vol. 31, No. 1, 2022

32

Depth (um)
0010 = [ awae 1 )
4
/
0.040 +
p-GaN
0.110 4
\
0.150 4 \
. p-Alg o5Gag 95N \
0.170 1 T 1 (a) Sample A
Ing 45GagesN \‘
: \ 10 periods
ST H
8:%5; -T Ing 45GagesN \‘
0.338 T~ ‘ — doped —
\
(Wl Detla doped p-GaN
Lt
8:232 + (b) Sample B
v

Fig. 1. Schematic diagram of the simulated LED structures with (a)
uniform Mg doped GaN and (b) Mg delta doped AlGaN/GaN
superlattice.
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Fig. 2. Hole concentrations of the LED A and B at 5V as a function
of the depth for (a) p type region and (b) multi quantum well
region.
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Fig. 3. Simulated energy-band diagram of the LED A and B.
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Fig. 4. Cross-sectional views of recombination rates for quantum-
well regions of the (a) LED A and (b) LED B at 5 V.
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