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Abstract: This study aimed to elucidate factors limiting power conversion efficiency (PCE) in GaN-based micro-light-emitting
diodes (u-LEDs). To this end, we investigated the effects of operating temperature and chip-size of p-LEDs on their efficiency.

For the investigation, 460 nm-emitting p-LEDs with various chip-sizes were fabricated; then their characteristics were carefully

measured from 100 to 400 K. As the chip-size decreases and the operating temperature increases, their PCE and external quantum
efficiency (EQE) decrease, while voltage efficiency (VE) increases. This indicates that the EQE plays a more important role than
the VE in determining the PCE of p-LEDs. Particularly, for a chip-size of 20 x 20 um?, the EQE was very lower and the ideality
factor was unexpectedly higher compared to the others for all operating temperatures, which is believed to be due to the critical

plasma damage at the sidewall during dry-etching process for the chip-size <20 x 20 pm?.
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Fig. 1. Schematic 3D structural illustrations of the fabricated p-LED
(a) top view and (b) bird’s-eye view.
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Fig. 2. Experimental results of PCEs depending on the chip-size at (a)
100, (b) 300, and (c) 400 K as a function of the current density of
prepared p-LED samples plotted in a semi-log scale.
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Fig. 3. Experimental results of VEs depending on the chip-size at (a)
100, (b) 300, and (c) 400 K as a function of the current density of
prepared p-LED samples plotted in a semi-log scale.

718 4 9lek (14). A A, x| o] AolA
FPARtCheL o AR el Aol A ® A Folxl7] e
o §52] et ouIR|7} Rolc. ZpaAt) o] A
st 939l Sk BolAA A& AFe Zasto] VEY
5742 714 g 4 Q18]

of

=3t QbR 370l met VEZE sk Ay
9912 Cha 2Tk A2 4 9ok 9A] GaN-based
LED®] 7 - GaN 51} Alfo]o] 7|5 Afo] ZxPA4 &fo]
o] 2J3f oy x] ‘ﬂ E7} 3]oJX]HA] Piezo electric field7}

S2o 7S A7IstH Agol= AL
A A ot AHAY A et
= Aol F7F 9l 4fo] A= 7efof
AlAFst=d, ol FAHY] ol | R]= =2 ol
U] Mesikct 302 VEZE100%S ZabshA ok L
o 1A F 9oz A4 ot A SR =
o] 28] overflow?} WA¥sto] VEZ} ZhAshA €t [16].
FEgt FYgt BA 2T oA ARt 27|17t FItetH AR
WA ZrtET AR 429 do] 7P o 2 Yy
AF 250] ZoAA At ol & Qs A2 A o] F7tst
o 2upA o g VEZF daste @45 WA 4 AT [17].

SOl AMEYS

3.222R UX S

9bH VEZ} PCES] 5.9 A% 29l0] ofd g steigion
2. ol¥ol: BQE7} PCE0] 0] x| o] chs) A u7



286

ot 2" 4(a), (b), (c)= 27 54 &&= 100 K, 300 K, 400
Kol A Al 2712] EQES A&7 Uro] &2 LERH Z0]
o}, EQEL: 9JoA &4 3t PCEQF VES o] &35to] ofSaf
AL o [18].

nPC E
Tve

(4)

Meqe =

AAA o=z EQE 12fjo] JElj= PCE L=} JA}
A5 Qo] me} S7bsleit 54 KL ALE 7
X< woltt,

(a) 100 Koj|A] £t EQE+= A&t .77} Afopd 4
ZAasth AA & Helo A= 100 pm, 250 pm, 20 um
o &A1 2 EQE o] ArobAH, 100 pmt 250 pm 7+ef A}
ol= 3A] QAT 250 pm} 20 pm 7He] Apo]= e Al
o Zof EQEC| st AR/ Y= 20 pmoflA 2.5
A/cm?, 100 pmoflA]l 4 A/cm?, 250 pmoj|A] 6.4 A/cm?
2. 27} 2717} #7842 Ao} EQES] st AE o
27t B0 ok A32 B 11 4(b) 300 KojlA] &
EQE= 100 Ko SARST H43FS Ho|ut, 100 umxt 250 pm

Afole] g Atol = FoiS L, 2

ol'

.
],

|~>
ol
-||‘J

=
[
2]

IJ
ol 4>

a
ES
A

ALJHU

=1, 250 ymi} 20 pm 7t A}o]
+ A Zdf EQEY =25h= AR/ BEe 20 pmof|A]
25 A/cm?, 100 pmojlAl 5 A/cm?, 250 ymoj|A4] 6.4 A/cm?
2, 100 pm¥} 250 pmoj|A= 2 =7} ¥sll = £|o EQEO]|
£gsts A2 Weo] 2 Ao]7} QA 20 pmol A o
2 A7 YeoA 2o EQEE 7| =3t} 19 4(c) 400
Ko
H

l:IH‘

ol o
A= Al (a)2} (b)2F L Fd= Bold, (a )9}( )
lﬂ° = o 100 pmat 250 pm 7te] Apol= B %

, 250 pm¥t 20 pm 7Fe} Apol= HL AAI JJEH
EQEoﬂ Tt Ax Ue = 20 pmofA] 50 A/cm?, 100
umollA 5 A/cm?, 250 ymojlA] 6.4 A/cm*2 QIE] 0],
100 pma}t 250 pmojA= Hab7F gl 20 pme o =2
AF oA Zd EQEE 7] =5t

2o i 2o PCEE AmXEH, 100 KA+ 20 pm
of A 0.75 A/cm?, 100 pmojlA] 0.7 A/cm?, 250 umoj| A
1.44 A/cm?, 300 KojlAl= 20 pmojlA] 17.5 A/cm?, 100
pmofl Al 3 A/cm?, 250 umoj|A] 3.2 A/cm?, 400 Koj|A =
20 pmoflA 25 A/cm?, 100 pmolA] 4 A/cm?, 250 pmo]|
A 3.2 A/em’2, =7t Z7tghof| et 20 ymojl A o &
AF Bl 2t PCEE 7|58ttt E3F 300 KeF 400
Kol 4] 100 pmt 250 pm 7+e] Zpo|7} 3A] ghrps H2
EQESH 8502 Uehte giolct,

7] JAoA 20 ymofA el g&o] thE Z7]of vlsh
= Aol FE2A]H, o= EQEQ} PCE 2o A =l

n (TR

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 3, pp. 282-289, May 2025: Lim et al.

—0—20%20 ym’ —O— 100x100 ym’ —A— 250x250 pm’

EQE (a.u.)

Current density (Alcmz)

Fig. 4. Experimental results of EQEs depending on the chip-size at
(a) 100, (b) 300, and (c) 400 K as a function of the current density of
prepared p-LED samples plotted in semi-log scale.
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Fig. 6. Schematic illustration of energy band diagram including side
wall effect in u-LEDs.
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