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Circuit diagram of PMOS drived Micro-LED pixel. (a) Simulation circuit diagram of driving individual pixel (left: direct

driving; right: driving by external current limiting resistor); (b) simulation circuit diagram of driving array pixels
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MR B . ATAYH B A 2. 6548 X 10 Q-m, Ni i}
Hi B 26 K 6.84X10 ° Q-m, Au By HL L 2 K 2.4
10 ° Qem, PtEYHL LK 10. 6 X 10 ° Q+m, In Y HL B %
H8.37X10 % Q-m, X} Micro-LED [ 4185 Fr 5 PMOS
L0 & 1l 519 R e = 5 R s S R (£ B e o A L S
SEIZFAEERMYERBMBEMENT : R=5.27X
10° Q, R.,,=1.19X10" Q, R,=0.0042 Q, R,,=
3.32X10 *Q,R=2.37X10 *Q,R,=2.39X10 *Q.
Micro-LED 7E T/E ik & T 2 £ B H AR
Ry=RyX[14+ (T —T,)]. (13)

(11)

R= (12)
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KR TAEIRE TR A B ; R, T 0
P ELBH 5 0 S A G F BEL IR B R . ARG FEBHLIER B &R
R 0.00429 °C 1, Ni i H BH L BE R 200 0.0069 °C 1,
Au ) H BH IR BE R %0 0..00324 °C ', Pt v BELIR E &
ok 0.00374 °C ' MR B A MBI ZE SR, 24 Micro-
LED F4 51 3 A ' Micro-LED T 4E B33 & 60 nA i,
TAEHR 298 40 °C, A LA SCBE$F Micro-LED (1 TAE
T Ry 40 °C, W 4% 4 JE J2 3 AR d BHAE TR BE T 19 46
B M P fH A Rp=5.664X10"° Q, Ri,=1.267X

10" Q, R,,=3.535X10° Q, RL=2.697x10"° Q,
R\,=2.595X10 " Q. MM AT LI1G 8 F A : =
0.0042 Q,,=1.833X10 *Q,r,=8.827X10 ° Q.

FEL 2 S5 0L S AN P 12 s, AR S A S [
TE AR, T 5 H AR R 1E 7 B B AR, (R A 4 7 1E 7
JE AR, R IE, BIEE B A7 A o RS , AR50 L, 7
T T E R Sl A A A AE S Y — 2 AR AR RE R,
K AT BRSO A A Ay, by R EEA JE AR S
[=ryi

i

LO
[ —3-->Au
- ]
Ny
equivalent indium (?11:)1;1?11:3

.«' sphere o

| — 7

L = Au

1l

F12 ARR0D 7L %

Fig. 12 Equivalent capacitance circuit

PR A7 M 8] 28 A2 B A B T O

Micro-LED 4 % [i] ) % A= s B 20 2 1. 210 ', |f

CZ%XE,XSO (14) rn=1.2X10"Q(#%3),
d ’ 4.3 IRZNEBEEFX|MER = LN

K :CHHEAE e ANMHEL, EMWNEEHNL,
A RE A F BN 3.9 S, AR IE X T AR s e, K
SR, N 8.86X10 *sd PRI HE 2, B) Ao 3
M SR A5 25 S0OM 5 Ak ik 0 S5 RCH B B Co=
7.636X10 "F,Cs0,=1.768X10 “F,

AR MY FhE - KBMEE, BT
B EALRE R 3R RO R R R
FREBIE AR, K15 Micro-LED /8 5 CMOS 3K 5
P ZF A LS Cox Bl e, 7. 031X 10 " F,

I H PMOS 3K 3 f5 31) Micro-LED 1% % i % ik 17
U5 BC, TR A A A B0 6 3K Bl 1 B 14 52 e, R B 4] 13
B, Horb o, g AN AHAB Micro-LED 14 2 (8] i %5 2E Hy
BEL , H. P34~ 4 48 Micro-LED 1§ % ] i 75 A& Wy B E X Ky
B e 5 U W HEAE . AR PR &5, A A 4B

Micro-LED F 3¢ it #€ (9 7= 4= 5 Micro-LED 4% &
B 45 i VI AR O . BRAR T R AR — AT
36 O W e 107 B 8] (O 38 0 SG IBr 0 #E ) 1 FL O, )
FEN O, (HSE PR b ASA7 76 BRAR A, S B ) — W 48 i
T A 7E 45 2 RN, 7E 3 25 RN W 2 22 18] U 4 i A
— AR AT R, ELR A O R A R - H IR A S AR
fbo M WA IE ] KRR O TR LR 3 K fFE — A2 o
HL R, 280 42 o r e 0 9T 8 1P AR, X6 L ) [ 2 B ]
FR A T I 0 FE B 8], K I 458 6 B ) % 1 79 R 9 {1 AR
B 1% 10%~90% 1 By Bt 52 XA ¢ Wi 4E 3R 1) a] 7, T
A FE AN

1 o , 1
PO‘]:?J\() Up ([)ZF([)d[’\’gvfplfp[npcnﬁ (15)
FUH 2 Vo, Dby I 1 WA v P 5 T, DAy T 1) 2 (D PR 5 /0 — A%

# 3 Micro-LED 4K 5y #5125 A= i BHFD H 25 1 2 50T L

Table 3 Parameter summary of parasitic resistance and capacitance of Micro-LED driving circuit

Resistance value . .
Parasitic capacitance

between Micro-LED

Resistance of Parasitic resistance

Resistance of of electrode between

electrode between between adjacent

Parameter bonded indium o indium bump and . . .
indium bump and . . Micro-LED chip and CMOS
bump r, /Q ) Micro-LLED chip )
PMOS r, /Q n/Q driver ¢, /F
r, /Q
Value 0.0042 1.833x10°* 8.827x10°° 1.2x10" 7.031x10°"°
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dd
2, 2
m
PMOS | | PMOS
<] - S g
— | |
out 1 b |; out 2
/’.21
- f
metal bonding - e,
- d
7'31
a b
Micro-LED 1¥ Micro-LED array ¥ Micro-LED 2
J:‘ GND GND J:‘

B 13 BKSh 315 R Ay i

Fig. 13 Simulation circuit of driving array pixels

IR 5o (1) M IE )RR 57 (2) M 1E [ L3
M5 T N — A~ Rl R, AR IR A &
S B OG5 B — o B TE) AT BB R AR S ) B DT )
J7 31X A~ B [B) WY AR DG W7 53 G 5T 8], K 5 W 453 A6 SF [1] 6T iz
B I (B AR B B 90 %0 ~10 % Y By BE /2 LA 56 B 4iE 3R
B 18] 20 ST AR 0T34 50 R
1 e 1
Poff=?JnvF(z)zF(z)dINE-Vrplr,]zfoffﬁ (16)

Ao o RS R R BT R B ] 5 R R A Y
)R A2 25 SR R] 5 Vo IE ) W AR R 1, Ok OF ] 6
A HEL R -

T et 458 R 6 W7 5 € 1) in R B SRy T SCBRE , RLE
T S 3R A ) 56 W7 AiE 3R R () A F i 500 AR AN DG I
FAFEAE /N I TF S FE AR /)N
5 PMOS 3K 3 Micro-LED 1 {j B 45

Ke o Ar
5.1 PMOSIEZ)#J Micro-LED @ ZHIFEE R R

ST

PMOS B # 3K 3 Micro-LED {4 {5 2. 45 %t 5] 14
JiR . B 14(a) s i PMOS B #: 3K 3 Micro-LED (1)
R E I Z . Y5 AR R, PMOS 4 F I )5 1k
A, Micro-LED i % ) L #5235 5 V, il i Micro-LED
F FEL IR 22 3 66 pA; Bl B A HL R A 38 N, Micro-
LED i i H B 2212 98 /)N , 38 2 Micro-LED %) B i {i
W /N, B AR 4V AR, PMOS %
Wr , Micro-LED ¥ f H B & 138 33 Micro-LED # L i
1l & A2 BN A5 AL | 11 3] PMOS B ; 24 %0 A & B S
HE B EAEAR OV, KAE2.7V £4 , 8T
Micro-LED Y H i fH 4 35 T 0 A (0. 973 pA) , X & A
A HLE B PMOS R 5 42 4b F e Wtk 245, A HL 3
it , H PMOS 19 48 24 H BHAE F1 Micro-LED A9 45 2% H BH

5 AT, 5 3 PMOS Fl Micro-LED 2y JE#: 3 . [H It
IK 3 H B TG LTI S | E T T 8 T AR

UK By L % TF SRR G O R B T AR B A% i e v o 2
W LA, T8 A — A FE 0 ) 35 A A BV RS
R T v B T G A R B[R], T O JE AR B[] /)N D) K
By HL I 9 T O PR B B . PMOS H 42 3K 3)) Micro-
LED (1) B 25 55 i 22 0 B 25 R an 5] 14 (b) frow , Horp
B TR S — N BT B Tk b e R il £R, B OR 140 X
1072 s, 7EAK M F B, PMOS JF B, 1 B S0, il i
Micro-LED 4 HL i b 71. 63 pA, B %5 I ) 0 4 % |, %
N CHL TR S R PRI, 38 i Micro-LED B9 H 37 {5t 5 90
K 3 W AE R 3. 37 mA, BT PMOS 6, 38 1+
Micro-LED [y Hy i {H i 21T B, B 23K 3P R X
— ok TR B R AR AR B 1096 ~90 % B B X I H A ]
R S5y G W7 SiE 3R B8] 7,0, G rh G W7 06 B 18] 2R 2,0,
W 28 SRS [B] Sy 2,0 BE B TB] (A HE RS | B A HL R 35 3
WE(E 5 V I 5 2E 60 ps, Z 5§ A BLJE F K T R F 3
i# i Micro-LED B9 B 3 7= A W 20 F B, B H N
—3.89 mA., PMOS -k i , i i Micro-LED [ H
WA E TG 3, B B8 B RORES X —
T AE AR AL 10%6~90 %6 1y B B X Rz i B R] B g SR
TE A HE IR B (8] 7,,,, FL A IF IS IF UG B[R] R 2, 0, I I8 45 R
|1

PMOS B # 3K 3l Micro-LED f% JF ¢ 45 4 th £k
P15 iR, He i 56 W7 o B2 e 22 0, JF e o AR AE A
TE Wk B rh A Oy O W I8 HL It 60, B o KW £
HL L L, Cop A T T B R IR 051, Dy oA 6 BT 25 5 H 3
R Lo N R TF AR B ] 5 2, R E WSS A 0] . 26T IS
U LW B B I S S S IS A o = A (£ M i
B Co i TF 85 R I 055 Dy, i T e T 46 H IR A5 5 2,0
R TR T AR 8] 52, R TF R S5 AT . PR Oy L2 Ry
BrAs H  FE el B2 b, A =3, 37 mA,B,,=2.55 A,
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IMicmALED /mA

L
|
[\
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0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Time /ns

Kl 14 PMOS B985 Micro-LED IR il £ o (a) & 5 Fe i il 28 5 (b) A e ik il 42

Fig. 14

Characteristic curves of Micro-LED directly driven by PMOS.

(a) Transmission characteristic curves; (b) transient

characteristic curves

L om .
0 002 004 006 008 0.10 0.12 0.14
Time /ns

El15 PMOS #3885 Micro-LED 4 JF X& 4 il £&
Fig. 15 Switching characteristic curve of Micro-LED directly

driven by PMOS

C=3.03 mA,D,;=0.34 mA, £,;,=0. 0191 ns, ,;,=

0. 0226 ns, U 5 B ZE 38 B 8] 2,0="1,,— Lyr.0=3. 5ps 1
g, A,=0.098 mA,B,,——3.889 mA,C,,=

—0.3 mA, D,,=—3.49 mA, 1, ozo 0881 ns, ,,=
0.0916 ns, W JF 5 #E 3B B (8] 7,=1,,,—1,,,=3.5 pso

PMOS 1 # 3% 3 Micro-LED Eﬁﬂ%ﬁ’aﬁaéiﬂ sy 1) 7R
VS S 2R (SN SR (EPRY (i ES A R W el i R TSR
PR L IR T I O o

PMOS #h il B2 9 H, BH 3K 3 Micro-LED f9 {5 B 4%
HBANE 16 K 17 Fin o & 16 ff s 5 PMOS #Min B i
H, BHL 9K 2l Micro-LED A9 4% S R 1 i 26, o A BR
i HL BH 7 B9 BELAE 43 1 2 100 ©.500 Q. 1000 Q F1 10 kQ.
PMOS #h i BR 37 8 BH 3K 35 Micro-LED f4 B 45 45 v il
L B L E 17 s, NG S5 el LUE B, B
4R Vi JE R MY, IR I R 2 A5 2 T G
It B3t ad Micro-LED B fL 38 200 B 8 /)s , B 37 v B
e E TR R .

& 18 it 7 2 PMOS bk im BR i L BH 3K 2l Micro-
LED By IR SCRePE i 4 . M FR U f B 100 Q B, 05
FEE RIS I AE X Wl B, A=2. 93 mA , B, —
1.46 pA, C,=2.638 mA, D,=0.294 mA, f,,=

0.02065 ns, t,,=0. 02463 ns, M| ¢ Wr ZE iR i 7] 7,,—
ro,f —l50=23.98 ps; 7E FF i &L 2 , A,=0.07 mA,
. =—3.219mA,C,,=—0.26 mA,D,=—2.89 mA,
M—o 09002 ns, t,,,=0. 09371 ns, W JF J %E & B (8]
L™=l — 1y 0=3. 69 pso 4 BR it L B A 500 QB , 1 5
Eé:rtt ﬁ'}ﬁ tﬂfﬂélﬂfﬁﬁfﬁ* Ay=1.61 mA,B,—
1.85pA,Cy=1.45mA,D,=0. 16 mA, t,,,=0. 02 ns,
ti,=0. 03671 ns, W 3 Wi 4E 3B B 8] 2=ty — L o=
16.71 ps; £ JF )i o 72 7, A,,=0.0665 mA, B,=
—1.8154 mA, C,=—0.12169 mA, D,=
—1.62721 mA, t,,,—0. 08635 ns, t,, ,=0. 09321 ns,
PR B ] ¢, = ¢, — t,,.,=6. 86 ps. FFR i HLFH Ky
1000 QB , 05 B R HHh e G B b, A=

0.92 mA, B,=15.81 pA, C,=0.83 mA, D,=

0.11 mA, 1,;,=0. 03171 ns, t,;,=0. 05657 ns, W 5 KT 4
RS 2=t — Ly o=24. 86 ps; TE I A e i, A=
0.0597 mA,B,,——1.1744 mA, C,,——0.06371 mA,
D,=——1.05099 mA, 1t,,—0.08321 ns, t,,—
0.09014 ns, W JF J7 4E 38 B 6] 2, = t,,,— t,,.,=6. 93 ps.

1 FR 3t L BH R 10 kﬂﬁa“,ﬁﬂﬁﬁéi%_f’ﬁﬂ,aé&ﬁﬁfﬂ:iﬁ
Ik B OGS B AR A  BIOR HY B 58 4 DG W 1Y B1
L, RWHE IR I (B AR H R, O B4 R Io R TR T R
o, A,=0.0455 mA, B,=—0.0928 mA, C,=
0.03167 mA, D,,=—0.07897 mA, t,,=0.09095 ns,
(n=0.1035 ns, W 5¢ Wr 4E IR BF [0 2,=1,,— b=
12.55 pSo

23 B PMOS 3K 31 Bt Micro-LED f4 )5 B 45 5, n]
DL B, > 5K 3y g i A PR H BELERE IR TR I 24531 1
HH 0 ) A Rl DL B R L AR 38 T BR U 43 e A A L
PMOS B 4% 3K 3 %t Micro-LED #H 4 F PMOS M fin
B 37 B BEL 3K 2 2000 Micro-LED B JT 5 4E 38 B[] 59 44,
KB HORTGF . PMOS ZM i B dai H BH 3K 21 5.0 Micro-
LED (15 80T, #2 A 9 BR 3t L BEBE (88 /)y |, 0] G %E
IR [A) R A, O SR R A
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Fig. 16 Transmission characteristic curves of Micro-LED driven by PMOS with current limiting resistor. (a) =100 Q; (b) »=500 Q;
(c) ==1000 Q; (d) =10 kQ
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Fig. 17 Transient characteristic curves of Micro-LLED driven by PMOS with current limiting resistor. (a) =100 Q; (b) /=500 €;
(c) r=1000 Q; (d) =10 kQ
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IMicro-LED /mA

IMjcro-LED /mA

IMiC!‘O‘LED /

F 435 F 2H1/2023 F£ 1 B/ HZEZER

(b)
[ 1o
5.0 —5
i5 1-0.01
' 1-0.02
Z,, 40+ 1.0.03 \@
> g5l {-004 %
~
sol 1-0.05
' 1-0.06
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18 PMOS #Min B it v BHL3K 5 Micro-LED B IF ek i 2k . (a) =100 Q; (b) r=500 Q; (¢) r=1000 Q;(d) r=10 kQ
Fig. 18 Switching characteristic curves of Micro-LLED driven by PMOS with current limiting resistor. (a) =100 Q; (b) =500 Q;
(c) r=1000 Q; (d) r=10 kQ

@ 5of ®) 5[
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Fig. 19 Simulation results of array Micro-LED driven by PMOS.

(a) Transmission characteristic curves; (b) transient characteristic

curves

& 20 BT 7 oA PMOS 3% 3 [ 371 Micro-LED 9 JF 5%
Redk 2 om0 B A5 R o AR L e S W B
A=3.35 mA, B;=2.63 pA, C,;=3.013 mA, D=
0.335mA, £,;,,=0. 0195 ns, £, ,=0. 0225 ns , M| 3 W 4E
B =t L0=3 ps; £ FF i & 2 , A, =
0.1 mA, B,=—3.872 mA, C,,=—0.297 mA, D,,=
—3.475mA, ¢, ,=0.0882 ns, t,,,=0. 0917 ns, W I J3
FEIR IS [6] 20, = 21— Ln.0=3. 5 pSo

23 B PMOS 3K 5l 4 41| Micro-LED (¥ {5 B 45 % 7]
L% B, PMOS 3% 51 (4 31) Micro-LED #H# T PMOS 3%
Bl Hh Micro-LED [ JF ¢ 4iE 38 B} [6] 55 40, T OC 54 #E 5

KBRS
53 MEZRSTRREIE

TR AR T O e B rp B O G I ] R
Se T bR PN &5 B9 A ROV 5 R B, TR S
TP R it 2 PN &5 i 28 B0 58 R e , L rp
P AL o O B Sl A S TR A T . B R T
JAE IR A O R < 1) A1 R R A I 1) L AL
JIN A FL A R B ) S 3R I ) R 5 2) AR A
Ui FEL S A, PIN 45 T RGBS/ | A8 P A7 A R A R D
S SRR (7 R 5 3) S 1) HRL R AR, A A L AT T 2K A
PR DU SEE 33 B[]
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Time /ns

B 20 PMOS 3K )[4 51 Micro-LED fi% JF 56 5Pk 1t 2%

Fig. 20  Switching characteristic curve of array Micro-LED

driven by PMOS

AN TR SR SfR A T 56 W7 4E IR B[] 19 4 1145 R an 5 4
fros, vl L& B, PMOS 3K 8 [ 51 Micro-LED M # T
PMOS 3K 5l 518 Micro-LED By JF 5 3 38 i [i] 55 4 JF
KA FE T D IR B RO A . PMOS 2 5K 8l 5l
Micro-LED #f 4 F PMOS #h il FR 3 # BH 3K 3 2 gk
Micro-LED [ FF 56 4 38 ] [8] 58 45, JF &5 FE 5 /0, 9k 3y

BRI, fE PMOS M in FR 3 L BH 3K 2 540 Micro-
LED B985 &0 T, 38 A0 BRI BH FE {8 8 /)N | D) JF O ik
IR )RR A, T G H AR B D, IR S R B A

XF A FE G SE R B S HE AT 0 AT, PMOS 3R 3
[ 51 Micro-LED #8 24 F # 47 H #% - B¢ , Micro-LED
vty HL PR A & A2 A8 Ak AR 28 Micro-LED 9 1F 7] H 3
e PMOS 3K 3 884 Micro-LED A& WL /h TR £, th
M5 3 — 55 B A2 1 Micro-LED 7 fif H, faf %5 2 AH %t
ik /b, D) SiE SR RS R G T AE SR RS R e gl TT LA Lk 3K B
HL B 1) T G 5 R B /D il A5 F IR A A 8 R D /D HE T
R T 0K 2h AR . 7E PMOS 4b B H BH 3K 2
Micro-LED 815 & F , Micro-LED W ¥ B & & A= T 4%
b, #2 A B R 3t H BHBE R K, Micro-LED W i HE &
/N, e S B PN &5 T RRUEK A PN A7 i R A AR
2, Sk 3R ] AR, T SR RE AR 2, IR sl R AR
2. I Al PR B PMOS B 4% 3K 37 Micro-LED 1 %
F PMOS b i BR 7 H, BH 3K 3l Micro-LED B - 3¢ 4k 3R
sf (i) B 26, K B0y 2 2R B 4, 9 HL B2 A Y PR O R L BEL M
/N T FF S SE R R (R A BIR Bh R L Y S 5
ghERL

H4 AFIYCENIA T X WAE I 95 45 5

Table 4  Statistics results of turn-off delay time in different driving states

Driven by
100 Q

State of PMOS

driven array Direct drive

Driven by

Driven by Driven by

500 Q 1000 O 10 kQ .
Driving array

current limiting current limiting current limiting current limiting

Micro-LED . . . .
resistor resistor resistor resistor
Turn-off delay time /ps 3.50 3.98 16.71 24.86 co 3.0
Opening delay time /ps 3.50 3.69 6. 86 6.93 12.55 3.50
X0 B3 TR 0 0 TR 45 SR P 21 fis e (5] 21 .
6 4 w

(a) Ir7x i PMOS 3R 8 Bl 5 5% Micro-LED 2 % 19 12
7~ BEE L 7E 100 mA SR B LI T, Micro-LED A9 52 i
323352 cd/m*; ¥l 21 (b) Fi 75 S PMOS 3K 2y 5.l 2% 5
Micro-LED 12 % B9 7R B4, 76 100 mA BK S HL i T
Micro-LED () %% FF Jy 252321 cd/m*; 8 21 (¢) fF 7/ N
PMOS H Bk 100 Q BR 3t H B 3K 2l 5200 i ' Micro-LED
1% £ 1 s A%, 76 100 mA 3R B3 F , Micro-LED
B 5% B R 204271 od/m’; & 21(d) F s i PMOS 5 Bk
100 Q FR ¥ Fa. BH 3K 2)) B 2 5% Micro-LED 2 & 19 R
14, 7 100 mA 3K 3l L i T, Micro-LED 9 5% £
131622 cd/m*; [€l 21(e) It 75 A PMOS 3R 5 /1 28 56 1 i
ALY 51 Micro-LED A2 2 19 s K114, £ 100 mA
KB L T, Micro-LED B9 4% J& 2k 443926 cd/m”,
MASEBE 015 A F 100 mA 5, 3 B 1 Micro-LLED
SR F ,PMOS 9K 3l 14 51 Micro-LED % F PMOS
9K 2l Bl Micro-LED By 5% B B &, 3K 8l &R 3 47
PMOS B #:3K 3 5.t Micro-LED #H %8 T PMOS #h il
FEL 7 Ha, BHL 8K 20 M Micro-LED f% 25 B 55 &5, 3K 3l 2l 3R
B FTAS S 0 S 00 TE 45 SR 5 05 B4 R —E

43 BF T Micro-LED ) /N Ro~F 2L Ry, & B bl &
Micro-LED RUSF /s o 5 &2 6 2% 6T Rk
$2 AR B W /)N, § 3 Micro-LED B0 18 % & i
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Fig. 21 Micro-LED display images under different driving states. (a) Display image of individual blue Micro-LLED pixel driven by

PMOS; (b) display image of individual green Micro-LLED pixel driven by PMOS; (¢) display image of individual blue Micro-

LED pixel driven by PMOS with 100 Q current limiting resistor; (d) display image of individual green Micro-LLED pixel driven

by PMOS with 100 Q current limiting resistor; (e) display image of array Micro-LLED pixels composed of green light and blue

light driven by PMOS
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Design of Micro-LED Driving Structure Considering Small Size Effect
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Abstract
Objective Micro light emitting diode (Micro-LED) is a kind of self-emitting device, and its single pixel can produce high

brightness, which can realize the control of each pixel and single-point light driving. It has a very broad application
prospect. Micro-LED display surpasses the current mainstream liquid crystal display (LCD) and organic light-emitting
diode (OLED) display in terms of power consumption, resolution, contrast, and lifetime, which represents significant
progress in the display field. However, the application of Micro-LED still faces challenges such as small size effect, chip
and backplane technology, and bonding and driving technology. In this research, we use simulation software to design the
structure parameters of Micro-LEDs and light them up, design the PMOS driving backplane, explore the small-size effect
of Micro-LEDs, and study how to optimize the driving to improve the small-size effect of Micro-LEDs. We hope that our
research will help overcome the current challenges faced by Micro-LEDs and realize the large-scale use of Micro-LEDs as

soon as possible.

Methods In this paper, the optimization of driving is studied to improve the small size effect of Micro-LLEDs. Firstly, the
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structure and parameters of Micro-LEDs of 10 pm, 38 pum, 100 pm, and 300 pm are modeled by the simulation software
of Sentaurus TCAD, and the small-size effect of Micro-LEDs is explored through the change in Micro-LLED switching loss
caused by the change in radiation recombination rate and light-emitting efficiency under small size, and the Micro-LED of
300 pm blue-green light is lit. Next, a PMOS device of 0. 18 pum is designed as the driving backplane through Sentaurus
simulation, and the PMOS device and Micro-LED device are bonded through indium bumps. Then, the simulation of
PMOS driving circuit driving a single Micro-LED, the simulation of PMOS plus current-limiting resistors with different
resistance values driving a single Micro-LED, and the simulation of PMOS driving two Micro-LED pixels are carried out
to simulate the driving of array pixels. Finally, the driving effect is judged by comparing the switching delay time, and the

experimental verification is carried out by using a blue-green Micro-LED of 300 pm.

Results and Discussions According to the self-designed vertical Micro-LED epitaxial structure (Fig. 1), the structure
and parameters of Micro-LLEDs with different sizes are modeled by using Sentaurus TCAD simulation software (Fig. 2),
and the switching voltage is about 2.9 V (Fig. 3). The radiation recombination rate of Micro-LEDs decreases with the
decrease in size (Fig. 4), and the light extraction efficiency decreases with the decrease in Micro-LED size (Fig. 6). From
the perspective of the influence of radiation recombination rate and light extraction efficiency on Micro-LED miniaturization
(Table 1), the small-size effect will lead to the decrease in the luminous intensity of Micro-LED unit pixels. If we want to
keep the luminous intensity of the Micro-LED unit pixel constant, it is necessary to reduce the loss of Micro-LEDs, and
the switching loss is one of the key factors of Micro-LED loss. In other words, reducing the switching loss can improve the
small size effect of Micro-LEDs. The brightness of a blue-green LED of 300 pm can reach 546862 cd/m* (Fig. 7). By
improving the parameters (Table 2), designing the PMOS driving backplane, and bonding PMOS devices and Micro-LED
devices through indium bumps (Fig. 10), we can draw the following conclusions according to the simulation of Micro-
LEDs driven by PMOS driving circuit (Table 4). Compared with a single Micro-LED driven by PMOS, the Micro-LLED
driven by PMOS has a shorter switching delay time, less switching loss, and better driving effect. Compared with PMOS
plus current limiting resistor driving single Micro-LED, direct PMOS driving single Micro-LED has a shorter switching
delay time, less switching loss, and better driving effect. When a PMOS current limiting resistor is applied to drive a
single Micro-LED, a smaller resistance of the connected current limiting resistor is often accompanied by a shorter
switching delay time, less switching loss, and better driving effect. The Micro-LLED with a blue-green light of 300 pm is

used for experimental verification (Fig. 21), and the same conclusion is obtained.

Conclusions In this paper, the Micro-LLED's small size effect is studied. It is found that with the decrease in Micro-
LED's size, its radiation recombination rate, light output power, and light extraction efficiency gradually decrease, which
leads to the decrease in Micro-LED's unit pixel luminous intensity. In order to keep the luminous intensity constant, it is
necessary to reduce the Micro-LED's loss, and the switching loss is one of the key factors of Micro-LED's loss. In other
words, reducing the switching loss can improve the Micro-LED's small size effect. In view of the small-size effect of
Micro-LED, the process of driving Micro-LED by driving circuit is simulated, and the research on reducing switching loss
is carried out. In this paper, a PMOS device of 0.18 pm is designed. The PMOS device and Micro-LED device are
bonded by an indium bump, and the simulation of PMOS driving circuit driving single Micro-LED and array Micro-LED is
carried out. By comparing the switching loss caused by switching delay time, the driving effect is judged. It is found that
the Micro-LED driven by PMOS array has a shorter switching delay time, less switching loss, and better driving effect
than that driven by PMOS alone. Compared with PMOS plus current limiting resistor driving single Micro-LED, direct
PMOS driving single Micro-LED has a shorter switching delay time, less switching loss, and better driving effect. When a
PMOS current limiting resistor is applied to drive a single Micro-LED, a smaller resistance of the connected current

limiting resistor is often accompanied by a shorter switching delay time, less switching loss, and better driving effect.

Key words optics device; micro light emitting diode; small size effect; PMOS driving; switching delay time
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