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Design of Pixel Circuit of Micro LED Display
with Double Gate Thin Film Transistors
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**School of Electronics and Information Engineering, Korea Aerospace University

ABSTRACT

Due to the wavelength shift problem of micro LED caused by the change of current density, the active matrix

driving pixel circuit that is used in OLED cannot be applied to micro LED displays. Therefore, we need a gray scale

method based on modulation of duration time of light emission. In this study, we propose the PWM-controlled micro

LED pixel circuit based on CMOS thin film transistors (TFTs). By adopting CMOS inverter structure, we can reduce

the number of storage capacitors from the circuit and make the operating speed of the circuit faster. Most of all, our

circuit is designed to make operating speed of PWM circuit faster by adopting feedback effect through double gate

TFT structure. As a result, it takes about 4.7ns to turn on the LED and about 5.6ns to turn it off. This operating time is

short enough to avoid the color distortion and help the precise control of the gray scale.

Key Words : Micro LED, Pulse width modulation, Double gate structure, CMOS inverter

.M E

9] =717} 100 pmEch 28 LED AAHES t]AZd
ol-§ 71l W& Qle] AApEA o2 FAFskaL, o] LED
2RSS B4R o]gsHs ufo]A& LED tAZdo]r}
& uko =uo uby 9Itf13] 7] LED &A= o]n]
Ve or ”‘40] %Eloi 7] wiefl wpe] 22 LED
HaZE o7t 4 TEErd o, 58 %
ZojA W o]na zt ] 511:} T3} ufo]A & LED ¢
Edlols vk Zuke] MEY )l RS e &Y
Mg Has Eﬂol, HolsE daZdel = veE o
£Z7 0] 5o A& 7kttt vho] A2 LED HAEd o]
7F AFAHLE FREY] e ALl A 71E]

A

"E-mail: jjh123@kau.ac.kr

50

2FH 9L 3 active-matrix H4)9] wWiZE|Ql sfito] HQ s}
tH4,5]. @A OLED “4#5 Jo]ol| A= active-matrix #HZ]]
9] 7]&o] olm] Y E o] A4l o] ulo|2 2 LED Y
AZFolo] WiZFQloz ALele AL A o] Qltk
OLED t]&Edo]oflA= 340 Alx £3-E $Js OLED

2Atol| 32 AFY 7§ 2dsto] ¥VE 2Hst=
pulse amplitude modulation (PAM) 418 o] &-3tc} 812k 7|

9 A7 Aol wEw vlo]AR LED &Ae B2
AFLE7E ded WEse 9o S5l o5
thal HuE 1 QIeH6,7). webA wio]E LED tAZd
o5 @A OLEDO|A] de] AREE]= PAM 4|9 W&
AE B oAl BE= AR 7S st B
£ -8 =9 3l Wi7)of wheh RGB A o] A
7t 254 o058 BAIZE BT o2d BAIE
s Ast7] ffsfA] & Aol A= F7] LEDO| B2 &1

[e]

—

}

A
LGB



o & AolE ¥ EHAAEE 283 Micro LED tj2Ego] 3t 32 H7A 51

AF= g at= 7] 284S ¢ g =99
F7] LEDY| A{7F 32& ARRE XEsts, S pube
width modulation (PWM) ¥}419] 314 3|2& A|otstc) X
PWM 419] mlo]32 LED tHAEeo] 3k4 3|z o
gt A7 A3prF Hag v gloife] Hale AtolA=
A E o] HetE S-S F 9 Algto] ZHakst & x4t
AetE Wisto] LED7} g W5 S ol 28 &
3 PWM 48 F&stict o] o) LED7} g HE7|
A=l AAIE ol A= st W EE oA Azt
o] AQsly| wjiol Wgo| £7HE 0 W3] k3l LED
7} 47 AZHERt X3S WESHAA A= EA7F Stk
wEha] 2 Ao PWM WHalo] sha 3204 uto]
A& LEDAX}LS] Wgo] Ha7| I3t 29| F&F A7
5T 4= Gl IR E ARk AjME FE= A2 o
7 AgE ahat EXAH(low temperature polycrystalline
silicon thin film transistor, LTPS TFT)E PMOS % ©|-&35}11, Aks}
£ uhg} EdR) AE(oxide TFNS NMOSZ ©]43t LTPO
TFT 7]8ke] CMOS IHE]E PWM Alo|3| =2 o] E-§-3tct.
gl o]F TFTo| H& AO|E $x& A&l o] 1x
ghgsto] DEd] JELAE LT EN 271
PEAZE G5S fetith 2508 Aok dka tE
g 2o gt AlEYelAE Fall AktE HE AlE
LTPO 7]8ke] CMOS 34 -5 3|29 F2& A5t
At 2o Ad 7sA4dS ERIsHTh

For

)

T ot

il

o
t

2. 7|& PWM 5tA 3|2

Z HiE PWM 4| Q) wpo] 32 LED 34 32&
7| A E o]l DRV TFT7} AX =% 3= Al°lE AE 4
glsto] mpo]AR LED Aol AF7F S2E% sl o]
T o] ATAER} AAE Qe E T A9 TFTE
Alo|E 2 9}7F SWEEP 4150 ofsf AA|= <=3t DRV TFT

o+ 5 Fig 2] LERHTE

#Lo] VINIT A5E E3] MIS #AA| ufo]Z2 LED
2242 A7) 917 V. ON 7912 C20] H&5ke] MDRVE
Hogn nfo] 22 LED 4ate]l {7t &8 skt W
=2 5, Sean AlZof ]3] M _DATAZ}F AXH M22)
Aol ES} AAE 0] Qli= C20] V_DATAZ} AA ) o]%
Sweep 4157} ZHaghof| whet M29] Alo|E )7} 743}
Al =31, o] A7F M22] B Aol EEEhE M7} A
20 C2¢ ARE M7t V OFF71A] ®¥islals MDRV 7}

AAA =il ofo] 27 LEDA]| 2L AR7} 2jehe]
of Bhat WS WETh o] uf Clo] A% VDATA 2
e £ M2Vt A= A|-E %43t nfo|2& LED
aapo] HFgR 4| 7bo] EElA]ls Ao B hAao] ¥l

£ 243

VDD

:T: c
V.ON % MDRV

1
_ T
£

VINIT

V_SWEEP

M2 Mem!

M_DATA
V_DATA

Id
N

V_OFF

V_EMI

Fig. 1. Traditional PWM circuit with capacitors and

transistors.

16.6ms

5.5ms

V_EMI

V_INIT

V_Sweep

Sean_1

Scan_2

Sca |:Ln -1
Scan_n
V_DATA_1
_DATA_2 m

V_DATA_n-1
V_DATA_n 11

el
5.7us 11.1ms

Fig. 2. Timing diagram of input signals.

lze] AsAEel EANAEHE olgd Hm:
SmartSpice A[E#|0]4 A7} Fig. 30yl Ueht A4 vtol
=7 LED 240 B2 ART} 95%0l|A] 5%5 7+As}
ek wizkx) oF 2307w =S| 71 Albo] ARk
o) LED 47jo] 32= ARr} ZzHow AghEx
o= o) §= M22) Ao|E A¢I7l HE Atwc FHe)
oo} 2 WA ¢35t AR7} A 52 4 s
dl, Sweep A5/} =2]7] Wslals Al50)7] ujEe] M22]

Journal of KSDT Vol. 21, No. 1, 2022



ARAE

s
=

o
B
L
Ir
o
>
(E
)
_O|L
~N
£
i
©
)
©
T

N

ro
208 g g LED7H 9% AZKE ]ﬁ
b A e 2 o] et w)E A3
F317] ofe 9 Wele) HA 204 LED7}
Zel Apumet AxoN Telt AU Hol
].

(o

Ol o

AR ) M7}

L
D)
rr
M
é
]
=
et
>
g2
X
i
£

VW DATA = 14V
V DATA = 12V
V DATA = 10V
V' DATA = 8V

(@

Driving current

230.7us

current (A)

73m 7dm 75m 76m 7Im
time (s)

(b)
Fig. 3. (a) Emission Time by V_DATA and (b) Falling Rate
at V_DATA = 8V of Traditional PWM Circuit (from
95% to 5% of maximum current).

3. M[etst= PWM 3t 3|2

Fig. 4= AQIE PWM 3} 3|25 Yehdlth o] I2&=
A @ dlold 98 1T (b) PWM Rl oz A E o]
Atk PWM 132 & 31-9] CMOS QIHE| & o] o)A 3l
ow, MI-M4E FAH 21| FZ AT Fh= AW E <}
M5, M6& o]Fo]z A9%] 9E-g t= QHER Uk
4= QITHs].

Ms, Moz o] £oiZl 3ulA) Qe ] &3> MDRV
AolE A2 17tE]o] nfo] 2R LED &Ajol| E2&= A
FE Aolgle 9&& itk

Z}7Fe] TFT o] E}9l 2} WIL-S Table 19 LrEP2ick

vhER|E| 2 E o] 7|4saklA) A1 A%, 2022

(b) e ‘
E v
]: MDRY

i

Fig. 4. Proposed circuit. (a) Data input unit and (b) PWM
unit.

Table 1. Types and dimensions of TFTs.

type W/L (47 )
M1,2,6 n-IGZO 10/5
M3, 4,5 p-LTPS 10/5
MDATA n-1GZO 15/5
MDRV p-LTPS 3/10
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Table 2. Light emission time by VDATA.

VDATA Emission Time
-6V 241 ms
-5V 3.53 ms
4V 4.65 ms
-3V 5.78 ms
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