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Abstract

A threshold-voltage sensing circuit is proposed to compensate for pixel aging in active matrix organic light-emitting
diodes. The proposed threshold-voltage sensing circuit consists of sample-hold (S/H) circuits and a single-ended
successive approximation register (SAR) analog—to-digital converter (ADC) with a resolution of 10 bits. To remove a
scale down converter of each S/H circuit and a voltage gain amplifier with a signl-to-differentail converter, the middle
reference voltage calibration and input range calibration for the single-ended SAR ADC are performed in the capacitor
digital-to—analog converter and reference driver. The proposed threshold-voltage sensing circuit is designed by using a
180-nm CMOS process with a supply voltage of 1.8 V. The ENOB and power consimption of the single-ended SAR
ADC are 9425 bit and 2.83 mW, respectively.

8 ¢
S5 f7) W chele.se] WA sl wAkS] 915 BE A% 71 52t AckEth AE B Aeh 4H sz
AE-2E 32} 10MEY APES e B 98 FA DAY olgRa-UAE Wavle T 4 4E-EE
291 2AY 0 Sk B AT SIS A5 G5 SHAE AW A9 2 98 24 299 o
OHE WS A% F1V1E A 1A 9 99 o] Fawh Ak B8 AY 14 Az 18V i Age]
180nm CMOS 348 AV ale] AT, Bl 9o 53 A obg=o oA Wasl2el 4k vEe 1Y sut 7t

Z} 9.425M] E 9F 2.83mWoltt.

Key words : successive approximation register, analog-to—digital converter, sample-hold circuit, reference calibration,
input range calibration

* Silicon Works Inc., Daejeon, Korea

#% School of Electronic Engineering, Kumoh National Institute of Technology, Korea

* Corresponding author

E-mail : ycjang@kumoh.ac.kr, Tel : +82-54-478-7434

% Acknowledgment

* This research was supported by Kumoch National Institute of Technology (2018-104-137).

* Authors are thankful to the IC Design Education Center, Korea, for supporting EDA softwares.

Manuscript received Aug. 13, 2020; revised Sep. 9, 2020; accepted Sep. 15, 2020.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://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.

(719)



44

. ME

H 55 771 W vho] @ =(AMOLED : active
matrix organic light-emitting diode)E A}-&3F+=
taEgo]l ®Eo] Eupd 2 dyude] &8 &
ofo de] ARE¥ L 1] WetolE {Y(BLU :
backlight unit)S Q=2 3}i= 4 t]2=F¢ o|(LCD :
liquid crystal display)$} 22, AMOLED t] ~Z ¥
ol g AEEA AVIE VMo = 2HA] W
7] A5 E AHESH7] wiEell w9 Al A==
. 2#v, AMOLEDe| S Ale] -3} (aging)
el z+ gl #5 HSto] WA Hrt
?1sl AMOLED®| 7 Z{Ale] &d3gk &
wEE g s g ARE AlFto] e
Hlojg B Hel Ao R Qs v=Ee

EAZE A= Aok webA,
ARg Al 7ol #AIgle] AMOLEDS] < 314 9]

=
92 7H7] 918l 2 B ae] BE Aghe 35

=
[¢)

[2]. o] &

ki3

4
9t

31 27F a-fvH3l.

[3]el ®a¥ AMOLED ¥
BAshE 372 o] 55 toloj1
Holtt. AMOLED FAleo] 8 s A8t
3|2 7EA R b A A ol olE fgt
2AY v §37E 7H] AE-S=(S/H ¢ sample-
hold) 3] & ¢} 245 ofd=a-tiAd W7 (ADC :
analog-to-digital converter)® T ®t} F714 o
2 dd-25 W3k7](SDC : single-to-differential
converter)g 233 7HH o]5 F%H7](VGA : variable
gain amplifier)7} @ 9= A5 E s ME=
Wt ADCO 94 2s HAE Alolstr]
S/H 3|22t ADC Atolol] A&®th. AMOLED t
2EZYo] RES AWty o =z 6V % 12VeF 2ol =

TE AL A

=]
[S] ey

[>

ofo
ol
=

>,
= o 2

A E
7} °]4+e] AMOLED ¥ 4 ¢]
3R AHEEE dE

AMOLED t]~Z#olo| A& S/H 3] ==
2 g de A7t Srke . ¢k, AMOLE

of

o o

-

IR R I )
e Rt Bomx B M

(720)

j.inst.Korean.electr.electron.eng.Vol.24,No.3,719 ~726,September 2020

Threshold-voltage Sensing Circuit
S/H with scale )

i |down converter ]
AMOLED Vine_aoc /. ol
Displ o . Differential| |
Isplay | ¢ . ADC |
Module Vinm_anc
i | S/H with scale
—
i"|down converter

Fig. 1. Conceptual block diagram of conventional threshold-
voltage sensing circuit for pixel of AMOLED display.
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A Threshold-voltage Sensing Circuit using Single-ended SAR ADC for AMOLED Pixel
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Fig. 2. Block diagram of proposed threshold-voltage sensing
circuit for pixel of AMOLED display.
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Fig. 11. Simulation results of single-ended SAR ADC
(a) static performance (b) dynamic performance.
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Table 1. Configuration comparison of threshold coltage
sensing circuit.
E 1. 28 M 4R F=2e 74 d|W
Items Reference[3] This work
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