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IR drop-independent 8T1C LTPS pixel circuit for medium-sized AMOLED displays

Won-Been Jeong?, Su-Hyeong Kim?, Hoon-Ju Chung® and Seung-Woo Lee?

aDepartment of Information Display, Kyung Hee University, Dongdaemun-gu, Republic of Korea; PSchool of Electronic Engineering, Kumoh

National Institute of Technology, Gumi, Republic of Korea

ABSTRACT

OLED displays have been widely used in mobile devices due to their numerous advantages. The
pixel circuits of OLED displays typically employ low-temperature polycrystalline silicon (LTPS) thin-
film transistors (TFTs) for their high mobility and reliability. However, LTPS TFTs suffer from threshold
voltage (Vry) variation, sometimes leading to OLED current error (OCE) and non-uniform display. A
diode connection method was used in the conventional OLED pixel circuit to compensate for this
limitation. However, the impact of IR drop in the metal lines necessitates developing a new circuit to
eliminate the adverse effect of IR drop. Accordingly, this paper proposed an 8T1C LTPS pixel circuit,
featuring an additional reference voltage for V14 compensation independent of IR drop. Simulation
results demonstrate that the suggested circuit effectively compensates for Vry, ensuring uniform
OLED performance regardless of IR drop. This circuit design also enables consistent image quality,
particularly in medium-sized displays, where IR drop would be severe, by maintaining uniform OLED
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current across the entire panel.

1. Introduction

Organic light-emitting-diode (OLED) displays offer sev-
eral advantages over liquid crystal displays (LCDs),
including higher contrast ratio, wider viewing angle,
faster response time, and wider color gamut [1-4]. Thus,
OLED displays have been extensively used in smart-
phones. As a result, it is anticipated that OLED dis-
plays will be increasingly used in medium-sized mobile
devices, such as tablets and laptops.

Most OLED display pixel circuits employ low-
temperature polycrystalline silicon (LTPS) thin-film
transistors (TFTs) due to their high mobility and reliabil-
ity [5,6]. However, LTPS TFTs exhibit non-uniformity of
threshold voltage (V) due to non-uniform crystallinity
of silicon films annealed by excimer laser beam [7]. Vari-
ations in Vry of driving TFTs result in different OLED
currents, even when an identical data voltage is applied.
This leads to OLED current error (OCE). Therefore, it is
essential to compensate for the threshold voltages of the
driving TFTs to ensure a uniform image.

Threshold voltage compensation methods are typi-
cally divided into external and internal methods [8-16].
The external compensation method requires additional
memory and logic blocks, which increases system cost

Display Circuits and Systems;
AMD; OLED

[8-10]. On the other hand, internal compensation meth-
ods are usually employed in mobile displays to reduce
system cost, with the diode connection method being
commonly used [14-16].

Figure 1 illustrates a conventional seven-transistors-
one-capacitor (7T1C) pixel circuit [16]. A data voltage is
applied during the data writing and compensation phase
while sensing Vry of the driving TFT, M1. At this time,
the voltage stored in the storage capacitor, as specified in
Equation (1), leads to the OLED emission current during
the emission phase as described in Equation (2).

(7T1C)Vc_st = ELVDD — (Vpata — [Vt Mm1l) (1)

1 W
(7T10)lotep = - 1Cox - (ELVDD — Vpata)®  (2)

However, the circuit can result in non-uniform images
because the ELVDD term remains and varies depending
on the location across the display.

Figure 2 highlights the influence of metal line resis-
tance on IR drop. Assuming that ELVDD is supplied
from a driver located at the top of the panel, the volt-
age at the top remains stable. However, as OLED currents
flow through the inherent resistance in the metal lines,
the ELVDD of pixels far from the driver decreases. For

CONTACT Hoon-Ju Chung @ hjchung@kumoh.ac.kr e School of Electronic Engineering, Kumoh National Institute of Technology, 61 Daehak-ro, Gumi-si,
Gyeongsangbuk-do 39177, Republic of Korea; Seung-Woo Lee @ seungwoolee@khu.ac.kr @ Department of Information Display, Kyung Hee University, 26

Kyungheedae-ro, Dongdaemun-gu, Seoul 02447, Republic of Korea
ISSN (print): 1598-0316; ISSN (online): 2158-1606

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group on behalf of the Korean Information Display Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow

the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15980316.2025.2497373&domain=pdf&date_stamp=2025-04-25
mailto:hjchung@kumoh.ac.kr
mailto:seungwoolee@khu.ac.kr
http://creativecommons.org/licenses/by-nc/4.0/

2 (&) W.-B.JEONGETAL.

ELVDD

| |
11
O
)]
—

ELVSS

Figure 1. Schematic diagram of conventional 7T1C pixel circuit [16].

instance, the voltage drop across R1 is caused by the prod-
uct of the resistance and the cumulative current flowing
through the OLEDs in the lower sections of the panel, as
reflected in Figure 2. As a result of the IR drop across each
resistance, a lower ELVDD is applied to the lower pixel
circuits. This leads to non-uniform luminance across the
OLED panel, as each storage capacitor contains a dif-
ferent ELVDD term. IR drop can be severe in medium-
sized panels due to their longer metal lines [17,18]. One
approach to address this problem is to improve the layout

using a mesh structure, which connects the metal lines
in horizontal and vertical directions, supplying voltage
from multiple sides to ensure a more uniform distribu-
tion [19]. Another method involves predicting the IR
drop and compensating for it by adjusting the data volt-
age [20]. However, these methods do not completely
resolve the IR drop issue and tend to increase the com-
plexity of the operation. As a result, some previous studies
have already proposed pixel circuits that compensate for
Vrh independent of ELVDD [21-24]; however, they have
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Figure 2. IR drop: Impact of metal line resistance on ELVDD.

encountered some problems, such as regarding settling
time for stable operation, luminance distortion on var-
ious refresh rates (VRR) driving, and increased power
consumption.

This paper proposes a novel LTPS TFT-based pixel cir-
cuit that ensures uniform OLED current, regardless of
Vru variation and IR drop, while effectively addressing
the limitations of previous studies. The proposed circuit
uses a reference voltage, allowing the storage capacitor to
store both the data voltage and Vy information without
being affected by IR drop.

2, Proposed pixel circuit

Figure 3(a) is a schematic of the proposed pixel circuit,
and Figure 3(b) is a timing diagram of its operation.
The circuit consists of a driving TFT (M1), seven switch-
ing TFTs (M2-MS8), and one storage capacitor (Cgr). All
the TFTs are LTPS TFTs. The operation phases of the
proposed circuit are synthesized in Figure 4. A cycle of
the operation includes initialization (TynyT), data writing
and compensation (Tcomp), hold (THoLD), and emission
(Tems) phases.

J.INF. DISP. 3

2.1. Initialization phase (T\nit)

In the initialization phase, EM[N] and S1 signals are set
low to initialize the gate voltage of the driving TFT and
OLED anode to Vinir, as delineated in Figure 4(a). Since
the S3 signal is also low, the voltage of node A becomes
VREE- At this point, the EM[N-1] signal is high to turn oft
M5 and M6, so no current flows through OLED.

2.2. Data writing and compensation phase (Tcomp)

In the data writing and compensation phase, S1 and S3
are low, which turns on M3, M4, and M8. Since EM[N-1]
and EM[N] are high, M5, M6, and M7 remain off, as set
up in Figure 4(b). Because S3 is low, node A maintains
VRrer. At the same time, S2 goes low to transfer Vpara
to the source node of M1. Since M1 becomes diode-
connected via M3, the gate node of M1 becomes Vpara —
|VTH_ M|, stored in the storage capacitor. In other words,
the capacitor contains information regarding M1’s data
voltage and threshold voltage.

The proposed 8T1C pixel circuit has an additional sig-
nal, Vggp, for the threshold voltage compensation, which
is not affected by IR drop, ensuring that data informa-
tion can be accurately written to the target level across
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Figure 3. (a) Schematic diagram of the proposed pixel circuit and (b) timing diagram of its operation.
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Figure 4. The operation of the proposed pixel circuit: (a) initialization phase, (b) data writing and compensation phase, (c) hold phase,

and (d) emission phase.
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Table 1. Design parameters of the proposed pixel circuit in the
SPICE simulation.

Parameter Value
W/L(M1) 10 pm/15um
W/L(M2 — M8) 3 pm/3pm
VELvoD 7.0V
VRer 70V
ViNiT 0.0V

Csr 250 fF
CoLep 1 pF
VeH, Vel 9V, —6V
Vpata 6.03Vto7.53V
Tcomp 3.8ps

the entire panel. The following equations describe the
voltage stored in the capacitor of the proposed circuit,
thereby ensuring that the proposed circuit can main-
tain consistent luminance even if there is a drop in the
ELVDD.

(8T1C) Vg, = Vrer — (Vpata — [Vt Mmil)  (3)

2.3. Hold phase (TyoLp)

In the hold phase, S1 and S2 go high first, turning oft M2,
M3, and M8, as indicated in Figure 4(c)-1. Then, S3 goes
high to turn off M4, and EM[N-1] goes low, with node
A becoming Vgrypp, as displayed in Figure 4(c)-2. How-
ever, the voltage across Cgt remains unchanged, VRgr -
(Vpata - |[VTH|), because at least one terminal of Cgr is
floating.

2.4. Emission phase (Tgys)

In the emission phase, EM[N] goes low to turn on M7,
enabling the programed current to flow through OLED,
while S1, S2, and S3 are high to turn off these switching
TFTs, as laid out in Figure 4(d).

1 \%
(8T1C) IoLep = EMCOXT(VREF -Vpata)?  (4)

3. Results and discussion

Figure 5 compares the measured and simulated char-
acteristics of the fabricated LTPS TFT (W/L = 10 um/
15 um) and the OLED I-V curve used in the SPICE sim-
ulation. The SPICE simulations were conducted using
SmartSpice (Level = 36) to validate the operation of
the proposed pixel circuit. Table 1 summarizes the TFT
dimensions and driving voltages used in the simulation.
We have designed the layout of the proposed circuit,
as represented in Figure 6. The layout rules are detailed
in Table 2. The layout dimensions of the circuit were
33.3 pm x 99.9 pm. This corresponds to the pixel density

1.E-02
O Meas.(Vpg=-5V)
1.E-04 L O Meas.(Vpg=-1V)
& — Sim.(Vps=-5V)
—  Sim.(Vps=-1V)
— 1.E-06
<
—1.E-08
(7]
-
~ 1.E-10
1.E-12
1.E-14
-15 -10 -5 0 5 10
Ves [V]
(a)
300
Meas.(Vgs=-4.00V)
Meas.(Vgs=-3.75V)
250 o Meas.(Vgs=-3.50V)
—  Sim.(Vgs=-4.00V)
Sim.(Vgs=-3.75V)
—200

—  Sim.(Vgs=-3.50V)

(b)
400
<-OLED
300
<
=
2200
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2
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Figure 5. (a) Measured and simulated transfer curve of LTPS TFT
(W/L = 10 pm/15 pm), (b) measured and simulated output curve
of LTPS TFT, and (c) OLED I-V curve used in the SPICE simulation.
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Figure 7. The transient waveforms of the gate voltage of the driving TFT according to the variation of V1,

Table 2. Layout design rule of the p-channel LTPS TFT process.

Parameter Value
Minimum width of the active layer 2.0 pym
Minimum space between two active layers 2.0pm
Minimum width of the gate 2.0pm
Minimum space between two gates 20pm
Minimum width of S/D 2.0 pym
Minimum size of CNT 1.6 pum
Minimum space between two S/Ds 2.0pm
Minimum extension of the gate from CNT 1.4pm
Minimum extension of S/D from CNT 14pm
Minimum size of Via 40pm x 3.0pm
Minimum extension of S/D from Via 1.9pum

of 254 pixels per inch (ppi) for a 14.2-inch display with
a resolution of 3,024 x 1,964. Hence, the proposed cir-
cuit is expected to be applied in medium-sized displays.
The parasitic capacitance was extracted from the overlap-
ping area in the layout, which was incorporated into the
simulation of the proposed circuit to evaluate whether it
could effectively compensate for the IR drop even with
the presence of parasitic capacitances.

Figure 7 depicts the simulated transient waveforms
of the gate voltage of driving TFT (M1) at the cur-
rent level of 100 nA according to the variation of the
threshold voltage. The gate voltage was initialized to
0.0 V at Tinrt. Subsequently, the data voltage was pro-
gramed, and the threshold voltage of M1 was compen-
sated in Tcomp. After THoLp, the current flows through
OLED. For AVty of 40.5, 0.0V, and —0.5V, the gate
voltages at 24 ps were 3.65, 3.16, and 2.66V, respec-
tively. Likewise, the proposed pixel circuit can compen-
sate for the threshold voltage variation of the driving
TFT.

The conventional circuit (7T1C) was compared with
the proposed circuit (8T1C) under identical simulation
conditions. Figure 8 illustrates the current levels accord-
ing to the data voltages.

Figure 9 plots OCEs for two circuits under thresh-
old voltage variation, assuming no IR-drop at cur-
rent levels of 2, 5, 10, 20, 50, 100, 150, 200, and
250nA. The OCE was calculated using the following
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Figure 8. The current levels are according to the data voltages of the conventional and proposed circuits.

equation:

Iorep(AVry = 0V) — Iorep(4VrH)
Iorep(A4Vry = 0V)

x 100 (5)

OCE[%] =

Both circuits presented OCE variations of less than 5%,
demonstrating that both circuits can achieve threshold
voltage compensation effectively.

Figure 10 illustrates OCE according to the OLED cur-
rent levels with IR drop of ELVDD or IR rise of ELVSS.
The researchers performed simulations considering that
ELVDD could decrease by up to 0.55 V for the 14-inch
display [20], and ELVSS could increase by up to 0.55
V. The conventional circuit exhibited significant OCE
ranging from 72.5% to almost 100.0% as the ELVDD
decreases. Contrarily, the proposed circuit maintains the
target current levels with a maximum OCE of less than
3.9%. Indeed, the proposed circuit achieves threshold
voltage compensation performance comparable to con-
ventional circuits and remains unaffected by IR drop.
However, the ELVSS rise did not have any significant
impact under these simulation conditions, as the driving
TFT operated in the saturation mode.

Table 3 compares previous studies on IR drop-
independent pixel circuits [16,21-24]. Although the con-
ventional circuit supports Vry compensation and anode
voltage initialization for luminance expression at low
gray level [16], it cannot compensate for IR drop, lead-
ing to significantly high OCE, as described in Figure 10.
Nevertheless, although other circuits can compensate for
IR drop, they have certain disadvantages when applied
to OLED displays. For example, when the data volt-
age increases in the next frame, Vry compensation may
become ineffective since the storage capacitor voltage
may not be initialized properly [21]. Consequently, some
studies used a short-circuit current to initialize the stor-
age capacitor; however, this approach results in higher
power consumption [22,23].

One method, the advanced power de-coupled (aPDC)
technique, utilizes a mesh line to connect an additional
DC line for Vg compensation and connects ELVDD
during emission [24]. However, due to the high RC loads
and the use of a single switching TFT to switch mesh
line voltage transition, this method poses some settling
issues. While increasing the width of the switching TFT
could help reduce the impact of RC loads on settling time,
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Figure 9. OCEs according to the OLED current levels with the variation of threshold voltage, assuming no IR-drop.

Table 3. Comparison with previous works.

This work Ref. [16] Ref. [21] Ref. [22] Ref. [23] Ref. [24]
Pixel structure 8T1C 7TC 7TC 5T1C 6T1C aPDC7T1C
IR drop compensation 0 X 0 0 0 0
Vi compensation performance 0 0 A 0 0 0
Settling time 0 0 0 0 0 X
Luminance expression at low gray level on VRR driving ¢} 0 X X X X
Power efficiency 0 0 0 X X 0

its placement outside the pixel area may lead to a larger
bezel [24]. Furthermore, to implement the VRR tech-
nique crucial for low-power operation in mobile displays,
the OLED anode voltage should be initialized differently
based on the refresh rate to prevent luminance distortion
atlow gray levels [25,26]. However, traditional circuits are
deemed unsuitable for VRR operation, as they often do
not initialize the anode voltage [21,22,24] or require the
data voltage to be adjusted according to the initialized
anode voltage [23]. Accordingly, the suggested circuit
effectively compensates for both Vg and IR drop, over-
coming the limitations of previous designs and offering a
valuable improvement for medium-sized OLED displays.

4. Conclusion

This study proposed a p-type LTPS-TFT pixel circuit
comprising eight TFTs and one capacitor. The featured
circuit includes additional TFTs and a reference voltage
line compared to the conventional 7T1C pixel circuit to
ensure threshold voltage compensation independently of
IR drop. Simulation results demonstrate that the pro-
posed circuit can compensate for the TFT’s threshold
voltage and maintain a constant OLED current regardless
of IR drop. The circuit enables a 254 ppi display, sug-
gesting that medium-sized displays can achieve uniform
image quality irrespective of pixel position.
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