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(567)  According to an embodiment, an electronic de-
vice may include memory, a processor, a display con-
troller, and a display. The memory may store atleast one
instruction configured to cause, when executed by the
processor, the electronic device to, transmit a first frame
to the display controller, obtain a second frame for up-
dating a portion of the plurality of layers related to the
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first frame, based on identifying that the portion of the
plurality oflayers corresponds to a region of interest (ROI)
of the first frame, identify that screen tearing occurs when
the second frame is transmitted to the display, and where-
in the second frame is not written to memory included in
the display while the first frame is scanned on the display,
based on identifying that screen tearing occurs.
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Description
[Technical Field]

[0001] Embodimentsofthe disclosurerelatetoan elec-
tronic device including a display and a method of oper-
ating the same.

[Background Art]

[0002] Along with the development of electronic, infor-
mation, and communication technologies, various func-
tions are integrated into a single portable communication
device or electronic device. For example, an electronic
device (e.g.,asmartphone, awearable electronic device,
or other portable electronic devices) may perform a va-
riety of functions by installing and executing various ap-
plications, in addition to communications functions.
[0003] The electronicdevice may alsoinclude adisplay
to enable display of information associated with execu-
tion of various functions. For example, the display may
include various display devices such as a liquid crystal
display (LCD), an organic light emitting diode (OLED)
display, or an electrophoretic display.

[Disclosure of Invention]
[Solution to Problems]

[0004] An electronic device according to an embodi-
ment includes memory, a processor, a display controller,
and a display.

[0005] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment is
configured to transmit a first frame to the display control-
ler based on a first tearing signal output at a first output
time from the display.

[0006] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment is
configured to obtain a second frame for updating a portion
of the plurality of layers related to the first frame.
[0007] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment is
configured to, based on identifying that the portion of the
plurality of layers corresponds to a region of interest (ROI)
of the first frame, identify that screen tearing occurs when
the second frame is transmitted to the display through
the display controller.

[0008] The electronic device according to an embodi-
ment, wherein the second frame is not written to memory
included in the display while the first frame is scanned
on the display, based on identifying that screen tearing
occurs.

[0009] A method of operating an electronic device ac-
cording to an embodiment includes transmitting a first
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frame to a display controller included in the electronic
device based on a first tearing signal output at a first
output time from the display.

[0010] The method of operating the electronic device
according to an embodiment includes obtaining a second
frame for updating a portion of the plurality of layers re-
lated to the first frame.

[0011] The method of operating the electronic device
according to an embodiment includes, based on identi-
fying that portion of the plurality of layers corresponds to
region of interest (ROI) of the first frame, identifying that
screen tearing occurs when the second frame is trans-
mitted to the display through the display controller.
[0012] The method of operating the electronic device
according to an embodiment includes, wherein the sec-
ond frame is not written to memory included in the display
while the first frame is scanned on the display, based on
identifying that screen tearing occurs.

[0013] A non-transitory computer readable medium
storing at least one instruction, wherein the at least one
instruction, when executed by a processor of an elec-
tronic device, may cause the electronic device to, accord-
ing to an embodiment, transmit a first frame to a display
controller included in an electronic device based on a
first tearing signal output at a first output time from the
display.

[0014] The non-transitory computer readable medium
storing at least one instruction, wherein the at least one
instruction, when executed by the processor of the elec-
tronic device, may cause the electronic device to, accord-
ing to an embodiment, obtain a second frame for updating
aportion of the plurality of layers related to the first frame.
[0015] The non-transitory computer readable medium
storing at least one instruction, wherein the at least one
instruction, when executed by the processor of the elec-
tronic device, may cause the electronic device to, accord-
ing to an embodiment, based on identifying that the por-
tion of the plurality of layers corresponds to a bottom
region (ROI) of the first frame, identify that screen tearing
occurs when the second frame is transmitted to the dis-
play through the display controller.

[0016] The non-transitory computer readable medium
storing at least one instruction, according to an embod-
iment, wherein the second frame is not written to memory
included in the display while the first frame is scanned
on the display, based on identifying that screen tearing
occurs.

[Brief Description of Drawings]

[0017]
FIG. 1 is a block diagram illustrating an electronic
device in a network environment according to vari-

ous embodiments.

FIG.2is ablock diagram illustrating a display module
according to various embodiments.



3 EP 4 398 233 A1 4

FIG. 3Ais ablock diagram illustrating a configuration
of an electronic device according to an embodiment.

FIG. 3Bis ablock diagram illustrating a configuration
of an electronic device according to an embodiment.

FIG. 4A is a flowchart illustrating a method of oper-
ating an electronic device according to an embodi-
ment.

FIG. 4B is a flowchart illustrating a method of oper-
ating an electronic device according to an embodi-
ment.

FIG. 5 is a timing diagram illustrating a process of
transmitting, writing, and scanning a frame after ad-
justment of an output time of a tearing signal accord-
ing to a comparative embodiment.

FIG. 6A is a flowchart illustrating a method of oper-
ating an electronic device to prevent screen tearing
according to an embodiment.

FIG. 6B is a timing diagram illustrating a process of
transmitting, writing, and scanning a frame accord-
ing to an embodiment.

FIG. 7A is a flowchart illustrating a method of oper-
ating an electronic device to prevent screen tearing
according to an embodiment.

FIG. 7B is a timing diagram illustrating a process of
transmitting, writing, and scanning a frame accord-
ing to an embodiment.

FIG. 8A is a flowchart illustrating a method of oper-
ating an electronic device to prevent screen tearing
according to an embodiment.

FIG. 8B is a timing diagram illustrating a process of
transmitting, writing, and scanning a frame accord-
ing to an embodiment.

[Mode for the Invention]

[0018] The various embodiments of the invention men-
tioned herein can be advantageously combined with
each other, unless otherwise specified in the individual
case.

[0019] FIG. 1 is a block diagram illustrating an elec-
tronic device 101 in a network environment 100 accord-
ing to various embodiments. Referring to FIG. 1, the elec-
tronic device 101 in the network environment 100 may
communicate with an electronic device 102 via a first
network 198 (e.g., a short-range wireless communication
network), or at least one of an electronic device 104 or
aserver 108 via a second network 199 (e.g., along-range
wireless communication network). According to an em-
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bodiment, the electronic device 101 may communicate
with the electronic device 104 via the server 108. Accord-
ing to an embodiment, the electronic device 101 may
include a processor 120, memory 130, an input module
150, a sound output module 155, a display module 160,
an audio module 170, a sensor module 176, an interface
177, a connecting terminal 178, a haptic module 179, a
camera module 180, a power management module 188,
abattery 189, acommunication module 190, a subscriber
identification module (SIM) 196, or an antenna module
197. In some embodiments, at least one of the compo-
nents (e.g., the connecting terminal 178) may be omitted
from the electronic device 101, or one or more other com-
ponents may be added in the electronic device 101. In
some embodiments, some of the components (e.g., the
sensor module 176, the camera module 180, or the an-
tenna module 197) may be implemented as a single com-
ponent (e.g., the display module 160).

[0020] The processor 120 may execute, for example,
software (e.g., a program 140) to control at least one
other component (e.g., a hardware or software compo-
nent) of the electronic device 101 coupled with the proc-
essor 120, and may perform various data processing or
computation. According to an embodiment, as at least
part of the data processing or computation, the processor
120 may store a command or data received from another
component (e.g., the sensor module 176 or the commu-
nication module 190) in volatile memory 132, process
the command or the data stored in the volatile memory
132, and store resulting data in non-volatile memory 134.
According to an embodiment, the processor 120 may in-
clude a main processor 121 (e.g., a central processing
unit (CPU) or an application processor (AP)), or an aux-
iliary processor 123 (e.g., a graphics processing unit
(GPU), a neural processing unit (NPU), an image signal
processor (ISP), a sensor hub processor, or a commu-
nication processor (CP)) that is operable independently
from, or in conjunction with, the main processor 121. For
example, when the electronic device 101 includes the
main processor 121 and the auxiliary processor 123, the
auxiliary processor 123 may be adapted to consume less
power than the main processor 121, or to be specific to
a specified function. The auxiliary processor 123 may be
implemented as separate from, or as part of the main
processor 121.

[0021] The auxiliary processor 123 may control at least
some of functions or states related to at least one com-
ponent (e.g., the display module 160, the sensor module
176, or the communication module 190) among the com-
ponents of the electronic device 101, instead of the main
processor 121 while the main processor 121 is in an in-
active (e.g., sleep) state, or together with the main proc-
essor 121 while the main processor 121 is in an active
state (e.g., executing an application). According to an
embodiment, the auxiliary processor 123 (e.g., an image
signal processor or a communication processor) may be
implemented as part of another component (e.g., the
camera module 180 or the communication module 190)
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functionally related to the auxiliary processor 123. Ac-
cording to an embodiment, the auxiliary processor 123
(e.g., the neural processing unit) may include a hardware
structure specified for artificial intelligence model
processing. An artificial intelligence model may be gen-
erated by machine learning. Such learning may be per-
formed, e.g., by the electronic device 101 where the ar-
tificial intelligence is performed or via a separate server
(e.g., the server 108). Learning algorithms may include,
but are not limited to, e.g., supervised learning, unsuper-
vised learning, semi-supervised learning, or reinforce-
ment learning. The artificial intelligence model may in-
clude a plurality of artificial neural network layers. The
artificial neural network may be a deep neural network
(DNN), a convolutional neural network (CNN), a recurrent
neural network (RNN), a restricted boltzmann machine
(RBM), a deep belief network (DBN), a bidirectional re-
current deep neural network (BRDNN), deep Q-network
or a combination of two or more thereof but is not limited
thereto. The artificial intelligence model may, additionally
or alternatively, include a software structure other than
the hardware structure.

[0022] The memory 130 may store various data used
by at least one component (e.g., the processor 120 or
the sensor module 176) of the electronic device 101. The
various data may include, for example, software (e.g.,
the program 140) and input data or output data for a com-
mand related thereto. The memory 130 may include the
volatile memory 132 or the non-volatile memory 134.
[0023] The program 140 may be stored in the memory
130 as software, and may include, for example, an op-
erating system (OS) 142, middleware 144, or an appli-
cation 146.

[0024] The input module 150 may receive a command
or data to be used by another component (e.g., the proc-
essor 120) of the electronic device 101, from the outside
(e.g., auser) of the electronic device 101. The input mod-
ule 150 may include, for example, a microphone, a
mouse, a keyboard, a key (e.g., a button), or a digital pen
(e.g., a stylus pen).

[0025] The sound output module 155 may output
sound signals to the outside of the electronic device 101.
The sound output module 155 may include, for example,
a speaker or a receiver. The speaker may be used for
general purposes, such as playing multimedia or playing
record. The receiver may be used for receiving incoming
calls. According to an embodiment, the receiver may be
implemented as separate from, or as part of the speaker.
[0026] The display module 160 may visually provide
information to the outside (e.g., a user) of the electronic
device 101. The display module 160 may include, for
example, a display, a hologram device, or a projector and
control circuitry to control a corresponding one of the dis-
play, hologram device, and projector. According to an
embodiment, the display module 160 may include a touch
sensor adapted to detect a touch, or a pressure sensor
adapted to measure the intensity of force incurred by the
touch.
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[0027] The audio module 170 may convert a sound
into an electrical signal and vice versa. According to an
embodiment, the audio module 170 may obtain the sound
via the input module 150, or output the sound via the
sound output module 155 or a headphone of an external
electronic device (e.g., an electronic device 102) directly
(e.g., wiredly) or wirelessly coupled with the electronic
device 101.

[0028] The sensor module 176 may detect an opera-
tional state (e.g., power or temperature) of the electronic
device 101 or an environmental state (e.g., a state of a
user) external to the electronic device 101, and then gen-
erate an electrical signal or data value corresponding to
the detected state. According to an embodiment, the sen-
sor module 176 may include, for example, a gesture sen-
sor, a gyro sensor, an atmospheric pressure sensor, a
magnetic sensor, an acceleration sensor, a grip sensor,
a proximity sensor, a color sensor, an infrared (IR) sen-
sor, a biometric sensor, a temperature sensor, a humidity
sensor, or an illuminance sensor.

[0029] The interface 177 may support one or more
specified protocols to be used for the electronic device
101 to be coupled with the external electronic device
(e.g., the electronic device 102) directly (e.g., wiredly) or
wirelessly. According to an embodiment, the interface
177 may include, for example, a high definition multime-
dia interface (HDMI), a universal serial bus (USB) inter-
face, a secure digital (SD) card interface, or an audio
interface.

[0030] A connecting terminal 178 may include a con-
nector via which the electronic device 101 may be phys-
ically connected with the external electronic device (e.g.,
the electronic device 102). According to an embodiment,
the connecting terminal 178 may include, for example, a
HDMI connector, a USB connector, a SD card connector,
or an audio connector (e.g., a headphone connector).
[0031] The haptic module 179 may convert an electri-
cal signal into a mechanical stimulus (e.g., a vibration or
a movement) or electrical stimulus which may be recog-
nized by a user via his tactile sensation or kinesthetic
sensation. According to an embodiment, the haptic mod-
ule 179 may include, for example, a motor, a piezoelectric
element, or an electric stimulator.

[0032] The camera module 180 may capture a still im-
age or moving images. According to an embodiment, the
camera module 180 may include one or more lenses,
image sensors, image signal processors, or flashes.
[0033] The power management module 188 may man-
age power supplied to the electronic device 101. Accord-
ing to an embodiment, the power management module
188 may be implemented as at least part of, for example,
a power management integrated circuit (PMIC).

[0034] The battery 189 may supply power to at least
one component of the electronic device 101. According
to an embodiment, the battery 189 may include, for ex-
ample, a primary cell which is not rechargeable, a sec-
ondary cell which is rechargeable, or a fuel cell.

[0035] The communication module 190 may support
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establishing adirect (e.g., wired) communication channel
or a wireless communication channel between the elec-
tronic device 101 and the external electronic device (e.g.,
the electronic device 102, the electronic device 104, or
the server 108) and performing communication via the
established communication channel. The communica-
tion module 190 may include one or more communication
processors that are operable independently from the
processor 120 (e.g., the application processor (AP)) and
supports a direct (e.g., wired) communication or a wire-
less communication. According to an embodiment, the
communication module 190 may include a wireless com-
munication module 192 (e.g., a cellular communication
module, a short-range wireless communication module,
or a global navigation satellite system (GNSS) commu-
nication module) or a wired communication module 194
(e.g., alocal area network (LAN) communication module
or a power line communication (PLC) module). A corre-
sponding one of these communication modules may
communicate with the external electronic device via the
firstnetwork 198 (e.g., a short-range communication net-
work, such as Bluetooth™, wireless-fidelity (Wi-Fi) direct,
orinfrared data association (IrDA)) or the second network
199 (e.g., along-range communication network, such as
a legacy cellular network, a 5G network, a next-genera-
tion communication network, the Internet, or a computer
network (e.g., LAN or wide area network (WAN)). These
various types of communication modules may be imple-
mented as a single component (e.g., a single chip), or
may be implemented as multi components (e.g., multi
chips) separate from each other. The wireless commu-
nication module 192 may identify and authenticate the
electronic device 101 in a communication network, such
as the first network 198 or the second network 199, using
subscriber information (e.g., international mobile sub-
scriber identity (IMSI)) stored in the subscriber identifi-
cation module 196.

[0036] The wireless communication module 192 may
support a 5G network, after a 4G network, and next-gen-
eration communication technology, e.g., new radio (NR)
access technology. The NR access technology may sup-
port enhanced mobile broadband (eMBB), massive ma-
chine type communications (mMMTC), or ultra-reliable and
low-latency communications (URLLC). The wireless
communication module 192 may support a high-frequen-
cy band (e.g., the mmWave band) to achieve, e.g., a high
data transmission rate. The wireless communication
module 192 may support various technologies for secur-
ing performance on a high-frequency band, such as, e.g.,
beamforming, massive multiple-input and multiple-out-
put (massive MIMO), full dimensional MIMO (FD-MIMO),
array antenna, analog beam-forming, or large scale an-
tenna. The wireless communication module 192 may
support various requirements specified in the electronic
device 101, an external electronic device (e.g., the elec-
tronic device 104), or a network system (e.g., the second
network 199). According to an embodiment, the wireless
communication module 192 may support a peak data
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rate (e.g., 20Gbps or more) for implementing eMBB, loss
coverage (e.g., 164dB or less) for implementing mMTC,
or U-plane latency (e.g., 0.5ms or less for each of down-
link (DL) and uplink (UL), or a round trip of 1ms or less)
for implementing URLLC.

[0037] The antenna module 197 may transmit or re-
ceive a signal or power to or from the outside (e.g., the
external electronic device) of the electronic device 101.
According to an embodiment, the antenna module 197
may include an antenna including a radiating element
composed of a conductive material or a conductive pat-
tern formed in or on a substrate (e.g., a printed circuit
board (PCB)). According to an embodiment, the antenna
module 197 may include a plurality of antennas (e.g.,
array antennas). In such a case, at least one antenna
appropriate for a communication scheme used in the
communication network, such as the first network 198 or
the second network 199, may be selected, for example,
by the communication module 190 (e.g., the wireless
communication module 192) from the plurality of anten-
nas. The signal or the power may then be transmitted or
received between the communication module 190 and
the external electronic device via the selected at least
one antenna. According to an embodiment, another com-
ponent (e.g., a radio frequency integrated circuit (RFIC))
other than the radiating element may be additionally
formed as part of the antenna module 197.

[0038] According to various embodiments, the anten-
na module 197 may form an mmWave antenna module.
According to an embodiment, the mmWave antenna
module may include a printed circuit board, a RFIC dis-
posed on a first surface (e.g., the bottom surface) of the
printed circuit board, or adjacent to the first surface and
capable of supporting a designated high-frequency band
(e.g., the mmWave band), and a plurality of antennas
(e.g., array antennas) disposed on a second surface
(e.g., the top oraside surface) of the printed circuit board,
or adjacent to the second surface and capable of trans-
mitting or receiving signals of the designated high-fre-
quency band.

[0039] At least some of the above-described compo-
nents may be coupled mutually and communicate signals
(e.g., commands or data) therebetween via an inter-pe-
ripheral communication scheme (e.g., abus, general pur-
pose input and output (GPIO), serial peripheral interface
(SPI), or mobile industry processor interface (MIPI)).
[0040] According to an embodiment, commands or da-
ta may be transmitted or received between the electronic
device 101 and the external electronic device 104 via the
server 108 coupled with the second network 199. Each
of the electronic devices 102 or 104 may be a device of
a same type as, or a different type, from the electronic
device 101. According to an embodiment, all or some of
operations to be executed at the electronic device 101
may be executed at one or more of the external electronic
devices 102, 104, or 108. For example, if the electronic
device 101 should perform a function or a service auto-
matically, or in response to a request from a user or an-
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other device, the electronic device 101, instead of, or in
addition to, executing the function or the service, may
request the one or more external electronic devices to
perform at least part of the function or the service. The
one or more external electronic devices receiving the re-
quest may perform the at least part of the function or the
service requested, or an additional function or an addi-
tional service related to the request, and transfer an out-
come of the performing to the electronic device 101. The
electronic device 101 may provide the outcome, with or
without further processing of the outcome, as at least
part of a reply to the request. To that end, a cloud com-
puting, distributed computing, mobile edge computing
(MEC), or client-server computing technology may be
used, for example. The electronic device 101 may pro-
vide ultra low-latency services using, e.g., distributed
computing or mobile edge computing. In another embod-
iment, the external electronic device 104 may include an
internet-of-things (loT) device. The server 108 may be
anintelligent server using machine learning and/or aneu-
ral network. According to an embodiment, the external
electronic device 104 or the server 108 may be included
in the second network 199. The electronic device 101
may be applied to intelligent services (e.g., smart home,
smart city, smart car, or healthcare) based on 5G com-
munication technology or loT-related technology.

[0041] FIG. 2 is a block diagram 200 illustrating the
display module 160 according to various embodiments.
Referring to FIG. 2, the display module 160 may include
adisplay 210 and a display driver integrated circuit (DDI)
230 to control the display 210. The DDI 230 may include
an interface module 231, memory 233 (e.g., buffer mem-
ory), an image processing module 235, or a mapping
module 237. The DDI 230 may receive image information
that contains image data or an image control signal cor-
responding to a command to control the image data from
another component of the electronic device 101 via the
interface module 231. For example, according to an em-
bodiment, the image information may be received from
the processor 120 (e.g., the main processor 121 (e.g.,
an application processor)) or the auxiliary processor 123
(e.g., agraphics processing unit) operated independently
from the function of the main processor 121. The DDI
230 may communicate, for example, with touch circuitry
250 or the sensor module 176 via the interface module
231. The DDI 230 may also store at least part of the
received image information in the memory 233, for ex-
ample, on a frame by frame basis. The image processing
module 235 may perform pre-processing or post-
processing (e.g., adjustment of resolution, brightness, or
size) with respect to at least part of the image data. Ac-
cording to an embodiment, the pre-processing or post-
processing may be performed, for example, based at
least in part on one or more characteristics of the image
data or one or more characteristics of the display 210.
The mapping module 237 may generate a voltage value
or a current value corresponding to the image data pre-
processed or post-processed by the image processing
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module 235. According to an embodiment, the generat-
ing of the voltage value or current value may be per-
formed, for example, based at least in part on one or
more attributes of the pixels (e.g., an array, such as an
RGB stripe or a pentile structure, of the pixels, or the size
of each subpixel). At least some pixels of the display 210
may be driven, for example, based at least in part on the
voltage value or the current value such that visual infor-
mation (e.g., a text, an image, or an icon) corresponding
to the image data may be displayed via the display 210.
[0042] According to an embodiment, the display mod-
ule 160 may further include the touch circuitry 250. The
touch circuitry 250 may include a touch sensor 251 and
a touch sensor IC 253 to control the touch sensor 251.
The touch sensor IC 253 may control the touch sensor
251tosenseatouchinputorahoveringinput with respect
to a certain position on the display 210. To achieve this,
for example, the touch sensor 251 may detect (e.g.,
measure) a change in a signal (e.g., a voltage, a quantity
of light, a resistance, or a quantity of one or more electric
charges) corresponding to the certain position on the dis-
play 210. The touch circuitry 250 may provide input in-
formation (e.g., a position, an area, a pressure, or a time)
indicative of the touch input or the hovering input detected
viathe touch sensor 251 to the processor 120. According
to an embodiment, at least part (e.g., the touch sensor
IC 253) of the touch circuitry 250 may be formed as part
of the display 210 or the DDI 230, or as part of another
component (e.g., the auxiliary processor 123) disposed
outside the display module 160.

[0043] According to an embodiment, the display mod-
ule 160 may further include at least one sensor (e.g., a
fingerprint sensor, an iris sensor, a pressure sensor, or
an illuminance sensor) of the sensor module 176 or a
control circuit for the at least one sensor. In such a case,
the at least one sensor or the control circuit for the at
least one sensor may be embedded in one portion of a
component (e.g., the display 210, the DDI 230, or the
touch circuitry 250)) of the display module 160. For ex-
ample, when the sensor module 176 embedded in the
display module 160 includes a biometric sensor (e.g., a
fingerprint sensor), the biometric sensor may obtain bi-
ometric information (e.g., a fingerprint image) corre-
sponding to a touch input received via a portion of the
display 210. As another example, when the sensor mod-
ule 176 embedded in the display module 160 includes a
pressure sensor, the pressure sensor may obtain pres-
sure information corresponding to a touch input received
via a partial or whole area of the display 210. According
to an embodiment, the touch sensor 251 or the sensor
module 176 may be disposed between pixels in a pixel
layer of the display 210, or over or under the pixel layer.
[0044] FIG. 3Ais a block diagram illustrating a config-
uration of an electronic device according to an embodi-
ment.

[0045] According to an embodiment, an electronic de-
vice 301 (e.g., the electronic device 101 of FIG. 1) may
include a first processor 320, memory 330, and a display
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360.

[0046] Accordingto an embodiment, the electronic de-
vice 301 may be implemented the same as or similar to
the electronic device 101 of FIG. 1.

[0047] According to an embodiment, the display 360
may be implemented the same as or similar to the display
module 160 of FIG. 1 or the display device 260 of FIG.
2. According to an embodiment, the display 360 may in-
clude a DDI 370 and a display panel 380. According to
an embodiment, the DDI 370 may control the display pan-
el 380. According to an embodiment, the DDI 370 may
be implemented the same as or similar to the DDI 230
of FIG. 2.

[0048] Accordingtoanembodiment, the first processor
320 may provide overall control to operations of the elec-
tronic device 301. For example, the first processor 320
may be implemented the same as or similar to the proc-
essor 120 of FIG. 1. According to an embodiment, the
first processor 320 may be implemented as an AP. Ac-
cording to an embodiment, the first processor 320 may
include a second processor 321, a third processor 322,
and a display controller 350. The display controller 350
may be implemented as a display processing unit or data
processing unit (DPU). According to an embodiment, the
second processor 321 may be implemented as a GPU.
According to an embodiment, the third processor 322
may be implemented as a CPU. According to an embod-
iment, the third processor 322 may execute a display
driver.

[0049] According to an embodiment, the display con-
troller 350 may receive a tearing signal for a frame (or
image) from the display 360. For example, the tearing
signal may refer to a tearing effect (TE) signal.

[0050] Atearingeffect, TE, may refer to a visual artifact
that appears when a plurality of frames are displayed as
one screen on the display 360. For example, TE may
occur when display’s refresh rate and GPU’s frame rate
are not synchronized.

[0051] According to an embodiment, the tearing signal
may include a control signal for determining a time inter-
val during which a frame is written and a time interval
during which the frame is scanned (or displayed) to pre-
vent the TE of the frame scanned (or displayed) on the
display panel 380. When identifying the tearing signal,
the display controller 350 may transmit the frame to the
DDI 370. According to an embodiment, transmitting the
frame to the DDI 370 by the display controller 350 may
include writing the frame to memory (e.g., the memory
233 of FIG. 2 (e.g., graphic RAM (GRAM)) for the display
360 by the DDI 370. The DDI 370 may then read the
frame written to the memory 233 and scan (or display)
the frame on the display panel 380. For example, a period
of the tearing signal may coincide with a period of a syn-
chronization signal (e.g., a Vsync signal). Alternatively,
an output time of the tearing signal may be adjusted
based on an output time of the synchronization signal
depending on implementation. According to an embodi-
ment, the tearing signal may be a clock signal that rises
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at a rising time (e.g., a rising edge time) of the synchro-
nization signal and falls at a falling time (e.g., a falling
edge time) of the synchronization signal. According to an
embodiment, the rising time of the tearing signal may be
the output time of the tearing signal. According to an em-
bodiment, the display controller 350 may transmit the
frame to the DDI 370, and the DDI 370 may write the
frame to the memory 233, at the rising time of the tearing
signal. According to an embodiment, the DDI 370 may
read the frame from the memory 233 and scan (or dis-
play) the frame on the display panel 380, at the falling
time of the tearing signal.

[0052] According to an embodiment, the second proc-
essor 321 may render a frame (or image). According to
an embodiment, the second processor 321 may transmit
the rendered frame (orimage) to the third processor 322.
According to an embodiment, the third processor 322
may transmit the frame to the display controller 350. Ac-
cording to an embodiment, the display controller 350 may
transmit the frame (or image) to the DDI 370. According
to an embodiment, the display controller 350 may trans-
mit a first frame received from the third processor 322 to
the DDI 370, based on the tearing signal output from the
display 360 at a predetermined period. According to an
embodiment, the tearing signal may be output at a time
advanced from an output time of a reference tearing sig-
nal by a specified time. For example, the reference tear-
ing signal may refer to a tearing signal output from the
display 360 at an output time prior to adjustment. For
example, the specified time may be determined based
on at least one of the number of layers included in the
frame, a resolution of the display 360, or a frequency
(frame rate) of the display 360. For example, the resolu-
tion of the display 360 may be implemented as 3,088 (the
number of horizontal pixels) x 1,440 (the number of ver-
tical pixels). For example, the frequency of the display
360 may be implemented as 120Hz. For example, in the
case of a set value based on the above resolution, the
above frequency, and four layers, the specified time may
be 2ms. However, this is exemplary, and embodiments
of the disclosure may set the specified time based on
various methods.

[0053] According to an embodiment, the display con-
troller 350 may transmit the first frame to the DDI 370 at
the output time of the tearing signal. According to an em-
bodiment, the first frame may be written to the memory
233 (e.g., the memory 233 of FIG. 2) at the output time
of the tearing signal. According to an embodiment, the
memory 233 may be implemented as a GRAM. Accord-
ing to an embodiment, the DDI 370 may read the first
frame from the memory 233 and scan (or display) the
first frame on the display panel 380.

[0054] According to an embodiment, the third proces-
sor 322 may receive a second frame from the second
processor 321 to update some layers related to the first
frame. For example, the second frame may be a frame
rendered by the second processor 321 after the first
frame. According to an embodiment, the third processor
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322 may identify whether the second frame is a frame
for updating a part of the first frame. For example, the
third processor 322 may identify whether the second
frame is a frame for updating some of a plurality of layers
included in the first frame. In this case, the second frame
may include only some of the layers, not all ofthem. When
identifying that the second frame is for updating some
layers of the first frame, the third processor 322 may iden-
tify whether the second frame is for updating a layer cor-
responding to a region of interest (ROI) of the first frame.
For example, the ROl may include a bottom region of the
first frame displayed (or scanned) on the display panel
380. For example, the area of interest may be set based
on user input. For example, the region of interest is not
limited to the bottom region of the first frame and may
include at least a portion of regions of the first frame dis-
played on the display panel 380.

[0055] According to an embodiment, when identifying
that the second frame is for updating the layer corre-
sponding to the ROI of the first frame, the third processor
322 may identify that transmission of the second frame
to the DDI 370 based on the tearing signal will cause (or
cause expectation of) screen tearing. For example, when
the second frame is transmitted to the DDI 370 based on
the tearing signal, a time when the DDI 370 scans (or
displays) the first frame written to the memory 233 on the
display panel 380 may overlap with a time when the DDI
370 writes the second frame to the memory 233. This
may result in tearing of an image or frame displayed (or
scanned) on the display 360.

[0056] According to an embodiment, the third proces-
sor 322 and the display controller 350 may perform an
operation of preventing screen tearing based on identi-
fying that screen tearing will occur.

[0057] According to an embodiment, the display con-
troller 350 may transmit the second frame to the DDI 370
after the first frame is scanned (or displayed) on the dis-
play panel 380. According to an embodiment, the display
controller 350 may transmit the second frame to the DDI
370 after a specified first time from an output time of the
tearing signal. According to an embodiment, the specified
first time (e.g., 2ms) may refer to a time between the
output time of the tearing signal and a completion time
of scanning (or displaying) the first frame on the display
panel 380. Alternatively, according to an embodiment,
the third processor 322 may transmit the second frame
to the display controller 350 after a specified second time
from an output time of the tearing signal. According to an
embodiment, the specified second time (e.g., 2ms) may
refer to a time between the output time of the tearing
signal and the completion time of scanning (or displaying)
the first frame on the display panel 380. According to an
embodiment, the specified first time and the specified
second time may be equal or different. According to an
embodiment, the specified first time and the specified
second time may refer to a time set such that a time
interval during which an ROI of a part of the first frame
is scanned (or displayed) on the display panel 380 does
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not coincide with a time interval during which the second
frame for updating a layer corresponding to the ROl is
transmitted to the DDI 370. For example, transmitting the
second frame to the DDI 370 may include writing the
second frame to the memory 233 by the DDI 370. For
example, when the first frame is partially updated, the
third processor 322 may adjust a transmission time of
the second frame to the DDI 370. In this way, even up-
dating only a part of the frame may not result in screen
tearing.

[0058] According to an embodiment, the third proces-
sor 322 may transmita third frame to the display controller
350 to update the entire first frame based on identifying
that screen tearing will occur. According to an embodi-
ment, the display controller 350 may receive the third
frame from the third processor 322 based on the tearing
signal. According to an embodiment, the display control-
ler 350 may transmit the third frame to the DDI 370 at an
output time of the tearing signal. According to an embod-
iment, the display controller 350 may transmit the third
frame to the DDI 370 during scanning (or display) of the
first frame on the display panel 380. For example, trans-
mitting the third frame to the DDI 370 may include writing
the third frame to the memory 233 by the DDI 370. For
example, updating the entire first frame, as opposed to
updating a part of the first frame, may not cause screen
tearing. Accordingly, when screen tearing is expected,
the third processor 322 may request the third frame for
updating the entire first frame from the second processor
321, and transmit the third frame received from the sec-
ond processor 321 to the display controller 350.

[0059] According to an embodiment, the third proces-
sor 322 may receive the first frame in response to output
of the first tearing signal. However, when the third proc-
essor 322 fails to receive the first frame during an output
time of the first tearing signal to an output time of a sub-
sequent second tearing signal (e.g., a tearing signal out-
put after the first tearing signal), a frame delay may occur.
For example, when a frame delay occurs, the third proc-
essor 322 may transmit the first frame to the display con-
troller 350 in a time interval following an originally allo-
cated time interval. To address this, the third processor
322 may advance an output time of the tearing signal by
a specified time (e.g., 2ms). This allows the third proc-
essor 322 to wait longer for a rendered frame from the
second processor 321 by a specified time. Additionally,
the third processor 322 may reduce the frame delay.
[0060] FIG. 3B is a block diagram illustrating a config-
uration of an electronic device according to an embodi-
ment.

[0061] Accordingtoanembodiment, the first processor
320 (e.g., the first processor 320 of FIG. 3A) may include
the second processor 321 (e.g., the second processor
321 of FIG. 3A), the third processor 322 (e.g., the third
processor 322 of FIG. 3A), and the display controller 350
(e.g., the display controller 350 of FIG. 3A).

[0062] According to an embodiment, the third proces-
sor 322 may execute a surface flinger 381, a hardware
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(HW) composer 382, and a display driver 383. According
to an embodiment, the second processor 321 may render
a frame (or an image). According to an embodiment, the
rendered frame (or image) may be stored in a graphics
buffer (e.g., a frame storage area in the memory 330).
[0063] Accordingtoanembodiment, the surfaceflinger
381 may transmit information about the graphics buffer
(e.g., an address of the frame storage area, resolution
information, and so on) to the HW composer 382. Ac-
cording to an embodiment, the HW composer 382 may
transmit the information about the graphics buffer to the
display driver 383.

[0064] Accordingto an embodiment, the display driver
383 may transmit the rendered frame to the display con-
troller 350. For example, the display driver 383 may de-
termine a time when the display controller 350 is to trans-
mit the frame to the display 360 (e.g., the display 360 of
FIG. 3A). For example, the transmission time of the frame
may be an output time of a tearing signal (or a time when
the display controller 350 identifies the tearing signal).
According to an embodiment, the display driver 383 may
adjust an output time of a reference tearing signal to be
advanced by a specified time (e.g., 2ms).

[0065] According to an embodiment, the display con-
troller 350 may transmit the frame to the display 360 at
the adjusted output time of the tearing signal. For exam-
ple, transmitting the frame by the display controller 350
may include writing the frame to the memory 233 (e.g.,
the memory 233 of FIG. 2) by the display 360.

[0066] According to an embodiment, the display 360
may read the frame from the memory 233 and scan (or
display) the frame.

[0067] FIG. 4A is a flowchart illustrating a method of
operating an electronic device according to an embodi-
ment. Although the flowchart of Fig. 4A comprises con-
ditional branching statements such as operation 405, it
is defined that each of the branching operations may form
a separate additional embodiment, and each of the
branching operations may be considered optional, as de-
scribed below.

[0068] According to an embodiment, in operation 401,
the display controller 350 (e.g., the display controller 350
of FIG. 3A) may transmit a first frame to the display 360
(e.g., the display 360 of FIG. 3A), based on a tearing
signal output at a predetermined period from the display
360. According to an embodiment, the first frame may
be a frame rendered by the second processor 321 (e.g.,
the second processor 321 of FIG. 3A). According to an
embodiment, the output time of the tearing signal may
be adjusted to be advanced from the output time of a
reference tearing signal by a specified time (e.g., 2ms).
For example, the reference tearing signal may refer to a
tearing signal output from the display 360 at an output
time prior to the adjustment. For example, the specified
time may be determined based on at least one of the
number of layers included in the frame, the resolution of
the display 360, or the frequency of the display 360. How-
ever, this is exemplary, and the specified time may be
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set based on various methods in embodiments of the
disclosure.

[0069] According to an embodiment, the first frame
may be written to the memory 233 (e.g., the memory 233
of FIG. 2) atan outputtime of the tearing signal. According
to an embodiment, the display controller 350 may trans-
mit the first frame to the display 360 within a preset time
(e.g., 2ms) from the output time of the tearing signal.
According to an embodiment, the display 360 may read
the first frame from the memory 233 and scan (or display)
the first frame. According to an embodiment, the preset
time may be set by a user or the first processor 320.
[0070] According to an embodiment, in operation 403,
the third processor 322 (e.g., the third processor 322 of
FIG. 3A) (e.g., the display driver 383) (e.g., the display
driver 383 of FIG. 3B) may receive a second frame for
updating some of layers related to the first frame from
the second processor 321. According to an embodiment,
the second frame may include a frame rendered by the
second processor 321 after the first frame. According to
an embodiment, the second frame may include only
some of the layers rather than all of the layers.

[0071] According to an embodiment, in operation 405,
the third processor 322 (e.g., the display driver 383) may
identify whether the second frame is a frame for updating
a layer corresponding to an ROI of the first frame (e.g.,
a bottom region of the first frame). When steps 411 and
413 are not part of an embodiment as explained above,
step 405 may be formulated as determining 405, by the
third processor 322 (e.g., the display driver 383), that the
second frame is a frame for updating a layer correspond-
ing to an ROI of the first frame (e.g., a bottom region of
the first frame). When steps 407 and 409 are not part of
an embodiment as explained above, step 405 may be
formulated as determining 405, by the third processor
322 (e.g., the display driver 383), that the second frame
is not a frame for updating a layer corresponding to an
ROI of the first frame (e.g., a bottom region of the first
frame).

[0072] According to an embodiment, when the third
processor 322 (e.g., the display driver 383) identifies that
the second frame is a frame for updating the layer cor-
responding to the ROI of the first frame (e.g., the bottom
region of the first frame) (yes in operation 405), the third
processor 322 (e.g., the display driver 383) may identify
that transmission of the second frame is transmitted to
the display 360 through the display controller 350 will
cause (or cause expectation of) screen tearing in oper-
ation 407. For example, when the second frame is trans-
mitted to the display 360 based on the tearing signal, a
time when the display 360 scans (or displays) the first
frame written to the memory 233 may overlap with a time
when the display 360 writes the second frame to the
memory 233. This may cause tearing of an image or
frame displayed (or scanned) on the display 360. Accord-
ing to an embodiment, the third processor 322 (e.g., the
display driver 383) may transmit the second frame to the
display controller 350. For example, the third processor
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322 may transmit information related to the time when
the display controller 350 transmits the second frame to
the display 360 (e.g., a specified first time from an output
time of the tearing signal). Alternatively, for example, the
third processor 322 may transmit the second frame to
the display controller 350 after a specified second time
(e.g., 2ms) from the output time of the tearing signal.
[0073] According to an embodiment, in operation 409,
the display controller 350 may transmit the second frame
to the display 360 after the first frame is scanned (or
displayed) on the display. According to an embodiment,
the display controller 350 may transmit the second frame
to the display 360 after the specified first time (e.g., 2ms)
from the output time of the tearing signal. Alternatively,
according to an embodiment, the display controller 350
may receive the second frame from the third processor
322 (e.g., the display driver 383) after the specified sec-
ond time (e.g., 2ms) from the output time of the tearing
signal. According to an embodiment, the specified first
time and the specified second time may be equal or dif-
ferent. According to an embodiment, the specified first
time and the specified second time may refer to times
that are set such that a time interval during which an ROI
in a part of the first frame is scanned (or displayed) on
the display 360 does not coincide with a time interval
during which a second frame for updating a layer corre-
sponding to the ROl is transmitted to the display 360.
[0074] As aresult, the electronic device 301 (e.g., the
electronic device 301 of FIG. 3A) may ensure that the
time interval during which the ROI of the first frame is
scanned (or displayed) on the display 360 does not co-
incide with the time interval during which the second
frame for updating the layer corresponding to the ROl is
transmitted to the display 360 (or the time interval during
which the second frame is written), thereby avoiding
screen tearing, when updating only a part of the screen.
[0075] According to an embodiment, the operation of
transmitting the second frame to the display 360 after the
specified first time period (e.g., 2ms) from an output time
of the tearing signal by the display controller 350 will be
described in detail with reference to FIG. 6A. According
to an embodiment, the operation of transmitting the sec-
ond frame to the display controller 350 after the specified
secondtime (e.g., 2ms)from the output time of the tearing
signal by the third processor 322 will be described in de-
tail with reference to FIG. 7A.

[0076] According to an embodiment, when the third
processor 322 (e.g., the display driver 383) does notiden-
tify that the second frame is a frame for updating a layer
corresponding to an ROI of the first frame (e.g., a bottom
region of the first frame) (no in operation 405), the third
processor 322 may identify that transmission of the sec-
ond frame to the display 360 through the display control-
ler 350 will not cause screen tearing in operation 411.
[0077] According to an embodiment, in operation 413,
the display controller 350 may transmit the second frame
to the display 360 at an output time of the tearing signal.
According to an embodiment, the display controller 350
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may transmit the second frame to the display 360 during
scanning (or display) of the first frame on the display 360.
According to an embodiment, the second frame may be
written to the memory 233 at the output time of the tearing
signal. According to an embodiment, the display control-
ler 350 may transmit the second frame to the display 360
after a preset time from the output time of the tearing
signal. Forexample, the display 360 may read the second
frame from the memory 233 and scan (or display) the
second frame at a falling time of the tearing signal.
[0078] According to an embodiment, the electronic de-
vice 301 (e.g., the electronic device 301 of FIG. 3A) may
display a frame that updates only a part of a screen on
the display, thereby reducing the value of current con-
sumed to update the entire screen. Furthermore, when
updating only a part of the screen, the electronic device
301 may not cause screen tearing.

[0079] FIG. 4B is a flowchart illustrating a method of
operating an electronic device according to an embodi-
ment. Although the flowchart of Fig. 4B comprises con-
ditional branching statements such as operation 425, it
is defined that each of the branching operations may form
a separate additional embodiment, and each of the
branching operations may be considered optional, as de-
scribed below.

[0080] According to an embodiment, in operation 421,
the display controller 350 (e.g., the display controller 350
of FIG. 3A) may transmit a first frame to the display 360,
based on a tearing signal output at a predetermined pe-
riod from the display 360 (e.g., the display 360 of FIG.
3A). According to an embodiment, an output time of the
tearing signal may be adjusted to be advanced from an
output time of a reference tearing signal by a specified
time (e.g., 2ms).

[0081] According to an embodiment, in operation 423,
the third processor 322 (e.g., the third processor 322 of
FIG. 3A) (e.g., the display driver 383) (e.g., the display
driver 383 of FIG. 3B) may receive a second frame for
updating some layers related to the first frame from the
second processor 321.

[0082] According to an embodiment, in operation 425,
the third processor 322 (e.g., the display driver 383) may
identify whether the second frame is a frame for updating
a layer corresponding to an ROI of the first frame (e.g.,
a bottom region of the first frame).

[0083] When steps 431 and 433 are not part of an em-
bodiment as explained above, step 425 may be formu-
lated as determining 425, by the third processor 322 (e.g.,
the display driver 383), that the second frame is a frame
for updating a layer corresponding to an ROI of the first
frame (e.g., a bottom region of the first frame). When
steps 427 and 429 are not part of an embodiment as
explained above, step 425 may be formulated as deter-
mining 425, by the third processor 322 (e.g., the display
driver 383), that the second frame is not a frame for up-
dating a layer corresponding to an ROI of the first frame
(e.g., a bottom region of the first frame).

[0084] According to an embodiment, when the third
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processor 322 (e.g., the display driver 383) identifies that
the second frame is a frame for updating the layer cor-
responding to the ROI of the first frame (e.g., yes in op-
eration 425), the third processor 322 (e.g., the display
driver 383) may identify that transmission of the second
frame to the display 360 through the display controller
350 will cause (or cause expectation of) screen tearing
in operation 427.

[0085] According to an embodiment, in operation 429,
the display controller 350 may transmit a third frame for
updating the entire first frame to the display 360 at an
output time of the tearing signal. For example, updating
the entire first frame, as opposed to updating a part of
the first frame, may not result in screen tearing. Accord-
ingly, when screen tearing is expected, the third proces-
sor 322 (e.g., the display driver 383) may request the
third frame to update the entire first frame from the sec-
ond processor 321. The third processor 322 (e.g., the
display driver 383) may transmit the third frame to the
display controller 350, and the display controller 350 may
transmit the third frame to the display 360. According to
an embodiment, the third frame may include a frame ren-
dered by the second processor 321 (e.g., the second
processor 321 of FIG. 3A). According to an embodiment,
the display controller 350 may transmit the third frame to
the display 360 during scanning (or display) of the first
frame on the display 360. According to an embodiment,
the operation of transmitting the third frame to the display
360 at the output time of the tearing signal by the display
controller 350 will be described in more detail with refer-
ence to FIG. 8A.

[0086] Accordingtoan embodiment, when the second
frame is not identified as a frame for updating the layer
corresponding to the ROI of the first frame (no in opera-
tion 425), the third processor 322 (e.g., the display driver
383) may identify that transmission of the second frame
to the display 360 through the display controller 350 will
not cause screen tearing in operation 431.

[0087] According to an embodiment, in operation 433,
the display controller 350 may transmit the second frame
to the display 360 at an output time of the tearing signal.
According to an embodiment, the display controller 350
may transmit the second frame to the display 360 during
the scanning (or display) of the first frame on the display
360. According to an embodiment, the second frame may
be written to the memory 233 at the output time of the
tearing signal.

[0088] Consequently, screen tearing may be avoided
when updating only a part of the screen.

[0089] FIG. 5 is atiming diagram illustrating a process
of transmitting, writing, and scanning a frame after ad-
justing an output time of a tearing signal according to a
comparative embodiment.

[0090] According to the comparative embodiment,
when identifying delay of a first frame, the display driver
may not transmit the first frame to the display controller
at an output time of a second tearing signal (not shown)
(e.g., a tearing signal after a first tearing signal). For ex-
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ample, when failing to receive the first frame during the
output time of the first tearing signal (not shown) to the
output time of the second tearing signal (not shown) (e.g.,
the tearing signal after the first tearing signal), the display
driver may identify that there is a delay in the first frame.
According to the comparative embodiment, when the
frame delay occurs, the display driver may transmit the
first frame to the display controller at an output time of a
third tearing signal (not shown) (e.g., a tearing signal out-
put after the second tearing signal).

[0091] To address this, the display driver may adjust
the output time of the tearing signal such that the tearing
signal is output at a time adjusted from an output time of
a vertical synchronization signal by a specified time T1
according to the comparative embodiment. Therefore,
the electronic device may relatively reduce the occur-
rence of a frame delay according to the comparative em-
bodiment. FIG. 5 illustrates an output time 561 of the
tearing signal from the display before adjustment, and
output times 511, 512, 513 of the tearing signal, which
have been adjusted by the specified time T1.

[0092] Consequently, screen tearing may be avoided
when updating only a part of the screen.

[0093] Referring to FIG. 5, the display driver may wait
to receive a first frame until the second time 512 of a
tearing signal 560 output from the display after the first
time 511. According to an embodiment, the display driver
may receive thefirstframe rendered by the GPU between
the first time 511 and the second time 512 based on a
synchronization signal 540. For example, the first time
511, the second time 512, and the third time 513 may
refer to times when the tearing signal is output from the
display and rises. The display driver may transmit the
first frame to the display controller between the first time
511 and the second time 512.

[0094] According to the comparative embodiment, the
display controller may transmit the first frame to the dis-
play at the second time 512. When the first frame is writ-
ten to the memory, the display may read the first frame
from the memory and scan (or display) the first frame.
[0095] According to the comparative embodiment, the
display driver may wait to receive a second frame until
the third time 513 after the second time 512. According
to the comparative embodiment, the display driver may
receive the second frame rendered by the GPU based
on the synchronization signal 540. For example, the sec-
ond frame may be a frame for updating some layers of
the first frame.

[0096] According to the comparative embodiment, the
electronic device may experience screen tearing of the
display in a time interval 510 in which a time interval dur-
ing which the second frame is written at least partially
overlap with a time interval during which the first frame
is scanned (or displayed).

[0097] FIG. 6A is a flowchart illustrating a method of
operating an electronic device to prevent screen tearing
according to an embodiment.

[0098] According to an embodiment, when the third
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processor 322 (e.g., the third processor 322 of FIG. 3A)
(e.g., the display driver 383) (e.g., the display driver 383
of FIG. 3B)identifies that the second frame is for updating
a layer corresponding to an ROl in a part of a first frame
(e.g. a bottom region of the first frame), the third proces-
sor 322 may identify that transmission of the second
frame to the display 360 (e.g., the display 360 of FIG.
3A) through the display controller 350 (e.g., the display
controller 350 of FIG. 3A) based on the tearing signal will
cause (or cause expectation of) screen tearing in oper-
ation 605. According to an embodiment, the second
frame may refer to a frame rendered by the second proc-
essor 321 (e.g., the second processor 321 of FIG. 3A)
after the first frame. According to an embodiment, the
second frame may include only some layers rather than
all layers. According to an embodiment, screen tearing
may mean that a time interval during which an ROl in a
part of the first frame is scanned (or displayed) on the
display 360 coincides at least partially with a time interval
during which the second frame is transmitted to the dis-
play 360 (or a time interval during which the second frame
is written to the memory 233 (e.g., the memory 233 in
FIG. 2).

[0099] According to an embodiment, in operation 607,
the display controller 350 may transmit the second frame
to the display 360 after a specified time (e.g., 2ms) from
an output time of the tearing signal. For example, trans-
mitting the second frame to the display 360 by the display
controller 350 may include writing the second frame to
the memory 233 by the display 360. According to an em-
bodiment, the specified time may mean a time between
the output time of the tearing signal and a time when the
first frame begins to be scanned (or displayed) on the
display 360. According to an embodiment, the specified
time may be set such that the time interval during which
the ROI in the part of the first frame is scanned (or dis-
played) on the display 360 does not coincide with the
time interval during which the second frame for updating
the layer corresponding to the ROI is transmitted to the
display 360. However, this is an example, and the spec-
ified time may be set based on various methods in em-
bodiments of the disclosure.

[0100] Accordingto an embodiment, the electronic de-
vice 301 (e.g., the electronic device 301 of FIG. 3A) may
ensure that the time interval during which the ROl in the
part of the first frame is scanned (or displayed) on the
display 360 does not coincide with the time interval during
which the second frame for updating the layer corre-
sponding to the ROl is transmitted to the display 360 (or
the time interval during which the second frame is writ-
ten), thereby avoiding screen tearing, when updating only
a part of the screen.

[0101] FIG.6Bisatimingdiagramillustratingaprocess
of transmitting, writing, and scanning a frame according
to an embodiment.

[0102] Accordingto an embodiment, the display driver
383 (e.g., the display driver 383 of FIG. 3B) may wait to
receive a first frame until a second time 612 after a first
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time 611 of a tearing signal 660 output from the display
360 (e.g., the display 360 of FIG. 3A). According to an
embodiment, the display driver 383 may receive the first
frame rendered by the second processor 321 (e.g., the
second processor 321 of FIG. 3A) at the second time 612
based on a synchronization signal 640. For example, the
synchronization signal 640 (e.g., a Vsync signal) may be
a clock signal including a rising time (e.g., a rising edge
time) and a falling time (e.g., a falling edge time). The
tearing signal 660 may have the same period as the syn-
chronization signal 640 (e.g., the Vsync signal). Accord-
ing to an embodiment, the tearing signal may be a clock
signal that rises at a rising time (e.g., a rising edge time)
of the synchronization signal and falls at a falling time
(e.g., a falling edge time) of the synchronization signal.
According to an embodiment, a time when the tearing
signal rises may be an output time of the tearing signal.
For example, the first time 611, the second time 612, and
athird time 613 mayreferto times (e.g., rising edge times)
when the tearing signal 660 is output from the display
360 and rises. The display driver 383 may transmit the
first frame to the display controller 350 between the first
time 611 and the second time 612.

[0103] According to an embodiment, the display con-
troller 350 (e.g., the display controller 350 of FIG. 3A)
may transmit the first frame to the display 360 at the sec-
ond time 612. For example, the display 360 may write
the first frame to the memory 233 (e.g., the memory 233
of FIG. 2) at the second time 612.

[0104] According to an embodiment, the display 360
may read the first frame from the memory 233 and scan
(or display) the first frame at a falling time (e.g., a falling
edge time) of the tearing signal 660.

[0105] According to an embodiment, the display driver
383 may wait to receive a second frame until the third
time 613 after the second time 612. According to an em-
bodiment, the display driver 383 may receive the second
frame rendered by the second processor 321 based on
the synchronization signal 640. For example, the second
frame may be a frame for updating some layers of the
first frame.

[0106] According to an embodiment, the display driver
383 may identify whether the second frame is for updating
a layer corresponding to an ROI (e.g., a bottom region)
of the first frame. According to an embodiment, when
identifying that the second frame is for updating the layer
corresponding to the ROI (e.g., the bottom region) of the
first frame, the display controller 350 may transmit the
second frame to the display 360 after a specified time T2
from the third time 613. For example, the specified time
T2 may be set such that a time interval during which the
ROl in a part of the first frame is scanned (or displayed)
on the display 360 does not coincide with a time interval
during which the second frame for updating the layer cor-
responding to the ROl is transmitted to the display 360.
For example, the specified time T2 may be set to 2ms.
[0107] According to an embodiment, the display con-
troller 350 may transmit the second frame to the display
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360. For example, the display controller 350 may cause
the display 360 to write the second frame to the memory
233, as at least a part of transmitting the second frame.
According to an embodiment, the display 360 may read
the second frame from the memory 233 and scan (or
display) the second frame at a falling time (e.g., a falling
edge time) of the tearing signal 660.

[0108] According to the above-described method,
when expecting screen tearing of the display 260, the
display controller 350 may adjust the transmission time
ofthe second frame. Therefore, the display controller 350
may prevent screen tearing of the display 360.

[0109] FIG. 7A is a flowchart illustrating a method of
operating an electronic device to prevent screen tearing
according to an embodiment.

[0110] According to an embodiment, when identifying
that a second frame is for updating a layer corresponding
to an ROI (e.g., a bottom region of the first frame) in a
part of the first frame, the third processor 322 (e.g., the
display driver 383) (e.g., the third processor 322 in FIG.
3A) may identify that transmission of the second frame
to the display 360 through the display controller 350 (e.g.,
the display controller 350 in FIG. 3A) based on a tearing
signal will cause (or cause expectation of) screen tearing
in operation 705.

[0111] According to an embodiment, in operation 707,
the third processor 322 (e.g., the display driver 383) may
transmit the second frame to the display controller 350
after a specified time (e.g., 2ms) from an output time of
the tearing signal. According to an embodiment, the
specified time may mean the time between the output
time of the tearing signal and a time when the first frame
begins to be scanned (or displayed) on the display 360
(e.g., the display 360 of FIG. 3A). According to an em-
bodiment, the specified time may be set such that a time
interval during which the ROl in the part of the first frame
is scanned on the display 360 does not coincide with a
time interval during which the second frame for updating
a layer corresponding to the ROI is transmitted to the
display 360.

[0112] According to an embodiment, in operation 709,
the display controller 350 may transmit the second frame
to the display 360.

[0113] FIG.7Bisatimingdiagramillustrating a process
of transmitting, writing, and scanning a frame according
to an embodiment.

[0114] According to an embodiment, the display driver
383 (e.g., the display driver 383 of FIG. 3B) may wait to
receive a first frame until a second time 712 of a tearing
signal 760 output from the display 360 (e.g., the display
360 of FIG. 3A) after a first time 711 of the tearing signal
760. According to an embodiment, the display driver 383
may receive the first frame rendered by the second proc-
essor 321 (e.g., the second processor 321 of FIG. 3A)
atthe second time 712 based on a synchronization signal
740. For example, the synchronization signal 740 may
be a vertical synchronization signal. For example, the
first time 711, the second time 712, and a third time 713
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may refer to times when the tearing signal 760 is output
from the display 360 and rises. The display driver 383
may transmit the first frame to the display controller 350
between the first time 711 and the second time 712.
[0115] According to an embodiment, the display con-
troller 350 (e.g., the display controller 350 of FIG. 3A)
may transmit the first frame to the display 360 at the sec-
ond time 712. The display 360 may write the first frame
to the memory 233 (e.g., the memory 233 of FIG. 2) at
the second time 712.

[0116] According to an embodiment, the display 360
may read the first frame from the memory 233 and scan
(or display) the first frame at a falling time of the tearing
signal 760.

[0117] According to an embodiment, the display driver
383 may wait to receive a second frame until the third
time 713 after the second time 712. According to an em-
bodiment, the display driver 383 may receive the second
frame rendered by the second processor 321 based on
the synchronization signal 740. For example, the second
frame may be a frame for updating some layers of the
first frame.

[0118] According to an embodiment, when identifying
that the second frame is for updating a layer correspond-
ing to an ROI (e.g., a bottom region) of the first frame,
the display driver 383 may transmit the second frame to
the display controller 350 after a specified time T2 from
the third time 713. For example, the specified time T2
may be set such that a time interval during which the ROI
in a part of the first frame is scanned (or displayed) on
the display 360 does not coincide with a time interval
during which the second frame for updating a layer cor-
responding to the ROl is transmitted to the display 360.
For example, the specified time T2 may be set to 2ms.
[0119] According to an embodiment, the display con-
troller 350 may transmit the second frame to the display
360. For example, as at least a part of transmitting the
second frame, the display 360 may write the second
frame to the memory 233.

[0120] According to an embodiment, the display 360
may read the second frame from the memory 233 and
scan (or display) the second frame at a falling time of the
tearing signal 760.

[0121] According to the above-described method,
when expecting screen tearing, the display driver 383
may adjust the transmission time of the second frame to
the display controller 350. Therefore, the electronic de-
vice 301 (e.g., the electronic device 301 of FIG. 3A) may
prevent the display 360 from experiencing screen tear-
ing.

[0122] FIG. 8A is a flowchart illustrating a method of
operating a display controller to prevent screen tearing
according to an embodiment.

[0123] According to an embodiment, in operation 805,
when the third processor 322 (e.g., the third processor
322 of FIG. 3A (e.g., the display driver 383)) identifies
that a second frame is for updating a layer corresponding
to an ROl in a part of a first frame, the third processor
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322 may identify that transmission of a second frame to
the display 360 (e.g., the display 360 of FIG. 3A) through
the display controller 350 based on a tearing signal will
cause (or cause expectation of) screen tearing.

[0124] According to an embodiment, in operation 807,
the third processor 322 (e.g., the display driver 383) may
request a third frame for updating the entire first frame
from the second processor 321 (e.g., the second proc-
essor 321 of FIG. 3A). According to an embodiment, up-
dating the entire first frame, as opposed to updating a
part thereof, may not cause screen tearing. Accordingly,
when expecting screen tearing, the third processor 322
(e.g., the display driver 383) may request the third frame
for updating the entire first frame from the second proc-
essor 321. According to an embodiment, the second
processor 321 may transmit the rendered third frame to
the third processor 322 (e.g., the display driver 383).
[0125] According to an embodiment, in operation 809,
the third processor 322 (e.g., the display driver 383) may
receive the third frame from the second processor 321.
According to an embodiment, the third processor 322
may transmit the third frame to the display controller 350.
[0126] According to an embodiment, in operation 811,
the display controller 350 may transmit the third frame to
the display 360 at an output time of the tearing signal.
According to an embodiment, the display 360 may write
the third frame to the memory 233 (e.g., the memory 233
of FIG. 2) at the output time of the tearing signal. Accord-
ing to an embodiment, the display 360 may scan (or dis-
play) the third frame. According to an embodiment, the
display controller 350 may transmit the third frame to the
display 360 during the scanning (or display) of the first
frame on the display 360.

[0127] According to an embodiment, the electronic de-
vice 301 (e.g., the electronic device 301 of FIG. 3A) may
write a top region (or a middle region) of the third frame
to the memory 233 during scanning (or display) of the
bottom region of the first frame on the display 360 to
prevent screen tearing of an image displayed on the dis-
play 360.

[0128] FIG.8Bisatimingdiagramillustratingaprocess
of transmitting, writing, and scanning a frame according
to an embodiment.

[0129] According to an embodiment, the display driver
383 (e.g., the display driver 383 of FIG. 3B) may wait to
receive a first frame until a second time 822 of a tearing
signal 860 output from the display 360 (e.g., the display
360 of FIG. 3A) after a first time 821. According to an
embodiment, the display driver 383 may receive the first
frame rendered by the second processor 321 (e.g., the
second processor 321 of FIG. 3A) atthe second time 822
based on a synchronization signal 840. For example, the
synchronization signal 840 may be a vertical synchroni-
zation signal. For example, the first time 821, the second
time 822, and a third time 823 may refer to times when
the tearing signal 860 is output from the display 360 and
rises. The display driver 383 may transmit the first frame
to the display controller 350 between the first time 821
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and the second time 822.

[0130] According to an embodiment, the display con-
troller 350 (e.g., the display controller 350 of FIG. 3A)
may transmit the first frame to the display 360 at the sec-
ond time 822.

[0131] According to an embodiment, the display 360
may read the first frame from the memory 233 and scan
(or display) the first frame at a falling time of the tearing
signal 860.

[0132] According to an embodiment, the display driver
383 may wait to receive a next frame (e.g., a second
frame or a third frame) for updating the first frame until a
third time 823 after the second time 822.

[0133] According to an embodiment, the display driver
383 may receive the second frame rendered by the sec-
ond processor 321 based on the synchronization signal
840. For example, the second frame may be a frame for
updating some layers of the first frame.

[0134] According to an embodiment, when identifying
thatthe second frame is a frame for updating some layers
of the first frame, the display driver 383 may request the
third frame for updating the entire first frame from the
second processor 321.

[0135] According to an embodiment, the display con-
troller 350 may transmit the third frame to the display 360
at the third time 823. For example, the display 360 may
write the third frame to the memory 233 at the third time
823. According to an embodiment, the display 360 may
read the third frame from the memory 233 and scan (or
display) the third frame at a falling time of the tearing
signal 860.

[0136] According to an embodiment, the display con-
troller 350 may transmit a top region (or middle region)
of the third frame to the display 360 during scanning (or
display) of a bottom region of the first frame on the display
360, such that the top region (or middle region) of the
third frame may be written to the memory 233 by the
display 360.

[0137] According to the above method, when expect-
ing screen tearing, the display driver 383 may transmit a
third frame for updating an entire first frame to the display
360 through the display controller 350. Therefore, the
display driver 383 may prevent screen tearing of the dis-
play 360.

[0138] An electronic device according to an embodi-
ment may include memory, a processor, a display con-
troller, and a display.

[0139] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment,
transmit a first frame to the display controller based on
a first tearing signal output at a first output time from the
display.

[0140] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment,
obtain a second frame for updating a portion of the plu-
rality of layers related to the first frame.
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[0141] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment,
based on identifying that the portion of the plurality of
layers corresponds to a region of interest (ROI) of the
first frame, identify that screen tearing occurs when the
second frame is transmitted to the display through the
display controller.

[0142] The electronic device according to an embodi-
ment, wherein the second frame is not written to memory
included in the display while the first frame is scanned
on the display, based on identifying that screen tearing
occurs.

[0143] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment,
transmit the second frame to the display controller after
the first frame is scanned on the display, based on iden-
tifying that the screen tearing occurs.

[0144] The memory may store at least one instruction
configured to cause, when executed by the display con-
troller, the electronic device to, according to an embod-
iment, transmit the second frame to the display after the
firstframe is scanned on the display, based on identifying
that the screen tearing occurs.

[0145] The memory may store at least one instruction
configured to cause, when executed by the display con-
troller, the electronic device to, according to an embod-
iment, transmit the second frame to the display after a
first specified time from a second output time of a second
tearing signal after the first tearing signal, based oniden-
tifying that the screen tearing occurs.

[0146] The memory may store at least one instruction
configured to cause, when executed by the display con-
troller, the electronic device to, according to an embod-
iment, write the second frame to the memory of the dis-
play after a second specified time from a second output
time of a second tearing signal after the first tearing sig-
nal.

[0147] The electronic device according to an embodi-
ment, the ROI may include a bottom region of the first
frame displayed on the display.

[0148] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment,
transmit the second frame to the display controller after
a third specified time from a second output time of a sec-
ond tearing signal after the first tearing signal, based on
identifying that the screen tearing occurs.

[0149] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment,
obtain a third frame for updating the plurality of layers
related to the first frame to the display, based on identi-
fying that the screen tearing occurs.

[0150] The memory may store at least one instruction
configured to cause, when executed by the processor,
the electronic device to, according to an embodiment,
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transmit the third frame to the display controller at a sec-
ond output time of a second tearing signal after the first
tearing signal.

[0151] The memory may store at least one instruction
configured to cause, when executed by the display con-
troller, the electronic device to, according to an embod-
iment, transmit the third frame to the display during scan-
ning the first frame on the display.

[0152] A method of operating an electronic device ac-
cording to an embodiment may include transmitting a first
frame to a display controller included in the electronic
device based on a first tearing signal output at a first
output time from the display.

[0153] The method of operating the electronic device
according to an embodiment may include obtaining a
second frame for updating a portion of the plurality of
layers related to the first frame.

[0154] The method of operating the electronic device
according to an embodiment may include, based oniden-
tifying that the portion of the plurality of layers corre-
sponds to a region of interest (ROI) of the first frame,
identifying that screen tearing occurs when the second
frame is transmitted to the display through the display
controller.

[0155] The method of operating the electronic device
according to an embodiment, wherein the second frame
is not written to memory included in the display while the
firstframe is scanned on the display, based on identifying
that screen tearing occurs.

[0156] The method of operating the electronic device
according to an embodiment may include transmitting
the second frame to the display controller after the first
frame is scanned on the display, based on identifying
that the screen tearing occurs.

[0157] The method of operating the electronic device
according to an embodiment may include transmitting
the second frame to the display after the first frame is
scanned on the display, based on identifying that the
screen tearing occurs, by the display controller.

[0158] The method of operating the electronic device
according to an embodiment may include transmitting
the second frame to the display after a first specified time
from a second output time of a second tearing signal,
based on identifying that the screen tearing occurs by
the display controller.

[0159] The method of operating the electronic device
according to an embodiment may include writing the sec-
ond frame to the memory of the display after a second
specified time from a second output time of a second
tearing signal after the first tearing signal, by the display
controller.

[0160] The method of operating the electronic device
according to an embodiment, the ROI may include a bot-
tom region of the first frame displayed on the display.
[0161] The method of operating the electronic device
according to an embodiment may include transmitting
the second frame to the display controller after a third
specified time from a second output time of a second
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tearing signal, based on identifying that the screen tear-
ing occurs.

[0162] The method of operating the electronic device
according to an embodiment may include obtaining a
third frame for updating the plurality of layers related to
the first frame, based on identifying that the screen tear-
ing occurs.

[0163] The method of operating the electronic device
according to an embodiment may include transmitting
the third frame to the display controller at a second output
time of a second tearing signal after the first tearing sig-
nal.

[0164] The method of operating the electronic device
according to an embodiment may include transmitting
the third frame to the display during scanning the first
frame on the display, by the display controller.

[0165] A non-transitory computer readable medium
storing at least one instruction, wherein the at least one
instruction, when executed by at least one processor of
an electronic device, may cause the electronic device to,
according to an embodiment, transmit a first frame to a
display controller included in an electronic device based
on a first tearing signal output at a first output time from
the display.

[0166] The non-transitory computer readable medium
storing at least one instruction, wherein the at least one
instruction, when executed by at least one processor of
an electronic device, may cause the electronic device to,
according to an embodiment, obtain a second frame for
updating a portion of the plurality of layers related to the
first frame.

[0167] The non-transitory computer readable medium
storing at least one instruction, wherein the at least one
instruction, when executed by at least one processor of
an electronic device, may cause the electronic device to,
according to an embodiment, based on identify that the
portion of the plurality of layers corresponds to a region
of interest (ROI) of the first frame, identifying that screen
tearing occurs when the second frame is transmitted to
the display through the display controller.

[0168] The non-transitory computer readable medium
storing at least one instruction, according to an embod-
iment, wherein the second frame is not written to memory
included in the display while the first frame is scanned
on the display, based on identifying that screen tearing
occurs. The electronic device according to various em-
bodiments may be one of various types of electronic de-
vices. The electronic devices may include, for example,
a portable communication device (e.g., a smartphone),
a computer device, a portable multimedia device, a port-
able medical device, a camera, a wearable device, or a
home appliance. According to an embodiment of the dis-
closure, the electronic devices are not limited to those
described above.

[0169] It should be appreciated that various embodi-
ments of the present disclosure and the terms used there-
in are not intended to limit the technological features set
forth herein to particular embodiments and include vari-
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ous changes, equivalents, or replacements for a corre-
sponding embodiment. With regard to the description of
the drawings, similar reference numerals may be used
to refer to similar or related elements. It is to be under-
stood that a singular form of a noun corresponding to an
item may include one or more of the things, unless the
relevant context clearly indicates otherwise.

[0170] As used herein, each of such phrases as "A or
B", "at least one of A and B", "at least one of A or B", "A,
B, or C", "at least one of A, B, and C", and "at least one
of A, B, or C", may include any one of, or all possible
combinations of the items enumerated together in a cor-
responding one of the phrases. As used herein, such
terms as "1st" and "2nd", or "first" and "second" may be
used to simply distinguish a corresponding component
from another, and does not limit the components in other
aspect (e.g., importance or order). It is to be understood
thatifan element (e.g., afirst element) is referred to, with
or without the term "operatively" or "communicatively",
as "coupled with", "coupled to", "connected with", or "con-
nected to" another element (e.g., a second element), it
means that the element may be coupled with the other
element directly (e.g., wiredly), wirelessly, or via a third
element.

[0171] As used in connection with various embodi-
ments of the disclosure, the term "module" may include
a unit implemented in hardware, software, or firmware,
and may interchangeably be used with other terms, for
example, logic, logic block, part, or circuitry. A module
may be a single integral component, or a minimum unit
or partthereof, adapted to perform one or more functions.
For example, according to an embodiment, the module
may be implemented in a form of an application-specific
integrated circuit (ASIC).

[0172] Various embodiments as set forth herein may
be implemented as software (e.g., the program 140) in-
cluding one or more instructions that are stored in a stor-
age medium (e.g., internal memory 136 or external mem-
ory 138) thatis readable by a machine (e.g., the electronic
device 101, 201, or 301). For example, a processor (e.g.,
the processor 120 or 320) of the machine (e.g., the elec-
tronic device 101, 201 or 301) may invoke at least one
of the one or more instructions stored in the storage me-
dium, and execute it, with or without using one or more
other components under the control of the processor.
This allows the machine to be operated to perform at
least one function according to the at least one instruction
invoked. The one or more instructions may include a code
generated by a complier or a code executable by an in-
terpreter. The machine-readable storage medium may
be provided in the form of a non-transitory storage me-
dium. Wherein, the term "non-transitory" simply means
that the storage medium is a tangible device, and does
not include a signal (e.g., an electromagnetic wave), but
this term does not differentiate between where data is
semi-permanently stored in the storage medium and
where the data is temporarily stored in the storage me-
dium.
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[0173] Accordingto anembodiment, a method accord-
ing to various embodiments of the disclosure may be
included and provided in a computer program product.
The computer program product may be traded as a prod-
uctbetween a seller and a buyer. The computer program
product may be distributed in the form of a machine-read-
able storage medium (e.g., compactdisc read only mem-
ory (CD-ROM)), or be distributed (e.g., downloaded or
uploaded) online via an application store (e.g., Play-
Store™), or between two user devices (e.g., smart
phones) directly. If distributed online, at least part of the
computer program product may be temporarily generat-
ed or at least temporarily stored in the machine-readable
storage medium, such as memory of the manufacturer’'s
server, a server of the application store, or a relay server.
[0174] According to various embodiments, each com-
ponent (e.g., a module or a program) of the above-de-
scribed components may include a single entity or mul-
tiple entities, and some of the multiple entities may be
separately disposed in different components. According
to various embodiments, one or more of the above-de-
scribed components may be omitted, or one or more oth-
er components may be added. Alternatively or addition-
ally, a plurality of components (e.g., modules or pro-
grams) may be integrated into a single component. In
such a case, according to various embodiments, the in-
tegrated component may still perform one or more func-
tions of each of the plurality of components in the same
orsimilar manner as they are performed by a correspond-
ing one of the plurality of components before the integra-
tion. According to various embodiments, operations per-
formed by the module, the program, or another compo-
nent may be carried out sequentially, in parallel, repeat-
edly, or heuristically, or one or more of the operations
may be executed in a different order or omitted, or one
or more other operations may be added.

Claims

1. An electronic device (101 in FIG. 1; 301 in FIG. 3A)
comprising:

memory (130 in FIG. 1; 330 in FIG. 3A);

a processor (120 in FIG. 1; 322 in FIG. 3A);

a display controller (350 in FIG. 3A); and

a display (160 in FIG. 1; 260 in FIG. 2A; 360 in
FIG. 3A),

wherein the memory stores at least one instruc-
tion configured to cause, when executed by the
processor, the electronic device to transmit
(401, 421) a first frame to the display controller
based on a first tearing signal output at a first
output time from the display,

obtain (403, 423) a second frame for updating
a portion of the plurality of layers related to the
first frame, , and

based on identifying (405, 425) that the portion
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of the plurality of layers corresponds to a region
of interest (ROI) of the first frame, identify (407,
427)thatscreen tearing occurs when the second
frame is transmitted to the display through the
display controller, and

wherein the second frame is not written to mem-
ory (233) included in the display while the first
frame is scanned on the display (409, 429),
based on identifying that screen tearing occurs.

The electronicdevice of claim 1, wherein the memory
stores at least one instruction configured to cause,
when executed by the processor, the electronic de-
vice to:

transmit the second frame to the display controller
after the first frame is scanned on the display, based
on identifying that the screen tearing occurs.

The electronic device of any one of claims 1 or 2,
wherein the memory stores at least one instruction
configured to cause, when executed by the display
controller, the electronic device to:

transmit the second frame to the display after the
first frame is scanned on the display, based on iden-
tifying that the screen tearing occurs.

The electronic device of any one of claims 1 to 3,
wherein the memory stores at least one instruction
configured to cause, when executed by the display
controller, the electronic device to:

transmit the second frame to the display after a first
specified time from a second output time of a second
tearing signal after the first tearing signal, based on
identifying that the screen tearing occurs.

The electronic device of any one of claims 1 to 4,
wherein the memory stores at least one instruction
configured to cause, when executed by the display
controller, the electronic device to:

write the second frame to the memory (233 in FIG.
2) of the display after a second specified time from
a second output time of a second tearing signal after
the first tearing signal.

The electronic device of any one of claims 1 to 5,
wherein the ROl includes a bottom region of the first
frame displayed on the display.

The electronic device of any one of claims 1 to 6,
wherein the memory stores at least one instruction
configured to cause, when executed by the proces-
sor, the electronic device to:

transmit the second frame to the display controller
after a third specified time from a second output time
of asecond tearing signal after the first tearing signal,
based on identifying that the screen tearing occurs.

The electronic device of any one of claims 1 to 7,
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wherein the memory stores at least one instruction
configured to cause, when executed by the proces-
sor, the electronic device to:

obtain a third frame for updating the plurality of layers
related to the first frame, based on identifying that
the screen tearing occurs.

The electronic device of any one of claims 1 to 8,
wherein the memory stores at least one instruction
configured to cause, when executed by the proces-
sor, the electronic device to:

transmit the third frame to the display controller at a
second output time of a second tearing signal after
the first tearing signal.

The electronic device of any one of claims 1 to 9,
wherein the memory stores at least one instruction
configured to cause, when executed by the display
controller, the electronic device to:
transmit the third frame to the display during scan-
ning the first frame on the display.

A method of operating an electronic device (101 in
FIG. 1; 301 in FIG. 3A), comprising:

transmitting (401, 421) a first frame to a display
controller (350 in FIG. 3) included in the elec-
tronic device based on a first tearing signal out-
put at a first output time from the display;
obtaining (403, 423) a second frame for updating
a portion of the plurality of layers related to the
first frame; and

based on identifying (405, 425) that the portion
of the plurality of layers corresponds to a region
of interest (ROI) of the first frame, identifying
(407, 427) that screen tearing occurs when the
second frame is transmitted to the display
through the display controller; and

wherein the second frame is not written to a
memory included in the display while the first
frame is scanned on the display (409, 429),
based on identifying that screen tearing occurs.

The method of claim 11, further comprising transmit-
ting the second frame to the display after the first
frame is scanned on the display controller, based on
identifying that the screen tearing occurs.

The method of any one of claims 11 and 12, further
comprising transmitting the second frame to the dis-
play after the first frame is scanned on the display,
based on identifying that the screen tearing occurs,
by the display controller.

The method of any one of claims 11 to 13, further
comprising transmitting the second frame to the dis-
play after a first specified time from a second output
time of a second tearing signal, based on identifying
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that the screen tearing occurs, by the display con-
troller.

15. A non-transitory computer readable medium storing

at least one instruction, wherein the at least one in-
struction, when executed by a processor of an elec-
tronic device, causes the electronic device to:trans-
mit (401, 421) a first frame to a display controller
(350in FIG. 3) included in an electronic device (101
in FIG. 1; 301 in FIG. 3A) based on a first tearing
signal output at a first output time from the display;

obtain (403, 423) a second frame for updating
a portion of the plurality of layers related to the
first frame;

based on identifying (405, 425) that the portion
of the plurality of layers corresponds to a region
of interest (ROI) of the first frame, identify (407,
427)thatscreen tearing occurs when the second
frame is transmitted to the display through the
display controller; and

wherein the second frame is not written to mem-
ory (233) included in the display while the first
frame is scanned on the display (409, 429),
based on identifying that screen tearing occurs.
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THIRD PROCESSOR IDENTIFIES THAT SCREEN TEARING
WILL OCCUR, BASED ON IDENTIFYING THAT SECOND FRAME
IS FOR UPDATING LAYER TO ROI IN PART OF FIRST FRAME

—605

DISPLAY CONTROLLER TRANSMITS SECOND FRAME AFTER
SPECIFIED TIME FROM OUTPUT TIME OF TEARING SIGNAL

—607

END

FIG. 6A
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IS FOR UPDATING LAYER TO ROI IN PART OF FIRST FRAME
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