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( 57 ) ABSTRACT 
An electrical device providing audible and haptic commu 
nication with its user includes a touch screen , an array of 
piezoelectric elements , a memory , and a processor . The 
touch screen is divided into touch regions and each touch 
region carries one piezoelectric element . When receiving 
touch inputs from a user , the processor uses data and 
programs stored in the memory to ( 1 ) determine which touch 
region the touch input is located in , ( 2 ) determine which 
piezoelectric element corresponds to the determined touch 
region , and ( 3 ) vibrate the determined piezoelectric element 
at a predetermined frequency . The electrical device can 
output sound by ( 1 ) obtaining a signal of the sound to be 
output and ( 2 ) vibrating the piezoelectric element , or more 
than one at different predetermined frequencies , to output an 
audible sound . 
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ELECTRICAL DEVICE WITH 
PIEZOELECTRIC ELEMENTS 

COMMUNICATING HAPTICALLY AND 
AUDIBLY WITH USER 

FIELD 
[ 0001 ] The present disclosure relates to human - computer 
interfacing 

ments 20 , a memory 30 , a processor 40 , a wireless commu 
nication module 50 , an audio / video ( A / V ) input unit 60 , and 
an interface unit 70 . The electrical device 100 may include 
more or less components than as described . 
[ 0010 ] The touch screen 10 is configured to receive touch 
inputs from a user , and display information such as text , 
graphics , videos , or the like . The touch screen 10 may be a 
resistive touch screen , a capacitive touch screen , an infrared 
touch screen , or a surface acoustic wave touch screen . Each 
piezoelectric element 201 may include a piezoelectric 
ceramic sheet and a metal substrate . 
[ 0011 ] . With further reference to FIG . 2 , the touch screen 
10 is divided into a plurality of touch regions R . The touch 
screen 10 includes a touch panel 101 and a display panel 
102 . The touch panel 101 receives the user ' s touches . The 
piezoelectric elements 201 are disposed under the touch 
screen 10 . The piezoelectric elements 201 have a one - to - one 
correspondence with the touch regions R of the touch screen 

BACKGROUND 
[ 0002 ] An electrical device such as a mobile phone pro 
vides tactile feedback through a vibrator mounted in a 
predetermined position thereof . However , no matter where a 
user touches a touch screen of the electrical device , the 
motor is always in the same position and not aligned with the 
user ' s touch position . Therefore , the user experience is not 
optimal . An electrical device can also produce sound 
through a loudspeaker and an earpiece . The electrical device 
must include speaker holes and earpiece holes in a housing 
thereof . Waterproofing becomes a problem because of such 
holes in the electrical device . In addition , the vibrator , the 
loudspeaker , and the earpiece occupy space inside the elec 
trical device , so are inconsistent with the trend of thinning 
the electrical device . 

10 . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0003 ] Many aspects of the disclosure can be better under 
stood with reference to the following drawings . The com 
ponents in the drawings are not necessarily drawn to scale , 
the emphasis instead being placed upon clearly illustrating 
the principles of the disclosure . Moreover , in the drawings , 
like reference numerals designate corresponding parts 
throughout the several views . 
[ 0004 ] FIG . 1 is a block diagram of an embodiment of an 
electrical device . 
[ 0005 ) FIG . 2 is a schematic exploded view of a touch 
screen and an array of piezoelectric elements of the electrical 
device of FIG . 1 . 
[ 0006 ] FIG . 3 is a schematic exploded view of a touch 
panel of the touch screen and the array of piezoelectric 
elements of the electrical device of FIG . 1 . 
[ 0007 ] FIG . 4 is block diagram of a piezoelectric control 
system of the electrical device of FIG . 1 . 

[ 0012 ] The memory 30 stores instructions executed by the 
processor 40 . The memory 30 may further store other data 
associated with the electrical device 100 , such as a phone 
book , audio / video data , image data , and the like . The 
memory 30 may be a read - only memory ( ROM ) , a random 
access memory ( RAM ) , a programmable read - only memory 
( PROM ) , an erasable programmable read - only memory 
( EPROM ) , an electrically erasable programmable read - only 
memory ( EEPROM ) , a one - time programmable read - only 
memory ( OTPROM ) , an optical storage device such as a 
compact disc read - only memory ( CD - ROM ) , a magnetic 
storage device such as a magnetic disk or a magnetic tape , 
or any other computer readable storage media . 
[ 0013 ] The processor 40 is coupled to the touch screen 10 , 
the piezoelectric elements 201 , and the memory 30 . The 
processor 40 may include a single packaged integrated 
circuit , or may include a plurality of packaged integrated 
circuits having the same function or different functions . For 
example , the processor 40 may include one or more central 
processing units ( CPUs ) , microprocessors , digital signal 
processors ( DSPs ) , graphic processing units ( GPUs ) , or a 
combination thereof . The processor 40 may further include 
a touch integrated circuit , a piezoelectric integrated circuit , 
and the like . 
[ 0014 ] . When the touch screen 10 receives a touch from the 
user , the processor 40 executes the instructions in the 
memory 30 to perform operations . The operations include : 
( 1 ) determining which particular touch region R the touch 
input is located in ; ( 2 ) determining which piezoelectric 
elements 201 correspond to the determined touch region R ; 
and ( 3 ) vibrating the determined piezoelectric elements 201 
at a predetermined frequency . The vibration of the piezo 
electric element 201 is transmitted through a medium such 
as the touch screen 10 and a housing ( not shown ) of the 
electrical device 100 . Therefore , tactile feedback at the 
user ' s touch position is provided , and the user experience is 
enhanced . 
10015 ] . When the electrical device 100 needs to output 
sound , the processor 40 executes the instructions in the 
memory 30 to perform operations . The operations include : 
( 1 ) obtaining a signal of the sound to be output ; and ( 2 ) 
vibrating the piezoelectric elements 201 to output the sound 
according to the obtained signal . Sound output is also 
provided by the element 201 . The sound to be output may be 
the speech of a telephone caller , the sound of music or of a 

DETAILED DESCRIPTION 
[ 0008 ] It will be appreciated that for simplicity and clarity 
of illustration , where appropriate , reference numerals have 
been repeated among the different figures to indicate corre 
sponding or analogous elements . In addition , numerous 
specific details are set forth in order to provide a thorough 
understanding of the embodiments described herein . How 
ever , it will be understood by those of ordinary skill in the 
art that the embodiments described herein can be practiced 
without these specific details . In other instances , methods , 
procedures , and components have not been described in 
detail so as not to obscure the related relevant feature being 
described . Also , the description is not to be considered as 
limiting the scope of the embodiments described herein . The 
drawings are not necessarily to scale and the proportions of 
certain parts may be exaggerated to better illustrate details 
and features of the present disclosure . 
[ 0009 ] With reference to FIG . 1 , an electrical device 100 
includes a touch screen 10 , an array of piezoelectric ele 



US 2019 / 0278428 A1 Sep . 12 , 2019 

movie stored in the memory 30 or acquired by the wireless 
communication module 50 , or the like . 
[ 0016 ] The wireless communication module 50 is coupled 
to the processor 40 . The wireless communication module 50 
is configured to establish a wireless connection between the 
electrical device 100 and other electrical devices such that 
the electrical device 100 can send data to and receive data 
from the other electrical devices . The wireless communica 
tion module 50 may include a broadcast receiving module , 
a mobile communication module , a local area network 
( LAN ) module , a wireless network module , and the like . The 
broadcast receiving module may receive a signal broadcast 
from a broadcasting station . The mobile communication 
module is configured to communicate with a base station , 
with a server , and with other terminals in a mobile commu 
nication network . The communication may be in the form of 
voice call data , video call data , or the like . The LAN module 
may include BLUETOOTH , ZIGBEE , and the like . The 
wireless network module may include WI - FI , WIMAX , and 
the like . 
[ 0017 ] The A / V input unit 60 is coupled to the processor 
40 . The A / V input unit 60 is configured to receive audio and 
video signals from an external source . The A / V input unit 60 
may include a microphone and a camera . The microphone 
can receive sound . During a video function , the camera 
captures images and the wireless communication module 50 
transmits the captured images to an external device . The AN 
input unit 60 may further include an audio codec 601 . When 
the microphone receives sound , the audio codec 601 can 
remove noise in the sound and also remove echo or feedback 
generated by the piezoelectric elements 201 . 
[ 0018 ] The interface unit 70 is coupled to the processor 40 . 
The interface unit 70 is configured to connect the electrical 
device 100 to other devices such as a headset and a charger . 
The interface unit 70 may include a headset jack , a universal 
serial bus ( USB ) port , and the like . 
[ 0019 ] With reference to FIG . 3 , in the present embodi 
ment , a touch panel 101 or part of such panel is divided into 
four rectangular touch regions , each labelled “ R ” . There is 
a first touch region R1 , a second touch region R2 , a third 
touch region R3 , and a fourth touch region R4 . The first to 
fourth touch regions R1 - R4 are arranged in a two - by - two 
matrix . The touch panel 101 is defined in an x - y coordinate 
system . The touch panel 101 has an x coordinate within the 
range of 0 to 1x , and a y coordinate within the range of 0 to 
ly . The first touch region R1 has an x coordinate within the 
range of 0 to 1 / 2x , and a y coordinate within the range of 0 
to 1 / 2y . The second touch region R2 has an x coordinate 
within the range of 1 / 2x to 1x , and a y coordinate within the 
range of 0 to 1 / 2y . The third touch region R3 has an x 
coordinate within the range of 0 to 1 / 2x , and a y coordinate 
within the range of 1 / 2y to ly . The fourth touch region R4 
has an x coordinate within the range of 1 / 2x to 1x , and a y 
coordinate within the range of 1 / 2y to ly . An array of four 
rectangular piezoelectric elements 201 including a first 
piezoelectric element 2011 , a second piezoelectric element 
2012 , a third piezoelectric element 2013 , and a fourth 
piezoelectric element 2014 are positioned under the entire 
touch screen 10 . The first piezoelectric element 2011 has 
identification PEI . The second piezoelectric element 2012 
has identification PEII . The third piezoelectric element 2013 
has identification PEIII . The fourth piezoelectric element 
2014 has identification PEIV . The individual identifications 

PEI - PEIV may represent coordinate values , serial numbers 
of the piezoelectric elements 201 , or predetermined numbers 
set by the user . 
[ 0020 ] In other embodiments , the touch panel 101 may be 
divided into a plurality of touch regions R which are each for 
example hexagonal in shape . 
0021 ] In the present embodiment , the memory 30 stores 
correspondence between the first touch region R1 and iden 
tification PEI of the first piezoelectric element 2011 , 
between the second touch region R2 and identification PEII 
of the second piezoelectric element 2012 , between the third 
touch region R3 and identification PEIII of the third piezo 
electric element 2013 , and between the fourth touch region 
R4 and identification PEIV of the fourth piezoelectric ele 
ment 2014 . 
[ 0022 ] With reference to FIG . 4 , the electrical device 100 
further includes a piezoelectric control system 80 coupled to 
the processor 40 . The piezoelectric control system 80 may 
include a touch detection module 801 , a vibration control 
module 802 , a sound obtaining module 803 , and a sound 
control module 804 . 
[ 0023 ] The touch detection module 801 is configured to 
obtain the touch input from the user ' s touch to determine a 
coordinate of the touch input , and then to determine the 
touch region R in which the touch input is located . For 
example , when the coordinate of the touch input is ( 1 / 4x , 
1 / 4y ) , the touch detection module 801 will determine that 
the touch input is in the first touch region R1 . 
[ 0024 ] The vibration control module 802 is configured to 
determine which piezoelectric elements 201 correspond to 
the determined touch region R , and then vibrate the deter 
mined piezoelectric elements 201 at a predetermined fre 
quency . The vibration control module 802 determines which 
piezoelectric elements 201 correspond to the determined 
touch region R according to the stored correspondence 
between the touch regions R and the piezoelectric elements 
201 . For example , when the touch input from the user ' s 
touch is in the first touch region R1 , the vibration control 
module 802 determines that first piezoelectric element 2011 
is the corresponding element , and then vibrates the first 
piezoelectric element 2011 in the frequency range of 0 - 250 
Hz . 
[ 0025 ] The sound obtaining module 803 is configured to 
obtain the signal of the sound that needs to be output from 
the electrical device 100 . 
[ 0026 ] The sound control module 804 is configured to 
vibrate one or more of the piezoelectric elements 201 to 
output the sound that needs to be output . Each piezoelectric 
element 201 can be configured to output a portion of the 
sound to be output . 
[ 0027 ] . The sound control module 804 can vibrate each 
piezoelectric element 201 to output the sound present in one 
channel of multiple channels . For example , when the sound 
to be output has a left channel signal and a right channel 
signal , the sound control module 804 vibrates a number of 
the piezoelectric elements 201 in response to the left channel 
signal to output sound , and vibrates other piezoelectric 
elements 201 in response to the right channel signal to 
output the sound . 
[ 0028 ] The sound control module 804 can vibrate each 
piezoelectric element 201 to output the sound of one fre 
quency range . For example , when the sound to be output 
exists in a low frequency range ( 30 - 150 Hz ) , a medium - low 
frequency range ( 150 - 500 Hz ) , a medium - high frequency 
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range ( 0 . 5 - 5 KHz ) , and a high frequency range ( 5 - 20 KHz ) , 
the sound control module 804 can vibrate four of the 
piezoelectric elements 201 to output the overall sound . 
[ 0029 ] In the present embodiment , a volume of the sound 
to be output can be proportional to the number of piezo 
electric elements 201 which are vibrated . That is , the greater 
the volume of the sound to be output , the greater the number 
of piezoelectric elements 201 which vibrate , and the smaller 
the volume of the sound to be output , the smaller the number 
of piezoelectric elements 201 which vibrate . The sound 
control module 804 is configured to obtain the sound volume 
level set by the user , and then determines the number of 
piezoelectric elements 201 to be vibrated . The memory 30 
stores correspondence between the sound volume levels and 
the number of piezoelectric elements 201 to be vibrated . 
When sound obtaining module 803 obtains the sound signal 
to be output , the sound control module 804 obtains the sound 
volume level set by the user , determines the number of 
piezoelectric elements 201 to be vibrated , and then vibrates 
the piezoelectric elements 201 . For example , the sound 
control module 804 vibrates five piezoelectric elements 201 
to output the sound when determining that the overall 
volume required is equal to five piezoelectric elements 201 . 
[ 0030 ] The sound control module 804 may select the 
piezoelectric elements 201 randomly or according to a type 
of the sound to be output or according to a predetermined 
rule . The predetermined rule may be set by the user . For 
example , when the sound to be output is sound of a 
telephone caller ' s voice , the sound control module 804 
vibrates the piezoelectric elements 201 located in the upper 
part of the electrical device 100 to output the sound . In this 
way , it is the piezoelectric elements 201 closest to the user ' s 
ear which are vibrated when the user holds the electrical 
device 100 during the telephone call , thereby simulating an 
earpiece function . As another example , when the sound to be 
output is music , the sound control module 804 vibrates the 
piezoelectric elements 201 located in the middle part of the 
electrical device 100 to output the sound , thereby simulating 
the function of a loudspeaker . 
[ 0031 ] The piezoelectric elements 201 are vibrated to 
provide tactile feedback and sound . This arrangement 
replaces the vibrator , the loudspeaker , and the earpiece in 
conventional electrical devices . The electrical device 100 is 
also free of speaker holes and earpiece holes in the housing 
thereof , thereby improving the aesthetic appearance and 
waterproof characteristics of the electrical device 100 . 
[ 0032 ] The sound control module 804 can be further 
configured to determine whether a headset plug is inserted 
into the interface unit 70 . A headset plug may be inserted by 
a user for private or silent listening . When a headset plug is 
inserted into the interface unit 70 , the sound control module 
804 transmits the signal of the sound to be output to the 
interface unit 70 such that the headset outputs the sound . 
[ 0033 ] The embodiments shown and described above are 
only examples . Many details are often found in the art such 
as the other features of an electrical device . Therefore , many 
such details are neither shown nor described . Even though 
numerous characteristics and advantages of the present 
technology have been set forth in the foregoing description , 
together with details of the structure and function of the 
present disclosure , the disclosure is illustrative only , and 
changes may be made in the detail , especially in matters of 
shape , size , and arrangement of the parts within the prin 
ciples of the present disclosure , up to and including the full 

extent established by the broad general meaning of the terms 
used in the claims . It will therefore be appreciated that the 
embodiments described above may be modified within the 
scope of the claims . 
What is claimed is : 
1 . An electrical device comprising : 
a touch screen configured to receive touch inputs , and the 

touch screen divided into a plurality of touch regions ; 
an array of piezoelectric elements disposed under the 

touch screen , and the piezoelectric elements having a 
one - to - one correspondence with the touch regions of 
the touch screen ; 

a memory storing instructions ; and 
a processor executing the instructions in the memory , and 

the processor coupled to the touch screen , the piezo 
electric elements , and the memory ; 

wherein when the touch screen receives a touch input , the 
processor executes the instructions in the memory to 
perform operations comprising : 
determining which touch region the touch input is 

located in ; 
determining which piezoelectric elements correspond 

to the determined touch region ; and 
vibrating the determined piezoelectric elements at a 

predetermined frequency ; and 
wherein when the electrical device needs to output 

sound , the processor executes the instructions in the 
memory to perform operations comprising : 

obtaining a signal of the sound to be output ; and 
vibrating the piezoelectric elements to output the 

obtained signal of sound . 
2 . The electrical device of claim 1 , 
wherein the touch screen is defined in an x - y coordinate 

system , and each touch region of the touch screen 
corresponds to a coordinate range of the x - y coordinate 
system ; 

wherein each piezoelectric element has a correspondence 
identification ; and 

wherein the memory stores correspondence between the 
touch regions and the correspondence identification of 
the piezoelectric elements . 

3 . The electrical device of claim 1 , wherein each piezo 
electric element outputs the sound present in one channel . 

4 . The electrical device of claim 1 , wherein each piezo 
electric element outputs the sound in one frequency range . 

5 . The electrical device of claim 3 , wherein each piezo 
electric element produces the sound in one frequency range . 

6 . The electrical device of claim 1 , wherein a volume of 
the sound to be output is proportional to the number of 
piezoelectric elements which are vibrated ; and 

wherein when the electrical device needs to output the 
sound , the processor executes the instructions in the 
memory , before vibrating the piezoelectric elements to 
output the sound , to perform operations comprising : 
obtaining a set sound volume level ; and 
determining the number of piezoelectric elements to be 

vibrated . 
7 . The electrical device of claim 6 , wherein when the 

electrical device needs to output the sound , the processor 
executes the instructions in the memory , after determining 
the number of piezoelectric elements to be vibrated , to 
perform operations comprising : 
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selecting the piezoelectric elements randomly ; and 
vibrating the selected piezoelectric elements to output the 

sound . 
8 . The electrical device of claim 6 , wherein when the 

electrical device needs to output the sound , the processor 
executes the instructions in the memory , after determining 
the number of piezoelectric elements to be vibrated , to 
perform operations comprising : 

selecting the piezoelectric elements according to a type of 
the sound to be output ; and 

vibrating the selected piezoelectric elements to output the 
sound . 

9 . The electrical device of claim 1 , further comprising an 
interface unit ; the interface unit coupled to the processor , 
and configured to connect the electrical device to a headset ; 

wherein when the electrical device needs to output the 
sound , the processor executes the instructions in the 

memory , after obtaining the signal of the sound to be 
output , to perform operations comprising : 
determining whether a headset plug is inserted into the 

interface unit ; and 
transmitting the signal of the sound to be output to the 

interface unit when the headset plug is inserted into 
the interface unit such that the headset outputs the 
sound . 

10 . The electrical device of claim 1 , further comprising an 
audio input unit , the audio input unit coupled to the proces 
sor , and configured to receive audio signals , and the audio 
input unit comprising an audio codec ; 

wherein when the audio input unit receives sound , the 
audio codec removes noise in the sound and remove 
echo generated by the piezoelectric elements . 


