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SYNCHRONOUS SAMPLING IN - PHASE AND 
QUADRATURE - PHASE ( I / Q ) DETECTION 

CIRCUIT 

PRIORITY 

[ 0001 ] This application claims priority under 35 U.S.C. S 
119 ( e ) to a U.S. Provisional Patent Application filed on Sep. 
26 , 2018 in the United States Patent and Trademark Office 
and assigned Ser . No. 62 / 736,597 , the entire contents of 
which are incorporated herein by reference . 

FIELD 

[ 0002 ] The present disclosure relates generally to an in 
phase / quadrature ( I / Q ) phase detection circuit , and more 
particularly , to a synchronous sampling I / Q phase detection 
circuit . 

first phase detector , a first set of input signals from the first 
multiplexer ; receiving , by a first reset and sampling circuit , 
outputs of the first phase detector ; receiving , by a second 
multiplexer , a second plurality of input signals ; receiving , by 
a second phase detector , a second set of input signals from 
the second multiplexer ; receiving , by a second reset and 
sampling circuit , outputs of the second phase detector ; 
receiving , by a comparator , at least two sets of differential 
inputs , wherein at least of the at least two sets of differential 
inputs are outputs of the first reset and sampling circuit and 
the second reset and sampling circuit ; cancelling , by the 
comparator , settling of an output of the first reset and 
sampling circuit with settling of an output of the second reset 
and sampling circuit , and outputting , by the comparator , a 
DC voltage indicative of a detected phase difference ; out 
putting , by a control signal generator , reset and sampling 
signals to control the first reset and sampling circuit and the 
second reset and sampling circuit ; and providing , by each of 
the first multiplexer and the second multiplexer , at least one 
of ( a ) and ( b ) according to a mode control signal , wherein : 
( a ) a first subset of the first set of input signals and the 
second set of input signals to the first phase detector and the 
second phase detector , respectively , and ( b ) a second subset 
of the first set of input signals and the second set of input 
signals to the first phase detector and second phase detector , 
respectively . 

BACKGROUND 

[ 0003 ] A wireless transceiver and quarter - rate wireline 
transceiver requires I / Q signals with accurate 90 degree 
phase difference . 
[ 0004 ] Conventional I / Q phase detection circuits rely on 
low bandwidth resistor - capacitor ( RC ) filters to extract 
direct current ( DC ) values from a phase - detector . This 
requirement slows down the detection time . In addition , 
conventional phased detection circuits have low accuracy . 

BRIEF DESCRIPTION OF THE DRAWINGS 
SUMMARY 

[ 0005 ] According to one embodiment , a synchronized I / Q 
detection circuit is provided . The synchronized I / Q detection 
circuit includes synchronized in - phase / quadrature phase 
( 1 / Q detection circuit , including a first multiplexer config 
ured to receive a first plurality of input signals ; a first phase 
detector configured to receive a first set of input signals from 
the first multiplexer ; a first reset and sampling circuit 
configured to receive outputs of the first phase detector ; a 
second multiplexer configured to receive a second plurality 
of input signals ; a second phase detector configured to 
receive a second set of input signals from the second 
multiplexer ; a second reset and sampling circuit configured 
to receive outputs of the second phase detector ; a compara 
tor configured to : receive at least two sets of differential 
inputs , wherein at least of the at least two sets of differential 
inputs are outputs of the first reset and sampling circuit and 
the second reset and sampling circuit ; cancel settling of an 
output of the first reset and sampling circuit with settling of 
an output of the second reset and sampling circuit , and 
output a DC voltage indicative of a detected phase differ 
ence ; and a control signal generator configured to output 
reset and sampling signals to control the first reset and 
sampling circuit and the second reset and sampling circuit , 
wherein the first multiplexer and the second multiplexer are 
each configured to provide at least one of ( a ) and ( b ) 
according to a mode control signal , wherein : ( a ) a first subset 
of the first set of input signals and the second set of input 
signals to the first phase detector and the second phase 
detector , respectively , and ( b ) a second subset of the first set 
of input signals and the second set of input signals to the first 
phase detector and second phase detector , respectively . 
[ 0006 ] According to one embodiment , a method is pro 
vided . The method includes method of a synchronized I / Q 
detection circuit , the method including receiving , by a first 
multiplexer , a first plurality of input signals ; receiving , by a 

[ 0007 ] The above and other aspects , features , and advan 
tages of certain embodiments of the present disclosure will 
be more apparent from the following detailed description , 
taken in conjunction with the accompanying drawings , in 
which : 
[ 0008 ] FIG . 1 is a diagram of a conventional I / Q phase 
detector ; 
[ 0009 ] FIG . 2 is a chart of I / Q phase detector input signals 
in four phases ; 
[ 0010 ] FIG . 3 is a diagram of a conventional I / Q phase 
detection circuit with process variation cancellation ; 
[ 0011 ] FIG . 4 is a diagram of a synchronous sampling I / Q 
phase detection circuit , according to one embodiment ; 
[ 0012 ] FIG . 5 is a block diagram of a synchronized control 
signal generator of the synchronous sampling 1 / Q phase 
detection circuit of FIG . 4 , according to one embodiment ; 
[ 0013 ] FIG . 6 is a diagram of a first phase detector and a 
second phase detector with alternative logic functions , 
according to one embodiment ; 
[ 0014 ] FIG . 7 is a diagram of a first phase detector and a 
second phase detector with alternative logic functions , 
according to one embodiment ; 
[ 0015 ] FIG . 8 is a diagram of a first phase detector and a 
second phase detector with alternative logic functions , 
according to one embodiment ; 
[ 0016 ] FIG . 9 is a diagram of a first phase detector and a 
second phase detector with alternative logic functions , 
according to one embodiment ; 
[ 0017 ] FIG . 10 is a diagram of a first phase detector and 
a second phase detector that use rising edges of input 
signals , according to one embodiment ; 
[ 0018 ] FIG . 11 is a diagram of a first phase detector and a 
second phase detector that use only two phases and rising 
edges of input signals , according to one embodiment ; 
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[ 0019 ] FIG . 12 is a diagram of a first phase detector and 
a second phase detector that use only two phases and rising 
edges of input signals , according to one embodiment ; 
[ 0020 ] FIG . 13 is a diagram of a first phase detector and 
a second phase detector that use only two phases and rising 
edges of input signals , according to one embodiment ; 
[ 0021 ] FIG . 14 is a diagram of a first phase detector and 
a second phase detector that use only two phases and rising 
edges of input signals , according to one embodiment ; 
[ 0022 ] FIG . 15 is a diagram of a first XOR phase detector 
and a second XNOR phase detector that require only two 
50 % duty cycle input signal phases , according to one 
embodiment ; 
[ 0023 ] FIG . 16 is a block diagram of an electronic device 
in a network environment , according to one embodiment ; 
[ 0024 ] FIG . 17 is a block diagram of an audio module , 
according to one embodiment ; 
[ 0025 ] FIG . 18 is a block diagram of a camera module , 
according to one embodiment ; 
[ 0026 ] FIG . 19 is a block diagram of a display device , 
according to one embodiment ; 
[ 0027 ] FIG . 20 is a block diagram of a power management 
module and a battery , according to one embodiment ; 
[ 0028 ] FIG . 21 is a block diagram of a program , according 
to one embodiment ; and 
[ 0029 ] FIG . 22 is a block diagram of a wireless commu 
nication module , a power management module , and an 
antenna module of an electronic device , according to one 
embodiment , according to one embodiment . 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE PRESENT DISCLOSURE 

may be referred to as a second structural element . Similarly , 
the second structural element may also be referred to as the 
first structural element . As used herein , the term “ and / or " 
includes any and all combinations of one or more associated 
items . 
[ 0033 ] The terms used herein are merely used to describe 
various embodiments of the present disclosure but are not 
intended to limit the present disclosure . Singular forms are 
intended to include plural forms unless the context clearly 
indicates otherwise . In the present disclosure , it should be 
understood that the terms “ include ” or “ have ” indicate 
existence of a feature , a number , a step , an operation , a 
structural element , parts , or a combination thereof , and do 
not exclude the existence or probability of the addition of 
one or more other features , numerals , steps , operations , 
structural elements , parts , or combinations thereof . 
[ 0034 ] Unless defined differently , all terms used herein 
have the same meanings as those understood by a person 
skilled in the art to which the present disclosure belongs . 
Terms such as those defined in a generally used dictionary 
are to be interpreted to have the same meanings as the 
contextual meanings in the relevant field of art , and are not 
to be interpreted to have ideal or excessively formal mean 
ings unless clearly defined in the present disclosure . 
[ 0035 ] Embodiments of the present disclosure add reset 
and sampling circuits to outputs of two phase detectors . The 
reset and sampling signal timing with respect to the output 
of each phase detector is identical . As a result , incomplete 
settling is cancelled at an input of a comparator . This results 
in faster phase detector settling time comparisons as com 
pared to conventional I / Q phase detection circuits . 
[ 0036 ] Embodiments of the present disclosure improve the 
power efficiency in low bit - rate modes by turning on / off 
transmitters and receivers quickly to reduce power con 
sumption . Thus , the complexity of package and routing 
between a modem and a radio frequency integrated circuit 
( RFIC ) may be significantly reduced . 
[ 0037 ] FIG . 1 is a diagram of a conventional I / Q phase 
detector 100 . 
[ 0038 ] Referring to FIG . 1 , the I / Q phase detector 100 
includes a first two - input NAND gate 101 , a second two 
input NAND gate 103 , a third two - input NAND gate 105 , a 
resistor 107 , a capacitor 109 , and a comparator 110 . 
[ 0039 ] The first two - input NAND gate 101 includes a first 
input for receiving a first input signal in a first phase PO , a 
second input for receiving a second input signal in a second 
phase P1 , and an output . 
[ 0040 ] The second two - input NAND gate 103 includes a 
first input for receiving a third input signal in a third phase 
P2 , a second input for receiving a fourth input signal in a 
fourth phase P3 , and an output . 
[ 0041 ] The third two - input NAND gate 105 includes a first 
input connected to the output of the first NAND gate 101 , a 
second input connected to the output of the second NAND 
gate 103 , and an output . 
[ 0042 ] The resistor 107 includes a first end connected to 
the output of the third NAND gate 105 and a second end . 
[ 0043 ] The capacitor 109 includes a first end connected to 
the second end of the resistor 107 and a second end 
connected to a ground potential . 
[ 0044 ] The comparator 110 includes a positive input con 
nected to the second end of the resistor 107 , a negative input 
for receiving a reference voltage VREF , a clock input for 
receiving a clock signal CLK , and an output . 

[ 0030 ] Hereinafter , embodiments of the present disclosure 
are described in detail with reference to the accompanying 
drawings . It should be noted that the same elements will be 
designated by the same reference numerals although they are 
shown in different drawings . In the following description , 
specific details such as detailed configurations and compo 
nents are merely provided to assist with the overall under 
standing of the embodiments of the present disclosure . 
Therefore , it should be apparent to those skilled in the art 
that various changes and modifications of the embodiments 
described herein may be made without departing from the 
scope of the present disclosure . In addition , descriptions of 
well - known functions and constructions are omitted for 
clarity and conciseness . The terms described below are 
terms defined in consideration of the functions in the present 
disclosure , and may be different according to users , inten 
tions of the users , or customs . Therefore , the definitions of 
the terms should be determined based on the contents 
throughout this specification . 
[ 0031 ] The present disclosure may have various modifi 
cations and various embodiments , among which embodi 
ments are described below in detail with reference to the 
accompanying drawings . However , it should be understood 
that the present disclosure is not limited to the embodiments , 
but includes all modifications , equivalents , and alternatives 
within the scope of the present disclosure . 
[ 0032 ] Although the terms including an ordinal number 
such as first , second , etc. may be used for describing various 
elements , the structural elements are not restricted by the 
terms . The terms are only used to distinguish one element 
from another element . For example , without departing from 
the scope of the present disclosure , a first structural element 
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[ 0045 ] The I / Q detection circuit 100 performs a logic 
operation ( PO - P1 + P2.P3 ) based on the four input signal 
phases of PO , P1 , P2 , and P3 . The resistor - capacitor ( RC ) 
lowpass filter formed by the resistor 107 and the capacitor 
109 extracts a DC value from a waveform generated at the 
output of the third NAND gate 105. If the DC value is too 
low , the P1 / P3 pair has too much delay with respect to the 
PO / P2 pair timing . On the other hand , if the DC value is too 
high , the P1 / P3 pair has too little delay with respect to the 
PO / P2 pair . The comparator 110 senses any difference 
between the voltage on the second end of the resistor 107 
and VREF , where VREF is pre - determined . The comparator 
110 performs comparisons at a rising edge of the clock 
signal CLK . 
[ 0046 ] The convention I / Q detection circuit 100 has two 
issues . First , due to process variation , rising and falling 
times of logic gates may not be precisely controlled , the DC 
voltage at the output of the third NAND gate 105 for input 
signal waveforms PO , P1 , P2 , and P3 may vary with process . 
Thus , it is difficult to pre - determine a value for VREF that 
works well for all process corners . Even though a process 
tracking VREF generation circuit may be developed , the 
process - tracking VREF generation circuit may not be pre 
cise enough to ensure accurate results across process corners 
and temperature variations . Second , if the bandwidth of the 
RC lowpass filter is not sufficiently low , the RC lowpass 
filter may not provide sufficient attenuation to high fre 
quency signals . Thus , a voltage ripple would be present at 
the positive input of the comparator 110. The output of the 
comparator 110 would depend on the timing of the rising 
edge of CLK with respect to the voltage ripple . This 
dependency may be undesirable . A low bandwidth RC 
lowpass filter may be used to reduce the voltage ripple at the 
expense of increasing the settling time . A long settling time 
may be undesirable for some applications . 
[ 0047 ] FIG . 2 is a chart of I / Q phase detector input signals 
in four phases . 
[ 0048 ] Referring to FIG . 2 , the four input signal phases are 
PO , P1 , P2 and P3 . An example of a phase relationship 
between PO , P1 , P2 , and P3 is illustrated in FIG . 2. In FIG . 
2 , PO , P1 , P2 , and P3 each has a 50 % duty cycle . In addition , 
PO and P2 have a phase difference of 180 degrees . Similarly , 
P1 and P3 have a phase difference of 180 degrees . However , 
the present disclosure is not intended to be limited to the 
example illustrated in FIG . 2 , and any other suitable phase 
relationship may be used . 
[ 0049 ] FIG . 3 is a diagram of a conventional I / Q phase 
detection circuit with process variation cancellation . 
[ 0050 ] Referring to FIG . 3 , the I / Q phase detection circuit 
300 includes a first two - input NAND gate 301 , a second 
two - input NAND gate 303 , a third two - input NAND gate 
305 , a first resistor 307 , a first capacitor 309 , a fourth 
two - input NAND gate 311 , a fifth two - input NAND gate 
313 , a sixth two - input NAND gate 315 , a second resistor 
317 , a second capacitor 319 , and a comparator 320. The first 
two - input NAND gate 301 , the second two - input NAND 
gate 303 , the third two - input NAND gate 305 , the first 
resistor 307 , and the first capacitor 309 form a first phase 
detector . The fourth two - input NAND gate 311 , the fifth 
two - input NAND gate 313 , the sixth two - input NAND gate 
315 , the second resistor 317 , and the second capacitor 319 
form a second phase detector . 

[ 0051 ] The first two - input NAND gate 301 includes a first 
input for receiving a first input signal in the fourth phase P3 , 
a second input for receiving a second input signal in the first 
phase PO , and an output . 
[ 0052 ] The second two - input NAND gate 303 includes a 
first input for receiving a third input signal in the second 
phase P1 , a second input for receiving a fourth input signal 
in the third phase P2 , and an output . 
[ 0053 ] The third two - input NAND gate 305 includes a first 
input connected to the output of the first NAND gate 301 , a 
second input connected to the output of the second NAND 
gate 303 , and an output . 
[ 0054 ] The first resistor 307 includes a first end connected 
to the output of the third NAND gate 305 and a second end . 
[ 0055 ] The first capacitor 309 includes a first end con 
nected to the second end of the first resistor 307 and a second 
end connected to a ground potential . 
[ 0056 ] The fourth two - input NAND gate 311 includes a 
first input for receiving the second input signal in the first 
phase PO , a second input for receiving the third input signal 
in the second phase P1 , and an output . 
[ 0057 ] The fifth two - input NAND gate 313 includes a first 
input for receiving the fourth input signal in the third phase 
P3 , a second input for receiving the first input signal in the 
fourth phase P3 , and an output . 
[ 0058 ] The sixth two - input NAND gate 315 includes a 
first input connected to the output of the fourth NAND gate 
311 , a second input connected to the output of the fifth 
NAND gate 313 , and an output . 
[ 0059 ] The second resistor 317 includes a first end con 
nected to the output of the sixth NAND gate 315 and a 
second end . 
[ 0060 ] The second capacitor 319 includes a first end 
connected to the second end of the second resistor 317 and 
a second end connected to the ground potential . 
[ 0061 ] The comparator 320 includes a positive input con 
nected to the second end of the first resistor 307 , a negative 
input connected to the second end of the second resistor 317 , 
a clock input for receiving a clock signal CLK , and an 
output . 
[ 0062 ] To resolve process dependency , two signals are 
generated by the first phase detector ( i.e. , the signal at the 
second end of the first resistor 307 ) and the second phase 
detector ( i.e. , the signal at the second end of the second 
resistor 317 ) , respectively , using logic gates illustrated in 
FIG . 3. The first phase detector performs the logic function 
( P3.P0 + P1.P2 ) and the second phase detector performs the 
logic function ( PO.P1 + P2.P3 ) . The relative DC values from 
the first phase detector and the second phase detector 
indicates whether the P1 / P3 pair should be shifted to be 
earlier or later as compared to the PO / P2 pair . If the first 
phase detector has a lower output DC value than the second 
phase detector , the P1 / P3 pair is late with respect to the 
PO / P2 pair . If the first phase detector has a higher output DC 
value than the second phase detector , the P1 / P3 pair is early 
with respect to the PO / P2 pair . Process - dependent rising and 
falling edge variations are cancelled out by the comparator 
320. However , the voltage ripple issue described above still 
persists in the I / Q phase detection circuit 300 , which limits 
the settling time . 
[ 0063 ] FIG . 4 is a diagram of a synchronous sampling I / Q 
phase detection circuit 400 , according to one embodiment . 
[ 0064 ] Referring to FIG . 4 , the I / Q phase detection circuit 
400 includes a first multiplexer 401 , a first two - input NAND 
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a 

gate 403 , a second two - input NAND gate 405 , a third 
two - input NAND gate 407 , a first resistor 409 , a first 
capacitor 411 , a first switch 413 , a second switch 415 , a third 
switch 417 , a second capacitor 419 , a second multiplexer 
421 , a fourth two - input NAND gate 423 , a fifth two - input 
NAND gate 425 , a sixth two - input NAND gate 427 , 
second resistor 429 , a third capacitor 431 , a fourth switch 
433 , a fifth switch 435 , a sixth switch 437 , a fourth capacitor 
439 , a comparator 441 , and a synchronized control signal 
generator 443. The first multiplexer 401 , the first two - input 
NAND gate 403 , the second two - input NAND gate 405 , the 
third two - input NAND gate 407 , the first resistor 409 , the 
first capacitor 411 , the first switch 413 , the second switch 
415 , the third switch 417 , and the second capacitor 419 form 
a first phase detector . The second multiplexer 421 , the fourth 
two - input NAND gate 423 , the fifth two - input NAND gate 
425 , the sixth two - input NAND gate 427 , the second resistor 
429 , the third capacitor 431 , the fourth switch 433 , the fifth 
switch 435 , the sixth switch 437 , and the fourth capacitor 
439 form a second phase detector . 
[ 0065 ] The first multiplexer 401 includes a first set of four 
inputs for receiving inputs signals in four phases ( i.e. , PO , 
P1 , P2 , and P3 ) in the phase order of P3 , PO , P1 , and P2 , 
respectively , a second set of four inputs for receiving inputs 
signals in the same four phases in the same order as the first 
set of four inputs , a control signal for selecting either the first 
set of four inputs or the second set of four inputs , where the 
control signal may be set to a binary value “ 1 ” to always 
select the first set of input signals , and four outputs ( i.e. , a 
first output , a second output , a third output , and a fourth 
output ) , at which the selected set of four input signals ( e.g. , 
four inputs signals with phases in the order of P3 , PO , P1 , 
and P2 ) appears in the same order as they were input ( i.e. , 
P3 , PO , P1 , and P2 ) , 
[ 0066 ] The first two - input NAND gate 403 includes a first 
input connected to the first output of the first multiplexer 401 
for receiving the first input signal in the fourth phase P3 , a 
second input connected to the second output of the first 
multiplexer 401 for receiving the second input signal in the 
first phase PO , and an output . 
[ 0067 ] The second two - input NAND gate 405 includes a 
first input connected to the third output of the first multi 
plexer 401 for receiving the third input signal in the second 
phase P1 , a second input connected to the fourth output of 
the first multiplexer 401 for receiving the fourth input signal 
in the third phase P2 , and an output . 
[ 0068 ] The third two - input NAND gate 407 includes a first 
input connected to the output of the first NAND gate 403 , a 
second input connected to the output of the second NAND 
gate 405 , and an output . 
[ 0069 ] The first resistor 409 includes a first end connected 
to the output of the third NAND gate 407 and a second end . 
[ 0070 ] The first capacitor 411 includes a first end con 
nected to the second end of the first resistor 409 and a second 
end connected to a ground potential . 
[ 0071 ] The first switch 413 includes a first end connected 
to the second end of the first resistor 409 , a second end 
connected to the ground potential , and a control input for 
receiving a first reset signal RSTO for controlling whether 
the first switch 413 is open or closed . 
[ 0072 ] The second switch 415 includes a first end con 
nected to the second end of the first resistor 409 , a second 
end connected to the first end of the second capacitor 419 , 

and a control input for receiving a first sampling signal SWO 
for controlling whether the second switch 415 is open or 
closed . 
[ 0073 ] The third switch 417 includes a first end connected 
to the first end of the second capacitor 419 , a second end 
connected to the ground potential , and a control input for 
receiving the first reset signal RSTO for controlling whether 
the third switch 417 is open or closed . 
[ 0074 ] The second multiplexer 421 includes a first set of 
four inputs for receiving inputs signals in the four phases 
( i.e. , PO , P1 , P2 , and P3 ) in a phase order of P3 , PO , P1 , and 
P2 , respectively , which is the same as the first set of four 
inputs of the first multiplexer 401 , a second set of four inputs 
for receiving inputs signals in the four phases in a different 
order ( e.g. , PO , P1 , P2 , and P3 ) than the first set of four 
inputs to the second multiplexer 421 , a control signal MODE 
for selecting either the first set of four inputs or the second 
set of four inputs , where the control signal MODE may be 
set to a binary value “ 1 ” to select the first set of input signals 
( which would be the same signals output by the first mul 
tiplexer 401 ) or set to binary “ O ” to select the second set of 
four inputs ( which would be different signals than those 
output by the first multiplexer 401 ) , and four outputs ( i.e. , a 
first output , a second output , a third output , and a fourth 
output ) , at which the selected set of four input signals 
appears in the same order as they were input ( e ; g . , the first 
set with phases in the order of P3 , PO , P1 , and P2 or the 
second set with phases in the order of PO , P1 , P2 , and P3 ) . 
That is , when MODE is binary “ 1 ” , the same signals are 
presented to the two phase detectors and the same values 
should be produced by the two phase detectors , except for 
any offset . When MODE is binary 1 , the comparator 441 
may be calibrated to cancel any offset between the first phase 
detector and the second phase detector . After offset cancel 
lation , MODE is set to binary “ O ” so that input signals with 
a different ordering of phases ( e.g. , ( P3 , PO , P1 , and P2 ) 
versus ( PO , P1 , P2 , and P3 ) ) are processed by the two phase 
detectors 
[ 0075 ] The fourth two - input NAND gate 423 includes a 
first input connected to the first output of the second mul 
tiplexer 421 for receiving the first input signal in either the 
fourth phase P3 when MODE is binary “ 1 ” or the first phase 
PO when MODE is binary “ 0 ” , a second input connected to 
the second output of the second multiplexer 421 for receiv 
ing the second input signal in the either first phase PO when 
MODE is binary “ 1 ” or the second phase P1 when MODE 
is binary “ 0 , " and an output . 
[ 0076 ] The fifth two - input NAND gate 425 includes a first 
input connected to the third output of the second multiplexer 
421 for receiving the third input signal in either the second 
phase P1 when MODE is binary “ 1 ” or the third phase P2 
when MODE is binary “ 0 , " a second input connected to the 
fourth output of the second multiplexer 421 for receiving the 
fourth input signal in either the third phase P2 when MODE 
is binary “ 1 ” or the fourth phase P3 when MODE is binary 
“ 0 , " and an output . 
[ 0077 ] The I / Q phase detection circuit 400 generates four 
synchronization signals S0 , S1 , S2 , and S3 . The first syn 
chronization signal So appears at the first input of the first 
NAND gate 403. The first synchronization signal S1 appears 
at the first input of the fourth NAND gate 423. The third 
synchronization signal S2 appears at the first input of the 
second NAND gate 405. The fourth synchronization signal 
S3 appears at the first input of the fifth NAND gate 425 . 
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[ 0078 ] The sixth two - input NAND gate 427 includes a 
first input connected to the output of the fourth NAND gate 
423 , a second input connected to the output of the fifth 
NAND gate 425 , and an output . 
[ 0079 ] The second resistor 429 includes a first end con 
nected to the output of the third NAND gate 427 and a 
second end . 
[ 0080 ] The third capacitor 431 includes a first end con 
nected to the second end of the second resistor 429 and a 
second end connected to a ground potential . 
[ 0081 ] The fourth switch 433 includes a first end con 
nected to the second end of the second resistor 429 , a second 
end connected to the ground potential , and a control input 
for receiving a second reset signal RST1 for controlling 
whether the fourth switch 431 is open or closed . 
[ 0082 ] The fifth switch 435 includes a first end connected 
to the second end of the second resistor 429 , a second end 
connected to the first end of the fourth capacitor 439 , and a 
control input for receiving a second sampling signal SW1 
for controlling whether the fifth switch 435 is open or 
closed . 
[ 0083 ] The sixth switch 437 includes a first end connected 
to the first end of the fourth capacitor 439 , a second end 
connected to the ground potential , and a control input for 
receiving the second reset signal RST1 for controlling 
whether the sixth switch 437 is open or closed . 
[ 0084 ] The comparator 441 includes a first positive input 
connected to the first end of the second capacitor 419 , a first 
negative input connected to the first end of the fourth 
capacitor 439 , a second positive input for receiving a posi 
tive calibration voltage VCALP for cancelling an offset 
between the first phase detector and the second phase 
detector when MODE is binary “ 1 ” ( i.e. , the same input 
signals with phases in the order of P3 , PO , P1 , and P2 are 
input to each of the first phase detector and the second phase 
detector ) , a second negative input for receiving a negative 
calibration voltage VCALN for cancelling an offset between 
the first phase detector and the second phase detector when 
MODE is binary “ 1 , ” a clock compensation input for receiv 
ing a clock compensation signal CLK_COMP , and an out 
put . 
[ 0085 ] The synchronization control signal generator 443 
includes a first input connected to the first input of the first 
NAND gate 403 for receiving the first synchronization 
signal So , a second input connected to the first input of the 
fourth NAND gate 423 for receiving the second synchroni 
zation signal Si , a third input connected to the first input of 
the second NAND gate 405 for receiving the third synchro 
nization signal S2 , a fourth input connected to the first input 
of the fifth NAND gate 425 for receiving the fourth syn 
chronization signal S3 , a clock input for receiving a clock 
signal , a first output connected to the control inputs of the 
first switch 413 and the third switch 417 for providing the 
first reset signal RSTO , a second output connected to the 
control inputs of the fourth switch 433 and the sixth switch 
437 for providing the second reset signal RST1 , a third 
output connected to the control input of the second switch 
415 for providing the first sampling signal SWO , a fourth 
output connected to the control input of the fifth switch 435 
for providing the second sampling signal SW1 , and a fifth 
output for providing the clock compensation signal CLK_ 
COMP . 
[ 0086 ] To resolve the slow - settling problem of the con 
ventional I / Q detection circuit 300 shown in FIG . 3 , the 

synchronous sampling I / Q phase detection circuit 400 
shown in FIG . 4 cancels incomplete settling at the first 
positive input and the first negative input of the comparator 
441. At the second end of the first resistor 409 ( i.e. , the 
output of the RC lowpass filter of the first phase detector ) 
and the second end of the second resistor 429 ( i.e. , the output 
of the RC lowpass filter of the second phase detector ) , a reset 
and sampling circuit is added ( e.g. , the first switch 413 , the 
second switch 415 , the third switch 417 , and the second 
capacitor 419 for the first phase detector and the fourth 
switch 423 , the fifth switch 435 , the sixth switch 437 , and the 
fourth capacitor 439 for the second phase detector ) . If the 
time for the first reset signal RSTO and the time for the first 
sampling signal SWO with respect to the output of the first 
phase detector is the same as the time of the second reset 
signal RST1 and the time of the second sampling signal 
SW1 with respect to output of the second phase detector , 
respectively , the reset and sampling circuits for the first 
phase detector and the second phase detector have the same 
initial conditions and settling times . As a result , the same 
amount of incomplete of settling is present in both the first 
phase detector and the second phase detector . Thus , any 
offset due to settling is cancelled at the first positive input 
and the first negative input of the comparator 441 . 
[ 0087 ] The positive calibration voltage VCAP and the 
negative calibration voltage VCALN , which are used to 
cancel any offset between the first phase detector and the 
second phase detector as appears at the first positive input 
and the first negative input of the comparator 441 , may be 
generated by a digital - to - analog converter ( DAC ) . The four 
input signals ( e.g. , quadrature input signals ) , have phases PO 
( e.g. , 0 degrees ) , P1 ( e.g. , -90 degrees ) , P2 ( e.g. , -180 
degrees ) , and P3 ( e.g. , -270 degrees ) , respectively . 
[ 0088 ] The first multiplexer 401 and the second multi 
plexer 421 each has two sets of 4 - inputs . When MODE is 
binary “ 1 , ” the synchronous sampling I / Q phase detector is 
in offset calibration mode , and the first phase detector and 
the second phase each have the same inputs , and each 
performs the same logic function . Thus , the comparator 441 
may be calibrated to cancel any offset due to sampler , logic , 
and comparator mismatch . The voltages VCALP and 
VCALN may be adjusted through a DAC until the com 
parator 441 output generates near equal probability of ones 
and zeros . 
[ 0089 ] When MODE is binary “ 0 , ” the synchronous sam 
pling I / Q phase detection circuit 400 is in detection mode , 
here the first phase detector and the second phase detector 
have different inputs ( e.g. , the first phase detector has input 
signals with phases in the order of P3 , PO , P1 , and P2 , and 
the second phase detector has inputs signals with phases in 
the order of PO , P1 , P2 , and P3 ) . Thus , the first phase 
detector performs the same logic function as in offset 
calibration mode due to the inputs being the same , but the 
second phase detector performs a different logic function 
than in offset calibration mode because the second phase 
detector receives different input signals . Thus , in offset 
calibration mode , the first phase detector and the second 
phase detector each receive the same inputs and performs 
the same logic function . However , in detection mode , the 
first phase detector and the second phase detector receive 
different inputs and perform different logic functions due to 
the difference in input signals . By comparing the outputs of 
the first phase detector and the second phase detector in 
detection mode , a relative timing between the PO / P2 pair and 
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the P1 / P3 can be detected pair with process cancellation . 
This requires that each of the four input signal have a 50 % 
duty cycle and precise 180 degree differences between the 
PO / P2 pair and between the P1 / P3 . When the input signal 
waveforms meet these requirements , correct functionality of 
the synchronous sampling I / Q phase detection circuit 400 is 
ensured . However , alternate embodiments that do not meet 
the above described requirements are possible . 
[ 0090 ] At the output of each of the first RC lowpass filter 
( e.g. , the first resistor 409 and the first capacitor 411 ) and the 
second RC lowpass filter ( e.g. , the second resistor 429 and 
the third capacitor 431 ) , reset and sampling circuits ( e.g. , the 
first switch 413 , the second switch 415 , the third switch 417 , 
and the second capacitor 419 for the first RC lowpass filer 
and the fourth switch 433 , the fifth switch 435 , the sixth 
switch 437 , and the fourth capacitor 439 for the first RC 
lowpass filer ) are added to allow synchronous settling time . 
The synchronized control signal generator 443 generates the 
control signals RSTO , RST1 , SWO , SW1 for the phase 
detectors . These control signals are synchronized with sig 
nals S0 , S1 , S2 , and S3 . SWO and SW1 are re - timed version 
of CLK . RSTO and RST1 may have a 1.5 Tuo pulse width 
right before SWO and SW1 . After the falling edge of SWO , 
the comparator 441 starts to compare the input signals on the 
first positive input and the first negative input of the com 
parator 441. The comparator 441 receives VCALP and 
VCALN on the second positive input and the second nega 
tive input of the comparator 441 , respectively , to compen 
sate for any offset between the first phase detector and the 
second phase detector . 
[ 0091 ] Before comparing the outputs of the first phase 
detector and the second phase detector , the RC lowpass 
filters are each reset to ground by signals RSTO and RST1 , 
respectively . The two reset signals RSTO and RST1 are 
de - asserted near the rising edge of outputs of the first phase 
detector and the second phase detector , respectively . When 
the reset signals RSTO and RST1 go low , the sampling 
switches for the first phase detector and the second phase 
detector are turn on ( e.g. , closed ) by signals SWO and SW1 , 
respectively . Because the two RC lowpass filters were 
caused to have the same initial conditions and switch turn - on 
time , the first phase detector and the second phase detector 
have the output even if the outputs of the RC lowpass filter 
have not completely settled . The sampling switches are 
opened when signals SWO and SW1 go low . For each phase 
detector , the reset signal and the sampling signal are aligned 
to the pulses generated by the phase detector . Thus , the 
synchronous sampling I / Q phase detection circuit 400 oper 
ates with incomplete , but synchronous , settling , because 
each phase detector is impacted in the same way during 
settling , and the equal effects of settling maybe cancelled by 
the comparator 441 . 
[ 0092 ] FIG . 5 is a block diagram of the synchronized 
control signal generator 443 of the synchronous sampling 
I / Q phase detection circuit 400 of FIG . 4 , according to one 
embodiment . 
[ 0093 ] Referring to FIG . 5 , the synchronized control sig 
nal generator 443 includes a first flip - flop 501 , a second 
flip - flop 503 , a third flip - flop 505 , a fourth flip - flop 507 , a 
fifth flip - flop 509 , a sixth flip - flop 511 , a first two - input NOR 
gate 513 , and a second two - input NOR gate 515 . 
[ 0094 ] The first flip - flop 501 includes an input for receiv 
ing a signal CLK , a clock input for receiving signal S3 , and 
a non - inverted output . The second flip - flop 503 includes an 

input connected to the non - inverted output of the first 
flip - flop 501 , a clock input for receiving signal S3 , and a 
non - inverted output . The third flip - flop 505 includes an input 
connected to the non - inverted output of the second flip - flop 
503 , a clock input for receiving signal S2 , and a non - inverted 
output . The fourth flip - flop 507 includes an input connected 
to the non - inverted output of the third flip - flop 505 , a clock 
input for receiving signal S1 , and a non - inverted output for 
outputting SW1 . The fifth flip - flop 509 includes an input 
connected to the non - inverted output of the fourth flip - flop 
507 , a clock input for receiving signal S0 , and a non - inverted 
output for outputting SWO . The sixth flip - flop 511 includes 
an input connected to the non - inverted output of the fifth 
flip - flop 509 , a clock input for receiving signal S2 , and an 
inverted output for outputting CLK_COMP . 
[ 0095 ] The first two - input NOR gate 513 includes a first 
inverted input connected to the non - inverted output of the 
second flip - flop 503 , a second non - inverted input connected 
to the non - inverted output of the fourth flip - flop 507 , and an 
output for outputting RST1 . 
[ 0096 ] The second two - input NOR gate 515 includes a 
first inverted input connected to the non - inverted output of 
the third flip - flop 505 , a second non - inverted input con 
nected to the non - inverted output of the fifth flip - flop 509 , 
and an output for outputting RSTO . 
[ 0097 ] Voltage ripples are synchronized with using signals 
SO , S1 , S2 , and S3 . 
[ 0098 ] SW1 and SWO each have the same turned - on time 
and are synchronized with voltage ripples . 
[ 0099 ] Alternative logic functions may be used in the first 
phase detector and the second phase detector as described 
below . 
[ 0100 ] FIGS . 6 , 7 , 8 , and 9 illustrate four possible con 
figurations , where each of the first phase detector and the 
second phase detector operates on two of the four available 
clock phases PO , P1 , P2 , and P3 . 
[ 0101 ] FIG . 6 is a diagram of a first phase detector and a 
second phase detector with alternative logic functions , 
according to one embodiment . 
[ 0102 ] Referring to FIG . 6 , the first phase detector 
includes a first two - input AND gate 601 , a first resistor 603 , 
and a first capacitor 605. The second phase detector includes 
a second two - input AND gate 607 , a second resistor 609 , and 
a second capacitor 611 . 
[ 0103 ] The first two - input AND gate 601 includes a first 
input for receiving a first input signal in a fourth phase P3 , 
a second input for receiving a second input signal in a first 
phase PO , and an output . The first input of the first two - input 
AND gate 601 provides signal So , and the second input of 
the first two - input AND gate 601 provides signal S2 . Alter 
natively , an inverter may be connected to the first input of 
the first two - input AND gate 601 , where an output of the 
inverter provides signal S2 . 
[ 0104 ] The first resistor 603 includes a first end connected 
to the output of the first two - input AND gate 601 and a 
second end . 
[ 0105 ] The first capacitor 605 includes a first end con 
nected to the second end of the first resistor 603 and a second 
end connected to a ground potential . 
[ 0106 ] The second two - input AND gate 607 includes a 
first input for receiving a third input signal in a first phase 
PO , a second input for receiving a fourth input signal in a 
second phase P1 , and an output . The first input of the second 
two - input AND gate 607 provides signal S1 , and the second 
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input of the second two - input AND gate 607 provides signal 
S3 . Alternatively , an inverter may be connected to the first 
input of the second two - input AND gate 607 , where an 
output of the inverter provides signal S3 . 
[ 0107 ] The second resistor 609 includes a first end con 
nected to the output of the second two - input AND gate 607 
and a second end . 
[ 0108 ] The second capacitor 611 includes a first end 
connected to the second end of the second resistor 609 and 
a second end connected to a ground potential . 
[ 0109 ] FIG . 7 is a diagram of a first phase detector and a 
second phase detector with alternative logic functions , 
according to one embodiment . 
[ 0110 ] Referring to FIG . 7 , the first phase detector 
includes a first two - input AND gate 701 , a first resistor 703 , 
and a first capacitor 705. The second phase detector includes 
a second two - input AND gate 707 , a second resistor 709 , and 
a second capacitor 711 . 
[ 0111 ] The first two - input AND gate 701 includes a first 
input for receiving a first input signal in a second phase P1 , 
a second input for receiving a second input signal in a third 
phase P2 , and an output . The first input of the first two - input 
AND gate 701 provides signal SO , and the second input of 
the first two - input AND gate 701 provides signal S2 . Alter 
natively , an inverter may be connected to the first input of 
the first two - input AND gate 701 , where an output of the 
inverter provides signal S2 . 
[ 0112 ] The first resistor 703 includes a first end connected 
to the output of the first two - input AND gate 701 and a 
second end . 
[ 0113 ] The first capacitor 705 includes a first end con 
nected to the second end of the first resistor 703 and a second 
end connected to a ground potential . 
[ 0114 ] The second two - input AND gate 707 includes a 
first input for receiving a third input signal in a third phase 
P2 , a second input for receiving a fourth input signal in a 
fourth phase P3 , and an output . The first input of the second 
two - input AND gate 707 provides signal S1 , and the second 
input of the second two - input AND gate 707 provides signal 
S3 . Alternatively , an inverter may be connected to the first 
input of the second two - input AND gate 707 , where an 
output of the inverter provides signal S3 . 
[ 0115 ] The second resistor 709 includes a first end con 
nected to the output of the second two - input AND gate 707 
and a second end . 
[ 0116 ] The second capacitor 611 includes a first end 
connected to the second end of the second resistor 609 and 
a second end connected to a ground potential . 
[ 0117 ] FIG . 8 is a diagram of a first phase detector and a 
second phase detector with alternative logic functions , 
according to one embodiment . 
[ 0118 ] Referring to FIG . 8 , the first phase detector 
includes a first two - input AND gate 801 , a first resistor 803 , 
and a first capacitor 805. The second phase detector includes 
a second two - input AND gate 807 , a second resistor 809 , and 
a second capacitor 811 . 
[ 0119 ] The first two - input AND gate 801 includes a first 
input for receiving a first input signal in a fourth phase P3 , 
a second input for receiving a second input signal in a first 
phase PO , and an output . The first input of the first two - input 
AND gate 801 provides signal So , and the second input of 
the first two - input AND gate 801 provides signal S2 . Alter 

natively , an inverter may be connected to the first input of 
the first two - input AND gate 801 , where an output of the 
inverter provides signal S2 . 
[ 0120 ] The first resistor 803 includes a first end connected 
to the output of the first two - input AND gate 801 and a 
second end . 
[ 0121 ] The first capacitor 805 includes a first end con 
nected to the second end of the first resistor 803 and a second 
end connected to a ground potential . 
[ 0122 ] The second two - input AND gate 807 includes a 
first input for receiving a third input signal in a third phase 
P2 , a second input for receiving a fourth input signal in a 
fourth phase P3 , and an output . The first input of the second 
two - input AND gate 807 provides signal S1 , and the second 
input of the second two - input AND gate 607 provides signal 
S3 . Alternatively , an inverter may be connected to the first 
input of the second two - input AND gate 807 , where an 
output of the inverter provides signal S3 . 
[ 0123 ] The second resistor 809 includes a first end con 
nected to the output of the second two - input AND gate 807 
and a second end . 
[ 0124 ] The second capacitor 811 includes a first end 
connected to the second end of the second resistor 809 and 
a second end connected to a ground potential . 
[ 0125 ] FIG . 9 is a diagram of a first phase detector and a 
second phase detector with alternative logic functions , 
according to one embodiment . 
[ 0126 ] Referring to FIG . 9 , the first phase detector 
includes a first two - input AND gate 901 , a first resistor 903 , 
and a first capacitor 905. The second phase detector includes 
a second two - input AND gate 907 , a second resistor 909 , and 
a second capacitor 911 . 
[ 0127 ] The first two - input AND gate 901 includes a first 
input for receiving a first input signal in a second phase P1 , 
a second input for receiving a second input signal in a third 
phase P2 , and an output . The first input of the first two - input 
AND gate 901 provides signal SO , and the second input of 
the first two - input AND gate 901 provides signal S2 . Alter 
natively , an inverter may be connected to the first input of 
the first two - input AND gate 901 , where an output of the 
inverter provides signal S2 . 
[ 0128 ] The first resistor 903 includes a first end connected 
to the output of the first two - input AND gate 901 and a 
second end . 
[ 0129 ] The first capacitor 905 includes a first end con 
nected to the second end of the first resistor 903 and a second 
end connected to a ground potential . 
[ 0130 ] The second two - input AND gate 907 includes a 
first input for receiving a third input signal in a first phase 
PO , a second input for receiving a fourth input signal in a 
second phase P1 , and an output . The first input of the second 
two - input AND gate 907 provides signal S1 , and the second 
input of the second two - input AND gate 907 provides signal 
S3 . Alternatively , an inverter may be connected to the first 
input of the second two - input AND gate 907 , where an 
output of the inverter provides signal S3 . 
[ 0131 ] The second resistor 909 includes a first end con 
nected to the output of the second two - input AND gate 907 
and a second end . 
[ 0132 ] The second capacitor 911 includes a first end 
connected to the second end of the second resistor 909 and 
a second end connected to a ground potential . 
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[ 0133 ] FIG . 10 is a diagram of a first phase detector and 
a second phase detector that use rising edges of input 
signals , according to one embodiment . 
[ 0134 ] Referring to FIG . 10 , the first phase detector 
includes a first two - input NAND gate 1001 , a first inverter 
1003 , a second two - input NAND gate 1005 , a second 
inverter 1007 , a third two - input NAND gate 1009 , a first 
resistor 1011 , and a first capacitor 1013. The second phase 
detector includes a fourth two - input NAND gate 1015 , a 
third inverter 1017 , a fifth two - input NAND gate 1019 , a 
fourth inverter 1021 , a sixth two - input NAND gate 1023 , a 
second resistor 1025 , and a second capacitor 1027 . 
[ 0135 ] The first two - input NAND gate 1001 includes a 
first input for receiving a first input signal in the first phase 
Po , a second input connected to the output of the first 
inverter 1003 , and an output . The first inverter 1003 includes 
an input for receiving a second input signal in the second 
phase P 1 . 
[ 0136 ] The second two - input NAND gate 1005 includes a 
first input for receiving a third input signal in the third phase 
P2 , a second input connected to the output of the second 
inverter 1007 , and an output . The second inverter 1007 
includes an input for receiving a fourth input signal in the 
fourth phase P3 . 
[ 0137 ] The first input of the first two - input NAND gate 
1001 provides signal So , and the first input of the second 
two - input NAND gate 1005 provides signal S2 . 
[ 0138 ] The third two - input NAND gate 1009 includes a 
first input connected to the output of the first NAND gate 
1001 , a second input connected to the output of the second 
NAND gate 1005 , and an output . 
[ 0139 ] The first resistor 1011 includes a first end con 
nected to the output of the third NAND gate 1009 and a 
second end . 
[ 0140 ] The first capacitor 1013 includes a first end con 
nected to the second end of the first resistor 1011 and a 
second end connected to a ground potential . 
[ 0141 ] The fourth two - input NAND gate 1015 includes a 
first input for receiving a fifth input signal in the second 
phase P1 , a second input connected to the output of the third 
inverter 1017 , and an output . The third inverter 1017 
includes an input for receiving a sixth input signal in the 
third phase P2 . 
[ 0142 ] The fifth two - input NAND gate 1019 includes a 
first input for receiving a seventh input signal in the fourth 
phase P3 , a second input connected to the output of the 
fourth inverter 1021 , and an output . The fourth inverter 1021 
includes an input for receiving an eighth input signal in the 
first phase PO . 
[ 0143 ] The first input of the fourth two - input NAND gate 
1015 provides signal si , and the first input of the fifth 
two - input NAND gate 1019 provides signal S3 . 
[ 0144 ] The sixth two - input NAND gate 1023 includes a 
first input connected to the output of the fourth NAND gate 
1015 , a second input connected to the output of the fifth 
NAND gate 1019 , and an output . 
[ 0145 ] The second resistor 1025 includes a first end con 
nected to the output of the sixth NAND gate 1023 and a 
second end . 
[ 014 ] The second capacitor 1027 includes a first end 
connected to the second end of the second resistor 1025 and 
a second end connected to a ground potential . 
[ 0147 ] FIG . 10 illustrates a first phase detector and a 
second phase detector that each use only rising edges of the 

four input signals . The logic expression ignores the falling 
edges , and therefore , the first phase detector and the second 
phase detector can tolerate duty cycle variations . However , 
the first phase detector and the second phase detector still 
requires the timing from the rising edge of Po to the rising 
edge of P2 to be a half clock cycle . Similarly , the first phase 
detector and the second phase detector require the timing 
from rising edges of Po to the rising edges of P2 be a half 
clock cycle . 
[ 0148 ] FIGS . 11 , 12 , 13 , and 14 illustrate four possible 
configurations where each of a first phase detector and a 
second phase detector operates on two of the four available 
input signal phases , relies on only rising edges of an input 
signal , and does not require an input signal to have a 50 % 
duty cycle . 
[ 0149 ] FIG . 11 is a diagram of a first phase detector and a 
second phase detector that use only two phases and rising 
edges of input signals , according to one embodiment . 
[ 0150 ] Referring to FIG . 11 , the first phase detector 
includes a first two - input AND gate 1101 , a first inverter 
1103 , a first resistor 1105 , and a first capacitor 1107. The 
second phase detector includes a second two - input AND 
gate 1109 , a second inverter 1111 , a second resistor 1113 , 
and a second capacitor 1115 . 
[ 0151 ] The first two - input AND gate 1101 includes a first 
input for receiving a first input signal in a first phase PO , a 
second input connected to an output of the first inverter 
1103. The first inverter 1103 includes an input for receiving 
a second input signal in a second phase P1 , and an output . 
The first input of the first two - input AND gate 1101 provides 
signal SO , and the second input of the first two - input AND 
gate 1101 provides signal S2 . Alternatively , an inverter may 
be connected to the first input of the first two - input AND 
gate 1101 , where an output of the inverter provides signal 
S2 . 
[ 0152 ] The first resistor 1105 includes a first end con 
nected to the output of the first two - input AND gate 1101 
and a second end . 
[ 0153 ] The first capacitor 1107 includes a first end con 
nected to the second end of the first resistor 1105 and a 
second end connected to a ground potential . 
[ 0154 ] The second two - input AND gate 1109 includes a 
first input for receiving a third input signal in a second phase 
P1 , a second input connected to an output of the second 
inverter 1111. The second inverter 1111 includes an input for 
receiving a fourth input signal in a third phase P2 , and an 
output . The first input of the second two - input AND gate 
1109 provides signal S1 , and the second input of the second 
two - input AND gate 1109 provides signal S3 . Alternatively , 
an inverter may be connected to the first input of the second 
two - input AND gate 1109 , where an output of the inverter 
provides signal S3 . 
[ 0155 ] The second resistor 1113 includes a first end con 
nected to the output of the second two - input AND gate 1109 
and a second end . 
[ 0156 ] The second capacitor 1115 includes a first end 
connected to the second end of the second resistor 1113 and 
a second end connected to a ground potential . 
[ 0157 ] FIG . 12 is a diagram of a first phase detector and 
a second phase detector that use only two phases and rising 
edges of input signals , according to one embodiment . 
[ 0158 ] Referring to FIG . 12 , the first phase detector 
includes a first two - input AND gate 1201 , a first inverter 
1203 , a first resistor 1205 , and a first capacitor 1207. The 
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second phase detector includes a second two - input AND 
gate 1209 , a second inverter 1211 , second resistor 1213 , 
and a second capacitor 1215 . 
[ 0159 ] The first two - input AND gate 1201 includes a first 
input for receiving a first input signal in a third phase P2 , a 
second input connected to an output of the first inverter 
1203. The first inverter 1203 includes an input for receiving 
a second input signal in a fourth phase P3 , and an output . 
The first input of the first two - input AND gate 1201 provides 
signal So , and the second input of the first two - input AND 
gate 1201 provides signal S2 . Alternatively , an inverter may 
be connected to the first input of the first two - input AND 
gate 1201 , where an output of the inverter provides signal 
S2 . 
[ 0160 ] The first resistor 1205 includes a first end con 
nected to the output of the first two - input AND gate 1201 
and a second end . 
[ 0161 ] The first capacitor 1207 includes a first end con 
nected to the second end of the first resistor 1205 and a 
second end connected to a ground potential . 
[ 0162 ] The second two - input AND gate 1209 includes a 
first input for receiving a third input signal in a fourth phase 
P3 , a second input connected to an output of the second 
inverter 1211. The second inverter 1211 includes an input for 
receiving a fourth input signal in a first phase PO , and an 
output . The first input of the second two - input AND gate 
1209 provides signal S1 , and the second input of the second 
two - input AND gate 1209 provides signal S3 . Alternatively , 
an inverter may be connected to the first input of the second 
two - input AND gate 1209 , where an output of the inverter 
provides signal S3 . 
[ 0163 ] The second resistor 1213 includes a first end con 
nected to the output of the second two - input AND gate 1209 
and a second end . 
[ 0164 ] The second capacitor 1215 includes a first end 
connected to the second end of the second resistor 1213 and 
a second end connected to a ground potential . 
[ 0165 ] FIG . 13 is a diagram of a first phase detector and 
a second phase detector that use only two phases and rising 
edges of input signals , according to one embodiment . 
[ 0166 ] Referring to FIG . 13 , the first phase detector 
includes a first two - input AND gate 1301 , a first inverter 
1303 , a first resistor 1305 , and a first capacitor 1307. The 
second phase detector includes a second two - input AND 
gate 1309 , a second inverter 1311 , a second resistor 1313 , 
and a second capacitor 1315 . 
[ 0167 ] The first two - input AND gate 1301 includes a first 
input for receiving a first input signal in a first phase PO , a 
second input connected to an output of the first inverter 
1303. The first inverter 1303 includes an input for receiving 
a second input signal in a second phase P1 , and an output . 
The first input of the first two - input AND gate 1301 provides 
signal So , and the second input of the first two - input AND 
gate 1301 provides signal S2 . Alternatively , an inverter may 
be connected to the first input of the first two - input AND 
gate 1301 , where an output of the inverter provides signal 
S2 . 
[ 0168 ] The first resistor 1305 includes a first end con 
nected to the output of the first two - input AND gate 1301 
and a second end . 
[ 0169 ] The first capacitor 1307 includes a first end con 
nected to the second end of the first resistor 1305 and a 
second end connected to a ground potential . 

[ 0170 ] The second two - input AND gate 1309 includes a 
first input for receiving a third input signal in a fourth phase 
P3 , a second input connected to an output of the second 
inverter 1311. The second inverter 1311 includes an input for 
receiving a fourth input signal in a first phase PO , and an 
output . The first input of the second two - input AND gate 
1309 provides signal S1 , and the second input of the second 
two - input AND gate 1309 provides signal S3 . Alternatively , 
an inverter may be connected to the first input of the second 
two - input AND gate 1309 , where an output of the inverter 
provides signal S3 . 
[ 0171 ] The second resistor 1313 includes a first end con 
nected to the output of the second two - input AND gate 1309 
and a second end . 
[ 0172 ] The second capacitor 1315 includes a first end 
connected to the second end of the second resistor 1313 and 
a second end connected to a ground potential . 
[ 0173 ] FIG . 14 is a diagram of a first phase detector and 
a second phase detector that use only two phases and rising 
edges of input signals , according to one embodiment . 
[ 0174 ] Referring to FIG . 14 , the first phase detector 
includes a first two - input AND gate 1401 , a first inverter 
1403 , a first resistor 1405 , and a first capacitor 1407. The 
second phase detector includes a second two - input AND 
gate 1409 , a second inverter 1411 , a second resistor 1413 , 
and a second capacitor 1415 . 
[ 0175 ] The first two - input AND gate 1401 includes a first 
input for receiving a first input signal in a third phase P2 , a 
second input connected to an output of the first inverter 
1403. The first inverter 1403 includes an input for receiving 
a second input signal in a fourth phase P3 , and an output . 
The first input of the first two - input AND gate 1401 provides 
signal So , and the second input of the first two - input AND 
gate 1401 provides signal S2 . Alternatively , an inverter may 
be connected to the first input of the first two - input AND 
gate 1401 , where an output of the inverter provides signal 
S2 . 
[ 0176 ] The first resistor 1405 includes a first end con 
nected to the output of the first two - input AND gate 1401 
and a second end . 
[ 0177 ] The first capacitor 1407 includes a first end con 
nected to the second end of the first resistor 1405 and a 
second end connected to a ground potential . 
[ 0178 ] The second two - input AND gate 1409 includes a 
first input for receiving a third input signal in a second phase 
P1 , a second input connected to an output of the second 
inverter 1411. The second inverter 1411 includes an input for 
receiving a fourth input signal in a third phase P2 , and an 
output . The first input of the second two - input AND gate 
1409 provides signal S1 , and the second input of the second 
two - input AND gate 1409 provides signal S3 . Alternatively , 
an inverter may be connected to the first input of the second 
two - input AND gate 1409 , where an output of the inverter 
provides signal S3 . 
[ 0179 ] The second resistor 1413 includes a first end con 
nected to the output of the second two - input AND gate 1409 
and a second end . 
[ 0180 ] The second capacitor 1415 includes a first end 
connected to the second end of the second resistor 1413 and 
a second end connected to a ground potential . 
[ 0181 ] FIG . 15 is a diagram of a first XOR phase detector 
and a second XNOR phase detector that require only two 
50 % duty cycle input signal phases , according to one 
embodiment . 
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[ 0182 ] Referring to FIG . 15 , the first phase detector 
includes a two - input XOR gate 1501 , a first resistor 1503 , 
and a first capacitor 1505. The second phase detector 
includes a two - input XNOR gate 1507 , a second resistor 
1509 , and a second capacitor 1511 . 
[ 0183 ] The two - input XOR gate 1501 includes a first input 
for receiving a first input signal in a first phase PO , a second 
input for receiving a second input signal in a second phase 
P1 , and an output . The first input of the two input XOR gate 
1501 provides signal so , and the second input of the 
two - input XOR gate 1501 provides signal S2 . Alternatively , 
an inverter may be connected to the first input of the 
two - input XOR gate 1501 , where an output of the inverter 
provides signal S2 . 
[ 0184 ] The first resistor 1503 includes a first end con 
nected to the output of the two - input XOR gate 1501 and a 
second end . 
[ 0185 ] The first capacitor 1505 includes a first end con 
nected to the second end of the first resistor 1503 and a 
second end connected to a ground potential . 
[ 0186 ] The two - input XNOR gate 1507 includes a first 
input for receiving a third input signal in a first phase PO , a 
second input for receiving a fourth input signal in a second 
phase P1 , and an output . The first input of the two - input 
XNOR gate 1507 provides signal S1 , and the second input 
of the two - input XNOR gate 1507 provides signal S3 . 
Alternatively , an inverter may be connected to the first input 
of the two - input XNOR gate 1507 , where an output of the 
inverter provides signal S3 . 
[ 0187 ] The second resistor 1509 includes a first end con 
nected to the output of the two - input XNOR gate 1507 and 
a second end . 
[ 0188 ] The second capacitor 1511 includes a first end 
connected to the second end of the second resistor 1509 and 
a second end connected to a ground potential . 
[ 0189 ] The first phase detector and the second phase 
detector of FIG . 15 only require two 50 % duty cycle input 
signal phases . The two - input XOR gate 1501 and the two 
input XNOR gate 1507 should to be designed to extract 
precise timing information from the two input signals . 
[ 0190 ] FIG . 16 is a block diagram illustrating an electronic 
device 1601 in a network environment 1600 according to 
various embodiments . 
[ 0191 ] Referring to FIG . 16 , the electronic device 1601 in 
the network environment 1600 may communicate with an 
electronic device 1602 via a first network 1698 ( e.g. , a 
short - range wireless communication network ) , or an elec 
tronic device 1604 or a server 1608 via a second network 
1699 ( e.g. , a long - range wireless communication network ) . 
According to an embodiment , the electronic device 1601 
may communicate with the electronic device 1604 via the 
server 1608. According to an embodiment , the electronic 
device 1601 may include a processor 1620 , memory 1630 , 
an input device 1650 , a sound output device 1655 , a display 
device 1660 , an audio module 1670 , a sensor module 1676 , 
an interface 1677 , a haptic module 1679 , a camera module 
1680 , a power management module 1688 , a battery 1689 , a 
communication module 1690 , a subscriber identification 
module ( SIM ) 1696 , or an antenna module 1697. In some 
embodiments , at least one ( e.g. , the display device 1660 or 
the camera module 1680 ) of the components may be omitted 
from the electronic device 1601 , or one or more other 
components may be added in the electronic device 1601. In 
some embodiments , some of the components may be imple 

mented as single integrated circuitry . For example , the 
sensor module 1676 ( e.g. , a fingerprint sensor , an iris sensor , 
or an illuminance sensor ) may be implemented as embedded 
in the display device 1660 ( e.g. , a display ) . 
[ 0192 ] The processor 1620 may execute , for example , 
software ( e.g. , a program 1640 ) to control at least one other 
component ( e.g. , a hardware or software component ) of the 
electronic device 1601 coupled with the processor 1620 , and 
may perform various data processing or computation . 
According to one embodiment , as at least part of the data 
processing or computation , the processor 1620 may load a 
command or data received from another component ( e.g. , 
the sensor module 1676 or the communication module 1690 ) 
in volatile memory 1632 , process the command or the data 
stored in the volatile memory 1632 , and store resulting data 
in non - volatile memory 1634. According to an embodiment , 
the processor 1620 may include a main processor 1621 ( e.g. , 
a central processing unit ( CPU ) or an application processor 
( AP ) ) , and an auxiliary processor 1623 ( e.g. , a graphics 
processing unit ( GPU ) , an image signal processor ( ISP ) , a 
sensor hub processor , or a communication processor ( CP ) ) 
that is operable independently from , or in conjunction with , 
the main processor 1621. Additionally or alternatively , the 
auxiliary processor 1623 may be adapted to consume less 
power than the main processor 1621 , or to be specific to a 
specified function . The auxiliary processor 1623 may be 
implemented as separate from , or as part of the main 
processor 1621 . 
[ 0193 ] The auxiliary processor 1623 may control at least 
some of functions or states related to at least one component 
( e.g. , the display device 1660 , the sensor module 1676 , or 
the communication module 1690 ) among the components of 
the electronic device 1601 , instead of the main processor 
1621 while the main processor 1621 is in an inactive ( e.g. , 
sleep ) state , or together with the main processor 1621 while 
the main processor 1621 is in an active state ( e.g. , executing 
an application ) . According to an embodiment , the auxiliary 
processor 1623 ( e.g. , an image signal processor or a com 
munication processor ) may be implemented as part of 
another component ( e.g. , the camera module 1680 or the 
communication module 1690 ) functionally related to the 
auxiliary processor 1623 . 
[ 0194 ] The memory 1630 may store various data used by 
at least one component ( e.g. , the processor 1620 or the 
sensor module 1676 ) of the electronic device 1601. The 
various data may include , for example , software ( e.g. , the 
program 1640 ) and input data or output data for a command 
related thereto . The memory 1630 may include the volatile 
memory 1632 or the non - volatile memory 1634 . 
[ 0195 ] The program 1640 may be stored in the memory 
1630 as software , and may include , for example , an oper 
ating system ( OS ) 1642 , middleware 1644 , or an application 
1646 . 
[ 0196 ] The input device 1650 may receive a command or 
data to be used by other component ( e.g. , the processor 
1620 ) of the electronic device 1601 , from the outside ( e.g. , 
a user ) of the electronic device 1601. The input device 1650 
may include , for example , a microphone , a mouse , a key 
board , or a digital pen ( e.g. , a stylus pen ) . 
[ 0197 ] The sound output device 1655 may output sound 
signals to the outside of the electronic device 1601. The 
sound output device 1655 may include , for example , a 
speaker or a receiver . The speaker may be used for general 
purposes , such as playing multimedia or playing record , and 
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the receiver may be used for an incoming calls . According 
to an embodiment , the receiver may be implemented as 
separate from , or as part of the speaker . 
[ 0198 ] The display device 1660 may visually provide 
information to the outside ( e.g. , a user ) of the electronic 
device 1601. The display device 1660 may include , for 
example , a display , a hologram device , or a projector and 
control circuitry to control a corresponding one of the 
display , hologram device , and projector . According to an 
embodiment , the display device 1660 may include touch 
circuitry adapted to detect a touch , or sensor circuitry ( e.g. , 
a pressure sensor ) adapted to measure the intensity of force 
incurred by the touch . 
[ 0199 ] The audio module 1670 may convert a sound into 
an electrical signal and vice versa . According to an embodi 
ment , the audio module 1670 may obtain the sound via the 
input device 1650 , or output the sound via the sound output 
device 1655 or a headphone of an external electronic device 
( e.g. , an electronic device 1602 ) directly ( e.g. , wiredly ) or 
wirelessly coupled with the electronic device 1601 . 
[ 0200 ] The sensor module 1676 may detect an operational 
state ( e.g. , power or temperature ) of the electronic device 
1601 or an environmental state ( e.g. , a state of a user ) 
external to the electronic device 1601 , and then generate an 
electrical signal or data value corresponding to the detected 
state . According to an embodiment , the sensor module 1676 
may include , for example , a gesture sensor , a gyro sensor , an 
atmospheric pressure sensor , a magnetic sensor , an accel 
eration sensor , a grip sensor , a proximity sensor , a color 
sensor , an infrared ( IR ) sensor , a biometric sensor , a tem 
perature sensor , a humidity sensor , or an illuminance sensor . 
[ 0201 ] The interface 1677 may support one or more speci 
fied protocols to be used for the electronic device 1601 to be 
coupled with the external electronic device ( e.g. , the elec 
tronic device 1602 ) directly ( e.g. , wiredly ) or wirelessly . 
According to an embodiment , the interface 1677 may 
include , for example , a high definition multimedia interface 
( HDMI ) , a universal serial bus ( USB ) interface , a secure 
digital ( SD ) card interface , or an audio interface . 
[ 0202 ] A connecting terminal 1678 may include a connec 
tor via which the electronic device 1601 may be physically 
connected with the external electronic device ( e.g. , the 
electronic device 1602 ) . According to an embodiment , the 
connecting terminal 1678 may include , for example , a 
HDMI connector , a USB connector , a SD card connector , or 
an audio connector ( e.g. , a headphone connector ) . 
[ 0203 ] The haptic module 1679 may convert an electrical 
signal into a mechanical stimulus ( e.g. , a vibration or a 
movement ) or electrical stimulus which may be recognized 
by a user via his tactile sensation or kinesthetic sensation . 
According to an embodiment , the haptic module 1679 may 
include , for example , a motor , a piezoelectric element , or an 
electric stimulator . 
[ 0204 ] The camera module 1680 may capture a still image 
or moving images . According to an embodiment , the camera 
module 1680 may include one or more lenses , image sen 
sors , image signal processors , or flashes . 
[ 0205 ] The power management module 1688 may manage 
power supplied to the electronic device 1601. According to 
one embodiment , the power management module 1688 may 
be implemented as at least part of , for example , a power 
management integrated circuit ( PMIC ) . 
[ 0206 ] The battery 1689 may supply power to at least one 
component of the electronic device 1601. According to an 

embodiment , the battery 1689 may include , for example , a 
primary cell which is not rechargeable , a secondary cell 
which is rechargeable , or a fuel cell . 
[ 0207 ] The communication module 1690 may support 
establishing a direct ( e.g. , wired ) communication channel or 
a wireless communication channel between the electronic 
device 1601 and the external electronic device ( e.g. , the 
electronic device 1602 , the electronic device 1604 , or the 
server 1608 ) a and performing communication via the estab 
lished communication channel . The communication module 
1690 may include one or more communication processors 
that are operable independently from the processor 1620 
( e.g. , the application processor ( AP ) ) and supports a direct 
( e.g. , wired ) communication or a wireless communication . 
According to an embodiment , the communication module 
1690 may include a wireless communication module 1692 
( e.g. , a cellular communication module , a short - range wire 
less communication module , or a global navigation satellite 
system ( GNSS ) communication module ) or a wired com 
munication module 1694 ( e.g. , a local area network ( LAN ) 
communication module or a power line communication 
( PLC ) module ) . A corresponding one of these communica 
tion modules may communicate with the external electronic 
device via the first network 1698 ( e.g. , a short - range com 
munication network , such as BluetoothTM , wireless - fidelity 
( Wi - Fi ) direct , or infrared data association ( IrDA ) ) or the 
second network 1699 ( e.g. , a long - range communication 
network , such as a cellular network , the Internet , or a 
computer network ( e.g. , LAN or wide area network ( WAN ) ) . 
These various types of communication modules may be 
implemented 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 communication mod 
ule 1692 may identify and authenticate the electronic device 
1601 in a communication network , such as the first network 
1698 or the second network 1699 , using subscriber infor 
mation ( e.g. , international mobile subscriber identity 
( IMSI ) ) stored in the subscriber identification module 1696 . 
[ 0208 ] The antenna module 1697 may transmit or receive 
a signal or power to or from the outside ( e.g. , the external 
electronic device ) of the electronic device 1601. According 
to an embodiment , the antenna module 1697 may include an 
antenna including a radiating element composed of a con 
ductive material or a conductive pattern formed in or on a 
substrate ( e.g. , PCB ) . According to an embodiment , the 
antenna module 1697 may include a plurality of antennas . In 
such a case , at least one antenna appropriate for a commu 
nication scheme used in the communication network , such 
as the first network 1698 or the second network 1699 , may 
be selected , for example , by the communication module 
1690 ( e.g. , the wireless communication module 1692 ) from 
the plurality of antennas . The signal or the power may then 
be transmitted or received between the communication 
module 1690 and the external electronic device via the 
selected at least one antenna . According to an embodiment , 
another component ( e.g . , a radio frequency integrated circuit 
( RFIC ) ) other than the radiating element may be additionally 
formed as part of the antenna module 1697 . 
[ 0209 ] At least some of the above - described components 
may be coupled mutually and communicate signals ( e.g. , 
commands or data ) therebetween via an inter - peripheral 
communication scheme ( e.g. , a bus , general purpose input 
and output ( GPIO ) , serial peripheral interface ( SPI ) , or 
mobile industry processor interface ( MIPI ) ) . 
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[ 0210 ] According to an embodiment , commands or data 
may be transmitted or received between the electronic 
device 1601 and the external electronic device 1604 via the 
server 1608 coupled with the second network 1699. Each of 
the electronic devices 1602 and 1604 may be a device of a 
same type as , or a different type , from the electronic device 
1601. According to an embodiment , all or some of opera 
tions to be executed at the electronic device 1601 may be 
executed at one or more of the external electronic devices 
1602 , 1604 , or 1608. For example , if the electronic device 
1601 should perform a function or a service automatically , 
or in response to a request from a user or another device , the 
electronic device 1601 , instead of , or in addition to , execut 
ing 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 request may perform the at least part 
of the function or the service requested , or an additional 
function or an additional service related to the request , and 
transfer an outcome of the performing to the electronic 
device 1601. The electronic device 1601 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 
computing , distributed computing , or client - server comput 
ing technology may be used , for example . 
[ 0211 ] The electronic device according to various embodi 
ments may be one of various types of electronic devices . The 
electronic devices may include , for example , a portable 
communication device ( e.g. , a smartphone ) , a computer 
device , a portable multimedia device , a portable medical 
device , a camera , a wearable device , or a home appliance . 
According to an embodiment of the disclosure , the elec 
tronic devices are not limited to those described above . 
[ 0212 ] It should be appreciated that various embodiments 
of the present disclosure and the terms used therein are not 
intended to limit the technological features set forth herein 
to particular embodiments and include various changes , 
equivalents , or replacements for a corresponding embodi 
ment . 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 understood 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 . 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 combina 
tions of the items enumerated together in a corresponding 
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. , impor 
tance or order ) . It is to be understood that if an element ( e.g. , 
a first element ) is referred to , with or without the term 
“ operatively ” or “ communicatively ” , as " coupled with , ” 
" coupled to , " " connected with , ” or “ connected 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 . 
[ 0213 ] As used herein , 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 part 

thereof , 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 ) . 
[ 0214 ] Various embodiments as set forth herein may be 
implemented as software ( e.g. , the program 1640 ) including 
one or more instructions that are stored in a storage medium 
( e.g. , internal memory 1636 or external memory 1638 ) that 
is readable by a machine ( e.g. , the electronic device 1601 ) . 
For example , a processor ( e.g. , the processor 1620 ) of the 
machine ( e.g. , the electronic device 1601 ) may invoke at 
least one of the one or more instructions stored in the storage 
medium , 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 interpreter . The 
machine - readable storage medium may be provided in the 
form of a non - transitory storage medium . 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 stor 
age medium and where the data is temporarily stored in the 
storage medium . 
[ 0215 ] According to an embodiment , a method according 
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 product between a seller 
and a buyer . The computer program product may be distrib 
uted in the form of a machine - readable storage medium 
( e.g. , compact disc read only memory ( CD - ROM ) ) , or be 
distributed ( e.g. , downloaded or uploaded ) online via an 
application store ( e.g. , PlayStoreTM ) , or between two user 
devices ( e.g. , smart phones ) directly . If distributed online , at 
least part of the computer program product may be tempo 
rarily generated 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 . 
[ 0216 ] According to various embodiments , each compo 
nent ( e.g. , a module or a program ) of the above - described 
components may include a single entity or multiple entities . 
According to various embodiments , one or more of the 
above - described components may be omitted , or one or 
more other components may be added . Alternatively or 
additionally , a plurality of components ( e.g. , modules or 
programs ) may be integrated into a single component . In 
such a case , according to various embodiments , the inte 
grated component may still perform one or more functions 
of each of the plurality of components in the same or similar 
manner as they are performed by a corresponding one of the 
plurality of components before the integration . According to 
various embodiments , operations performed by the module , 
the program , or another component may be carried out 
sequentially , in parallel , repeatedly , 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 . 
[ 0217 ] FIG . 17 is a block diagram of the audio module 
1670 , according to one embodiment . 
[ 0218 ] Referring to FIG . 7 , the audio module 1670 may 
include , for example , an audio input interface 1710 , an audio 
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input mixer 1720 , an analog - to - digital converter ( ADC ) 
1730 , an audio signal processor 1740 , a digital - to - analog 
converter ( DAC ) 7150 , an audio output mixer 1760 , or an 
audio output interface 1770 . 
[ 0219 ] The audio input interface 1710 may receive an 
audio signal corresponding to a sound obtained from the 
outside of the electronic device 1601 via a microphone ( e.g. , 
a dynamic microphone , a condenser microphone , or a piezo 
microphone ) that is configured as part of the input device 
1650 or separately from the electronic device 1601. For 
example , if an audio signal is obtained from the external 
electronic device 1602 ( e.g. , a headset or a microphone ) , the 
audio input interface 1710 may be connected with the 
external electronic device 1602 directly via the connecting 
terminal 1678 , or wirelessly ( e.g. , BluetoothTM communica 
tion ) via the wireless communication module 1692 to 
receive the audio signal . According to one embodiment , the 
audio input interface 1710 may receive a control signal ( e.g. , 
a volume adjustment signal received via an input button ) 
related to the audio signal obtained from the external elec 
tronic device 1602. The audio input interface 1710 may 
include a plurality of audio input channels and may receive 
a different audio signal via a corresponding one of the 
plurality of audio input channels , respectively . According to 
one embodiment , additionally or alternatively , the audio 
input interface 1710 may receive an audio signal from 
another component ( e.g. , the processor 1620 or the memory 
1630 ) of the electronic device 1601 . 
[ 0220 ] The audio input mixer 1720 may synthesize a 
plurality of inputted audio signals into at least one audio 
signal . For example , according to one embodiment , the 
audio input mixer 1720 may synthesize a plurality of analog 
audio signals inputted via the audio input interface 1710 into 
at least one analog audio signal . 
[ 0221 ] The ADC 1730 may convert an analog audio signal 
into a digital audio signal . For example , according to one 
embodiment , the ADC 1730 may convert an analog audio 
signal received via the audio input interface 1710 or , addi 
tionally or alternatively , an analog audio signal synthesized 
via the audio input mixer 1720 into a digital audio signal . 
[ 0222 ] The audio signal processor 1740 may perform 
various processing on a digital audio signal received via the 
ADC 1730 or a digital audio signal received from another 
component of the electronic device 1601. For example , 
according to one embodiment , the audio signal processor 
1740 may perform changing a sampling rate , applying one 
or more filters , interpolation processing , amplifying or 
attenuating a whole or partial frequency bandwidth , noise 
processing ( e.g. , attenuating noise or echoes ) , changing 
channels ( e.g. , switching between mono and stereo ) , ixing , 
or extracting a specified signal for one or more digital audio 
signals . According to one embodiment , one or more func 
tions of the audio signal processor 740 may be implemented 
in the form of an equalizer . 
[ 0223 ] The DAC 1750 may convert a digital audio signal 
into an analog audio signal . For example , according to one 
embodiment , the DAC 1750 may convert a digital audio 
signal processed by the audio signal processor 1740 or a 
digital audio signal obtained from another component ( e.g. , 
the processor 1620 or the memory 1630 ) of the electronic 
device 1601 into an analog audio signal . 
[ 0224 ] The audio output mixer 1760 may synthesize a 
plurality of audio signals , which are to be outputted , into at 
least one audio signal . For example , according to one 

embodiment , the audio output mixer 1760 may synthesize 
an analog audio signal converted by the DAC 1750 and 
another analog audio signal ( e.g. , an analog audio signal 
received via the audio input interface 1710 ) into at least one 
analog audio signal . 
[ 0225 ] The audio output interface 1770 may output an 
analog audio signal converted by the DAC 1750 or , addi 
tionally or alternatively , an analog audio signal synthesized 
by the audio output mixer 1760 to the outside of the 
electronic device 1601 via the sound output device 1655 . 
The sound output device 1655 may include , for example , a 
speaker , such as a dynamic driver or a balanced armature 
driver , or a receiver . According to one embodiment , the 
sound output device 1655 may include a plurality of speak 
ers . In such a case , the audio output interface 1770 may 
output audio signals having a plurality of different channels 
( e.g. , stereo channels or 5.1 channels ) via at least some of the 
plurality of speakers . According to one embodiment , the 
audio output interface 1770 may be connected with the 
external electronic device 1602 ( e.g. , an external speaker or 
a headset ) directly via the connecting terminal 1678 or 
wirelessly via the wireless communication module 1692 to 
output an audio signal . 
[ 0226 ] According to one embodiment , the audio module 
1670 may generate , without separately including the audio 
input mixer 1720 or the audio output mixer 1760 , at least one 
digital audio signal by synthesizing a plurality of digital 
audio signals using at least one function of the audio signal 
processor 1740 . 
[ 0227 ] According to one embodiment , the audio module 
1670 may include an audio amplifier ( e.g. , a speaker ampli 
fying circuit ) that is capable of amplifying an analog audio 
signal inputted via the audio input interface 1710 or an audio 
signal that is to be outputted via the audio output interface 
1770. According to one embodiment , the audio amplifier 
may be configured as a module separate from the audio 
module 1670 . 
[ 0228 ] FIG . 18 is a block diagram of the camera module 
1680 , according to one embodiment . 
[ 0229 ] Referring to FIG . 18 , the camera module 1680 may 
include a lens assembly 1810 , a flash 1820 , an image sensor 
1830 , an image stabilizer 1840 , a memory 1850 ( e.g. , a 
buffer memory ) , or an image signal processor 1860. The lens 
assembly 1810 may collect light emitted or reflected from an 
object whose image is to be taken . The lens assembly 1810 
may include one or more lenses . According to one embodi 
ment , the camera module 1680 may include a plurality of 
lens assemblies 1810. In this case , the camera module 1680 
may form , for example , a dual camera , a 360 - degree camera , 
or a spherical camera . Some of the plurality of lens assem 
blies 1810 may have the same lens attribute ( e.g. , view 
angle , focal length , auto - focusing , f number , or optical 
zoom ) , or at least one lens assembly may have one or more 
lens attributes that are different from those of another lens 
assembly . The lens assembly 1810 may include , for 
example , a wide - angle lens or a telephoto lens . 
[ 0230 ] The flash 1820 may emit light that is used to 
reinforce light reflected from an object . According to one 
embodiment , the flash 1820 may include one or more light 
emitting diodes ( LEDs ) ( e.g. , a red - green - blue ( RGB ) LED , 
a white LED , an infrared ( IR ) LED , or an ultraviolet ( UV ) 
LED ) or a xenon lamp . The image sensor 1830 may obtain 
an image corresponding to an object by converting light 
emitted or reflected from the object and transmitted via the 
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lens assembly 1810 into an electrical signal . According to 
one embodiment , the image sensor 1830 may be selected 
from image sensors having different attributes , such as an 
RGB sensor , a black - and - white ( BW ) sensor , an IR sensor , 
or a UV sensor , a plurality of image sensors having the same 
attribute , or a plurality of image sensors having different 
attributes . Each image sensor included in the image sensor 
1830 may be implemented using , for example , a charged 
coupled device ( CCD ) sensor or a complementary metal 
oxide semiconductor ( CMOS ) sensor . 
[ 0231 ] The image stabilizer 1840 may move the image 
sensor 1830 or at least one lens included in the lens assembly 
1810 in a particular direction , or control an operational 
attribute ( e.g. , adjust the read - out timing ) of the image 
sensor 1830 in response to the movement of the camera 
module 1680 or the electronic device 1601 including the 
camera module 1680. This allows compensating for at least 
part of a negative effect ( e.g. , image blurring ) by the 
movement on an image being captured . According to one 
embodiment , the image stabilizer 1840 may sense such a 
movement by the camera module 1680 or the electronic 
device 1601 using a gyro sensor or an acceleration sensor 
disposed inside or outside the camera module 1680. Accord 
ing to one embodiment , the image stabilizer 1840 may be 
implemented , for example , as an optical image stabilizer . 
[ 0232 ] The memory 1850 may store , at least temporarily , 
at least part of an image obtained via the image sensor 1830 
for a subsequent image processing task . For example , if 
image capturing is delayed due to shutter lag or multiple 
images are quickly captured , a raw image obtained ( e.g. , a 
Bayer - patterned image , a high - resolution image ) may be 
stored in the memory 1850 , and its corresponding copy 
image ( e.g. , a low - resolution image ) may be previewed via 
the display device 1660. Thereafter , if a specified condition 
is met ( e.g. , by a user's input or system command ) , at least 
part of the raw image stored in the memory 1850 may be 
obtained and processed , for example , by the image signal 
processor 1860. According to one embodiment , the memory 
1850 may be configured as at least part of the memory 1630 
or as a separate memory that is operated independently from 
the memory 1630 . 
[ 0233 ] The image signal processor 1860 may perform one 
or more image processing with respect to an image obtained 
via the image sensor 1830 or an image stored in the memory 
1850. The one or more image processing may include , for 
example , depth map generation , three - dimensional ( 3D ) 
modeling , panorama generation , feature point extraction , 
image synthesizing , or image compensation ( e.g. , noise 
reduction , resolution adjustment , brightness adjustment , 
blurring , sharpening , or softening ) . Additionally or alterna 
tively , the image signal processor 1860 may perform control 
( e.g. , exposure time control or read - out timing control ) with 
respect to at least one ( e.g. , the image sensor 1830 ) of the 
components included in the camera module 1680. An image 
processed by the image signal processor 1860 may be stored 
in the memory 1850 for further processing , or may be 
provided to an external component ( e.g. , the memory 1630 , 
the display device 1660 , the electronic device 1602 , the 
electronic device 1604 , or the server 1608 ) outside the 
camera module 1680. According to one embodiment , the 
image signal processor 1860 may be configured as at least 
part of the processor 1620 , or as a separate processor that is 
operated independently from the processor 1620. If the 
image signal processor 1860 is configured as a separate 

processor from the processor 1620 , at least one image 
processed by the image signal processor 1860 may be 
displayed , by the processor 1620 , via the display device 
1660 as it is or after being further processed . 
[ 0234 ] According to one embodiment , the electronic 
device 1601 may include a plurality of camera modules 
1680 having different attributes or functions . In this case , at 
least one of the plurality of camera modules 1680 may form , 
for example , a wide - angle camera and at least another of the 
plurality of camera modules 1680 may form a telephoto 
camera . Similarly , at least one of the plurality of camera 
modules 1680 may form , for example , a front camera and at 
least another of the plurality of camera modules 1680 may 
form a rear camera . 
[ 0235 ] FIG . 19 is a block diagram of the display device 
1660 , according to one embodiment . 
[ 0236 ] Referring to FIG . 19 , the display device 1660 may 
include a display 1910 and a display driver integrated circuit 
( DDI ) 1930 to control the display 1910. The DDI 1930 may 
include an interface module 1931 , a memory 1933 ( e.g. , a 
buffer memory ) , an image processing module 1935 , or a 
mapping module 1937. The DDI 1930 may receive image 
information that contains image data or an image control 
signal corresponding to a command to control the image 
data from another component of the electronic device 1601 
via the interface module 1931. For example , according to 
one embodiment , the image information may be received 
from the processor 1620 ( e.g. , the main processor 1621 ( e.g. , 
an AP ) ) or the auxiliary processor 1623 ( e.g. , a graphics 
processing unit ) operated independently from the function of 
the main processor 1621. The DDI 1930 may communicate , 
for example , with touch circuitry 1950 or the sensor module 
1976 via the interface module 1931. The DDI 1930 may also 
store at least part of the received image information in the 
memory 1933 , for example , on a frame by frame basis . 
[ 0237 ] The image processing module 1935 may perform 
pre - processing or post - processing ( e.g. , adjustment of reso 
lution , brightness , or size ) with respect to at least part of the 
image data . According to one embodiment , the pre - process 
ing 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 
1910 . 
[ 0238 ] The mapping module 1937 may generate a voltage 
value or a current value corresponding to the image data 
pre - processed or post - processed by the image processing 
module 1935. According to one embodiment , generation of 
the voltage value or current value may be performed , 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 1910 may be driven , for example , 
based at least in part on the voltage value or the current value 
such that visual information ( e.g. , a text , an image , or an 
icon ) corresponding to the image data may be displayed via 
the display 1910 . 
[ 0239 ] According to one embodiment , the display device 
1660 may further include the touch circuitry 1950. The 
touch circuitry 1950 may include a touch sensor 1951 and a 
touch sensor IC 1953 to control the touch sensor 1951. The 
touch sensor IC 953 may control the touch sensor 1951 to 
sense a touch input or a hovering input with respect to a 
certain position on the display 1910. To achieve this , for 
example , the touch sensor 1951 may detect ( e.g. , measure ) 
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a change in a signal ( e.g. , a voltage , a quantity of light , a 
resistance , or a quantity of one or more electrical charges ) 
corresponding to the certain position on the display 1910 . 
The touch circuitry 1950 may provide input information 
( e.g. , a position , an area , a pressure , or a time ) indicative of 
the touch input or the hovering input detected via the touch 
sensor 1951 to the processor 1620. At least part ( e.g. , the 
touch sensor IC 1953 ) of the touch circuitry 1950 may be 
formed as part of the display 1910 or the DDI 1930 , or as 
part of another component ( e.g. , the auxiliary processor 623 ) 
disposed outside the display device 1660 . 
[ 0240 ] According to one embodiment , the display device 
1660 may further include at least one sensor ( e.g. , a finger 
print sensor , an iris sensor , a pressure sensor , or an illumi 
nance sensor ) of the sensor module 1676 or a control circuit 
for the at least one sensor . In this 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 
1910 , the DDI 1930 , or the touch circuitry 1950 ) of the 
display device 1660. For example , when the sensor module 
1676 embedded in the display device 1660 includes a 
biometric sensor ( e.g. , a fingerprint sensor ) , the biometric 
sensor may obtain biometric information ( e.g. , a fingerprint 
image ) corresponding to a touch input received via a portion 
of the display 1910. For example , when the sensor module 
1976 embedded in the display device 1660 includes a 
pressure sensor , the pressure sensor may obtain pressure 
information corresponding to a touch input received via a 
partial or whole area of the display 1910. The touch sensor 
1951 or the sensor module 1976 may be disposed between 
pixels in a pixel layer of the display 1910 , or over or under 
the pixel layer . 
[ 0241 ] FIG . 20 is a block diagram of the power manage 
ment module 1688 and the battery 1689 , according to one 
embodiment . 
[ 0242 ] Referring to FIG . 20 , the power management mod 
ule 1688 may include charging circuitry 2010 , a power 
adjuster 2020 , or a power gauge 2030. The charging cir 
cuitry 2010 may charge the battery 1689 by using power 
supplied from an external power source outside the elec 
tronic device 1601. According to one embodiment , the 
charging circuitry 2010 may select a charging scheme ( e.g. , 
normal charging or quick charging ) based at least in part on 
a type of the external power source ( e.g. , a power outlet , a 
USB , or wireless charging ) , magnitude of power capable of 
being supplied from the external power source ( e.g. , about 
20 Watt or more ) , or an attribute of the battery 1689 , and 
may charge the battery 1689 using the selected charging 
scheme . The external power source may be connected with 
the electronic device 1601 , for example , directly via the 
connecting terminal 1678 or wirelessly via the antenna 
module 1697 . 
[ 0243 ] The power adjuster 2020 may generate a plurality 
of powers having different voltage levels or different current 
levels by adjusting a voltage level or a current level of the 
power supplied from the external power source or the 
battery 1689. The power adjuster 2020 may adjust the 
voltage level or the current level of the power supplied from 
the external power source or the battery 1689 into a different 
voltage level or current level appropriate for each of some of 
the components included in the electronic device 1601 . 
According to one embodiment , the power adjuster 2020 may 
be implemented in the form of a low drop out ( LDO ) 
regulator or a switching regulator . The power gauge 2030 

may measure use state information about the battery 1689 
( e.g. , a capacity , a number of times of charging or discharg 
ing , a voltage , or a temperature of the battery 1689 ) . 
[ 0244 ] The power management module 1688 may deter 
mine , using , for example , the charging circuitry 2010 , the 
power adjuster 2020 , or the power gauge 2030 , charging 
state information ( e.g. , lifetime , over voltage , low voltage , 
over current , over charge , over discharge , overheating , a 
short , or swelling ) related to the charging of the battery 1689 
based at least in part on the measured use state information 
about the battery 1689. The power management module 
1688 may determine whether the state of the battery 1689 is 
normal or abnormal based at least in part on the determined 
charging state information . If the state of the battery 1689 is 
determined to be abnormal , the power management module 
1688 may adjust the charging of the battery 1689 ( e.g. , 
reduce the charging current or voltage , or stop the charging ) . 
According to one embodiment , at least some of the functions 
of the power management module 1688 may be performed 
by an external control device ( e.g. , the processor 1620 ) . 
[ 0245 ] The battery 1689 , according to one embodiment , 
may include a protection circuit module ( PCM ) 2040. The 
PCM 2040 may perform one or more of various functions 
( e.g. , a pre - cutoff function ) to prevent performance degra 
dation of , or damage to , the battery 1689. The PCM 2040 , 
additionally or alternatively , may be configured as at least 
part of a battery management system ( BMS ) capable of 
performing various functions including cell balancing , mea 
surement of battery capacity , count of a number of charging 
or discharging , measurement of temperature , or measure 
ment of voltage . 
[ 0246 ] According to one embodiment , at least part of the 
charging state information or use state information regarding 
the battery 1689 may be measured using a corresponding 
sensor ( e.g. , a temperature sensor ) of the sensor module 
1676 , the power gauge 2030 , or the power management 
module 1688. The corresponding sensor ( e.g. , a temperature 
sensor ) of the sensor module 1676 may be included as part 
of the PCM 2040 , or may be disposed near the battery 1689 
as a separate device . 
[ 0247 ] FIG . 21 is a block diagram of the program 1640 
according to one embodiment . 
[ 0248 ] Referring to FIG . 21 , the program 1640 may 
include an OS 1642 to control one or more resources of the 
electronic device 1601 , middleware 1644 , or an application 
1646 executable in the OS 1642. The OS 1642 may include , 
for example , Android , iOS , Windows® , Symbian , 
Tizen® , or BadaTM . At least part of the program 1640 , for 
example , may be pre - loaded on the electronic device 1601 
during manufacture , or may be downloaded from or updated 
by an external electronic device ( e.g. , the electronic device 
1602 or 1604 , or the server 1608 ) during use by a user . 
[ 0249 ] The OS 1642 may control management ( e.g. , allo 
cating or deallocation ) of one or more system resources 
( e.g. , process , memory , or power source ) of the electronic 
device 1601. The OS 1642 , additionally or alternatively , 
may include one or more driver programs to drive other 
hardware devices of the electronic device 1601 , for example , 
the input device 1650 , the sound output device 1655 , the 
display device 1660 , the audio module 1670 , the sensor 
module 1676 , the interface 1677 , the haptic module 1679 , 
the camera module 1680 , the power management module 
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1688 , the battery 1689 , the communication module 1690 , 
the subscriber identification module 1696 , or the antenna 
module 1697 . 
[ 0250 ] The middleware 1644 may provide various func 
tions to the application 1646 such that a function or infor 
mation provided from one or more resources of the elec 
tronic device 1601 may be used by the application 1646. The 
middleware 1644 may include , for example , an application 
manager 2101 , a window manager 2103 , a multimedia 
manager 2105 , a resource manager 2107 , a power manager 
2109 , a database manager 2111 , a package manager 2113 , a 
connectivity manager 2115 , a notification manager 2117 , a 
location manager 2119 , a graphic manager 2121 , a security 
manager 2123 , a telephony manager 2125 , or a voice 
recognition manager 2127 . 
[ 0251 ] The application manager 2101 , for example , may 
manage the life cycle of the application 1646. The window 
manager 2103 , for example , may manage one or more 
graphical user interface ( GUI ) resources that are used on a 
screen . The multimedia manager 2105 , for example , may 
identify one or more formats to be used to play media files , 
and may encode or decode a corresponding one of the media 
files using a codec appropriate for a corresponding format 
selected from the one or more formats . The resource man 
ager 2107 , for example , may manage the source code of the 
application 1646 or a memory space of the memory 1630 . 
The power manager 2109 , for example , may manage the 
capacity , temperature , or power of the battery 1689 , and 
determine or provide related information to be used for the 
operation of the electronic device 1601 based at least in part 
on corresponding information of the capacity , temperature , 
or power of the battery 1689. According to one embodiment , 
the power manager 2109 may interoperate with a basic 
input / output system ( BIOS ) of the electronic device 1601 . 
[ 0252 ] The database manager 2111 , for example , may 
generate , search , or change a database to be used by the 
application 1646. The package manager 2113 , for example , 
may manage installation or update of an application that is 
distributed in the form of a package file . The connectivity 
manager 2115 , for example , may manage a wireless con 
nection or a direct connection between the electronic device 
1601 and the external electronic device . The notification 
manager 2117 , for example , may provide a function to notify 
a user of an occurrence of a specified event ( e.g. , an 
incoming call , message , or alert ) . The location manager 
2119 , for example , may manage locational information on 
the electronic device 1601. The graphic manager 2121 , for 
example , may manage one or more graphic effects to be 
offered to a user or a user interface related to the one or more 
graphic effects . 
[ 0253 ] The security manager 2123 , for example , may 
provide system security or user authentication . The tele 
phony manager 2125 , for example , may manage a voice call 
function or a video call function provided by the electronic 
device 1601. The voice recognition manager 2127 , for 
example , may transmit a user's voice data to the server 1608 , 
and receive , from the server 1608 , a command correspond 
ing to a function to be executed on the electronic device 
1601 based at least in part on the voice data , or text data 
converted based at least in part on the voice data . According 
to one embodiment , the middleware 1644 may dynamically 
delete some existing components or add new components . 
According to one embodiment , at least part of the middle 

ware 1644 may be included as part of the OS 1642 or may 
be implemented in other software separate from the OS 
1642 . 
[ 0254 ] The application 1646 may include , for example , a 
home application 2151 , a dialer application 2153 , a short 
message service ( SMS ) / multimedia messaging service 
( MMS ) application 2155 , an instant message ( IM ) applica 
tion 2157 , a browser application 2159 , a camera application 
2161 , an alarm application 2163 , a contact application 2165 , 
a voice recognition application 2167 , an email application 
2169 , a calendar application 2171 , a media player applica 
tion 2173 , an album application 2175 , a watch application 
2177 , a health application 2179 ( e.g. , for measuring the 
degree of workout or biometric information , such as blood 
sugar ) , or an environmental information application 2181 
( e.g. , for measuring air pressure , humidity , or temperature 
information ) . According to one embodiment , the application 
1646 may further include an information exchanging appli 
cation that is capable of supporting information exchange 
between the electronic device 1601 and the external elec 
tronic device . The information exchange application , for 
example , may include a notification relay application 
adapted to transfer designated information ( e.g. , a call , a 
message , or an alert ) to the external electronic device or a 
device management application adapted to manage the 
external electronic device . The notification relay application 
may transfer notification information corresponding to an 
occurrence of a specified event ( e.g. , receipt of an email ) at 
another application ( e.g. , the email application 2169 ) of the 
electronic device 1601 to the external electronic device . 
Additionally or alternatively , the notification relay applica 
tion may receive notification information from the external 
electronic device and provide the notification information to 
a user of the electronic device 1601 . 
[ 0255 ] The device management application may control 
the power ( e.g. , turn - on or turn - off ) or the function ( e.g. , 
adjustment of brightness , resolution , or focus ) of the exter 
nal electronic device or some component thereof ( e.g. , a 
display device or a camera module of the external electronic 
device ) . The device management application , additionally or 
alternatively , may support installation , delete , or update of 
an application running on the external electronic device . 
[ 0256 ] FIG . 22 is a block diagram of the wireless com 
munication module 1692 , the power management module 
1688 , and the antenna module 1697 of the electronic device 
1601 , according to one embodiment . 
[ 0257 ] Referring to FIG . 22 , the wireless communication 
module 1692 may include a magnetic secure transmission 
( MST ) communication module 2210 or a near - field com 
munication ( NFC ) module 2230 , and the power manage 
ment module 1688 may include a wireless charging module 
2250. In this case , the antenna module 1697 may include a 
plurality of antennas that include an MST antenna 2297-1 
connected with the MST communication module 2210 , an 
NFC antenna 2297-3 connected with the NFC communica 
tion module 2230 , and a wireless charging antenna 2297-5 
connected with the wireless charging module 2250. Descrip 
tions of components described above with regard to FIG . 16 
are either briefly described or omitted here . 
[ 0258 ] The MST communication module 2210 may 
receive a signal containing control information or payment 
information such as card ( e.g. , credit card ) information from 
the processor 1620 , generate a magnetic signal correspond 
ing to the received signal , and then transfer the generated 
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magnetic signal to the external electronic device 1602 ( e.g. , 
a point - of - sale ( POS ) device ) via the MST antenna 2297-1 . 
To generate the magnetic signal , according to one embodi 
ment , the MST communication module 2210 may include a 
switching module that includes one or more switches con 
nected with the MST antenna 2297-1 , and control the 
switching module to change the direction of voltage or 
current supplied to the MST antenna 2297-1 according to the 
received signal . The change of the direction of the voltage or 
current allows the direction of the magnetic signal ( e.g. , a 
magnetic field ) emitted from the MST antenna 2297-1 to 
change accordingly . If detected at the external electronic 
device 1602 , the magnetic signal with its direction changing 
may cause an effect ( e.g. , a waveform ) similar to that of a 
magnetic field that is generated when a magnetic card 
corresponding to the card information associated with the 
received signal is swiped through a card reader of the 
electronic device 1602. According to one embodiment , for 
example , payment - related information and a control signal 
that are received by the electronic device 1602 in the form 
of the magnetic signal may be further transmitted to an 
external server 1608 ( e.g. , a payment server ) via the network 
1699 . 
[ 0259 ] The NFC communication module 2230 may obtain 
a signal containing control information or payment infor 
mation such as card information from the processor 1620 
and transmit the obtained signal to the external electronic 
device 1602 via the NFC antenna 2297-3 . According to one 
embodiment , the NFC communication module 2230 may 
receive such a signal transmitted from the external electronic 
device 1602 via the NFC antenna 2297-3 . 
[ 0260 ] The wireless charging module 2250 may wirelessly 
transmit power to the external electronic device 1602 ( e.g. , 
a cellular phone or wearable device ) via the wireless charg 
ing antenna 2297-5 , or wirelessly receive power from the 
external electronic device 1602 ( e.g. , a wireless charging 
device ) . The wireless charging module 2250 may support 
one or more of various wireless charging schemes including , 
for example , a magnetic resonance scheme or a magnetic 
induction scheme . 
[ 0261 ] According to one embodiment , some of the MST 
antenna 2297-1 , the NFC antenna 2297-3 , or the wireless 
charging antenna 2297-5 may share at least part of their 
radiators . For example , the radiator of the MST antenna 
2297-1 may be used as the radiator of the NFC antenna 
2297-3 or the wireless charging antenna 2297-5 , or vice 
versa . In this case , the antenna module 1697 may include a 
switching circuit adapted to selectively connect ( e.g. , close ) 
or disconnect ( e.g. , open ) at least part of the antennas 
2297-1 , 2297-3 , and 2297-5 , for example , under control of 
the wireless communication module 1692 ( e.g. , the MST 
communication module 2210 or the NFC communication 
module 2230 ) or the power management module ( e.g. , the 
wireless charging module 2250 ) . For example , when the 
electronic device 1601 uses a wireless charging function , the 
NFC communication module 2230 or the wireless charging 
module 2250 may control the switching circuit to tempo 
rarily disconnect at least one portion of the radiators shared 
by the NFC antenna 2297-3 and the wireless charging 
antenna 2297-5 from the NFC antenna 2297-3 and to 
connect the at least one portion of the radiators with the 
wireless charging antenna 2297-5 . 
[ 0262 ] According to one embodiment , at least one func 
tion of the MST communication module 2210 , the NFC 

communication module 2230 , or the wireless charging mod 
ule 2250 may be controlled by an external processor ( e.g. , 
the processor 1620 ) . According to one embodiment , at least 
one specified function ( e.g. , a payment function ) of the MST 
communication module 2210 or the NFC communication 
module 2230 may be performed in a trusted execution 
environment ( TEE ) . The TEE may form an execution envi 
ronment in which , for example , at least some designated 
area of the memory 2230 is allocated to be used for 
performing a function ( e.g. , a financial transaction or per 
sonal information - related function ) that requires a relatively 
high level of security . In this case , access to the at least some 
designated area of the memory 1630 may be restrictively 
permitted , for example , according to an entity accessing 
thereto or an application being executed in the TEE . 
[ 0263 ] Although certain embodiments of the present dis 
closure have been described in the detailed description of the 
present disclosure , the present disclosure may be modified in 
various forms without departing from the scope of the 
present disclosure . Thus , the scope of the present disclosure 
shall not be determined merely based on the described 
embodiments , but rather determined based on the accompa 
nying claims and equivalents thereto . 

1. A synchronized in - phase / quadrature phase ( I / Q detec 
tion circuit , comprising : 

a first multiplexer configured to receive a first plurality of 
input signals ; 

a first phase detector configured to receive a first set of 
input signals from the first multiplexer ; 

a first reset and sampling circuit configured to receive 
outputs of the first phase detector ; 

a second multiplexer configured to receive a second 
plurality of input signals ; 

a second phase detector configured to receive a second set 
of input signals from the second multiplexer ; 

a second reset and sampling circuit configured to receive 
outputs of the second phase detector ; 

a comparator configured to : 
receive at least two sets of differential inputs , wherein 

at least one of the at least two sets of differential 
inputs are outputs of the first reset and sampling 
circuit and the second reset and sampling circuit ; 

cancel settling of an output of the first reset and 
sampling circuit with settling of an output of the 
second reset and sampling circuit , and 

output a direct current ( DC ) voltage indicative of a 
detected phase difference ; and 

a control signal generator configured to output reset and 
sampling signals to control the first reset and sampling 
circuit and the second reset and sampling circuit , 

wherein the first multiplexer and the second multiplexer 
are each configured to provide at least one of ( a ) and ( b ) 
according to a mode control signal , wherein : 
( a ) a first subset of the first set of input signals and the 

second set of input signals to the first phase detector 
and the second phase detector , respectively , and 

( b ) a second subset of the first set of input signals and 
the second set of input signals to the first phase 
detector and second phase detector , respectively . 

2. The synchronized I / Q detection circuit of claim 1 , 
wherein the first subset of the first set of input signals and the 
second set of input signals to the first phase detector and the 
second phase detector , respectively , are the same , and 
wherein the second subset of the first set of input signals and 
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the second set of input signals to the first phase detector and 
second phase detector , respectively , are different . 

3. The synchronized I / Q detection circuit of claim 1 , 
wherein 

the first phase detector includes a first two - input NAND 
gate and a second two - input NAND gate connected to 
the first multiplexer , and a third two - input NAND gate 
connected to the first two - input NAND gate and the 
second two - input NAND gate ; and 

the second phase detector includes a fourth two - input 
NAND gate and a fifth two - input NAND gate con 
nected to the second multiplexer , and a sixth two - input 
NAND gate connected to the fourth two - input NAND 
gate and the fifth NAND gate . 

4. The synchronized I / Q detection circuit of claim 1 , 
wherein the first reset and sampling circuit includes a first 

filter including a first resistor and a first capacitor , and 
wherein the second reset and sampling circuit includes a 

second filter including a second resistor and a second 
capacitor . 

5. The synchronized I / Q detection circuit of claim 4 , 
wherein 

the first reset and sampling circuit further includes a first 
switch , a second switch , a third switch , and a third 
capacitor ; and 

the second reset and sampling circuit further includes a 
fourth switch , a fifth switch , a sixth switch , and a fourth 
capacitor . 

6. The synchronized I / Q detection circuit of claim 1 , 
wherein the control signal generator comprises a first flip 
flop , a second flip - flop , a third flip - flop , a fourth flip - flop , a 
fifth flip - flop , a sixth flip - flop , a first two - input NOR gate ; 
and a second two - input NOR gate . 

7. The synchronized I / Q detection circuit of claim 1 , 
wherein 

the first phase detector is comprised of a two - input AND 

receiving , by a first phase detector , a first set of input 
signals from the first multiplexer ; 

receiving , by a first reset and sampling circuit , outputs of 
the first phase detector ; 

receiving , by a second multiplexer , a second plurality of 
input signals ; 

receiving , by a second phase detector , a second set of 
input signals from the second multiplexer ; 

receiving , by a second reset and sampling circuit , outputs 
of the second phase detector ; 

receiving , by a comparator , at least two sets of differential 
inputs , wherein at least one of the at least two sets of 
differential inputs are outputs of the first reset and 
sampling circuit and the second reset and sampling 
circuit ; 

cancelling , by the comparator , settling of an output of the 
first reset and sampling circuit with settling of an output 
of the second reset and sampling circuit , and 

outputting , by the comparator , a direct current ( DC ) 
voltage indicative of a detected phase difference ; 

outputting , by a control signal generator , reset and sam 
pling signals to control the first reset and sampling 
circuit and the second reset and sampling circuit ; and 

providing , by each of the first multiplexer and the second 
multiplexer , at least one of ( a ) and ( b ) according to a 
mode control signal , wherein : 
( a ) a first subset of the first set of input signals and the 

second set of input signals to the first phase detector 
and the second phase detector , respectively , and 

( b ) a second subset of the first set of input signals and 
the second set of input signals to the first phase 
detector and second phase detector , respectively . 

12. The method of claim 11 , wherein the first subset of the 
first set of input signals and the second set of input signals 
to the first phase detector and the second phase detector , 
respectively , are the same , and wherein the second subset of 
the first set of input signals and the second set of input 
signals to the first phase detector and second phase detector , 
respectively , are different . 

13. The method of claim 11 , wherein 
the first phase detector includes a first two - input NAND 

gate and a second two - input NAND gate connected to 
the first multiplexer , and a third two - input NAND gate 
connected to the first two - input NAND gate and the 
second two - input NAND gate ; and 

the second phase detector includes a fourth two - input 
NAND gate and a fifth two - input NAND gate con 
nected to the second multiplexer , and a sixth two - input 
NAND gate connected to the fourth two - input NAND 
gate and the fifth NAND gate . 

14. The method of claim 11 , 
wherein the first reset and sampling circuit includes a first 

filter including a first resistor and a first capacitor , and 
wherein the second reset and sampling circuit includes a 

second filter including a second resistor and a second 
capacitor . 

15. The method of claim 14 , wherein 
the first reset and sampling circuit further includes a first 

switch , a second switch , a third switch , and a third 
capacitor ; and 

the second reset and sampling circuit further includes a 
fourth switch , a fifth switch , a sixth switch , and a fourth 
capacitor . 

gate ; and 
the second phase detector is comprised of a two - input 
AND gate . 

8. The synchronized I / Q detection circuit of claim 1 , 
wherein 

the first phase detector includes a first two - input NAND 
gate , a first inverter , a second two - input NAND gate , a 
second inverter , and a third two - input NAND gate ; and 

the second phase detector includes a fourth two - input 
NAND gate , a fifth two - input NAND gate , a fourth 
inverter , and a sixth two - input NAND gate . 

9. The synchronized I / Q detection circuit of claim 1 , 
wherein 

the first phase detector includes a two - input AND gate , 
and a first inverter ; and 

the second phase detector includes a two - input AND gate , 
and a second inverter . 

10. The synchronized I / Q detection circuit of claim 1 , 
wherein 

the first phase detector includes a two - input XOR gate ; 
and 

the second phase detector includes a two - input XNOR 
gate . 

11. A method of performing a synchronized in - phase / 
quadrature phase ( I / Q ) detection circuit , the method com 
prising : 

receiving , by a first multiplexer , a first plurality of input 
signals ; 
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16. The method of claim 11 , wherein the control signal 
generator comprises a first flip - flop , a second flip - flop , a 
third flip - flop , a fourth flip - flop , a fifth flip - flop , a sixth 
flip - flop , a first two - input NOR gate ; and a second two - input 
NOR gate . 

17. The method of claim 11 , wherein 
the first phase detector is comprised of a two - input AND 

gate ; and 
the second phase detector is comprised of a two - input 
AND gate . 

18. The method of claim 11 , wherein 
the first phase detector includes a first two - input NAND 

gate , a first inverter , a second two - input NAND gate , a 
second inverter , and a third two - input NAND gate ; and 

the second phase detector includes a fourth two - input 
NAND gate , a fifth two - input NAND gate , a fourth 
inverter , and a sixth two - input NAND gate . 

19. The method of claim 11 , wherein 
the first phase detector includes a two - input AND gate , 
and a first inverter ; and 

the second phase detector includes a two - input AND gate , 
and a second inverter . 

20. The method of claim 11 , wherein 
the first phase detector includes a two - input XOR gate ; 
and 

the second phase detector includes a two - input XNOR 
gate . 


