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BODY CHANNEL COMMUNICATION 
METHOD AND APPARATUS FOR 

PERFORMING THE SAME 

CROSS - REFERENCE TO RELATED 
APPLICATION ( S ) 

[ 0001 ] This application claims the priority benefit of 
Korean Patent Application No. 10-2019-0067259 filed on 
Jun . 7 , 2019 , and Korean Patent Application No. 10-2020 
0002925 filed on Jan. 9 , 2020 , in the Korean Intellectual 
Property Office , the disclosures of which are incorporated 
herein by reference for all purposes . 

BACKGROUND 

1. Field of the Invention 

[ 0002 ] One or more example embodiments relate to a 
body channel communication method and an apparatus 
performing the same . 

2. Description of the Related Art 
[ 0003 ] Communication using a body channel refers to a 
technique that transmits information to electrodes of a 
transmitter attached to a part of a human body being 
conductive , using the body as a communication channel , and 
restores the transmitted information by connecting to elec 
trodes of a receiver attached to another part of the body or 
provided outside of the body . 
[ 0004 ] A communication method using a body channel is 
a technique that enables " communication with a fixed 
device ” to be performed through a simple contact of a user , 
for the purpose of communication between various portable 
devices such as a personal digital assistant ( PDA ) , a portable 
personal computer , a digital camera , an MP3 player , and a 
mobile phone , or printing ( communication with a printer ) , 
credit card payment , TV reception , access control ( commu 
nication with an access control system ) , or fare payment for 
bus and subway rides . 

[ 0011 ] The control signal may include an activation signal 
configured to activate or deactivate the current source . 
[ 0012 ] According to an aspect , there is provided an oper 
ating method of a receiver , the operating method including 
receiving an RZ signal of a biphasic waveform through a 
body channel , generating a squared signal by inputting the 
RZ signal into a square circuit , detecting an error with 
respect to the RZ signal , and generating restored data based 
on the squared signal . 
[ 0013 ] The receiving may include receiving the RZ signal 
through an electrode including a termination . 
[ 0014 ] The detecting may include determining whether 
positive or negative pulses are detected consecutively in the 
RZ signal if the error detection operation is activated . 
[ 0015 ] According to an aspect , there is provided a trans 
mitter including a memory configured to store an input 
signal including biometric information , an RZ encoder con 
figured to generate an encoded signal and a control signal by 
encoding the input signal , a channel driver configured to 
generate an RZ signal of a biphasic waveform based on the 
encoded signal , and an electrode configured to transmit the 
RZ signal through a body channel . 
[ 0016 ] The encoded signal may include a first encoded 
signal configured to generate a positive pulse of the RZ 
signal , and a second encoded signal configured to generate 
a negative pulse of the RZ signal . 
[ 0017 ] The channel driver may be configured to perform 
first - order charge balancing using the RZ signal . 
[ 0018 ] The channel driver may be configured to perform 
passive charge balancing based on the control signal . 
[ 0019 ] The channel driver may include a current source . 
[ 0020 ] The control signal may include an activation signal 
configured to activate or deactivate the current source . 
[ 0021 ] According to an aspect , there is provided a receiver 
including an electrode configured to receive an RZ signal of 
a biphasic waveform through a body channel , a squarer 
configured to generate a squared signal by inputting the RZ 
signal into a square circuit , an error detector configured to 
detect an error with respect to the RZ signal , and a clock and 
data recovery ( CDR ) circuit configured to generate restored 
data based on the squared signal . 
[ 0022 ] The receiver may further include a termination 
connected to the electrode . 
[ 0023 ] The error detector may be configured to determine 
whether positive or negative pulses are detected consecu 
tively in the RZ signal if activated . 
[ 0024 ] According to an aspect , there is provided a com 
munication system including the transmitter and the 
receiver . 
[ 0025 ] Additional aspects of example embodiments will 
be set forth in part in the description , which follows and , in 
part , will be apparent from the description , or may be 
learned by practice of the disclosure . 

SUMMARY 

[ 0005 ] An aspect provides a current coupling type high 
speed body channel communication technique that may 
alleviate the effects of environmental changes and distur 
bances . 
[ 0006 ] According to an aspect , there is provided an oper 
ating method of a transmitter , the operating method includ 
ing obtaining an input signal including biometric informa 
tion , generating an encoded signal and a control signal by 
encoding the input signal , generating a return - to - zero ( RZ ) 
signal of a biphasic waveform based on the encoded signal 
and , transmitting the RZ signal through a body channel . 
[ 0007 ] The encoded signal may include a first encoded 
signal configured to generate a positive pulse of the RZ 
signal , and a second encoded signal configured to generate 
a negative pulse of the RZ signal . 
[ 0008 ] The operating method may further include per 
forming first - order charge balancing using the RZ signal . 
[ 0009 ] The operating method may further include per 
forming passive charge balancing based on the control 
signal . 
[ 0010 ] The generating of the RZ signal may include 
generating the RZ signal using a current source . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0026 ] These and / or other aspects , features , and advan 
tages of the invention will become apparent and more 
readily appreciated from the following description of 
example embodiments , taken in conjunction with the 
accompanying drawings of which : 
[ 0027 ] FIGS . 1A and 1B illustrate a bionic arm according 
to an example embodiment ; 
[ 0028 ] FIGS . 2A through 2C illustrate a conventional 
communication system applicable to a bionic arm ; 
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[ 0029 ] FIGS . 3A and 3B illustrate galvanically - coupled 
body channel communication ( GC - BCC ) ; 
[ 0030 ] FIG . 4 illustrates a communication system through 
a body channel according to an example embodiment ; 
[ 0031 ] FIG . 5 is a block diagram illustrating an example of 
a transmitter shown in FIG . 4 ; 
[ 0032 ] FIGS . 6A through 6C illustrate a return - to - zero 
( RZ ) signal transmitted by the transmitter of FIG . 5 ; 
[ 0033 ] FIG . 7 is a circuit diagram illustrating an example 
of an RZ encoder shown in FIG . 5 ; 
[ 0034 ] FIG . 8 illustrates an output signal of the RZ 
encoder shown in FIG . 5 ; 
[ 0035 ] FIG.9 is a circuit diagram illustrating an example 
of a channel driver shown in FIG . 5 ; 
[ 0036 ] FIGS . 10A through 10E illustrate an operation of 
the channel driver shown in FIG . 5 ; 
[ 0037 ] FIG . 11 is a circuit diagram illustrating an example 
of a receiver shown in FIG . 4 ; 
[ 0038 ] FIGS . 12 and 13 illustrate an operation of a termi 
nation shown in FIG . 11 ; 
[ 0039 ] FIG . 14 is a circuit diagram illustrating an example 
of an error detector shown in FIG . 11 ; 
[ 0040 ] FIGS . 15A through 15D illustrate an operation of 
the error detector shown in FIG . 11 ; and 
[ 0041 ] FIG . 16 illustrates the communication system of 
FIG . 4 . 

DETAILED DESCRIPTION 

be [ 0042 ] Hereinafter , example embodiments will 
described in detail with reference to the accompanying 
drawings . However , various alterations and modifications 
may be made to the example embodiments . Here , the 
example embodiments are not construed as limited to the 
disclosure . The example embodiments should be understood 
to include all changes , equivalents , and replacements within 
the idea and the technical scope of the disclosure . 
[ 0043 ] The terminology used herein is for the purpose of 
describing particular example embodiments only and is not 
to be limiting of the example embodiments . As used herein , 
the singular forms “ a ” , “ an ” , and “ the ” are intended to 
include the plural forms as well , unless the context clearly 
indicates otherwise . It will be further understood that the 
terms " comprises / comprising ” and / or “ includes / including " 
when used herein , specify the presence of stated features , 
integers , steps , operations , elements , and / or components , but 
do not preclude the presence or addition of one or more other 
features , integers , steps , operations , elements , components 
and / or groups thereof . 
[ 0044 ] Terms , such as first , second , and the like , may be 
used herein to describe components . Each of these termi 
nologies is not used to define an essence , order or sequence 
of a corresponding component but used merely to distin 
guish the corresponding component from other component 
( s ) . For example , a first component may be referred to as a 
second component , and similarly the second component 
may also be referred to as the first component . 
[ 0045 ] Unless otherwise defined , all terms including tech 
nical and scientific terms used herein have the same meaning 
as commonly understood by one of ordinary skill in the art 
to which example embodiments belong . It will be further 
understood that terms , such as those defined in commonly 
used dictionaries , should be interpreted as having a meaning 
that is consistent with their meaning in the context of the 

relevant art and will not be interpreted in an idealized or 
overly formal sense unless expressly so defined herein . 
[ 0046 ] When describing the example embodiments with 
reference to the accompanying drawings , like reference 
numerals refer to like constituent elements and a repeated 
description related thereto will be omitted . In the description 
of example embodiments , detailed description of well 
known related structures or functions will be omitted when 
it is deemed that such description will cause ambiguous 
interpretation of the present disclosure . 
[ 0047 ] FIGS . 1A and 1B illustrate a bionic arm according 
to an example embodiment . 
[ 0048 ] A bionic arm may be an artificial arm system that 
operates according to the intent of a user . 
[ 0049 ] The bionic arm may include a robotic arm and an 
implantable IC . 
[ 0050 ] The robot arm may operate according to the intent 
of a user . For example , the robot arm may operate based on 
a neural signal of the user . In this example , the neural signal 
may be replaced by an electromyographic ( EMG ) signal . 
[ 0051 ] The implantable IC may detect a neural signal 
generated at a major peripheral nerve of the user . For 
example , the implantable ICs may detect neural signals 
generated at five major peripheral nerves . 
[ 0052 ] The implantable IC may convert the detected neu 
ral signal into a digital signal . The implantable IC may 
transmit the digital signal to the robot arm through an uplink . 
For example , the IC may transmit the digital signal to the 
robotic arm through a body channel . 
[ 0053 ] The robot arm may receive the digital signal trans 
mitted by the implantable IC . For example , the robot arm 
may receive the digital signal through the body channel . 
[ 0054 ] The robot arm may discern the intent of the user 
based on the digital signal and execute a command from the 
user based on the intent of the user . 
[ 0055 ] There are three key requirements for the uplink of 
the bionic arm ( or the artificial arm system ) . 
[ 0056 ] ( 1 ) The uplink requires a high data rate ( HDR ) and 
low power consumption . The uplink of the bionic arm needs 
to provide an HDR over 96 Mb / s to control the robot arm 
with a high degree of freedom in real time . In addition , when 
the energy of the implantable IC is supplied by a wireless 
power transmission system provided in the size of 1 cm² , a 
transmitter of the bionic arm needs to consume less than 2 
mW for human body safety . 
[ 0057 ] ( 2 ) The uplink requires detachability and robust 
ness . The bionic arm may be implemented in a detachable 
form for the convenience and safety of the user . Therefore , 
the bionic arm needs to maintain robust communication 
even under varying condition changes resulting from 
repeated reattachments . In particular , smooth communica 
tion should be ensured even if the position of an electrode or 
antenna changes due to reattachments , or an alignment issue 
occurs . In addition , the bionic arm needs to be able to 
perform an error detection function to prevent an uninten 
tional operation of a robot arm . 
[ 0058 ] ( 3 ) The bionic arm needs to be designed consider 
ing the human body safety . The bionic arm is an implantable 
and semi - permanent device , and the bionic arm and the 
uplink of the bionic arm need to be designed considering the 
human body safety . 
[ 0059 ] FIGS . 2A through 2C illustrate a conventional 
communication system applicable to a bionic arm . 
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[ 0060 ] FIG . 2A illustrates a medical implant communica 
tion service ( MICS ) / the industrial , scientific and medical 
( ISM ) . The MICS / ISM may provide robust wireless com 
munication , but may have low data rates and lack energy 
efficiency . 
[ 0061 ] FIG . 2B illustrates inductive coupling . A commu 
nication system using inductive coupling may provide a high 
data rate and energy efficiency , but have a degraded perfor 
mance due to an alignment issue . In order to alleviate the 
alignment issue of the communication system using induc 
tive coupling , it may be necessary to increase the physical 
size of the implanted inductor . 
[ 0062 ] FIG . 2C illustrates capacitive coupling body chan 
nel communication ( CC - BCC ) . CC - BCC has channel char 
acteristics that may be greatly affected by an environment . 
Since an ambient environmental condition of a bionic arm is 
not constant , CC - BCC may not be suitable as a communi 
cation method of the bionic arm . In addition , a transmitter of 
CC - BCC is implemented as a voltage - mode channel driver , 
and thus the human - body safety may not be guaranteed . 
[ 0063 ] That is , a conventional communication system may 
not meet the requirements for implementing a robust , high 
speed and energy - efficient uplink of a bionic arm while 
ensuring the human - body safety . 
[ 0064 ] FIGS . 3A and 3B illustrate galvanically - coupled 
body channel communication ( GC - BCC ) . 
[ 0065 ] GC - BCC refers to body channel communication 
that uses a differential signal through two pairs of electrodes . 
[ 0066 ] When a current flows between two electrodes of a 
transmitter ( TX ) of GC - BCC , an electric field may be 
induced in human tissues , and a voltage between two 
electrodes of a receiver ( RX ) may be induced . That is , in 
GC - BCC , bioimpedance ( Zbio ) may be a channel response . 
[ 0067 ] The voltage Vry induced to the receiver RX may 
be expressed by Equation 1 . 

Vrx = ItxxZbio [ Equation 1 ] 

[ 0068 ] Here , Itx denotes the current flowing between the 
two electrodes of the transmitter TX . 
[ 0069 ] GC - BCC may have the following advantages over 
CC - BCC . 
[ 0070 ] ( 1 ) GC - BCC uses bioimpedance as a communica 
tion channel , and thus the channel may be more robust and 
hardly affected by environmental changes . 
[ 0071 ] ( 2 ) GC - BCC uses a differential signal and thus , 
may handle common mode interference ( CM - interference ) . 
On the other hand , CC - BCC uses a single signal electrode 
and thus , may not handle CM - interference . 
[ 0072 ] ( 3 ) GC - BCC may regulate a current applied to a 
human body and thus , may ensure the human body safety . 
[ 0073 ] A high - frequency electric field may penetrate a cell 
membrane , whereas a low - frequency electric field may not 
pass through a cell membrane . Thus , the bioimpedance may 
have a low - pass - filter characteristic . Therefore , GC - BCC 
may have a limited bandwidth . Conventional GC - BCC has 
a narrow channel bandwidth less than 10 MHz and may be 
difficult to increase a data rate in excess of tens of Mb / s . 
[ 0074 ] FIG . 4 illustrates a communication system through 
a body channel according to an example embodiment . 
[ 0075 ] A communication system 10 through a body chan 
nel implemented with GC - BCC may be applied to a bionic 

the communication system 10 may be tolerable to misalign 
ment between TX electrodes and RX electrodes . 
[ 0077 ] The uplink of the communication system 10 may 
be implemented with wide - band GC - BCC capable of high 
speed data communication . For example , the communica 
tion system 10 may perform broadband communication by 
adding a termination to a receiver 200 . 
[ 0078 ] The communication system 10 may be imple 
mented with low power by baseband signaling through 
bipolar return - to - zero ( RZ ) coding . 
[ 0079 ] In addition , the communication system 10 may 
consider the human body safety and perform real - time error 
detection . 
[ 0080 ] The communication system 10 may include a trans 
mitter 100 and the receiver 200 . 
[ 0081 ] The transmitter 100 may perform bipolar RZ cod 
ing and transmit an RZ signal in a biphasic waveform to the 
receiver 200. For example , the transmitter 100 may transmit 
the RZ signal of the biphasic waveform to the receiver 200 
through the uplink implemented with GC - BCC . 
[ 0082 ] The transmitter 100 may be implemented as an 
implantable IC , and may transmit a signal to the receiver 200 
through a pair of electrodes 110-1 and 110-2 . 
[ 0083 ] The receiver 200 may receive the RZ signal of the 
biphasic waveform transmitted by the transmitter 100. For 
example , the receiver 200 may receive the RZ signal of the 
biphasic waveform through the uplink implemented with 
GC - BCC . 
[ 0084 ] The receiver 200 may include a termination in an 
input , thereby extending the channel bandwidth . 
[ 0085 ] The receiver 200 may restore data and / or a clock 
signal of the signal received from the transmitter 100. For 
example , the receiver 200 may restore the data and / or the 
clock signal based on the RZ signal of the biphasic wave 
form . 
[ 0086 ] The receiver 200 may detect an error with respect 
to the signal received from the transmitter 100. For example , 
an error in the RZ signal of the biphasic waveform may be 
detected . 
[ 0087 ] The receiver 200 may be implemented in a robot 
arm detachable to a user , and may receive the signal from the 
transmitter 100 through a pair of electrodes 210-1 and 210-2 . 
[ 0088 ] FIG . 5 is a block diagram illustrating an example of 
the transmitter shown in FIG . 4 . 
[ 0089 ] The transmitter 100 may include a pair of elec 
trodes 110-1 and 110-2 , a clock generator 130 , a memory 
150 , an RZ encoder 300 , and a channel driver 400 . 
[ 0090 ] The electrodes 110-1 and 110-2 may transmit a 
signal output from the channel driver 400. For example , the 
electrodes 110-1 and 110-2 may transmit the signal through 
a body channel . The channel driver 400 may be current 
mode channel driver . 
[ 0091 ] The clock generator 130 may generate a clock 
signal . For example , the clock generator 130 may include an 
injection - locked oscillator ( ILO ) operating as a frequency 
multiplier that provides a 100 - MHz clock signal . The clock 
generator 130 may output the clock signal to the memory 
150 and the RZ encoder 300 . 
[ 0092 ] The memory 150 may store an input signal . For 
example , the memory 150 may store the input signal includ 
ing biometric information from the sensor . 
[ 0093 ] Also , the memory 150 may output the stored input 
signal to the RZ encoder 300. For example , the memory 150 
may synchronize the input signal with the clock signal and 

arm . 

[ 0076 ] An uplink of the communication system 10 may 
use bioimpedance as a communication channel . Therefore , 
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output the synchronized input signal to the RZ encoder 300 . 
That is , the memory 150 may output the input signal to the 
RZ encoder 300 in response to the clock signal . 
[ 0094 ] For example , the memory 150 may be a buffer that 
temporarily stores the input signal including biometric infor 
mation . 
[ 0095 ] The RZ encoder 300 may encode the input signal 
to a bipolar RZ form in response to the clock signal . For 
example , the RZ encoder 300 may generate encoded data ( or 
an encoded signal ) and / or a control signal to generate a 
biphasic RZ signal . 
[ 0096 ] The channel driver 400 may generate an RZ signal 
of a biphasic waveform based on the encoded data and / or the 
control signal . For example , the channel driver 400 may 
transmit the RZ signal in the form of a regulated current 
through the body channel using the electrodes 110-1 and 
110-2 . 
[ 0097 ] The channel driver 400 may perform charge bal 
ancing . Thus , the channel driver 400 may perform charge 
balancing to ensure the human body safety . 
[ 0098 ] FIGS . 6A through 6C illustrate an RZ signal trans 
mitted by the transmitter of FIG . 5 . 
[ 0099 ] A bipolar RZ ( or a biphasic RZ ) may be a line code 
in which a signal drops to zero between pulses . 
[ 0100 ] Even if the bipolar RZ signal has a value of “ 1 ” , the 
bipolar RZ signal may have a value of “ O ” for half of a unit 
interval and a value of “ 1 ” for the other half . That is , for half 
of the unit interval , the value may be always maintained as 
" O " . 
[ 0101 ] FIG . 6B illustrates an algorithm for converting a 
non - return - to - zero ( NRZ ) signal into a bipolar RZ signal . 
Binary “ O ” ( zero ) of an NRZ signal may be encoded as “ O ” , 
and binary “ 1 ” ( one ) may be encoded as a positive voltage 
or a negative voltage . Each binary “ 1 ” of the NRZ signal 
may have a sign opposite to a sign of previous binary “ 1 ” . 
[ 0102 ] The communication system 10 may need a channel 
bandwidth of 100 MHz to have a data rate of 100 Mb / s . In 
this example , if line coding such as bipolar RZ coding is 
used , there is no need to generate a high carrier frequency , 
and a low - power system may be designed . 
[ 0103 ] FIG . 7 is a circuit diagram illustrating an example 
of the RZ encoder shown in FIG . 5 , and FIG . 8 illustrates an 
output signal of the RZ encoder shown in FIG . 5 . 
[ 0104 ] The RZ encoder 300 may encode an input signal 
( for example , NRZ Data ) to generate an encoded signal 
and / or a control signal . For example , the RZ encoder 300 
may generate the encoded signal and / or the control signal 
based on the input signal and a clock signal CLK . 
[ 0105 ] The encoded signal may include a first encoded 
signal IP and a second encoded signal IN . 
[ 0106 ] The first encoded signal IP may correspond to a 
positive pulse of the RZ signal . For example , in the RZ 
signal , a binary “ 1 ” encoded to a positive current may be 
generated based on the first encoded signal IP . 
[ 0107 ] The second encoded signal IN may correspond to 
a negative pulse of the RZ signal . For example , in the RZ 
signal , a binary “ 1 ” encoded to a negative current may be 
generated based on the second encoded signal IN . 
[ 0108 ] The control signal may include a first control signal 
BALANCE and / or a second control signal PRE_UP . 
[ 0109 ] The channel driver 400 may perform passive 
charge balancing based on the first control signal 

BALANCE . For example , the channel driver 400 may 
remove charge remaining in biological tissue using the first 
control signal BALANCE . 
[ 0110 ] The second control signal PRE_UP may activate or 
deactivate a current source of the channel driver 400. For 
example , the second control signal PRE_UP may activate 
the current source only if necessary , thereby efficiently using 
power . The second control signal PRE_UP may be an 
activation signal for the current source . 
[ 0111 ] FIG . 9 is a circuit diagram illustrating an example 
of the channel driver shown in FIG . 5 . 
[ 0112 ] In FIG . 9 , the channel driver 400 is implemented 
using a plurality of p - type metal oxide semiconductors 
( PMOS ) and the current source . However , example embodi 
ments are not limited thereto , and the channel driver 400 
may be implemented using NMOS instead of PMOS . 
[ 0113 ] The channel driver 400 may generate an RZ signal 
I_OUT - I_OUT of a biphasic waveform based on the first 
encoded signal IP , the second encoded signal IN , the first 
control signal BALANCE , and / or the second control signal 
PRE_UP . 
[ 0114 ] The channel driver 400 may provide a function for 
the human body safety . 
[ 0115 ] The channel driver 400 may regulate the magnitude 
of current injected into a human body . Also , the channel 
driver 400 may perform 1st - order charge balancing to 
reduce the amount of charge remaining in the biological 
tissue using the RZ signal I_OUT - I_OUT of the biphasic 
waveform . Further , the channel driver 400 may remove the 
remaining charge from the biological tissue by performing 
passive charge balancing using the first control signal 
BALANCE . 
[ 0116 ] The channel driver 400 may reduce the power 
consumption by using the second control signal PRE_UP . 
For example , the second control signal PRE_UP may acti 
vate the current source only if necessary , thereby reducing 
the power consumption . The channel driver 400 may reduce 
the power consumption by 36.8 % , when compared to a 
conventional current - mode channel driver . 
[ 0117 ] FIGS . 10A through 10E illustrate an operation of 
the channel driver shown in FIG . 5. The operation of the 
channel driver will be described in detail with reference to 
the drawings . 
[ 0118 ] FIG . 10A illustrates the operation of the channel 
driver 400 if an input signal NRZ Data is binary “ O ” . 
[ 0119 ] If the input signal NRZ Data is binary “ 0 ” , the 
channel driver 400 may deactivate the current source to save 
power . In addition , the channel driver 400 may remove 
residual charges by performing charge balancing using the 
first control signal BALANCE and reduce the possibility of 
damage to biological tissues . 
[ 0120 ] FIG . 10B illustrates the operation of the channel 
driver 400 in a preceding half cycle ( hereinafter , phase I ) of 
binary “ 1 ” of the input signal NRZ Data . 
[ 0121 ] In phase I , the channel driver 400 may pre - charge 
a drain of the current source to apply a current correctly 
during the following half cycle ( hereinafter , phase II ) . For 
example , the channel driver 400 may charge the current 
source based on the second control signal PRE_UP . 
[ 0122 ] Since the channel driver 400 has not yet applied a 
current , charge balancing may be still performed . 
[ 0123 ] FIG . 10C illustrates the operation of the channel 
driver 400 in phase II . 
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[ 0124 ] In phase II , the channel driver 400 may connect a 
positive current path . For example , the channel driver 400 
may apply the first encoded signal IP to an electrode , such 
that the RZ signal I_OUT - I_OUT becomes positive binary 
“ 1 ” . That is , the channel driver 400 may apply a positive 
current to the body channel based on the first encoded signal 
IP . 
[ 0125 ] Since the RZ signal I_OUT - I_OUT is of a biphasic 
waveform , the RZ signal should be negative binary “ 1 ” after 
positive binary “ 1 ” when the input signal NRZ Data is 
binary “ 1 ” . That is , the channel driver 400 needs to apply a 
negative current to the body channel . 
[ 0126 ] FIG . 10D illustrates the operation of the channel 
driver 400 in phase I when applying a negative current . 
[ 0127 ] As in phase I before applying a negative current , 
the channel driver 400 may charge the current source based 
on the second control signal PRE_UP . Further , the channel 
driver 400 may perform charge balancing using the first 
control signal BALANCE . 
[ 0128 ] FIG . 10E illustrates the operation of the channel 
driver 400 in phase II when applying a negative current . 
[ 0129 ] The channel driver 400 may enable the RZ signal 
I_OUT - I_OUT to have negative binary “ 1 ” based on the 
second encoded signal IN . For example , the channel driver 
400 may apply a negative current to the body channel by 
applying the second encoded signal IN to the electrode . 
[ 0130 ] FIG . 11 is a circuit diagram illustrating an example 
of the receiver shown in FIG . 4 . 
[ 0131 ] The receiver 200 may include a pair of electrodes 
210-1 and 210-2 , a termination 230 , a clock and data 
recovery ( CDR ) circuit 250 , a squarer 270 , a low - noise 
amplifier ( LNA ) 291 , a variable - gain amplifier ( VGA ) 293 , 
and an error detector 500 . 
[ 0132 ] The pair of electrodes 210-1 and 210-2 may receive 
a signal transmitted by the transmitter 100 through a body 
channel . For example , the pair of electrodes 210-1 and 210-2 
may receive an RZ signal of a biphasic waveform . 
[ 0133 ] The termination 230 may flatten a channel 
response . For example , the termination 230 may widen the 
bandwidth by flattening the channel response . 
[ 0134 ] The LNA 291 and the VGA 293 may amplify the 
input signal . For example , the LNA 291 and the VGA 293 
may amplify the RZ signal . 
[ 0135 ] The squarer 270 may square the input signal and 
output the squared signal . For example , the squarer 270 may 
convert the biphasic waveform into a monophasic wave 
form , such that a comparator may - make decision with a 
single threshold voltage . 
[ 0136 ] The CDR 250 may recover a clock and decode 
data . For example , the CDR 250 may recover the clock and 
restore the data based on the RZ signal received from the 
transmitter 100 . 
[ 0137 ] The CDR 250 may extract clock information based 
on transitions of binary “ 1 ” of the bipolar RZ signal . In 
addition , since the data information appears during a half 
cycle , the CDR 250 may recover a 100 - MHz clock signal 
using a half - rate bang - bang CDR . 
[ 0138 ] The CDR 250 may decrypt the data based on the 
restored clock signal . In a locked condition , a clock signal 
with a 90 - degree phase is aligned to the position of a data 
transition . 
[ 0139 ] Thus , the CDR 250 may decode the data by per 
forming X - OR gating of the two comparator outputs at the 
0 - degree phase and the 180 - degree phase . 

[ 0140 ] The error detector 500 may detect an error in the 
received bipolar RZ signal . The error detector 500 may 
detect a frequency of error occurrence , and the robot arm 
may check a channel state based on the frequency of error 
occurrence and determine whether additional channel cod 
ing is necessary at the cost of higher power and lower 
effective data rate . 
[ 0141 ] FIGS . 12 and 13 illustrate an operation of the 
termination shown in FIG . 11 . 
[ 0142 ] When a termination Rry is applied to the input of 
the receiver 200 , the channel impedance may be calculated 
based on parallel values of the bioimpedance and the ter 
mination impedance . 
[ 0143 ] A difference in channel gain between a low fre 
quency and a high frequency may be reduced through 
paralleling . For example , a flatter channel response may be 
obtained by applying the termination Rrr : 
[ 0144 ] The receiver 200 may acquire a 100 - MHz channel 
bandwidth using the termination Rry of 50 to 100 ohm . 
[ 0145 ] FIG . 14 is a circuit diagram illustrating an example 
of the error detector shown in FIG . 11 , and FIGS . 15A 
through 15D illustrate an operation of the error detector 
shown in FIG . 11 . 
[ 0146 ] FIG . 14 illustrates an example of the error detector 
500 , which may be implemented in various manners to 
perform the same function . 
[ 0147 ] Consecutive binary “ l ” s of the RZ signal transmit 
ted by the transmitter 100 should have different signs . Thus , 
the RZ signal received by the receiver 200 also needs to have 
consecutive binary “ 1 ” ' s with different signs . 
[ 0148 ] That is , neighboring pulses of the RZ signal 
received by the receiver 200 do not have the same sign 
unless the data is corrupted at the channel . 
[ 0149 ] Thus , the error detector 500 may detect an error by 
comparing a previous pulse and a current pulse of the input 
signal . 
[ 0150 ] The error detector 500 may operate only when 
binary “ 1 ” is detected in the input signal . For example , the 
error detector 500 may detect a pulse of the input signal 
based on the output signal of the squarer 270 , and may 
operate only when a pulse is detected . Therefore , the error 
detector 500 may consume only 60 ° W . 
[ 0151 ] FIG . 16 illustrates the communication system of 
FIG . 4 . 
[ 0152 ] A bionic arm may include a detachable robot arm 
and an implantable IC to be implanted into a body of a user . 
[ 0153 ] The implantable IC may include the transmitter 
100. The transmitter 100 may encode a digitized signal of a 
neural signal generated at a major peripheral nerve into a 
bipolar RZ signal and transmit the bipolar RZ signal to the 
receiver 200 through a body channel . 
[ 0154 ] The robot arm may include the receiver 200. The 
receiver 200 may receive and decode the bipolar RZ signal 
transmitted by the transmitter 100. The robot arm may 
operate based on the decoded data . 
[ 0155 ] The receiver 200 may detect an error in the 
received signal , and may use a wide bandwidth by applying 
a termination . 
[ 0156 ] The transmitter 100 and the receiver 200 may 
maintain a communication state through the uplink imple 
mented with wideband GC - BCC even if the electrodes are 
misaligned , and may have a high data rate and be imple 
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mented with low power . In addition , the transmitter 100 and 
the receiver 200 may ensure the human - body safety by using 
the bipolar RZ signal . 
[ 0157 ] The methods according to the above - described 
examples may be recorded in non - transitory computer 
readable media including program instructions to implement 
various operations of the above - described examples . The 
media may also include , alone or in combination with the 
program instructions , data files , data structures , and the like . 
The program instructions recorded on the media may be 
those specially designed and constructed for the purposes of 
examples , or they may be of the kind well - known and 
available to those having skill in the computer software arts . 
Examples of non - transitory computer - readable media 
include magnetic media such as hard disks , floppy disks , and 
magnetic tape ; optical media such as CD - ROM discs , 
DVDs , and / or Blue - ray discs ; magneto - optical media such 
as optical discs ; and hardware devices that are specially 
configured to store and perform program instructions , such 
as read - only memory ( ROM ) , random access memory 
( RAM ) , flash memory ( e.g. , USB flash drives , memory 
cards , memory sticks , etc. ) , and the like . Examples of 
program instructions include both machine code , such as 
produced by a compiler , and files containing higher - level 
code that may be executed by the computer using an 
interpreter . The above - described devices may be configured 
to act as one or more software modules in order to perform 
the operations of the above - described examples , or vice 
versa . 

[ 0158 ] The software may include a computer program , a 
piece of code , an instruction , or some combination thereof , 
to independently or uniformly instruct or configure the 
processing device to operate as desired . Software and data 
may be embodied permanently or temporarily in any type of 
machine , component , physical or virtual equipment , com 
puter storage medium or device , or in a propagated signal 
wave capable of providing instructions or data to or being 
interpreted by the processing device . The software also may 
be distributed over network - coupled computer systems so 
that the software is stored and executed in a distributed 
fashion . The software and data may be stored by one or more 
non - transitory computer - readable recording mediums . 
[ 0159 ] A number of example embodiments have been 
described above . Nevertheless , it should be understood that 
various modifications may be made to these example 
embodiments . For example , suitable results may be achieved 
if the described techniques are performed in a different order 
and / or if components in a described system , architecture , 
device , or circuit are combined in a different manner and / or 
replaced or supplemented by other components or their 
equivalents . 
[ 0160 ] Accordingly , other implementations are within the 
scope of the following claims . 
What is claimed is : 
1. An operating method of a transmitter , the operating 

method comprising : 
obtaining an input signal including biometric information ; 
generating an encoded signal and a control signal by 

encoding the input signal ; 
generating a return - to - zero ( RZ ) signal of a biphasic 
waveform based on the encoded signal ; and 

transmitting the RZ signal through a body channel . 
2. The operating method of claim 1 , wherein the encoded 

signal comprises : 

a first encoded signal configured to generate a positive 
pulse of the RZ signal ; and 

a second encoded signal configured to generate a negative 
pulse of the RZ signal . 

3. The operating method of claim 1 , further comprising : 
performing first - order charge balancing using the RZ 

signal . 
4. The operating method of claim 1 , further comprising : 
performing passive charge balancing based on the control 

signal . 
5. The operating method of claim 1 , wherein the gener 

ating of the RZ signal comprises generating the RZ signal 
using a current source . 

6. The operating method of claim 5 , wherein the control 
signal comprises an activation signal configured to activate 
or deactivate the current source . 

7. An operating method of a receiver , the operating 
method comprising : 

receiving a return - to - zero ( RZ ) signal of a biphasic wave 
form through a body channel ; 

generating a squared signal by inputting the RZ signal 
into a square circuit ; 

detecting an error with respect to the RZ signal ; and 
generating restored data based on the squared signal . 
8. The operating method of claim 7 , wherein the receiving 

comprises receiving the RZ signal through an electrode 
including a termination . 

9. The operating method of claim 7 , wherein the detecting 
comprises determining whether positive or negative pulses 
are detected consecutively in the RZ signal . 

10. A transmitter , comprising : 
a memory configured to store an input signal including 

biometric information ; 
a return - to - zero ( RZ ) encoder configured to generate an 

encoded signal and a control signal by encoding the 
input signal ; 

a channel driver configured to generate an RZ signal of a 
biphasic waveform based on the encoded signal ; and 

an electrode configured to transmit the RZ signal through 
a body channel . 

11. The transmitter of claim 10 , wherein the encoded 
signal comprises : 

a first encoded signal configured to generate a positive 
pulse of the RZ signal ; and 

a second encoded signal configured to generate a negative 
pulse of the RZ signal . 

12. The transmitter of claim 10 , wherein the channel 
driver is configured to perform first - order charge balancing 
using the RZ signal . 

13. The transmitter of claim 10 , wherein the channel drier 
is configured to perform passive charge balancing based on 
the control signal . 

14. The transmitter of claim 10 , wherein the channel 
driver comprises a current source . 

15. The transmitter of claim 14 , wherein the control signal 
comprises an activation signal configured to activate or 
deactivate the current source . 

16. A receiver , comprising : 
an electrode configured to receive a return - to - zero ( RZ ) 

signal of a biphasic waveform through a body channel ; 
a squarer configured to generate a squared signal by 

inputting the RZ signal into a square circuit ; 
an error detector configured to detect an error with respect 

to the RZ signal ; and 
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a clock and data recovery ( CDR ) circuit configured to 
generate restored data based on the squared signal . 

17. The receiver of claim 16 , further comprising : 
a termination connected to the electrode . 
18. The receiver of claim 16 , wherein the error detector is 

configured to determine whether positive or negative pulses 
are detected consecutively in the RZ signal if activated . 

19. A communication system , comprising : 
the transmitter of claim 10 ; and 
the receiver of claim 16 . 


