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INTRODUCTION

The BodyCom system is a new short-range wireless
connectivity technology that uses the capability of the
human body to transport a few signals that provide
intuitive, simple, and safe communication between two
electronically compatible devices. Communication
between BodyCom system devices occurs when they
are within a few centimeters of the human body: a
simple proximity or touch detection can establish a
BodyCom system connection.

MICROCHIP SOLUTION

Traditional wireless remote access systems rely on an
RF link, with a typical range of 400 to 900 MHz. While
providing the convenience of remote control, these
systems also require manual activation by the user and
an additional level of security to prevent “sniffing” of the
security codes during transmits. While these limitations
are surmountable, they can be challenging for both the
designer and the user, for example, when the user is
trying to enter their house during a rain storm while
holding a brief case and a bag of groceries.

BodyCom overcomes these limitations by using the
user’s body as the medium for data transmission. Data
is capacitive coupled between the Base and Mobile
Units through the user’s body using a low-frequency
Amplitude Shift Key (ASK) format whenever the user
and the Base Unit come in contact with each another.
The user’s touch also creates a simple capacitive touch
detection to initiate the challenge and response
sequence between the Base and Mobile Units
whenever the user is present.

Due to the high permittivity of the human body at low
frequencies, transmissions can be achieved with a
simple, easily-designed system operating between 60
kHz to 30 MHz. Because the data is coupled through
the user, there is no RF transmission creating security
issues, and the touch initiation system removes the
need for manually triggering the sequence.

The BodyCom system provides an easy-to-use system
that is secure to use and easy to design, layout and
produce.

The BodyCom system was implemented with the

following priorities:

* Very low consumption, especially for the Mobile
Unit

» Fast system response

» Stable and Robust communication with Fault
detection

« Limited field of action (as little as a few centime-
ters) to allow an identification when the touch
action takes place from whoever wears the Mobile
Unit

* Low cost and complexity

FIGURE 1: BODYCOM SYSTEM

WORKING PRINCIPLE
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The signal transmission uses capacitive coupling
between the human body, the Base Unit and the Mobile
Unit (Figure 1). Because of this, the signals are more
attenuated at low frequencies than at high frequencies,
requiring the signals that are transmitted to have higher
amplitude for lower frequencies. The Mobile Unit is a
battery-powered  portable device, and power
consumption is a priority, while the Base Unit can
deliver more power.
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Another constraint in frequency choice is the result of
the Mobile Unit’s power consumption in Receive mode.
This is a result of the limited low-power receiver circuits
available on the market, which limits the receiving
frequency to the 60-400 kHz range. That, in addition to
the low-power consumption in Transmission mode
demanded by the same unit, it is recommended to use
a frequency between 6 and 13 MHz for the transmitting
channel (the relation between the power consumption
and the performance is optimum within that frequency
range).

A frequency of 128 kHz has been chosen for the
channel transmitted from the Base Unit and received
by the Mobile Unit.

A frequency of 8 MHz has been chosen for the channel
transmitted from the Mobile Unit and received by the
Base Unit (frequency is available using the on-chip
oscillator).

Base-to-Mobile Transmission

In a BodyCom system, the communication is initiated
by the Base Unit. In order to start a communication
when the system is coupled with the human body only,
the PIC® MCU performs touch detection continuously.

When a touch is detected, the microcontroller stops
touch detection and initiates a transmission that
searches for the Mobile Unit. The generated sequence
is applied through a driver to an LC circuit working in
Resonant mode. This circuit is connected to a coupling
pad that transfers the signal to the human body. In this
way, the human body becomes an extension of the
coupling element, allowing the transfer of the signal in
the proximity of the Mobile Unit.

As previously mentioned, as the Base Unit can deliver
more power to the transmitting channel, a low fre-
quency (128 kHz) was chosen for the transmitting
channel. This is possible because the Base Unit, being
a fixed part of the system, can be powered externally or
can have a bigger battery attached.

The signal generated by the Base Unit will be transmit-
ted to the Mobile Unit, which is typically waiting in Sig-
nal mode (low-power consumption). The transmitted
signal received will cause a wake-up of the Mobile Unit
receiver.

Mobile-to-Base Response

After the transmitted signal is received by the Mobile
Unit, it decodes the data and, if a response is neces-
sary, will respond.

The Mobile Unit is also capacitively coupled with the
human body; the lowest power consumption in Trans-
mission mode and better coupling phenomena at high
frequencies, which demand the use of a high frequency
for the response channel (8 MHz is available on the
board using the PIC MCU internal RC oscillator).

The response is sent by the Mobile Unit using the
8 MHz transmitting channel; the signal is carried by the
human body in the vicinity of the Base Unit and is
applied through the coupling pad to the Base Unit
receiving block. This is a complete receiver solution,
including a pre-amplifier, a step-down mixer, filters and
a data decoder/demodulator. The output of the receiver
is connected to the PIC microcontroller; and will receive
the complete sequence and decode the incoming data.

DS01391A-page 2
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BASE UNIT BLOCK DIAGRAM

The Base Unit should be able to perform the following
functions:

» Touch/proximity detection

» Send challenge to the Mobile Units

* Receive and decode incoming data

» Simple communication/control interface for easy
integration with other systems

FIGURE 2: BASE UNIT BLOCK DIAGRAM
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Figure 2 shows a block diagram for the Base Unit. It
includes a complete receiver system, the transmission
circuitry and a communication interface, all of which are
managed by a PIC microcontroller.

The receiver module provides a robust and efficient
demodulation/decoding circuitry implementation for
compatible transponder signals. The microcontroller
manages the complete transmission/receiving
process, performing encoding/decoding and error
detection. In addition, it supports implementation of a
security algorithm for secure communication.

The transmitter module drives a coupling pad designed
to support additional touch/proximity detection. A
simple serial interface can be directly connected to
other systems or microcontrollers to ensure easy
integration and design flexibility.

© 2011 Microchip Technology Inc.
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Touch Detection

In a typical BodyCom system, communication between
the Base Unit and the Mobile Unit is started when a
touch/proximity event is detected. The Base Unit waits
for this event and initiates the communication only
when the user touches the pad or is in proximity of the
coupling element (coupling/attenuation of the low
frequency signal through the human body limits the
range of the Base Unit to less than 1 cm).

In our example, touch detection is achieved through the
PIC microcontroller input using the CVD technique.
The user may choose another method to do touch/
proximity detection for better performance of a custom
design.

In a standard application, the coupling element and the
touch pads are in close proximity. During the
transmission, a high voltage is applied to the coupling
element and affects touch detection. Because of this,
touch detection should be stopped during this period.

The following configurations were used for the coupling
element and the touch pad design:

1. Coupling Element and Touch PAD — Finger

Style
FIGURE 3: COUPLING ELEMENT AND
TOUCH PAD - FINGER
STYLE

Coupling PAD

* The coupling capacitance between the coupling
element and the touch pad is high, especially
when the user touches the pad’s surface, which
will cause a signal attenuation during the
reception/transmission.

» The touch/proximity detection is easy and does
not depend on the finger position on the pad area.

» The design needs two pads and wire connection
between the pad area and the component area.

Note:  This design has good performance for
applications where the coupling element/
touch pad need to be isolated (the user
does not touch directly on the pad).

2. Coupling Element in the Center of the Touch/
Proximity Detection Area

FIGURE 4: COUPLING ELEMENT IN

THE CENTER OF THE

TOUCHING PAD

Coupling PAD

» The coupling capacitance between two pads is
lower than with the previous solution; the user
touches the coupling element directly, without
touching the sensing pad. In this way, the
attenuation of the incoming signal is minimum.

* The sensitivity of the receiver is increased
compared to the previous solution, because the
coupling with the touching pad is reduced.

» The design needs two pads and wire connection
between the pad area and the component area.

Note:  The design is recommended for applica-
tions that require proximity detection.

3. The Pad Is Shared by the Coupling Element
and the Touch Circuitry

» The same copper pad is shared by the coupling
element and the touching circuitry; only one wire is
needed between the pad and the component area.

» The touch pad is connected directly to the LC
circuit, where high voltage appears during the
transmission. To avoid the possibility for high
voltage to be applied directly to the microcontroller
pins, the touch input should be connected to one
of the ends of the LC oscillating circuit.

» The output capacitance of the driver and the input
capacitance of the receiver appear directly in
parallel with the capacitance of the pad, reducing
the sensitivity of the touch sensing circuit (no
proximity detection).

Note:  Because of the structure, a significant
capacitance appears between the cou-
pling element and the touch pad when this
area is touched. To avoid false triggering
of the system, it is recommended that the
output of the driver be driven low during
capacitive touch detection. The user may
need to tune the CVD algorithm because
of the big capacitance.

DS01391A-page 4
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Data Packet Structure

The structure of the data packet used for
communication should allow a robust communication
between units. In Figure 5, the preamble sequence is
required by the MCP2030 to activate its circuitry. This
sequence is followed by a timing filter (configurable in
the software) that minimizes the false wake-up of the
PIC microcontroller in order to minimize the power
consumption of the entire circuit.

The communication begins with a 1 ms pulse, which is
needed by the PIC MCU to wake-up from Sleep. During
this time, the internal RC oscillator will stabilize and the
PIC MCU performs all initialization of the peripherals
needed for the data reception. To minimize power
consumption during the data reception period, the PIC
MCU will run at 500 kHz and use the hardware UART
for data reception. An auto-baud mechanism is used
for data reception, which will minimize the
communication errors.

FIGURE 5:

RECEIVER STATE DIAGRAM FUNCTION BY DATA PACKET

|6msON,O.5msOFF|xmsON,ymsOFF|1msON| 0x55 |0x7F|1Byte| n Bytes |1Byte|5msON|

The data packet is composed of two parts: one that is
required by the hardware to work properly, and the
other is a data sequence.

The part required by the hardware has the following
sequence:

- Preamble time — used by MCP2030 internal
circuitry to configure and activate its internal
Automatic Gain Control (AGC) circuit (see
MCP2030 Data Sheet (DS21918) for detailed
timing requirements)

- Filter time — used as preliminary filtering by
MCP2030. This sequence minimizes false
wake-up of the PIC MCU

- Wake-up pulse — used by the PIC MCU to
activate UART data reception

MCP 2030
PIC16LF1827 | Sleep mode

The following section is open for users to create a cus-
tom data packet. In the demo application, the following
format is used for the data packet:
- Auto Baud byte — configures baud rate of the
PIC MCU UART module for the incoming
stream
- SOF (Start of Frame) byte — special character
used as the start of the data packet indicator
- Length byte — contains the length of the data
packet
- Data[0..n-1] — data packet
- Checksum byte — checksum of received bytes
- End of Frame sequence (EOF) — continuous
signal used by the receiver to evaluate the
RSSI value of the incoming signal.

© 2011 Microchip Technology Inc.
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Data Signal Modulator (DSM)

For easy modulation of the data packet, with minimum
usage of the PIC MCU processing power, the
BodyCom system uses microcontrollers with an on-
chip Data Signal Modulator (PIC16F/LF182x family).
The Data Signal Modulator (DSM) is a peripheral that
allows the user to mix a data stream with a carrier
signal to produce a modulated output.

The DSM block diagram is illustrated in Figure 6.

FIGURE 6: DATA SIGNAL MODULATOR
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CLKR (fOSC/X) s
CCP (4 PWMS) =]

V8§ =
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Data Bit (S/W) s
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CCP (4 PWMs) — MOD MDOUT
2XCOMPANe e —
2xMSSP(12C™ SPI)——
EUSART —1 CARL

VSS =—

MDCIN (2 ext pinS) s
CLKR (f0SC/X) mmmt
CCP (4 PWMS) e
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In a BodyCom system, the DSM uses USART as the
modulation source for the transmitted signal. For the
modulated signal, a 128 kHz frequency for the Base
Unit or 8 MHz for the Mobile Unit is generated using the
on-chip clock module and applied to the DSM. By using
those hardware resources, the PIC MCU processing
power is reduced to a minimum.

According to the MCP2030 requirements, the allowed
baud rates are between 100 Hz and 10 kHz. A higher
possible baud rate in this range is recommended,
because it reduces the active time required by the PIC
MCU during reception and transmission, reduces
power consumption, and increases battery life
(especially for the Mobile Unit).

Base Transmitter

On a typical BodyCom system, the Base Unit initiates
communication with the Mobile Unit. The
microcontroller delivers a square-shaped voltage that
is applied to a driver working with a series resonant LC
circuit. Due to the full-bridge configuration of the
drivers, the peak-to-peak output voltage, Vpkpk, is
approximately double the power supply, corresponding
to an RMS voltage about power supply:

EQUATION 1:

Vekpk ~2* Vbp

Vims = Vic = 50% *Vegpk ~ VoD

The current flowing through the coupling pad is sine
shaped, and the peak and RMS values are
approximately:

EQUATION 2:

In general, the higher the Q, the higher the power
output for a particular LC circuit.

EQUATION 3:

Unfortunately, too high a Q may conflict with the band-
pass characteristics of the transmitter, and the
increased ringing could create problems in the protocol
bit timing. Those reasons and the bandwidth required
for transmission of the data limit the quality factor of the
LC circuit.

Base Unit LC Driver Guidelines

When a specific driver configuration is used for the
BodyCom system, the following criteria needs to be
considered for this circuit:

» Be able to drive the LC circuit in Resonant mode
at 128 kHz, with smooth and fast transitions from
on-to-off state

» Have low output resistance in Transmitting mode

» Have high-impedance during reception for the
incoming signal (8 MHz)

* Have low-power consumption during reception or
Idle state

DS01391A-page 6
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The following configurations were used for the LC
driver:

1. Half-Bridge MOSFET Driver:

FIGURE 7: HALF-BRIDGE MOSFET
DRIVER
+9V
D1
R1
D 1Kk5
— PMOS Coupling
= M1 element
C1 ) L1
__10n |
— \QQQ/W c2
MOD_OUT Ili NMOS 1.56n
N

- uses only one output pin from the PIC
microcontroller — modulation output

- driver tri-state time is high (depends on the
R1C1 input constant)

- touch/proximity detection is difficult without
additional circuitry when a common pad is
used as coupling element and touch detector

- touch detection will not work with the CVD
technique (high capacitance); other touch
detection techniques should be used

- needs higher voltage than full-bridge
configuration for the same performance

- low component count

2. Full-Bridge Bipolar/MOSFET Driver:

- the modulation output from the PIC
microcontroller needs to be inverted and
applied to the driver using the on-chip
comparator or an external device (additional
resources)

- has a very low output resistance in
Conducting mode

- the amplitude of the generated signal is easy
to configure using the series output resistor

- works with wide ranges of power supply
voltages (3.3 to 12V)

- touch/proximity can be done when a common
pad is used as the coupling element for touch
detection as well (the LC circuitry can be
isolated from the ground)

- higher price/component count than the half-
bridge solution

- best performance/configurability

FIGURE 8: FULL-BRIDGE MOSFET DRIVER
To Coupling PAD
[} (%}
o <2
VDD o= L1 | =0 VDD
[
Rt L0[ . 181
4K7 — — R2
4K7
MOD_OUT |||; M Y ;H MOD_OUT_N
_ — NMOS NMOS_| _ _
N
N

R4

M5 R
NMOS

R3

”i

M6
NMOS
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3. Full-Bridge Driver Using Logic Gates: 4. Full-Bridge Driver Using MOSFET Drivers with
- needs at least two pins for the driver: Output Enable Capabilities (MCP14Ex Family)
modulation output and tri-state output - needs two pins for the driver: modulation
- many outputs of the logic gates should be output and tri-state output
connected together in order to minimize the - low output resistance
output resistance of the driver - tri-state capabilities
- no need for additional circuitry/connection to - works only for voltages greater than 4.5V

tri-state its outputs when gates with tri-state
capabilities are used

- works only for voltages below 5V
- low components count
- easy to be debugged

- lowest components count
- easy to be debugged.

Table 1 is a comparison of the driver configuration
described previously.

FIGURE 9: FULL-BRIDGE DRIVER
USING LOGIC GATES
From Data {>C

Signal Modulator .
I — Coupling
Element

FIGURE 10: FULL-BRIDGE DRIVER USING INTEGRATED MOSFET DRIVERS
MOD OUT IN_A OUTA
ENA MCP14E8
Coupling
EN B Element
IN_B OUT B -
TABLE 1: DRIVER COMPARISON
Full-Bridge Full-Bridge Full-Bridge
Full-Bridge MOSFET using using
Single Ended using Logic Transistors MOSFET Driver | MOSFET Driver
@9V Gates @ 5V @ 5V @ 5V @ 9V
Driver complexity Medium Low High Lowest Lowest
Driver output voltage +++ + +++ ++ ++++
Cost Low Low Medium High High

DS01391A-page 8
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Mobile Unit Block Diagram

In a BodyCom system, the Mobile Unit should be able
to receive and process the incoming data, and send
back an answer, all performed with very low-power
consumption. Figure 11 is a basic diagram of the
Mobile Unit.

FIGURE 11:

MOBILE UNIT BLOCK DIAGRAM

Data Signal
Modulator

PIC®
Microcontroller

¢

'

On the market, there are integrated devices for data
reception/demodulation with very low-power consumption,
but the working frequency is limited to 60-400 kHz. The
frequency should be generated on the Base Unit with
minimum PIC microcontroller hardware resources.
With this in mind, the receiving frequency of the Mobile
Unitis 128 kHz (8.192 MHz divided by 64 using the on-
chip reference clock module).

For the data reception/demodulator, the MCP2030 was
chosen; it will allow very low power consumption while
waiting for challenge. It is a highly integrated, low-
frequency receiver used in low-power RFID
applications. It performs data filtering/amplification/
detection with minimum power consumption, without
the need of processing power from the PIC
microcontroller.

On the microcontroller side, a PIC MCU with low-power
capabilities is recommended (XLP series). In addition,
this microcontroller should be able to decode all
incoming signals with minimum power consumption. If
an answer is necessary, the microcontroller should be
able to generate an On-Off Key (OOK) modulated
signal (with a frequency range between 6 and 13 MHz).

On the current design, PIC16LF1827 was chosen for
its multiple resources, which allow users to develop a
custom application starting from the current design,
without major hardware and firmware changes.
PIC16LF1827 is a member of the XLP family, with a
power consumption bellow 100 nA in Sleep mode. The
frequency of the transmitting channel is generated
using the 8 MHz on-chip oscillator.

Mobile Unit — Operating Mode

In normal operation mode, at power-up, the PIC
microcontroller performs all initialization of MCP2030
and the internal peripherals, then switches to Sleep
mode to lower power consumption. A signal received
from the coupled element crosses L1; it has little
importance for these frequencies (128 kHz), and is
applied to the MCP2030 input through a capacitor. The
MCP2030 is programmed to perform a preliminary
filtering of the incoming data stream (and minimizes the
false wake-up of the PIC microcontroller).

© 2011 Microchip Technology Inc.
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FIGURE 12: MOBILE UNIT STATE If the signal meets the filtering timings programmed
DIAGRAM inside of MCP2030, this chip will start to output the data
stream. The stream should start with the 1 ms high
pulse needed by the PIC microcontroller to wake-up
and to configure its peripherals for data reception. This
pulse can also be used as a supplementary filtering in
order to minimize power consumption (if the pulse
duration does not meet the internal specifications, the
microcontroller will go directly to Sleep mode, without
waiting to receive any data). In order to minimize power
consumption, the microcontroller works at 500 kHz
during reception (USART hardware used for data
reception). When all data have been received, the PIC
microcontroller switches its clocks to 8 MHz and starts
processing/decoding the received data. An answer is
sent back using an 8 MHz OOK modulated signal.

The output data string is transmitted using the on-chip
USART modulated with the internal 8 MHz clock using
lves the DSM. The square-shaped sequence is then applied
to a driver working with a series resonant LC circuit.

PIC” MCU clock After the answer sequence is sent, the microcontroller
LA \ deactivates all internal circuitry and switches back to
the Sleep state.

v
Decode Buffer

Buffer OK? hie

PIC® MCU clock

YES
[

TABLE 2: MOBILE UNIT TYPICAL POWER CONSUMPTION (PRELIMINARY)

Wait for Signal Receive Data Decode Data | Send Answer
MCP2030 Wait for signal (2 pA) Decode data (10 pA) Sleep (0.2 pyA)
PIC18LF1827 Sleep (<1 pA) PIC® MCU clock: 500 kHz (150 pA) | PIC® MCU clock: 8 MHz (1.3 mA)
Tx Driver OFF (0.1 pA) [ oN(15mA) |
Time NA 5ms+ <1ms 16 ms +
(for 5000 baud rate) (2 ms * Nbytes) (2 ms * Nbytes)
Power Consumption 3 A 160 pA 1.3 mA 17 mA

DS01391A-page 10 © 2011 Microchip Technology Inc.
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MCP2030 CIRCUIT DESCRIPTION

MCP2030 is a highly integrated configurable device
used for low-frequency data demodulation/decoding.
The device’s high input sensitivity (as low as 1 mV)
and ability to detect weakly modulated input signals (as
low as 8%), with its low-power feature set, makes the
device suitable for various applications.

FIGURE 13:

The MCP2030 has an internal configurable, output
enable timing filter. The purpose of this filter is to
enable the LFDATA output and wake the external
microcontroller only after receiving a specific sequence
of pulses on the input pins. Therefore, it prevents
waking up the external microcontroller due to noise or
unwanted input signals. The circuit compares the
timing of the demodulated header waveform with a pre-
defined value, and enables the demodulated LFDATA
output when a match occurs (see Figure 13).

OUTPUT ENABLE FILTER TIMING

Ts1AB
(Tagc * Tpacc)

Demaodulator
Qutput A

T

Device Wake-up
and AGC Stabilization

!

AGC
Gap Pulse

Taap

Required Output Enable Sequence ~ Start bit
J Data Packet
[ [ [
3 t 2 TopH R
[l Ll L]
:‘ t < Toet ' ..: LFDATA put;_)qt is enabled
Bl i on this rising edge

The output enable filter consists of a high (TOEH) and
low (TOEL) duration of a pulse, immediately after the
AGC settling gap time. The selection of high and low
times further implies a maximum period of time. The
output enable high and low times are determined by

FIGURE 14:

SPI programming. Figure 13 and Figure 14 show the
output enable filter waveforms. There should be no
missing cycles during TOEH. Missing cycles may result
in failing the output enable condition.

OUTPUT ENABLE FILTER TIMING EXAMPLE (DETAILED)

Demodulated LF Data Start bit for Data
Tacc Teace| Teap N t>Toen t>Toe < t>2Tg >
TstaB pGU?S% N t<Toer »
AFE Stabilization Filters Filter is pgssed and
start LFDATA is enabled

Legend:
Tace AGC initialization time
Trace High time after Tagc
TstaB AGC stabilization time
Teap AGC stabilization gap
ToeH Minimum output enable filter high time
ToeL Minimum output enable filter low time
ToeT Maximum output enable filter period
Te Time element for pulse

© 2011 Microchip Technology Inc.
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Disabling the output enable filter disables the TOEH and
TOEL requirement and the device passes all detected
data. Table 3 shows the supported combinations for
TOEH and TOEL.

TABLE3:  OUTPUT ENABLE FILTER
TIMING

OEH | OEL | Toed | ToeL | ToEr

<1:0> <1:0> (ms) (ms) (ms)
01 00 1 1 3
01 01 1 1 3
01 10 1 2 4
01 11 1 4 6
10 00 2 1 4
10 01 2 1 4
10 10 2 2 5
10 11 2 4 8
11 00 4 1 6
11 01 4 1 6
11 10 4 2 8
11 11 4 4 0
00 | xx | Filter Disabled

Mobile-to-Base Transmission

With the BodyCom system, the coupling element is
shared by the receiver and the transmitter. Because of
the different working frequencies for the receiver and
the transmitter, the circuitry used for the transmitter
should not affect the sensitivity of the receiver at the
working frequency.

For transmission, an 8 MHz OOK modulated signal
with an amplitude of about 25V peak-to-peak should be
generated on the coupling element. A square wave
OOK modulated signal is generated using the on-chip
DSM and is applied to a driver that works with an LC
circuit in Resonant mode. The resonant frequency of
the LC circuit can be calculated:

EQUATION 4:

1
f= ———
27IR

Reactive components such as capacitors and inductors
are often described as quality factor Q. While it can be
defined in many ways, its most fundamental description
is @ measure of the ratio of stored vs. lost energy per
unit time:

EQUATION 65:

Q=P.c/Pavs

Generally, an ideal active element (L or C) stores the
energy:

EQUATION 6:

Re =Yoo *L*1} = Vo *w,*CHV;,

and is lost due to the resistive component of the same
components:

EQUATION 7:
PAVG =%*R* kapk2 =%*1/R"* Vpkpk2

If we consider an example of a series resonant circuit:

FIGURE 15: RLC SERIES CIRCUIT

R L C

]

At resonance, the reactances cancel out, leaving just a
peak voltage, VoK, across the loss resistance, R.
Thus, Iykpk = Vpkpk /R is the maximum current which
passes through all elements.

In terms of the series equivalent network for a capacitor
shown above, its Q is given by:

EQUATION 8:

1

Q= o FR*C

Since this Q refers only to the capacitor itself, in
isolation from the rest of the circuit, it is called unloaded
Q or QU. The higher the unloaded Q, the lower the loss.
Notice that the Q decreases with frequency.

DS01391A-page 12
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MOBILE UNIT LC DRIVER
REQUIREMENTS

This application note will not describe how to design an

LC driver in Resonant mode, but will cover different

driver typologies that can be used on the board, with

some advantages and disadvantages for each typology

used in the past; the user should choose the best

version for a specific design.

The following are recommended when a new driver is

used:

» should have a low complexity and cost

» should work at low voltage (minimum 2.2V)

» should have minimum power consumption in
Sleep/waiting for Signal mode

« the output impedance should be very low in
Transmission mode and High-Z in Receiving
mode

» should be able to drive the LC circuit at 8 MHz in
Resonant mode

« the transition from on-to-off state of the modulated
signal should be smooth

The following two designs were used:

1. Single ended driver has the lowest output
impedance. The main disadvantage of this
configuration is the capacitor connected
between the coupling pad and the ground; this
capacitor acts like a short during the reception
for low frequency and decreases the sensitivity
of the Mobile Unit.

FIGURE 17: MOBILE UNIT — FULL-
BRIDGE LC DRIVER
EXAMPLE
From Data

Signal Modulator

To Coupling

Element T

\

To receiver

FIGURE 16: MOBILE UNIT — SINGLE
ENDED LC DRIVER
EXAMPLE
From Data )
Signal Modulator To Coupling
Element

1

To Receiver

2. Full-bridge driver also has a low output
impedance. Because of this configuration, the
decrease in sensitivity caused by the capacitor
situated between the coupling element and the
ground is eliminated. By using this
configuration, the amplitude of the square wave
signal to the LC ends will be double than when
a single ended driver is used.

To minimize the power consumption during reception
and in Sleep mode, the driver needs to be tri-stated by
cutting off its power supply using a power switch. This
method can be used because small signals are applied
during the reception and those signals will not affect/
damage the unpowered device.

Note:  The power switch used should have very
low output impedance for all working volt-
ages (2.2 to 3 Volts). The user should use
an active element (MOSFET in this
design) that has ensured operation for all
voltage range.

© 2011 Microchip Technology Inc.
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BASE UNIT RECEIVER OVERVIEW

The receiving block is a complete receiver solution,
including a pre-amplifier, step-down mixer, filters and a
data demodulator.

FIGURE 18: RECEIVER SCHEMATIC

-
128 kHz Transmitter Lic To Coupling
from Element
PIC® MCU LC Driver
—

T Cic

K Pre-amplifier

Cyl G
:

N
8.192 MHz from L
PIC® MCU
e —— Mixer

(SAB02)

Band Pass
Active Filter

Communication/
Control Interface Low
-«+——— Frequency
Demodulator
(MCP2030)

The signal sequence generated by the Mobile Unit is
capacitively coupled with the Base Unit receiver
through a coupling element. The incoming data
crosses capacitor CLC and is applied to a pre-amplifier
circuit (bipolar transistor in amplifier configuration, Q1).

This circuit is followed by a mixer that performs the
down conversion of the incoming data. The chosen
mixer circuit (SA602) has excellent gain, intercept and
sensitivity. It also needs low count external parts.

On the mixer input, an unbalanced capacitor matching
circuit is used. This matching network is composed of
two capacitors and one inductor. The circuit optimizes
the signal transfer from the pre-amplifier to the mixer
and also acts as a band-pass filter:

FIGURE 19: MATCHING NETWORK
BETWEEN PRE-AMPLIFIER
AND MIXER
c2|
H Zout = 1,200Q
T T

The matching circuit can be calculated using the
following formula:

EQUATION 9:
1
L =
(2nfy)” * G5
o C,+C,
where fo = 8 MHz is the working frequency.

At the working frequency (fp), the network should
transform the output impedance of the pre-ampilifier to
the input impedance of the mixer (1200 Ohm). The
impedance conversion is figured using the following
equation:

EQUATION 10:

: Cp?
Zouify) = (1 + —) *R, = 1,200Q
CQ

The working frequency (8 MHz) is step down converted
by a mixer circuit to an intermediate frequency of about
192 kHz using an 8.192 MHz frequency for the mixer.
This frequency is generated by the PIC microcontroller
using an external crystal, and is applied to the mixer
through a coupling capacitor.

Note:  The coupling element will also capture the
noise of the system (the PIC microcon-
troller oscillator is a potential source of
noise); so, it is recommended to use the
same clock frequency for the PIC MCU
oscillator and the mixer circuit. When
clock frequencies are the same, the noise
generated by the PIC microcontroller is
moved outside of the working bandwidth
of the system and the signal to noise ratio
is improved significantly, without using
any other filter techniques.

The mixer circuit is followed by an active band-pass
filter:

FIGURE 20: ACTIVE SECOND ORDER

BAND-PASS FILTER

[1C
I

jegnans
i
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The resulted signal is applied to MCP2030, which per-
forms additional filtering and decodes the incoming
data. The data stream is then received by the PIC MCU
via the USART interface. If the received stream is
decoded correctly, and the answer is according to the
sent challenge, the PIC MCU will perform a specific
action (e.g., displays a message on the LCD).

In order to have a robust communication, a retransmis-
sion mechanism is implemented when the received
data has errors or no data is received. Additionally, on
the Base Unit, a USB-to-UART bridge for PC interfac-
ing is built. The PC application allows control, configu-
ration and testing of the board.

The driver and LC circuit driving coupling element can
be transformed using ideal components into the follow-
ing equivalent circuit:

FIGURE 21: TRANSMITTER EQUIVALENT CIRCUIT
Rariver Ra Rirace Ry La
Iant
Coupling Element Point
Ideal Drivers
Udr
1
|

where:
Rariver = driver resistance and
Ra = current adapting resistor
Rirace = resistance of connections leads on PCB
Ry = winding resistance of inductor

Because Ryace is very low compared to other ele-
ments, it can be ignored.

The maximum current flows when in optimally tuned
conditions. It equals:

EQUATION 11:
T (= U driver _ 4 * VDD
an max = =
Ric m R

The term 4/n transforms the amplitude of the
rectangular driver voltage to the equivalent sine
voltage, which is the fundamental of the rectangular
signal.

Starting from the previous equation, the maximum
allowed resistance can be calculated for a specific
current.

Example:
Base Unit: Vpp =5V and lantmax = 50 mA > R ¢ = 127.50Q
Mobile Unit: Vpp = 2.2V and lantmax = 25 mA 2> R ¢ = 1120

Choosing the inductance is not critical. However, the
quality factor is determined by the inductance and
resistance by:

EQUATION 12:

%
coOL

Q=

RLC

While Q increases, the data transfer bandwidth
reduces creating an upper limit for the LC quality factor.
For the BodyCom system, an upper limit of 20 is rec-
ommended for quality factor. From the formula given
above, the maximum inductance can be calculated
from RLC and Q.

Example:
Base Unit: RL.c = 127.5Qand Q=20 » <3.17mH
Mobile Unit: RLc = 112Q and Q =20 > <11.2uH

© 2011 Microchip Technology Inc.
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The capacitance of the tuned LC circuit can be

caleulated using this formula: Note:  The Mobile Unit parasitic capacitance of

the coupling pad (20-30 pF) appears in
parallel with physical capacitance of the
1 LC circuit. So, the assembled value for the

= LC circuit should be the difference
27“/@ between the resulted capacitance (84.3
pF, in this example) and the parasitic
Example: capacitance. The parasitic capacitance

Base Unit: L=1mH, f, = 128 kHz > C= 1.547 nF can be evaluated by measuring the

. Lo _ _ capacitance between the coupling pad
Mobile Unit: L=4.7uH, fy = 8.00 MHz > C= 84.3 pF and ground, when the Mobile Unit is not

powered.

EQUATION 13:

The maximum voltage on the coupling element point
can be calculated with the formula in Equation 14:

EQUATION 14:
~ ~ ~
Uicpkpk = 2 * UtCra =2 % @ * L * | ant,
- 4 ., VDD
UvLcpkpk = 200y L— * ——
HOPKP "7 RLC
Example:

Base Unit: L=1mH, fy = 128 kHz > U Lcpkpk= 80V
Mobile Unit: L=4.7uH, f, = 8.00 MHz éachkpk =12V
For a custom design, the current can be adapted to the

desired value by changing the current adapting resistor
from the output of the driver (Ra).

DS01391A-page 16 © 2011 Microchip Technology Inc.
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FIRMWARE (API FUNCTIONS)

The BodyCom Evaluation board can be interfaced with
a PC using the on-board USB-to-USART bridge. The
firmware stack allows an easy implementation of the
custom design using the following high level API
commands:

1. BC_InitHW) - init function that configures
hardware peripherals needed by the BodyCom
software stack. This function does not provide
public arguments or a returned value; the user
must make changes via the
“Body_Com_config.h” file.

2. BC_Send_Pckt (cnd, *tx_data, Ingth)-—
transmit function that formats a data packet and
sends it via the BodyCom interface. The user
should provide the following parameters for a
proper transmission:

» cnd — command byte that asks the Mobile
Unit for a specific action. The next commands
are supported:

- PI NG- asks for the presence/get ID
(the Mobile Unit returns an internal ID)

- LOOPBACK — loopbacks the received
data (the Mobile Unit loopbacks the
received data packet)

- GET_PARAM- gets Mobile Unit
parameters (the Mobile Unit returns
internal or debug parameters: battery
voltage, number of data packets
received from power-on)

- SET_I D- sets Mobile Unit ID (the
Mobile Unit changes its ID)

* *t x_dat a — this field is a pointer to a valid
data string

* | ngt h — contains the length of the data
packet in bytes (maximum length is 16 bytes).
It can be zero for Pl NG or GET_PARAM
commands

3. BC_Recv_Pckt (cmd, *data, *Ilngth) —
receive function that returns an unsigned char
containing a status code. The following status
code are allowed:

* NO_DATA No new data has been
received (no data field in the packet)

*VALI D DATA Valid packet received and
checksum verifies

« TI MEQUT No activity on the receiver
before time-out
| NVALI D Receiver activity, but packet

incomplete or fails checksum verify

The following parameters are passed through the
function:

» cnd — this byte contains the command byte
received with the previous packet (the
received command byte is loopbacked — see
transmit command codes for allowed values)

* *dat a — pointer to the received data string

* *| ngt h — pointer to the length of the received
packet

4. bodycom | SR() - this function is a state
machine that handles transmit and receive
functions. The function does not provide public
arguments or returned values; the user should
use the transmit and receive functions
described before and this state machine
function will update the following status flags:

*BC sys_fl ags. TX busy

If set, the base is sending a packet.
*BC sys_fl ags. RX_busy

If set, the base is receiving a packet.
*BC_ i shusy

If set, the transmitter/receiver is busy.

A person who uses the BodyCom software stack to
develop a custom application should call the
BC_I ni t HWN() function before using the transmit and
receive functions. After that, the user needs to call
BC Send_Pckt () to transmit a data packet. The
function prepares the data packet and communicates
to the state machine (bodycom | SR()) to start the
transmission. During the transmission and receiving
process, the internal status flags are active.

After the BC_Send_Pckt () call, the user should wait
for the status flags to be cleared. After that, the
receiving routine (BC_Recv_Pckt()) should be
called. The user application should perform specific
action functions according to the returned status code:

* VALI D DATA - the packet data was sent and
the answer is correct

« TI MEQUT or | NVALI D: no answer received in
a specific time or the data is received with
errors. In this case, the user application could
implement a retransmission algorithm for a
robust communication.

© 2011 Microchip Technology Inc.
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Other Design Requirements:

To optimize the performance of the system and
minimize the signal-to-noise ratio, the following rules
are recommended:

- separate ground planes for the digital and
analog sections

- use bypass capacitors for the amplifier, mixer
and band pass filter

- working frequency of the PIC microcontroller
and the mixer frequency should not produce
harmonics in the working bandwidth of the
system

Note:  The intermediate frequency value (192
kHz, in this example) is not very critical; it
is the result of the mixing frequencies for
the existing crystals on the market. The
user can change the working frequency by
using different crystals for the Mobile Unit
and the Mixer circuit (or the PIC microcon-
troller). The only constraint is to be in the
range of the working frequency of
MCP2030 (between 60 and 250 kHz).

FIGURE 22: BASE UNIT STATE

DIAGRAM

v
InitPorts()
BC_I ni t HW()

I ni t CapSense()

YES Touch/ Proximity
Detected?
_ NO
No_of_retry = MAX YES
BC_SendPckt ()
No_of_retry++
Wake-up pulse
Detected?
YES
Activate USART Rx
Receive Byte

BC_sys_flags.R
X_busy==0

YES

No Answer

Run
Application

N
° Buffer OK? YES

BC_Recv_Pckt()

Q&A FOR BODYCOM

Q1: I cannot detect a touch

- Check the touch sensor for shorts
- Check that the ADC input is configured as an
input
- Check the threshold level
- Check that the ISR is being called
Q2: | cannot transmit from the Base or Mobile (no
MDOUT)
- Check the oscillator frequency
- Check the configuration of the DSM peripheral
- Check the configuration of the EUSART
- Check the filter pulse setting
- Check that the APFCON register is set
correctly
Q3: I have low output voltage on the Base or Mobile

- Check the signals to the driver

- Check the supply voltage on the driver

- Check for a short on the coupler

- Check that both the normal and inverted
signals are at the driver

Q4: | have low output voltage on the Base Unit and
the power supply dips during transmit

- Check the polarity of the comparator generating
the inverted drive signal

Q5: | have good output voltage on the Base or
Mobile, but no modulation
- Check the configuration of the EUSART
- Check that the low carrier frequency of the
Data Signal Modulator is set to ground

Q6: | cannot configure the MCP2030 in the Base or
Mobile
- Check that the MSSP is configured correctly

- Check that the APFCON register is set
correctly

- Check that the SDI pin is not configured as
an analog input in the ANSEL register

- Check that the parity bits are correct in the
configuration commands
Q7: My received signal is the right amplitude, but
noisy
- Check that the microcontroller oscillator is set
for external crystal oscillator

Q8: The signal is getting to the remote, but it does
not respond

- Check the checksum calculation

- Check the filter pulse settings

- Check that the interrupt-on-change interrupt
is configured and enabled

DS01391A-page 18
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Q9: The remote is responding, but the Base Unit
does not see it

- Check that the mixer (SA602) is getting power

- Check the oscillator frequency of the Mobile
Unit

- Check the checksum calculations

Q10: The Mobile stops working if | close my hand
around it

- The Mobile Unit will lose the signal if the
user’s hand encloses the unit

Q11: | get a good signal from the Mobile when it
starts transmitting, but it fades out

- Check the power supply of the Mobile Unit; it
may not have enough current for transmit. If
battery-powered, the battery may be dying.

REFERENCES:

MCP2030 Data Sheet (DS21981)
PIC12F1822/16F182X Family Data Sheet (DS41406)
AN1298 - Capacitive Touch Using Only an ADC (CVD)

SA602 Data Sheet (http://www.nxp.com/documents/
data_sheet/SA602A.pdf)

© 2011 Microchip Technology Inc.
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MOBILE UNIT DETAILED SCHEMATIC

APPENDIX 1
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BASE UNIT DETAILED SCHEMATIC (1 OF 3)

APPENDIX 2

{enien}

{enieA}

er

ano ano
@ w m ) m m : %) m m ) m m
{onien} S g H H
@ & & &
: f\ﬁﬁ 2 f\ﬁ% 2 f\ﬁ& 2 f\ﬁﬂ
3 3 3 3
8 8 8 8
8 8 8 8
eur iy Sl % % % m%
QNS 8z Iz
& “ CI=ams > 2<y 2
AS+ 1% e = 3
900-A9091ZOHLE 0O [ZeE] ye ¢ € ez
Age
C—— 2 12
08 og—<C@TS > g « e
00Y 0z 6k 5T vas
¥0d 0z 6l
s Zvd - EER] Xd S18YNT 704
vas fe—<aoTvas 8 34 o
2
o 054 Ivy % 8% [ 57108 15a ms # [T 554 vy %
B G5d 0vd VLBl Y] NING QoW o Zva 5
7L 9] € El S <]
SSA F 3 3
on €04 I s 90% 1IN0 GOW = R €04 3
v o =
¥od 10 6 fp 759 HONOL 7 204 H
2091 1 CwE>—— 8 L v
AEE 8 I ar
AN HTON >——5— 9 Srg
@
g (0080 >——— ¥
{1080 > {SIOLavSIr
10S0 =12 b SI01HvS i PieX] ane
21091200-GHN" 001 o 514 L4ven 12 YN T
anNo Q
awe PENE) R T 90Y
M op XL 1vSN 5 7 X -
AEE MOS0 p0-0vSva
v sr e v
"o —
o 510 anNo 7
I ant 300N | AET
LNOA =g ZHINZ6L 8
SN g €A
S 5
@07 108 1| 10spos/eay MOIXLILEY Eé
vas |—5—<351vas
EER] 77 Lo iNvisay 0QS/BNY/L0Y mé
108 [5< 351108 Sl
%2 Vas/as/oNY/yay SS/8NV/90Y _90H
sy [—<CaoT sy
wSp S {2089 >————{ALdI’TNIZLI/INV/ZOY OLdIFENIZLO/INV/EDY _E0Y )
i RIBRIA B iz
a1 A EER) Vo8 v “INIZLOISNV/LOY 91d/LNOZOOY —5—<¥Od >
ey
00> E —
iee 00Y 5 *NIZOIPNVI00Y Vid/kdOO/SOY 5 <08 > ano ano
< 2vd >———1 LNOLONNOOLIZNV/ZVY yoWevY < ddA 10N> — —
o1l B v o | =
9 ?& 09d/-ONIZLO/LNV/LVY OLUENV/PVY m\a > Q = g
{ood e > 5 M10ds0l ane ST e i
ane = <(@0d OV )———¢;— GOd+NILO/ONV/OVY LOSOISWY [ <10S0 >
= <God ove > v 1vadsol = ZHINZ61'8
= . s oo
s ano o ©56>—=O [} [
A
= aop o our
(IR TR EE win SS/I-628149101d
v Aee
4o
I S0 H3XIN
€ wibOld 6€0

yir

HONOL
(ke 1050
sir

DS01391A-page 21

© 2011 Microchip Technology Inc.



AN1391

APPENDIX 2: BASE UNIT DETAILED SCHEMATIC (2 OF 3)
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BASE UNIT DETAILED SCHEMATIC (3 OF 3)

APPENDIX 2
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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