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ABSTRACT



ABSTRACT

The objective of our project is to measure the magnitude of the
electrical conductance in a person’s skin which is directly correlated to their
emotional state. The short term changes in electrical conductance also

correlate with a person’s mental response.

We implemented an Electro Dermal Activity (EDA) meter
designed to measure skin conductance. QOur project finds potential

application in psychology, hydration measurements etc.

Skin conductance is measured using surface electrodes. The
voltage across the skin is given to the Wheatstone bridge circuit. The output
from the Wheatstone bridge is sent to the voltage follower. The signal
obtained is then digitized using an inbuilt ADC and processed in a PIC
microcontroller. The digital output is displayed in the LCD and the real time

graph is piotted in PC.
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1. 1 INTRODUCTION TO TOPIC

Every organ in human body has its own characteristics. Skin is
an organ of the integumentary system made up of multiple layers of
epithelial tissues that guard underline muscles and organs. It plays a most
important role in protecting against pathogens. The other main functions are
insulation and temperature regulation sensation and vitamin D and vitamin B
synthesis. the skin surface has an area of 1.5 to 2 sqm. Most of it’s between
2 to 3 mm thick.

Every organ in human body conducts voltage in the range of
mv. Medical experiments have shown that the magnitude of the electrical
conductance in a person's skin is directly correlated to their emotional state.
The short term changes in electrical conductances also correlate with a
person's mental response. We implemented an EDA meter designed to
measure skin conductance.

Measurement of skin conductance is often used in psychology
for quantifying a person's reaction to different stimulus. It is also often
implemented in a traditional lie detectors. The current theory is that a person
under arousal generates sweat at the skin that changes the skin's clectrical
properties.

In our project, Skin conductance is measured using surface
electrodes. The voltage across the skin is given to the Wheatstone bridge
circuit. The output from the Wheatstone bridge is sent to the voltage
follower. The signal obtained is then digitized using an inbuilt ADC and
processed in a PIC microcontroller. The digital output is displayed in the

[.CD and the real time graph is plotted in PC.
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2. BLOCK DIAGRAM &CIRCUIT DIAGRAM

2.1 LOGICAL STRUCTURE

VOLTAGE
ACROSS » WHEATSTONE
SKIN BRIDGE
v
LINE DRIVER MICRO | LCD
« CONTROLLER o

k A

SERIAL OUTPUT

Fig 2.1 Logical structure

Our GSR design is based around the PIC microcontroller. Skin
conductance reading are taken from a test subject and are given to the
Wheatstone bridge circuit , and then given to the voltage follower. We send
the signal to the PIC microcontroller through Port A2 and A3, the mput to
the ADC. We programmed the PIC for 10-bit ADC to increase the resolution
of data. The data collected under the different modes are processed and
output to the LCD. We also have a serial connection that can be connected to

a computer. A C program reads from the serial port using a Line Driver



MAX 232. It then collects the skin conductance values and an output to a

graph is generated.

2.2 CIRCUIT DIAGRAM:

I— 9
%
B a4 A
1
"
it
i
'
v H
‘T I N - 'LCD
N [_g 1 il 901}-. K - i | |
] o R - !
—21pat i -0 e §
—He 8 1
W 1 1
i g t
i 3
=t 5
-h g; ':?g [
v b -|l- h *
w3 428 P (E
561 ke -
==t 8l m% ‘E !
el A2 % .
e 1 ]
A 4
\ *lﬂl ~ins B3
g L - M
S| | TELE pA] ST
= __,J vy R
H E




2.2.1 COMPONENTS USED

* 3V Power Supply

® Copper Velcro Electrode

e  Wheatstone Bridge

¢ Voltage follower

¢ PIC Microcontroller

e Liguid Crystal Display (LCD)
e Line Driver MAX 232

¢ RS 232 D-9 Connector
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3. CIRCUIT DESCRIPTION OF ELECTRODERMAL
ACTIVITY METER

3.1 COPPER VELCRO ELECTRODE

It is popularly known as a lie detector, but is also used in
Biofeedback conditioning. The theory is that; the more relaxed you
are the dryer your skin is and so the higher the skin’s electrical
resistance. When you are under stress your hand sweats and then

the resistance goes down.

3.1.1 DESIGN OF COPPER VELCRO ELECTRODE

copper sheet
£ 10l y Hook Side
i ’ btlck\)if)?ds ﬂ‘pl de
e ,.,--JI' KB4 n
Loop Side 214 in
e 155 i e

Fig 3.1.1 Electrode design

We used the Loop side of the Veicro (looks like carpet) for
the part that wraps around the finger, and small square of the Hook

side (stiffer plastic) to act as a catch. The stripped and frayed end of



the zero resistance wire is sandwiched between the Loop sticky side

and the Aluminum Foil that covers the rest of the probe.

Fig 3.1.2 Electrode

3.2 WHEAT STONE BRIDGE

The Bridge has four resistive arms, a source of emf (a battery)
and a null detector usually a galvanometer or other sensitive current meter.
The current through the galvanometer depends on the potential difference
between point ¢ and d. The bridge is said to be balanced when the potential
ditference across the galvanometer is Zero volt so that there is no current

through the galvanometer.

O
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Fig 3.2.1 Wheatstone Bridge Circuit

3.3 VOLTAGE FOLLOWER

* Output voltage follows the input voltage
* Unity Gain amplifier

* Input impedance is very high (M2 range)
» Output impedance is Zero

* It can be used as a buffer for impedance matching

3.4 INTRODUCTION TO PIC MICROCONTROLLER

10



3.4.1 PIN DIAGRAM OF PIC16F877:

MCLR/VPP ——= []
RAO/AND -—a []
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Fig 3.4.1 Pin diagram

3.4.2 MICROCONTROILLER CORE FEATURES:

e High-performance RISC CPU

¢ Only 35single word instructions to learn

RB7/PGD
RBB/PGC
RB5

RB4
RB3/PGM
RB2

RB1
RBOANT
VoD

Vss
RD7/PSPY
RD5/PSPS
RDS/PSPS
RD4/PSP4
RC7/RX/0OT
RCG/TX/CK
RCHSDO
RC4/SDISDA
RD3/PSP3
RDZ/PSP2

¢ Allsingle cycle instructions except for program branches which are

two cycle

» Operating speed: DC-20MHz clock input. DC 200 ns instruction cycle

¢ Up to 8kx14 words of Flash Program Memory,
Up to 368x3Bytes of Data Memory (RAM)
Up to 256x8Bytes of EEPROM Data Memory

1

}



s Pin out compatible to the PIC16373/74/76/77
» Interrupt capability (Up to 14 internal/external interrupt sources)
» Eight level deep hardware stack
» Direct, Indirect and relative addressing modes
¢ Power on Reset (POR)
* Power-up timer (PWRT) and Oscillator Start-up Timer (OST)
e Watchdog Timer(WDT) with its own on-chip RC oscillator for
reliable operation
e Programmable code-protection
* Power saving SLEEP mode
¢ Selectable oscillator options
¢ Low-power, high-speed CMOS EPROM/EEPROM technology
» Fully static design
¢ In-Circuit Debugging via 2 points
® Processor read/write access to program memory
¢ Wide operating voltage range:2.5V to 5.5v
¢ High sink/Source Current:2.5Ma
¢ Commercial and Industrial temperature ranges
e Low-power consumption:
- <2mA typical @ 5V,4MHz
- 20mA typical @ 3V,32KHz
- < ImA typical standby current

3.43 PERIPHERAL FEATURES

e TimerO: 8-bit timer/counter with §-bit prescaler



¢ Timerl: 16-bit timer/counter with prescaler, can be incremented
during sleep via external crystal/clock

* Timer2: 8-bit timer/counter with 8-bit period register, prescaler and
postscaler

* ‘Two capture, Compare, PWM modules

» Capture is 16-bit, max.resolution is 12.5ns,
Compare is 16-bit, max.resolution is 200 ns,
PWM max.resolution is 10-bit

* 10-bit muiti-channel Analog-to-Digital converter

s Synchronous Serial Port(SSP) with SPI{Master Mode) and (I"2)C
(Master/Slave)

» Universal Synchronous Asynchronous Receiver Transmitter
(USART/SCI) 9-bit address detection

¢ Parallel Slave Port (PSP) 8-bits wide, with external RD, WR and CS

controls (40/44-pin only)

* Brown-out detection circuitry for Brown-out Reset (BOR)

3.5 ANALOG TO DIGITAL CONVERSION (A/D)

The analog-to-digital (A/D) converter module has up to eight
analog inputs. The A/D allows conversion of an analog input signal to a
corresponding 8-bit digital number. The output of the sample and hold is the
input into the converter, which generates the result via successive
approximation. The analog reference voltage is software selectable to either
the device’s positive supply voltage (VDD) or the voltage level on the

VREF pin. The A/D converter has a unique feature of being able to operate



while the device is in SLEEP mode. The A/D module has three registers.

‘These registers are

1. A/D Result Register (ADRES)
2. A/D Control RegisterQ) (ADCONO)
3. A/D Control Registerl (ADCON1)

The ADCONO register controls the operation of the A/D
module. The ADCONTI register configures the functions of the port pins.
The 1/O pins can be configured as analog inputs (one I/O can also be a

voltage reference) or as digital 1/O.Fig.3.5 shows the A/D block diagram.

CHS2.CHSD
111
AMNT
L1
ANE
101
ANE
Wain
(irnput voitage)} 2 AJREF
S-oir AD
Converler
vao
Tt T ' [aletu 1
YREF ' Al o
! e
iRefarance ' o —
wo'taget .. Mler
|“’ 11 o7
141

PCFG2FCFGE

Fig 3.5 Block Diagram of
A/D



3.6 UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECIVER
TRANSMITTER (USART)

Micro controllers have also proven to be quite popular recently.
Many of these have in built SCI (Serial Communications Interfaces), which
can be used to talk to the outside world. Serial Communication reduces the
pin count of these MPU's. Only two pins are commonly used, Transmit Data

(TXD) and Receive Data (RXD) compared with at least 8 pins.

In this mode, the USART uses standard non-return-tozero
(NRZ) format (one START bit, eight or nine data bits, and one STOP bit).
The most common data format is 8-bits. An on-chip, dedicated, 8-bit baud
rate generator can be used to derive standard baud rate frequencies from the
oscillator. The USART transmits and receives the L.Sb first. The transmitter
and receiver are functionally independent, but use the same data format and
baud rate. The baud rate generator produces a clock, either x16 or x64 of the
bit shift rate, depending on bit BRGH (TXSTA<2>). Parity is not supported
by the hardware, but can be implemented in software (and stored as the ninth
data bit). Asynchronous mode 1s stopped during SLEEP. Asynchronous
mode is selected by clearing bit SYNC (TXSTA<4>).

The USART Asynchronous module consists of the following

important elements:

* Baud Rate Generator
o Sampling Circuit
* Asynchronous transmitter

¢ Asynchronous Receiver



3.7. SERIAL PORT STANDARD
Master microcontroller to PC communication is established
using RS232 protocol. RS232 is a serial protocol mainly used for PC

communication. The maximum distance it can run i1s 15 meters.

3.7.1 RS 232 Connector Pin Assignment
RS 232 connector was originally developed to use 25 pins. In
this, pin-out provisions were made for a secondary RS232 communication
channel. Now a days, the smaller 9-pin version is most commonly used

which is shown in the fig 3.7.1 and fig 3.7.2.

fg‘.— e e et g o i e b B el

Fig 3.7.1 PC Com Port - EIA-574 RS-232/V 24 pin out on a DB-9 pin

Used for Asynchronous Data

16
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Pin Signal Pin Signal
] Data Carrier Delecl 6 Data Set Ready
_ 2 RBeceivedData { Request 1o Send
—3__ Jransmitted Dala § CleartoSend
4 Dafa Terminal Ready 9 Ring Indicator
5 Signal Ground

Fig: 3.7.2 Pin out diagram of RS 232 port
Electronic data communications between elements will

generally fall into two broad categories, single-ended and differential.
RS232 (single-ended) was introduced in 1962, and despite rumors for its

early demise, has remained widely used through the industry.

Independent channels are established for two-way (full-duplex)
communications. The RS232 signals are represcnted by voltage levels with
respect to a system common (power / logic ground). The ™idle" state
(MARK) has the signal level negative with respect to common, and the
"active" state (SPACE) has the signal lcvel positive with respect to common.
RS232 has numerous handshaking hnes (primarily used with modems), and

also specifies a communications protocol.

17



The RS-232 interface presupposes a common ground between
the DTE and DCE. This is a reasonable assumption when a short cable
connects the DTE to the DCE, but with longer lines and connections
between devices that may be on different electrical busses with different

grounds, this may not be true.

RS232 data is bi-polar.... +3 TO +12 volts indicate an "ON or
O-state (SPACE) condition” while A -3 to -12 volts indicates an "OFF" |-
state. (MARK) condition... Modern computer equipment ignores the
negative level and accepts a zero voltage level as the "OFF" state. In fact,
the "ON" state may be achieved with lesser positive potential. This means
circuits powered by 5 VDC are capable of driving RS232 circuits directly;
however, the overall range that the RS232 signal may be

transmitted/received may be dramatically reduced.

The 6utput signal level usuvally swings between +12V and -
12V. The "dead area” between +3v and -3v is designed to absorb line noise,
In the various RS-232-like definitions this dead area may vary. For instance,
the definition for V.10 has a dead area from +0.3v to -0.3v, Many receivers

designed for RS-232 are sensitive to differentials of 1v or less,

This can cause problems when using pin-powered widgets - line
drivers, converters, modems etc. These types of units need cnough voltage &
current to power them self's up. Typical USART (the RS-232 /O chip)
allows up to 50ma per output pin - so if the device needs 70ma to run we
would need to use at least 2 pins for power. Some devices are very efficient
and only require one pin (some times the Transmit or DTR pin) to be high -

in the "SPACE" state while idle.

I8



An RS-232 port can supply only limited power to another
device. The number of output lines, the type of interface driver IC, and the
state of the output lines are important considerations. Data is transmitted and

received on pins 2 and 3 respectively.

3.8 1C MAX 232

This IC is popularly known as a voltage shifter. It’s a 16- pin IC
used for the PC to microcontroller communication. This IC is connected

between router and PC. Pin diagram of MAX 232 is shown in fig 3.8.

ce[t = 18 []vee
Vi [] ] GhD
-0 1TRIOUT
¢+ CIREIN
oo "™ Freour
-1 TR
TR20UT (] ] TRZIN
REZM [} 8 3 CJREZOLT

Fig 3.8.1 Pin diagram of MAX 232
The voltage level of microcontroller is 0 TO 5 Volts. In order to
make communication between PC and microcontroller voltage conversion is
essential. MAX 232 achieves this voltage conversion. This internally
consists of diodes, logic gates, and capacitors. MAX 232 moditics the
voltage level with respect to PC and vice versa. Fig.3.8.2 shows the logic

diagram of MAX 232 IC.

19
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Fig 3.8.2 Logic diagram of MAX 232

3.9 LCD INTERFACING
The most common application of liquid crystal
technology is in Hquid crystal displays (LCDs). From the ubiquitous pocket
calculator to an advanced VGA computer screen, this type of display has
evolved into an important and versatile interface.
A liquid crystal display consists of an array of tiny segments
(called pixels) that can be manipulated to present information. This basic
idea is common to all displays, ranging from simple caiculators to a full

color L.CD television.

3.9.1 STEPS TO BE FOLLOWED WHILE PROGAMMING

» Initializing the LCD.
¢ (learing the L.CD.

» Positioning the cursor,



LCD
Displaying a string.

Displaying a screen.

"Wiping" a screen clear, then "wiping" another on in its place.

Displaying multiple pages of text.

Using special user-defined characters.

Implementing a menu,
Flashing text.

Centering text on a line.

3.9.2 LCD PIN DETAILS
PIN SYMBOL | LEVEL | /O FUNCTIONS
NUMBER
Vss ; - |POWER SUPPLY(GND)
i
Vee - - | POWER SUPPLY(+5V)
2
VL ) - | CONTRAST ADJUST
3 o
RS 0/1 I | 0=INSTRUCTION INPUT
4 | 1=DATA INPUT )
R/W 0/1 I | 0=WRITE TO LCD MODULE
5 ) 1=READ TO L.CD MODULE
3 1,1->0 I  ENABLE SIGNAL
‘DBo 0/1 /0 | DATA BUS LINE 0 (LSB)
7
o DB 0/1 /O | DATA BUS LINE !
8 - R




DBz 0/1 IO | DATA BUS LINE 2

9 DB3 0/1 /O | DATA BUSLINE 3

= DBa 0/1 /O | DATA BUS LINE 4

3 DB;3 0/1 /O | DATABUSLINES
2

N DBs 0/1 I/0 | DATA BUSLINE 6
13

14 DB7 0/1 I/O {DATA BUS LINE 7

Table 3.9.2 Pin Description of an 14pin LCD




RELATIONSHIP OF DESIGN TO EXISTING
STANDARDS

[A.]
[os



4.1 RELATIONSHIP OF DESIGN TO EXISTING
STANDARDS

Since this device is connected to a human, we had to comply to
the class safety standard that there should never be a connection from the
human to the 120V power grid. Furthermore, we made sure that the
electrode placement would never be an opposite sides of the body given that

even small currents can cause f{ibrillation in the heart.
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OUTPUT PLOT
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FLOWCHART
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CONCLUSION

We conclude that the measurement of skin conductance gives
the emotional status of the person. It finds application in Psychology,

Hydration measurements and Lie detection in its advanced form.
Electro dermal activity meter, with its high lability, freely

varying activity and ability to map the orienting response has shown to be

promising in measurement of direct mental interaction with living systems.

30
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APPENDIX -1
PROGRAMMING

CONTROLLER CODE USING MP CODE

#include<htc.h>
#include<stdio.h>
#include<string. h>
#include<math.h>

void configLCD();

void commandLCD();

void dataLCD();

void clearDisp();

void writeLCD(char ch,unsigned char r,unsigned char c);
void writeStrL.CD(const char str[17],char 1,char c);

void initSerial{);
void sendByte(unsigned char c);

void initADC();
void selChannel{char chan),

void delayuS(int n),
void delaymS(int n);

void selBank{char n);

bit ADConvFlag = 0;
bit recFlag = 0;

unsigned char SampleCount = 0;
unsigned char rdat=0;

bank | unsigned char buffer[25] = "";

i,

bank1 unsigned char bufferif25]="".

unsigned char Channel = 0;

32



unsigned char i = 0,len = 0;

unsigned int cdata = 0,pdata = 0,
unsigned int temp = 0;

signed int Chan2 = 0, Chan3 = 0,Diff = 0;
signed long R =0, Rx =@
float fDiff = 0.0f,

void main{)

{
initADC();
nitSerial();
selBank{0);
configlLCD();
clearDisp();
selChannel(2);
Channel = 2;
delaymS(50);

writeStrLCD{("Test",0,1};

while(1)

{
ADCONO = 0x05;
if{ADConvFlag)
{

if{ Channel == 2)
{

Chan2 = cdata;
Chan2 = (long) Chan2 * 500/1023;

sprintf(buffer," A2: %d%c%d ",
Chan2/100,".",Chan2%100);
writeStrL CD(butier,0,0);

selChannel(3);

33



Channel = 3;

delaymS(50);
}
else if(Channel == 3)
{

Chan3 = cdata;

Chan3 = (long) Chan3 * 500/1023;

sprintf(buffer," A3: %d%c%d ",
Chan3/100,"",Chan3 %100),

writeStrL.CD(buffer,1,0);

selChannel(2);
Channel = 2;
delaymS(50);
}
delaymS(50);
ADConvFlag = 0;
}
Diff= (int) Chan3 - Chan2;
if(Diff < 0)
{

Diff = Diff * (-1);
sprintf(buffer,"D:-%d%c" (int) Diff/100,.");

if((Diff % 100) < 10)

{
strcat{buffer,"0");
sprintf(bufterl,"%d" (int) Diff% 100);
strcat(buffer,bufferl);

}

else

{
sprintf(bufferl,"%d" (int) Diff%100)
streat(buffer,bufferl);

i



else

sprintf{buffer,"D:%d%c",(int) Diff/100,'.");

if{(Diff % 100) < 10)

{
strcat(buffer,"0");
sprintf{buffer1,"%d",(int} Diff% 1 00);
strcat(bufter,bufferl);

else

sprintf{bufferl,"%d",(int) Diff%100);
strcat(buffer,bufferl);

}

writeStrLCD(buffer,0,9});

if(recFlag)
(
\
if(rdat =='R")
{
sendByte(OxFF);
sendByte((Chan3 >> 8) & 0xFF);
sendByte(Chan3 & OxFF);

//sendByte(0xFF);
sendByte((Chan2 >> 8) & 0xFF),
sendByte(Chan2 & 0xFF),

*TXREG = OxFF;
TXEN=1;
asm("nop");
asm("nop");

TXREG = Diff >> §;
TXEN =1;
asm("nop");
asm("nop");

35



TXREG = Ditf & 0xFF;

TXEN =1,
asm("nop");
asm("nop");*/

}
recFlag = 0;
}
}
}
void interrupt interISR()
{
if{ ADIF)
{
IRP= ()
RPIl =0;
RPO=1(;
ADIF =0;

while(ADCONOQ & 0x04)
]

1
NOP();

}

//SampleCount = 1;

ADCONO = 0x01;
temp = ADRESH;
temp = temp << §,

IRP =0,
RP1 =0;
RPO = 1;



;

cdata = ADRESL;
cdata = cdata | temp;

cdata = cdata & Ox3FF;
//ADConvFlag = 1,

if(pdata == cdata)

{
SampleCount++;
}
else
t
pdata = cdata;
SampleCount = 0;
}

if(SampleCount > 6)

{
ADConvFlag = 1;

SampleCount = 0;

ADCONQO = 0x05;

if(TXIF)

{

}

while(!TRMT};
TXEN = 0;
TXIF = 0;

if(RCIF)

{

rdat = RCREG;
recFlag=1;
RCIF =0;



}

void configLCD()

{

selBank(1);

//ADCONT = 0x02;

ADCON!1

;

TRISB = 0x00;
TRISE = 0x00;

selBank(0});

PORTB = (0x38;
commandLCIX);
delaymS(60);

PORTB = 0x0C;
commandLCD{);
delaymS(60};

PORTB = 0x06;
commandLCD();
delaymS(60);

PORTB = 0x01;
commandLCD();
delaymS(60);

PORTB = 0x80;
commandLCD();
delaymS(60);

void commandL.CD()

{

selBank(0);
PORTE = 0x04;

// On not using ADC it is must to configure

38



delaymS(1};

PORTE = 0x00;
}
void dataLCD{(}
{

' selBank(0);
PORTE = 0x05;
delaymS(1);
PORTE = 0x01;

}

void clearDisp()

{
PORTB = 0x01;
command.CDX();
delaymS(60);

}

void writeLCD(char ch,unsigned char r,unsigned char ¢)

{

unsigned char ad = 0;

r=r%2;
¢ =c¢ % 0x10;

switch(r)
{
case 0:
ad = 0x80;
break;
case 1:
ad = 0xC0;
break;
}
ad =ad +c¢;

PORTB = ad & OxFF;
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commandLCDY);
detaymS(60);

PORTB = ch & OxFF;
datal.CD();
delaymS(60);

;

void writeStrLCD{const char str[17],char 1,char ¢)

{

chari1=0;

while{str(i])

{
writeLCD(str[i],l,c +1);
i+

¥

j

void imtSerial()

{
selBank({1});
GIE=1;
PEIE = I;

TXIE=1;
RCIE = 1;

TXSTA = 0x04;

SPBRG = 0x19; //0x81 -- 9600 for 20 MHz
/1 0x4D -- 9600 for 12 MHz
// 0x19 -- 9600 for 4 MHz

s¢lBank(0);
RCSTA = 0x90,
}

void sendByte(unsigned char c)

i
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}

TXREG=c;
TXEN=1;

asm{"NOP"}),
asm{"NOP"Y,

void initADC()

{

}

selBank(1),
TRISA = 0x1F;
INTCON = 0xc0;
PIEL = 0x40,
selBank(0);
ADRESH = 0x00;
ADCONO = 0x01;
selBank(1);
ADCONI1 = 0x82;
ADRESL = 0x00;

void selChannel(char chan}

{

;

sclBank(0});

CHSO = chan & 0x01;
chan = chan >> 1;
CHS1 = chan & 0x01;
chan = chan >> 1;
CHS2 = chan & 0x01;

void delayuS{(int n)

{

while(n > 0}

1

}

-,
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void delaymS(int n})
{
while(n > 0)
{
n--;
delayuS(54); // for 4 MHz XT
/ldelayuS(164);  // for 12 MHz HS

;

void selBank(char n)

{
switch(n)
{
case (1:
IRP =
RP1 =0;
RPO = 0;
break;

case 1:
IRP=10;
RPI =0,
RPO = 1;
break;

casc 2:
IRP=1;
RPI =1;
RP(O =0,
break;

case 3:
IRP =1;
RP1 =1,
RPO=1;
break;
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C PROGRAM

#include <dos.h>
#include <stdio.h>
#include <conio.h>
#include <math.h>
#include <graphics.h>
#include <stdlib.h>

#define PORTI1 0x3F8 /* Port Address Goes Here */
#define INTVECT 0x0C /* Com Port's IRQ here (Must also change PIC
setting) */

unsigned int bufferin = 0,

float ss = 0;

unsigned int count = 0, bufferout = 0;

unsigned char bufff[22],*ch;

unsigned char buffer{1025};

unsigned char manil[34],flag = 0;

unsigned char in [25];

unsigned int t1=0,m1=0,11=0,12=0;

float RR = 0.00£,RX = 0.00f,CY = 0.00f;,

int sl=0;

float s11=0,t11=0,m11=0,111=0,121=0;

int gd = DETECT, gm;

unsigned int n k=19,i=0,m,n1,*sample,

unsigned char manif12];

char mam2[15],mani3[15];

float sumf = 0, sum! = 0, sum2 = 0,sum0sqg = O,sumlsq = 0,sum2sq =
0,dxdy = 0,dydz = 0, dxsq = 0,dysq = 0,dzsq = 0;

float
a[757=10.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0
.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0
,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0.0.0,0.0,0.0,0.0,0.0,0
0}

tfloat s11:



void interrupt (*oldportlisr)();
char receive();

void interrupt PORTIINT() /* Interrupt Service Routine (ISR) for PORT1

*/
{
mtc;
count = Q;
flag=1;
do
{
¢ = inportb(PORT1 + 5});
if(c& 1)
{
buffer[count++] = inportb(PORT1);
h
delay(6),
} while (¢ & 1);
buffer[count] ="\0";
outportb(0x20,0x20),
}
void config_portl()
{

outportb(PORT!L + 1, 0);

oldportlisr = getvect{INTVECT);
setvect(INTVECT, PORTIINT);
outportb(PORTI + 3, 0x30);
outportb(PORT1 + 0, O0x0C);
outportb(PORT] + 1 , 0x00);
outportb{(PORT1 + 3 , 0x03);
outportb(PORT 1 + 2, 0xC7);
outportb(PORTI + 4, 0x0B);
outportb(0x2 1 (inportb(0x21) & OxEF));
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outportb(PORT1 + 1, 0x01);

}

app_stres(float *a,int d1)
{ . 0
mt 1;
static int 1}11=59;
k=59;

for(i=0;1<k;i++)

{

}
alk]=d1;
11--;
return I;

ali]=a[i+1];

}

void stres(float *a,float d1)
: { . -

mnt 1;

n=59;

nl=59;

setcolor(0);

moveto(110,390};
line(110,390,110,(390-(2*a[0])));
moveto(110,(390-(2*a[0])));

for(t=((520-110)n1),i=1;i<=n;i++)
{

ineto( I 10+t,(390-(2*a[i])));
t+=((520-110)/n1);

j
app_stres{a,dl};

settextstyle(2,0,4);
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setcolor(14});

line(110,390,497,390),
line(110,390,110,(390-150)); // Graph axis Design
outtextxy(450,410,"TIME ->");

settextstyle(2,1,4);
outtextxy(85,240,"VOLTAGE ->");
settextstyle(2,0,5);
outtextxy(270,205,"Real Time Graph”),
settextstyle(2,0,4);
moveto(110,390);
moveto{110,(390-(2*a[01)));
for(t=((520-110)/n1),1=1;1<=n;i++)
{

lineto(110+t,(390-(2*a[1])});

t+=((520-110)/n1),

;
// delay (150);

void main{void})

{

{/
/f

int 1,j;

config_portl();

initgraph{&gd,&gm,"");

clearviewport();

setmode(1,1);

setcolor{ WHITE);
rectangle(7,2,getmaxx{)-17,getmaxy(}-17),
rectangle(10,5, getmaxx()-20,getmaxy()-20);

line((getmaxx()+20)/2,5,(getmaxx()+20)/2,getmaxy()-20);
line(10,(getmaxy()+20)/3,getmaxx()-20,(getmaxy()+20)/3);

setcolor(14);
settextstyle(2,0,4);
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settextstyle(0,0,0);

settextstyle(2,0,5);
outtexixy(270,205,"Real Time Graph");
settextstyle(2,0,4);

settextstyle(1,0,0); // Mind switch title Design
setcolor(9);

outtextxy(235,24,"EDA sensor");
setcolor(15);

outtextxy(236,25,"EDA sensor”);
setcolor(9);

outtextxy(237,26,"EDA sensor");

settextstyle(2,0,4);
setcolor(14);

// 1st graph axis Design
settextstyle(2,0,4);
setcolor(14);

line(110,390,497,390);
line(110,390,110,(390-150)); // Graph axis Design
outtextxy(450,410,"TIME ->"});

settextstyle(2,1,4);
outtextxy(78,255,"Conductivity in MHO ->");
settextstyle(2,0,4);

for(j=0,i=0;j<13;i+=30,j++}
3
1

sprintf{ch,"%d" }); // Co-ordinates Design
outtextxy(1 10+1,393,ch);
h
for(j=10,i=30;j<=50;1+=28,;+=10)
{
sprintf{ch,"%d",j);
outtextxy(94,390-1,ch),
}
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//

1

settextstyle(0,0,1);

outtextxy(107,235,"");

settextstyle(2,0,4);
outtextxy(498,384,">");
setcolor(14);
while('kbhit())
{
outportb(PORTIL,'R");
while(flag != 1);
delay(50);
if(flag==1)
{
flag=0;
if{(count == 5)
{
static int s2 = 0;
float ss,sss,diff = 0.00;
unsigned char aa[20] = {0};
count = (;
sl = buffer[1] & Ox{f;
sl = (sl << 8) & Oxff00;
sl =sl | (bufferf2] & 0x{D);
s2 = buffer[3} & Ox{T;
§2 = (s2 << 8) & 0x{f00;
s2 =52 | (buffer[4] & 0x{1);
diff =(tloat) (s1-s2) / 100.00f1 ;
st =( (float) (st * 5.0f) / 1023.011),
i/ sl =((float) sl / 100.0f);

settextstyle(2,0,5);

setcolor(14);
outtextxy(180,120,"CONDUCTITITY : ");
outtextxy(180,140,"RESISITIVITY : ");
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if(diff < 1)

I

t
RR = (float) ( (2.0 * diff) + 5.0f) / (5.0f - diff) ;

if(RR 1= 1)

RX =RR/(1.2-RR);

CY =(1.0f/ RX) * 35;

if( (CY >=-5.0) && (CY <= 50.0f))

{

}

setcolor(0);
sprintf(aa,"%2.2f ohm" sss);
outtextxy(290,120,bufff);
outtextxy(290,140,aa);
setcolor(14);
sprintf(bufff,"%2.2f mho",(float)(CY/10));
sprintf(aa,"%2.2f ohm",RX);
outtextxy(290,120,bufft);
outtextxy(290,140,aa);

ss= CY;

sss = RX;

strecpy(buffer,"");
if{ (CY >=-5.0) && (CY <=50.0f))

{

outportb(PORTI1 + 1, 0);
outportb(0x21,(inportb(0x21) | 0x10)); /* MASK IRQ using PIC */

settextstyle(2,0,5);
stres(a,CY);

/* Turn off interrupts - Portl */

setvect{INTVECT, oldportlisr). /* Restore old mnterrupt vector */
closcgraph();
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APPENDIX-1I DATA SHEETS

&

MicrocHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PICYSFATR
+ PICYEFS74

» PIC16FATE
« PICASF377

Microcontrofter Core Features:

= High perfoimance RiSC CPU
+ Only 35 single word instructions 1o leam
All single cycle instructions except for program
tranches which are two cycle
+ Operating speed: [T - 20 MHz clock nput
DC - M0 ns instruction cycke

+ Up te 8K x 14 words of FLASH Program Memory,

Upto 268 = 8 bytes of Dala Memory {RAM)

Up 1o 256 x 8 bytes of EEPROM Data Memery
- Pinowt compatible to the PIC1ECTIBT4BITAITY
Interrupt capahibty (Up o 14 souices)
Eight level deep hardware stack
+ [rect, incarect and relative addressing modes
- Power-on Raset (POR)
Poyer-up Timed (PWRT) and
Oscillator Start-up Timer (OST)
\Watchdog Timer (ADT) with its own on-chip RC
ostitlator for reliable operation
+ Programmable code protection
+ Power saving SLEEP mode
« Sefectable osdllator options
Low porver, high speed CMOS FLASHEEFROM
technology
Fulky static design
In-Ciseuit Serial Programming™ {{CSP) via two
pins
Single 5Y le-Cicuit Serial Frogramming capalnlity
In-Circuit Debugoing via hwo pins
Processer readfwnte access to program memory
YWide operating voitage ranga. 2.0V to 5 5V
High Sink/Soures Corrent: 25 ma,
+ Commertiss, Industrial and Extended temoeratuse
ranges
Low-pesies CORSUMpEon:
- = 06 mAtypical 42 3V, 4 MEC
- 20 pA typical i 2V 32 H2
- = ] A typic standby current

.

.

Pin Diagram

PDIP -

MR —= ] 1 N/ 2] +— m27PsD
RAZAND -] Ja[] e—= AW PSD
FALANG w—e[]3 [} 8355

RAZEHIEF- e[ 4 7w r2e
FASANIASE S w— ]z 1 ] =-— AAIPEN
RALTICK w—=[] & 3] - RE2

RASANAES »—[]7 R (1 +— 251
REARDAHS e[| £ 8 33 T] -—e REQINT
AEIFRAE — ]2 2 afle——voo
RELCEANT =[] 10 I 2 ae—ws
AL Vs Yu— y BT ';‘E [ = rorozer
vis . []2 @ #[] ~— rompezs
DECHCLKN —= ] 13 G 28 [] =—= RDSPIES
QELTCERIUT ][] 12 E 27 [ =—» RLASGS2
RCHTIDSOTICK! e ] 15 26 [] = RCTRALY
ATLTIOSNCLRZ w—w [] 15 25[7 wev FECETACH
ROZCEAT - w17 24 [] =—e CELOT
ROWSCR/ECL »—e ] 13 2] =+ ROLSOECA
ROOPESY [T 14 22 [] = RD32I5T
ROIPEOT w—e [] 20 20 [] =—e RDIOZEZ

Peripheral Features:

+ Timerd: B-bit Uimerfcounter with 8-b4it prescaler

» Timen: 16-dit imer/counter with prescale,

¢an be incremented during SLEEP via externa!
coystaliciock

Timer2: 8-hit fmerfcounter with 8-bit period
register, presealer and postscater

Two Capture, Compare, P'WM madules

- Capture is 16-bit, max, resofulicnis 12 5ns

- Compare is 16-hit, mxax. reselution is 200 ns

- PWikk max. resolution is 1040t

100 mutt-channel Analoglo-Digital converiar
Smchronoug Sgial Fort (3SP) with $PF ™ (Master
modet and I°C iMaste/Skave)

Lintversal Synchronous Asynchroncus Receiver
Transmitter (USARTYSCI) with 9-bit address
detection

Parallel Slave Port [P3P) 8-hits wide. wih
external RD, WR and C3 controls (40744 pin only:

Brirem-out detection cirguitry Tor
Broem-out Raset (BOR)
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PIC16F87X

Pin Diagrams

PDIP, SCIC
FELRN»—-E’? s % % - REIFGD
aANARG L] 2 27[] = RERPEC
RAVAN) *—-E 3 - za%.._..ggg.
RAZANIVaer.»— L] 4 P 25] -~ R&4
RAVANARzre = L] & g 24:31 -+ IRIPGM
Aarooki=—H ¢ - 23[] +—~ rez
o .—— o
mm‘a;ss £] : rd g’;‘%:ig;m
T3 u@ Ly
CECITIKIN—[1 3 O 2] +—vao
asczeikout -— [} a el ~—vas
RCATIGSOTICK == [I11 15]] «— SCTRXDT
ncvncsmanE 12 17[] =~ RCETALCK
REZCCP1 == 12 18] ~— RC&S00
RC3,SCHrSCL =[G4 5[] = RCe=OISDA
*
—o €
2372 8
5ZE9
PLCC 9230 onRER.
XN ZaWES &
Vit
b} J
Jnopaanran
/enInN-ZEHTE
A THC Y —{7 ° [0 = RELPCM
RASANATS | (13 1E[) - 52
REQRDANS L H3 37[}=—— AO1
ASIAFRAD gy 3e G RBOINT
RE—-‘“J’;‘-;? ~—0On  PIC6F8#T 30-— Voo
T — 2 MO -— vio
~ L r—" 13 PICI6F874 3L [=-— ROVFEPT
OSCICLEN o (g 32—~ RDAPIFE
QICICLKOUY w5 3[] =+ ROSBEFS
RIITICELTICKY! w o O1a 3] »-—+ RO47Pe
i 0, 251~ RCTANDT
5
5
QFpP &
§
L]
eiRLpT =TI
AD475P4 =~ I 2
ACEESPs I3
ACe=spe v A4
ACTFSPT +—=[OIW5  PIC16ERTT
ve: —>EMe  pirygrg74
Voo —= 17
‘NT ~->LIH#
281 == CMe
RBI e I 1] 2
RO P nenn e gan
: Sh
HEFAAEAAART
T
T L.
RF ISR E Y
R R
o T g x I'I.'E é
<2
23
4

.0
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PIC16F87X

Key Features
PICmicro™ Mid-Range Reference PIC16FA73 PIC16F874 PIC1GF876 PICIGFBTT
Kanual (D533023)
Operating Frequenty 0C - 20 MHz DC - 20 MHz 0C - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR FOR,. BOR
{PWAT, O8T) {PWRT, OS5T} {FWRT, OST) (PWRT, OST)
msﬁf;?""w?‘ d":)“‘"m 4 axX 8K 8K
Data Memory {bytes) 192 192 368 368
EEPROM Bata Memory 128 128 256 256
Irtemupts [K] 14 13 14
IO Ports Pois AB,C Ports ABCDE Poris A,B,C Posts AB.CDE
Timess 3 3 3 3
CapturefCompare™¥M hlodules 2 2 2 2
Sefial Comnunications MSSP, USART | MSSP USART | MSSP. USART | M3SP, USART
Paraliel Communications — PSP PSP
10-hit Analog-to-Digital Moduie 5 jnput channiis | & input charnels [ 5 input channsls | 8 input chanoels
Instruction Set 35 instructions 35 instructions 35 instructions 35 ingtruchions

T 2301 Mecroshig Technichory Mz

DS3F292C. 2008 3



PIC16F87X

FIGURE 1-2 PIC46F874 AND PIC{6F877 BLOCK DIAGRAM
) Frogram pals
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PIC16F87X

bt e ——y————————
TABLE1-2:  PIC16F374 AND PIC46F877 PINOUT DESCRIPTION
O | PLCT | GFP | ¥OIP Huttsr .
Pin Hzme Pt | Pit | Ping | Type Type Dessripticit
DSTILKN 3] W | m | v | s1en0s™® |Csemakr oy nputertemal sock source irput
03C2CLOUT 14 15 k3 o - Ol sryetal st Cornacts o eyss of restaalor
I eryetal oseikakor rode. 1o RC made, 0502 pin outpuis
CLEOUT which 135 £14 1 frequrency of G5C1, 3w
cenoles e Netructon cyce rake,
HWELRNPe b 3 18 | #® 5T Iaster Clear |Resel} Ingot of programmng vodags irput
TS pin 5 an acive K& RESET 62 2avis,
PORTA I 3 M-ara¢0al 10 poa
RALAND 2 3 18 e} m RAD ¢an 250 be anaiog inpud.
RAMAKY 3 H P I ) Tt RAT Can 380 e 2nang inpult.
RAZAN2MAER- 4 : K 112 k1S RAZ can 2’50 be araing Inpul of negrive
A3og refEnte v,
RALANYAEF+ g g n IRY; TiL RA3Ican 3ls0 be andog rputd o poetve
N3N relerence YRR,
RALTRCKI £ ? I3 12 s A4 ran atyo be the SCLnpR i0 e TT2A) DT
COUTTEL, Outout 6 Cp2n oraln tipe.
RASESIANE ? £ rL Tit RAZ can 30 be ana0g nputd of e slave satect fr
the sychongiss s2nal por
PORTE %5 & bHoirectona: 100 pord PORTI can b2 571
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PIC16F87X

20 MEMORY ORGANIZATION

There are three memory blacks n each of the
PIC16F8TX MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
dccess can occur and s defailed in this section. The
EEPROM data memory block is detailed in Section 4 0.

Addtional information an device memory may be found
in the PICrmicro™ Mid-Range Relerence Manual,
{DS33023).

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
PCe12:4s
CAIL, RETURN /} 13 .
FETr1IE, FETLA [ Fa
Caack Leve! 1
Craek Lewal 2
*
-
L
Sack Levei 2
RESET Yecwr 92¢Th
L]
» "‘\..".l'"-__
*
e pt Veotor 00¢dh
JICESh
Pagal
(7FFh
QECOR
Payge 1
QCnp
/A 2FFFh
Ficgratn <
Marsery : 13858
Page2
17¥Fh
180%h
Page 2
1FFFh

2.1 Program Memory Organization

The PiC16FB7X devices have a 13- program counter
capable of addressing an 8K x 14 program memory
space. The PICI6FA77/876 devices have 8K x 14
words of FLASH piogram memory, and the
PIC{EFB73/874 devices have 4K » 14, Accessing 3
jocation abave the physically implemented address will
CaUSE 3 WIaparound

The RESET vecicr is af G000h and the interrupt vector
is at 0004h.

FIGURE 2-2: PIC16F 87418731 PROGRAM
MEMORY MAP AND
STACK
PCe120> ]
GALL, RETURN 13

FETFIE, EETLW {{

Eack Level t

Sack Leve: 2

Stack Level §

RTSET Veotor 2EACH
»
: —
-
Iterpl el I0ish
5E32n
Cn-Crip Fagef
Program »

Wamory
‘ Pagz1
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PIC16F87X

22  Data Memory Organization

The data memory is pariitioned into multiple banks
which contain the General Purpose Registers and the
Speaal Function Registers. Bis RP1 {STATUS=6=)
and RPD (STATUS=5>) are the hank select bits.

RP1:RFO Bank
00 G
13} t
10 2
11 3

Each hank extends up to 7Fk (128 bytes). The lower
fccations of each hank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Pwpose Registers, implemented as
static RAM. Afl implemented banks contain Special
Function Registers. Some {Tequentty used Special
Function Registers from one bank may be mitored in
another bank for code reduction and quicker access.

Mote: EEPROM Data Memory description can be
found in Section 4.0 of this data sheet.
221 GENERAL PURPOSE REGISTER

FILE

The register fle can be accessad either directly. of indi-
rectty through the File Sefect Register {FSR).

D330202C-zage 12
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PIC16F87X

222

SPECHAL FUNCTION REGISTERS

The Spaecial Function Registers are ragisters used by
the CPU and peripheral madules for contiolling the
desired operation of the device. These registers are
mplemented as static RAM. A list of these registers s

The Special Function Registers can be classified into

twio cels: core (CFU) and peripheral. Those reqisters

peripheral eaiures seclion.

associated with the core functions are described 1
detail in this saction. Those ralated to the operation of
the peripheral features are described in detail in the

given in Takle 2-1.
TABLE 2-1: SPECIAL FURCTION REGISTER SUMMARY
Vajue gn: | Delails
Address Hame B ? 8it§ 8it3 8it4 TR Bit2 Rit 1 aito A on
BOR page:
Bank 0
[ Hlits Adarsssing this lceaton vees contents of FSR w0 address data memary (oot 3 physical regster; 300¢ 3006 7
51h TR Timert} Modute Rzgister xixe xerx | A7
Qznit POL Frogram Countar {P2) Least Signfea Spe aene meon] 2%
st [3Tatus wh | mer [ Rrea | T0__ | _P6 | oz | oc | ¢ 509 voal 18
[ FaR aret Dats Memory Address Ponter oo soeax | 2F
téh PORTA — | = [PoRTA Data Lateh when written: PORTA pins when read --gx paee| 28
CEh SORTB PORTE Oata Latch when werdten: PORTB ping when read AR AR 31
C7h PGRTC PORTS Cata La'or whes wiitlen: PORTG pins when resd ook s | 3%
CERY PORTD PORTD Data Lateh when wiitten: FORTD pins when read MR MR B
coh |PorTE — — — — | — 7] rez | sex | REG [---- -xxx| 38
caRt' ¥ |PoLATH - — — Wirite BuBer for tha upper 5 bas of the Tropram Counisr ---p QQ0p, I%
DERY  CNTCON Git PEE TOE NTE ABIE TOF INTF ROIF {5036 3cox| 20
teh 2R periE® | ADF ]CiF TXIF S5PiF cepyf | TnRIE F TMRUF | seac weac 2
2Dk 22 — {5} - EEIF BCLIF — — CCPAF [-r-t 9--0] 34
CEh THRL Felding reg stet Tor the Least Signkcant Byte of tne 1851 TMR Y Ragister KK MR 22
CFn TMRH Hesting reg siet fior the Mos: Sigaificant Byte of the 1864 THSY Regster ATCERNS0E 82
15h TICON — | = Trickes: [ rickpso [T1oscEN | Tisvne | umics |TMAton {--ae spse| &1
11h THAZ Tirer? KNotee Ragstsr acoe spon| AT
1zh TICON — Troumess | -outesz [ TouTest | FCutPso | TMRION | T2CKFST |T20KPS0 | -ese ece| 25
1zh 33FBUF Syngreoncus Sera Port Rece s BufferiTransmif Regster s soevoc | FOLT3
13h SEPCOR weor | SsPov | sspen | ckp | ssemd | saFMz | sseat | 55PM joors doen| 87
15h CCRRIL CapturelCempae PV Remster] 458) oo x| 37
1£h CCPRIH Capture’Compase WM Register? {458} I AXRK =
tTh CCPICOR — — coPiX | GoPty | COPIM3 | coPim2 | CCRIMY | CORiME | 30 asep|  E2
tth RLSTA SPEN S SREN CREN ] ACDEN FERR OERA S¥ED  loron igox| &6
teh TXSEG USART Transmit Das Req stef il Il i
AR ACRESG USERT Receve Lata Regster QG0 acoe i
1Eh COPRIL Capture’Sompare FWU Register? (LSE) oo e | 57
1o CGPR2ZH Captureempare: P8 M Register? SH} e x| ET
Bs CCP2CON — — [ ccpax | cerav [ coreMa [ coimr | copiet [ SoRInn {-oae seae| 8
1Eh ADIESH AT Resul Register High Byte aomace Ao 11
1Fn ATCOND atcot | ancss | ces2 | CHs1 | cwso | GOTONE | — b ADOM |seac ae-cf i
Legen: = = unkrown, w = - I73ngEs g F yaue depends oo conddon, - s someteramted rgsdazl r=rezanved
2hades incadons 2ve anbrpleniented rezdas 0.
Hote §: “meudger byte of the program sta~er is not citesty actzsswle FOLATH s 3 holting reg sterfor tha P21 £ whose

et N

~ortemls 37 Tarcfemed 1o the upps' Eyte of the program counter

© Bies FS2E ara FSOIF 5o rezeves on PICIEFSTEETY devices: always rmanta™ these s G2
“hprs geciziers can bE addesses o sy bacy
FORTD FIATE TR

¢ snd TR SE sre not physically e

B RcEy gng TIEZCAD ara rpzerves o 1T 252 TEVOES] Fways mandin hexs b cear

L2 Wiorochip Technoiogy Inc.
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PIC16F87X

TABLE 2-%: SPECIAL FUNCTION REGISTER SUMMARY {CONTINUED)
Yalue on: | Details
Address Mame Br ¥ Oite Bit 5 Bit d 23 Bit? Bit § Bit¢ POH. on
BOR page;
Bank 1
b1, NDF Adrs ssing s location usss contents of FSR 1o address dala memory (rof a physical ragster 0200 f00nl 27
21h OFTION REG | REFU | INTeD® | Tocs | 0se | PsA | ese | esi | Psp lru usm] e
B2h FGL Pregrar Counter {PT) Least Sgnicant Byte g2 Jeae| 26
55 [sTATUE wP | =1 | meo | T0 | P | oz | 9¢ ]| ¢ Jovor b=} 13
24ht¥ £5R trdrect Data Kemory Address Poiater socxe vz | 27
85h TRISE — | — | FCRTA Dats Girecton Regrster 1|z
th TRIZ2 PORTS Data Drecon Register 111 illl 3t
S%h TRIZC PORTC Dawa Drecten Heg'sier 1111 1111 32
aghii TRIZD PORTD Dala Gvecton Regrster 1111 1::1] 35
gop'd? TRISE BF OBF 1BOY PSPIODE I — IPORTE Oata Cwegtion B g -] W
AW |PCLATH — — — Write Buffer for the upper 5 bs of the Program Counler ---e oeae] 28
FRRH MTCON GE PEE TOE HTE RBIE TG'F INTF REIF neoe 200x 20
ECh Pt e ADIE RCIE TRE S5PIE CoPEE THRZE | TMRYUE |ocae acao 2t
£0h HEZ - 5} — EEIE BCLIE — - coPus | -e-0 3--¢ o3
2En PN — — — — — — PGR BOR |---- —qal 35
IFh — Unimplemented — —
£0h — Unimp d _ _
&'h SSPCONZ | GCEN |ACKSTAT| ACKDT | ACKEN | RCEN | FEM | REEH | SEN  |ocac sese| ¢
@2h PR2 Tumer2 Perod Ragster 3111 1i31 £3
G3h S5PADD Synohronous Sernal Port PG mode) Address Register 006 0058 7T
gdh SSPSTAT swp | exe | oE | f | 5 | mw } wa § 8F  |asoo ncan| es
85h — Limpd d —_ —
%h -— Unimpleinanted - —
Tt — Linimplementad -
2h TXSTR carc | Txe | TXeM | sne — F smeq [ TRwr | meep [sesc -t} ot
2oh SHERG Baud Rat: Generater Ragister ACA0 2EIE &7
Phh — Urritmpd tod — —n
uBh — Enimplamentad —_ _—
¥Ch — Unimplementad — —
] - Urimplemanted e _
SEh ADREZL AT Resull Register Low Byle tofymi ot 178
iFn ADCONT o | — } — | — | pcras | rerer | eorgt | oCFGR [3e-- zoea | 112
Legend  x = unknown, uw = unchanged. g = value depends on condtden. - = whirplemented, read as ¥, 1 = eserved.
thades lceatens are wiimplemented. cead a5 0
Mote 1: Treupperbyte of the programm counteris nod dinecty accessole FOLATH s 3 hoiting reg sier fr tha FL<I2 83 whoss
ronten s 3re wansfared 1o the upper byte of the program cxintsn
7 EBits F521F ad PSPIF are recenved oo FICTAFETRETE devices abways rmanlain these bits cear,
3: “hete registers can be agoresseq from any bank
4 PORTD PIRTE TAIZD. and TRSE are not physically mgterzoies o PICTEFETRETE devioes read as T
5. PiRTed: gng FiELedr are reierved on trESS 22v 288 Fwayt ma maEn tmes bis clear
033020222006 R & 200 Mook Technology 1nz,
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USART

TABLE 10-5: REGISTERS ASSOCIATED WITH ASYNCHRONQUS TRANSMISSION
Value o Value on
Address | Name 8it7 Bité | B#t5 | Bit4 | B3 | Bit2 Bit1 Bit 0 POR, all other
BOR RESETS
{Bh, 3Bh, |INTCON GIE PEIE | TOE | INTE | RBIE | TOWF INTF R0F | coe G9ox | 6000 000U
10Bh, 158h
6ch FIR} PsPIFY | ADIF | RCIF | TXIF | SSPIF | CCPAIF] TMRZIF | TMRIIF | ocoo 0003 | 6000 pos0
t8h RCSTA SPEN RX8 | SREN [ CREN — FERR 1 CERR RXaD | onoo -oox | 0000 -00x
1%h TXREG | USART Transmit Register go0n 4050 | 0000 2008
8ch PIET pspiEttt | aDie | ROIE | TXE | SSPIE| CCRIIE| TMR2IE | TMRIIE | s00u_ooeo { 0000 0od0
G8h TXSTA CSRC TX0 § TXEN | SYNL — BRGH | TRMT TXEGD | ogon -020 | 5000 -910
“Ih SPBRG | Baud Rate Generatof Regster QOO0 DOGO | 00A0 0800

Legend: x = upkaown, - = unimplemanted locations read a3 't Shaded cells are not used Jor 38;NChronOUS TARSMISSON.
Note 1: Bits PSPIE and PSFPIF are resenved on the PIC16F273376; shvays maintain these bite claor.

0S30292C-page 109
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TABLE 10-7; REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on: value on
Address | Name Bit7 Bits Bil5 Bit4 Bit 3 Bit? Bit 1 BilG POR, alt other
BOR RESETS
GBh, 8Bh, [INTCOM GIE PElz § TOHE | INTE | RBIE TOIF INTF ROIF | v000 o00x | 6006 Goou |
t0Bh, 18Bh
GCh FIRY pseiftt | ADIF § RCIF ] TXIF | S8PIF | CCPYIF [ TMR2IF I TMRIF | 7000 9000 J6000 9660
t2h RCSTA SFEN X3 | SREN ! CREN |ADDEN] FERR | OERR | RXUD (4006 900x (2000 920X |
1Ah RCREG | USART Receiv2 Recister 8000 G000 |a8a0 3060
ach PIE1 PSPIEY | ADIE | RCIE | TXIE | SSPIE | CCPHIE | TMR2IE | TMREIE 3 0090 0000 [0e00 0000
&2h TXETA CSRC TXG | TXEN | SYNC — BRGH | TRMT | TX3D leooo 410 | 2600 -0L4
2ah SPBRG | Baud Rate Genesaltor Regisfer G000 0030 0600 G000

Legend: = unknown, - = unimplemented locations read 5s '0. Shaded calls are not used for asymThrenous recenion
Note 1: Bis PSPHE and FSFIF are resernves on PIC1EF27 31376 devices; always mantan these tits clear
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REGISTER 10.%:

bit 7

bit 6

Bits

bit4

bit 3
bit 2

bit 1

bit &

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)

RIN-0 RW-0 RIW-0 RW-0 u-0

RAN-O 81 RAY-0

[ csre | mxe [ mxen [ swwe [ —

| BrRGH [ vaMT | T80 |

bit 7

CSRC: Clock Sowree Szfect bit

Don't care

Synchronous mode:

1 = Master mode (clock generated intemaly from BRG)
0 = Slave mode (clock from external scurce)

TX9: 3-bit Tranamit Enable bit

1 = Selects 9-bif transmission

0 = Seleets §-bit transmission

TXEN: Transmit Enable bit

1 = Transmil enabled

0 = Trangnvt disabied

Hote: SRENICREH ovemides TXEN in SYHMC moda.

SYHC: USART Mode Select bit
1 = Synchronous mode

0 = Asynchronois mode
Unimplemented: Read a3 'D"
BRGH: High Baud Rate Sefect bit
Asynchronous pwode:

1 = High speed

= Low speed

Synchronous moda:

Unused in this mode

TRMT: Trangmn Shift Register Status bit
1 =TSR empty

0 =TSR ful

TX9D: Sth bit of Tranemit Data, con be parity bit

bit {

Legend:

R = Readable bt Wo="Writabhe bit U = Unimpiemented oif read as '

-1 = Value at POR "t' = Bitis set & = B s cleored % = Bits unknown
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PIC16F87X

REGISTER 10-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER {ADDRESS 18h)

RWO RWD  RWD  RWD RWd R0 RO R-x
[SPEN | Rxs | SREN | CREW | ADDEN | FERR | CERR | Rx#d |
bit 7 Bt o
b7 SPEN: Seriai Port Enable kit

1 = Serial port enabled (configures RCT:FRX/DT and RCSTNCK pins as z2ral port 3}
0 = Serial port disab'ed
bitf RX3: 3-bit Receive Erable bit
1 = Selechs (-bit recepton
0 = Selects 3-bit recepton
hith SREN: Sinp'e Receive Easble bt

Asynchroneus mode;
Dot care

1 = Enables smghe receive
0 = Disables single receive
This bit is cleared after recepticn is complete.
Synchronous mede - skavs;
Don't care
bit 4 CREN: Continuwous Raceve Enable bk

Asynchrondus mode:
1 = Enables continuous receive
0 = Disables oonrtinuous receive
Synchionous niede:
1 = Enables conbnuous recexe untl enable bt CREN is clzared {CREN overides SRIN;
0 = Disables continuous receive
bit 3 ADDEN: Address Detect Enable bt
1 = Enabies address detecton, enables interrupt and koad ¢f the recs ve Suter when
RSR<E» is 5ot
0 = Disables aduress detecton, all byles am received, and «oth bit can ke vsed as panty bit
bit2 FERR: Framing Srror b2
1 = Framing seror {can bz updated by reading RCREG registsr and recs ve ncatva’d oyie)
0 = No framing error
it 1 QERR: Cverrun Emer bit
1 = Overrun errer (can be cleared by clearng bt CREN)
@ = MO o¥eruA eror

bit0 RX9D; fh bt of Received Data (can be party b, but ivust b2 calcutzed oy user Fmas's!
Legand:
F = Readable bt W = Writable bit U = Unerrplar eatea bit read 25 2
-n =VYalye 5t FOR 1" = Bilis sel 0" =814 s cleares ¥ = 31§ unkican




JABLE 11-2: REGISTERS/BITS ASSOCIATED WITH AD

Valueon | Valueon
Address Hame Bit7 Bit6 | Bith Bit4 Bit3 Bit2 Bit1 Bit & POR, MCLR.

BOR WOT

08h,8Bh, |[INTCOM GIE PEIE | THE | - INTE . | RBIE TOF INTF RB¥F |[oooc ooex|a000 0o9m
10Bh,185h C
CCh PIR1 FSPIRY | ADIF | RCFF |- TXF SSPIF | CCPHIF | TMR2F | TMRIF | 0ooe 0099 [ 0000 0000
8Ch PIE1 pspet?| Ao [ROE| TOE 1 SSPIE | CCPUE | TMRZE] TMRHIE] 9000 0200 | 2000 800D
ieh ADRESH | AD Resut Register High Byle NExy KXY |mnm uung
GEh ADRESL | AD Result Register Low Byle 2000 000 | Uuuh e
1£h ADCOND | ADCSY [ADCSG[ CHS2 | CHS1 CH5G |GODONE| — ADON | vooe aa-0 3609 00-0
GFh ADCONT | ACFM —_ —_ — PCFG3| PCFG2 [ PCFGY | PCFGD [ <-0- 0000 | --0- €000
&5h TRISA - — | PORTA Data Direction Ragester --11 1311 {--11 iA2i
osh PORTA —_ — | PORTA Dala Latch when viriten: PORTA pins when read SoDX 0030 | ==t G000
aoni TRISE 1BF OBF | 1BOV [PSPMODE| - | PORTE Duta Direction bits 0900 -111 |0000 -111
[E2) 8 PORTE — —_ - — — RE2 | RE1 | REQ | -—-s st |---- —um

Legend: x = unknowm, u = unchanged, - = unimplemented, read as '0’. Shaded cefis are not used for A/D conversion
Note 1: Theseregistershbis are not available on the 28-pin devices.
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REGISTER 11-1:  ADCONO REGISTER (ADDRESS: 1Fh}

RWO  RWD RWO RWO RWD  RWO  UD  RWJ
[ aocst | apcso [ cus2 [ oust | chso JeodoNE| — | acow |
bit 7 bt

bit 7-6 ADCSHADCSO: D Conversion Clock Select bits
00 = FOSCs?
0L =Fpscid
10 =Foscidd
11 = FaG {ehock derived from the internal AIG moduie RC ostifiator)

nitsd CHS2:CHS®: Analog Channet Select bits
900 = channel 0, {RADIAND)
001 = channe! 1, (RAT/ARY)
010 = channef 2, (RA2/ANZ)
013 = channet 3, (RAJANS}
100 = channe! 4, [RAS/AN4}
101 = channet 5, (REG/ANSYY
110 = channef 6, (RE$/ANS)M
111 = chanse} 7, (REZANT)IY

bk 2 GOMDOHE: AL Conversion Status bit
K¥ADON = 1.
1 = &/D conversion in progress (sesting this bit starts the AID conversion}
o = AfD conversion not in progress {this bd is automatically clearsd by hardware when the A0
corversion is conplele)
o Unimplemented: Read a3 T
hit ADCH: AD On bt
1 = &/D converler modus is operaling
0 = 4D converter modu'e s shut-off and consumes ne ocerating curment

tiote 1:; These chonnels are not available on PIC1BF373:874 devices.

Legend:
R = Readah'e bit ¥ = Whnlabls bit U = Unimplemented bid read as 0
-n=Vake at POR = Bilis set ¥ = Bitis clearzd 1 = Bitis unknown




PIC16F87X

REGISTER 11-2:

bit ¥

Tiz 6-4
hit 3-

—_— —_— —
ADCON1 REGISTER {ADDRESS 9Fh}

U0 J-0 RN u-0 RFN-O RW-0 RAN-0 RW-D
Ta0FM | — | — | — | PCFG3 | PCFG2 | PCFGt | PCFGO |
bhit7 [+ H]

ADFM: AID Result Foimat Select bit

1 = Right justified. 6 Most Significant bits of ADRESH are read as T
o = Left justified. 6 Least Significant bits of ADRESL are read a3 0",
Unimpiemented: Read as '’

PCFGY:PCFGO: A/D Fort Conhiguration Controd bits:

PCFG3: [ ANTU | ANGUI ] ANST'T| AN | AM3 | ANZ | ANT | AHO [, o oo ] Crest
PCFGO | RE2 | REt | REO | RAS | RA3 | RA? | RA1 | RAO Refsld
0000 A A A A A A A A Voo Vs %]
0001 A A A A VREF+ A A A RA3 | WVss ™
Golo D o D A A A A A Voo Vs 50
Qo011 D 8] 3} A VREF+ A A A RA3 | Ves 441
6100 ) D D o A B A Y Vop § Vss L
o101 D 2] D &) VREFY B A A RA3 se 21
011x 1} D D D ) 8] ) o Voo | Vs [
oo A A A A VREF+ | VREF- | A A RA3 | RAZ 2

| 101 o ¥} A A A A A A Voo Vss 0]
1010 &) [*] A A WREF+ A A A BA3 | +ss N1
le1y D [ A A WrerF+ | VREF A a A3 | RAZ 412
1109 D ] o A VRzF+ [ VREF- | A A RA3 | RaZ A
1101 D D D D WaeF+ | VREF- | A A RA3 | RaZ 2
13110 D D D o 0] & ] A Voo Wss | Fie]
1111 D D 2] D VREF+ | VREF D A RA3 ; RAZ |

A= Andoginpt D = Digita? VO

Hole 1: These channels are not available on PIC 16F873876 devices.
2: This column indicates the number of analog ciannels avatiable as AD inputs and
the number of anaiog channels used as voltage reference inpuls.

Legend:
R = Readahls bit W= Wrilable Eit
- no= Yalee 3t POR 1" = Bit i5 st

U = Unimpdemented pit, read as 0
x = Bitis unknocwn

‘0 = Bitis ¢leared
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+5V.Powered, Multichannel RS-232
Drivers/Reoceivers

Goneral Description Foatures

The MAX220-MAX249 family of line drlversfrecelvers Is Superior to Bipolar
intendad for all EYATIA-232E and V.25/¥.24 communica- + Operate from Singie +5V Power Supply

tions interfaces, particularly applications whete 212V is {+5V and +12V—MAX231/MAX229)
not avadable. .

avara ) ) + Low-Power Receive Mode in Shutdown
Thesa pans are especially usehd in battery-powered sys- (MAX223/M AX242)

tarns, since thelr low-power shutdown mode reduces st
power dlssipation to less than SpW. The MAX225, ¢ Meot All EIATTIA-232E and V.28 Specifications

MAX233, MAX235, and MAXPA5MAX246/MAX 247 use + Multiple Drivers and Raceivers

> external components and ase recommended Tor apph- ¢ 3-State Driver and Recaivar Outputs
cations where piinted circuit board space is critcal. + Open-Line Deteclion (MAX243)
Appﬁcafions Ordarl'ng Information
Portable Computers PART TEMP RANGE PIR-PACKAGE
Low-Power Modem MAXZ20CPE 0°C 1 +70°C 16 Hastic OP
owromer s WAX2ZO0CSE 0Clo+70°C___ 16 Naow SO
interface Tranclation HEXZZ0CWE UCle+70°C____ 18 ¥hda 50
Batlery-Powered R3-232 Systems MAXZ2200D o°C Iz +70°C Dice’
Multidrop RS-232 Natworks MAX220EPE A0°C 1 +85°C 16 Aasbe OP
FMAX220ESE -30°C 1 +85°C 18 Narow S0
MAK220EWE A40°C o +B5°C 16 Wide SO
MAX2ZGEJE AKC 1o +85°C 18 CERDIP
FAAXZ20ME £5°C 1o +125'C 16 CERDIP

Ovdering informatlon continued at end of dala sheet.
‘Contact factory for dice specificalions.

Selection Table

Povrer Ho.of Hominal SHOH A2
ran Supply A5-232 Ho.of Cap.¥alue & Three- Aciveln Dals Aae
Humber {0 DriverwPx ext Capd  §IF) Slaty SHON _ {ps) Featurds
LAY +5 21 4 ["'}] [ — 120 By oo P, inchrstnslandard proe
MANZZD? +5 212 4 01 Yea — 200 Lowy-poweer Ebuadcwn
BANZZD (MAX215} +5 15 4 10(01) Yeu (4 120 BAX2A1 B recervers ackve in shrbdain
WA +5 5% a - Yes v 12 Freaflable in SO
AL} +5 [y 4 10§61 e — 0 £ drrvees with sholidoan
BAANZH AN} «5end 202 2 10004 Ho — 120 Standard +57+12% o1 bakary nupphes:
+T5m+13.2 sane luclens as MAXZ2
BANDE2 (MAXA) +5 2 4 10z = 120 (531 Indusiry standard
KA ZERIA +5 273 4 21 lc — 200 Higher desy rke, aral caps
MAXGEE (MAXHG} +5 27 a — He - 120 o oxtemal caps
MAANZIA +5 292 a — =3 - par Ho aviemal caps, high daw rala
WRENZA (WA} 45 0 I 561 Mo = ¥ Faplacas 1263
HANZES (MANXEE) +5 ) 2 — Yes 120 Mo extemal caps
BAREZ (FAANE0E) +5 43 1 1.0 1) Yes -- 0 Shutdawn, thre state
MANZTT [MANIDT) +5 3 4 1004} (L] — 120 Teer phaomants B PO sads! pon
FASXZ38 (MANIE; +5 30t 1 10040 e . 120 Rapiacos 1438 and 1450
MEKZE3 (M AN +5 and 35 ? 1001 e -- 120 Standud 4564 1V of baary suppheT.
+7T SR 132 aingiz-pack.a0a ooluion Ex M PC soriad ot
AN 2N +5 5% 4 10 Yes - 120 OHF or Antpach package
KUX2AT (MEFETTE 45 45 1 16{61 Tes - 120 . _Courplsia BM PT sedal gort _
RAANZAZ +5 =2 4 a1 Yes v i) Separcta shukdown and enable
[AEN Rk +5 222 1 a1 o -— G Cperr-ine delechon sipéfies cabbng
KANDSS +5 ESD) 1 ) He \F1) High zhew rate
MANZAS 3 El Rl 3 — Tes v 120 High chew rata il cape. o shutdoen = (s
| LRV =R o +5 L] ol — Tes - 120 Hhgh dea rate, ind. caps. thiee shkdonn modss
MEXNZAT +5 - al — Y3 » 1% Hegh thea rata, nl, apa Na Speraking vodez
MAxZE2 +5 4% 4 10 Tes v 126 High therw rala celecine holf-chip enablas
KAAYREY +3 A1 4 e e v 12 Axalable in gaad flalpack pachage
2AAxawAa _ . ___ Maxim Inwgiakd Products 1

For pricing. dehvery, and ordpnng mformanon pfease contact Max:mfﬂaﬂas Direct! at
1-883-626-4642. or visit Maxim's website at www.maxim-fc.com.
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MAX220-MAX249

+5V.Powered, Multichannel RS-232

20-Pin Plastic DIP (dermte B.00mWIC abova +T70°C)  440mW
16-Pin Harrow 50 (derata 8.70mW/C above + 7rC) .. .606nW
165-Pn Vihda SO (derate 8.52mW/AC abova +70°C)..... 782mW
18-Pin Wida 50 (derate 9.52nW/C above +70°C).... TE2mW
20-Pin Yhda 50 {derate 10.00mWHC abave »70°C)....800mW
20-Pin 850P (derate 8.00mW/C above +70°C) .. ......680m¥W

Drivers/Receoivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

&Jppz Yohage (Ver) o s s, 0.3V o +8Y

10'5903 __________________________ 03V i (Voo - 0.3V)

L MAX220) ... +30Y

Ray (MAX220}.... +25Y

Towur (Except MAX?ZU} {iote 1,'! 18y

Tour (MAX220)

Culput ‘."r.l!.‘mes
L2 aTT ) O TP RSOSSN Tt (‘r'c;c + 0.3V
Driver/Receivae Output Short Circtited 1o GND........ Contintious
Continucus Power Dissipakon (Ta = +70°C)
16-Pin Plasiic DIP (darate 10.53mW/°C above +70°C)... 842
18-Fin Masic DIP (derate 11.11mWFL above + 20°C) ... BBV

16-Pin CERDIP (derala 10.00mWFC above +70°C).....BODMYY
18-Pin CERDIP (derale 10.53mWPC above +70°C)... BA2mW
Oparaling Temperature Ra@as
MAX2 _AC_ . MAX2__C_ .
MAXZ_ _AE__ MAX?__E__ .
MAX2_ _AM_ _ MAXZ_ _M_ _

Sworage Temperatwe Range. ..
Leada%eempera!uo {sokdenng, 10s) .

LPClo +70°C
.—40‘0 to +85°C

Note 1: Input voltage measwed vith Touy in high-impadances stats, SHDH or Voo = V.

Note 2: For the MAX220, V4 and V- can have a maximum magnitude of 7V, but their absoluts difference cannot excesd 13V.

Srssoes beyond thoss ktad under "Absoiie Marmum Rabtings™ may cause permanonl Anage (o ife deice. ese are sitess fatngs oy, and funcional
cosraten of B gaice o these of aty cther conditions bapord those iNdcSed in e cperatonsl sec ks of the gpeciks sdons &5 not implied. Exposurs to
abaokAs Maxmum rabing condiions for extanded porfods may aflect device re Kbty

ELECTRICAL CHARACTERISTICS—MAX220/222/232 AJ233A/242/243
(Yoo = +5V £10%, C1-C4 = 0. 1uF, MAX220, Ct = 0.047pF, C2-Ca = 0.33pF, Ta = Tiw to Tiax, unlass otherwisa noled )

PARAMETER I CONDITIONS I HIN TYP MAX | UNITS !
R5-232 THANSMITTERS
Output Yeitage Swing All yanampittar outpuds loadad with 3k6} to GND £5 1B v
Input Logic Theashold Low 14 0.8 v
. All devicee excopt MAX220 2 1.4
| v
npid Logic Thrasheld High . Voo _507 74
. All excopt MAX220, normal operalion 5 40
Logic Pdl-U
ogic PullUpdnput Gurrent SHON < 0V, MAX222/242, shutdown, MAX220 oo = | W
Voo =55V, SHDN = 6V, Vour = +15V, MAX222/242 +0.01  £10
t Leaka
Ouput Leakags Curant Voo = SADN = 0V, Yout = +15V wo oo M
Data Hate 200 116 | Hbps
Traremiter OQutput Hegistance Voo =¥+ = V- = OV Vour = 28Y 300 108 Q
Output Shorl-Cirgut Currant Vour =TV +7 +22 mi
H%-232 RECENERS
RB.232 Input Voltage Operating Range +30 v
AV arcept MAX243 B2y, 08 13
S Ao R oo = &Y
R&-222 nput Theeshold Low Yoo = 5V MAX243 Rz, (Hota 2) 3 ¥
) Al axcept MAX243 Ry 13 24
pSzae Thweshold H Yoo = 59 v
input o e MAX243 P2 (Fte 2) a5 1
. AN excopt MAX243 Voo = 5Y. no hysizesis in shan 0.2 05 1
FE.232
ot Hystaresis VIVEXS] " %
R3-732 gt Resistance 3 5 7 kQ
TILCKOS Quiput Voltage Low Ioers = 32mA 02 0.4
TILCMOS Ouipat Voltage High Il = -1.0mA 35 Vog-D2Z2 ¥
- Soucing Vour = GHD 2 16
TTLACKAOS Ouiput Shon-Circut Cument Sherking Voo = Vs 5 % TA
2 - AAXIM
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS-—MAX220/222/232A/233A/242/243 (continued)
(Voo = +5Y £10%, C1-C4 = 0.10F, MAX220, C1 = 0.047pF, C2-C4 = 0.33F, Ty = Thgwy o Theax, unloss otharwise notad.)

PARAMETEA CONDITIONS MIN TYP KAX | UNITS
SHOM =Yoo of EN = Vi (SHDH = 0V for MAX222),
TTLICMOS Oupit Laakago Cument | (120~ 100 2005 »10 | A
EN Input Theashold Low MAXo42 14 8 U
EN Input Threshokt High Maxz42 24 14 v
Operating Supply Yeltage 45 55 v
Mo load MAX22D 8.5 2
Ve Supply Current (SHBH = Vo), MAX222/230A /233412421243 4 10 oA
Figwes 5, 6. 11, 18 ki load Maxz20 12 I
bothinputs MAX222/2324 /233A /2421243 15
Ta= +25°C 01 10
Ta=0Cto +70C 2 50
Supph
Shudovm Supply Current MAX2228242 Ti 00t 185C > =% pA
Ta=-585Ctlo +125C 35 1600
SHDM Input Leakage Current M 222f242 x1 pA
SHOM Theeshold Low Maxozeiza2 14 a8 v
SHOM Thieshold High t4ax222242 20 1.4 v
= o 25000F
&L - ﬁ loThiy | MAXezaiReAR33A242243 | 6 12 0
Transilicn Slow Rate Yoo = N Ta= +25°C, RDATEY
measured from +3V | peavoon 15 3 23
o -Wor 3V +/
MAXZ221Z30A 233A24%/243 13 35
Trarsmitler Propagation Delay et TAX P20 1 10
TLE > R5-232 (Normal ation),
Figwa ) ( Opsraion), t MAXZ22 2B AT T2 42i 243 15 85 ™
' FLHT MAX20 5 i
o1 MAXZPZ32A o33N 2421243 oL 1
Racaiver Propagstion Dalay FH| HAX 20 s =
F5.232 to TLL (Normal thon). - z
Py - (Normal Operaton), WX z22 PR TAT2A2i24 N
Maxz nea 3
Recaiver Fropagation Dalay tPHLS MAX242 0.5 10
A5-23210 TLL (Shutdown), Figws 2 [trs MAX?az 26 10 | *®
Recaiver-Cutput Ensbla Time, Figure 3 [ ten Max242 125 00 ns
Receiver-Outpan Disable Time, Figre 3| oA MAX242 180 w0 ns
Transmitter- Oulput Enable Tine i MAXZ22/:242. 0. 14F caps -
(SHEN Gaos High). Figua 4 £ {inciudes chargs-pump startun) - ks
Transmitter-Owput Disabls Time \ . .
(SFDRI Goss Lowl. Figure 4 toT MAX222/247, §.ipF caps £00) ns
Transmiler + to - Propagation N MAX222IZ52A/ZZTAIZA21 5 a0 .
Ditay Diferanica (Hormal Operation) PHLT - IPLHT MAX 20 0y ne
Reczivet + to - Propagatice . MAX222/232A/2338/242/243 100 |
Delay Difisrencs (Mormal Operation) | FHR~ PLKR MAYZZ0 275 "

Nole 3; MAX243 B2yt is guarantoed o be lsw when R2gis 2 0V o s Rating.

MAXIM
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MAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Beceivers

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE OUFPLIT CURRENT AN MANAY
OUTPUT YOLFAGE ¥+, LOAT CURRENT vz DATA RATE ON-TIME EXITIRG SHITOOWN
1) ﬁ-lfj_ = 1" T T T +HY T iy
3 ! i . ~ mﬂlﬂwmv IHT-E F A3
5 | ETERY: 0RV- 102060 « S N ik et U AR
. 3 N alerrs T~ o - 01pF CAFS
T g pRed — ¥ F o by = z =
o HOLOAD 0N 2 } —] = 5
2 2 | esiswmmosmirs E o =525V g w
3, _mwimal,:mx:: £ =2
- =] =
2 2 | oA, RO I 5 7 —ﬁ?‘:ﬁ ve 15t Tl * v
= v = = 3 M
3 4 B pF W3 3 = # ¢ uTc;.iJs
) SN 4] |
3 e ] & e B WAL
N T T . e ¥ =
O I T R T T - P
LOAD LLARENT ey CATA RATE fsan)
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APPENDIX-IH

THINGS TRIED WHICH DID NOT WORK

While testing our design, we implemented several different electrode
designs to find one that would give us the cleanest signal. We found that
several things did not work. First a simple wire pressed against the skin was
flimsy and provided too small a surface contact. Then, per the suggestion of
a website, we built electrodes out of copper and Velcro wrapped around the
fingers. The Wheatstone bridge, when kept open circuited gives shock. The
differential amplifier used was not needed since PIC16F877 does all the

work.

< Bty

Fig 5.1 Amplification and filtering hardware circuit
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