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M SP430 LaunchPad (M SP-EXP430G2) with Capacitive Touch
Booster Pack (KT35%30-S1) User Guide

1 430BOOST-SENSE1 Overview

1.1 Overview

The KT35%430-S1 ITO Capacitive Touch BoosterPack is an extension module for the MSP-EXP430G2
MSP430 LaunchPad Value Line Development Kit (see Figure 1).

Figure 1. Capacitive Sense BoosterPack With LaunchPad

The ITO Capacitive Sense BoosterPack features the new MSP430G2xxx devices with transparent ITO glass
sensor. The BoosterPack includes a converter board and an ITO glass capacitive touch sensor. The user
experience application demonstrates capacitive sense as standalone feature by showing the user interaction

directly with the onboard LEDs.

KT35S430-S1 features:

® Single layer of ITO Glass Sensor with high transmittance

3.5 inch diagonal

5 function keys

Low product cost

Low customization cost

Simply applied on any type of LCD displays

Instant feedback to user interaction by 2 LEDs

- Customization on numbers of keys, key position and FPC

1.2 Kit Contents

The KT355430-S1 kit
includes two components:
* One ITO Glass Capacitive
Touch sensor with five
function keys and FPC
pinout (Figure 2)

* One converter board for
connected the ITO glass
sensor to the
MSP-EXP430G2 MCU
board (Figure 3)

Figure 2. ITO Glass Capacitive Touch sensor

Figure 3. Connector board
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2 Hardware Preparation

2.1. Remove the J3 connections on the LaunchPad to disconnect TXD, and

RXD from P1.1 and P1.2.
2.2.
LaunchPad LEDs from P1.0 and P1.6.
2.3.
2.4,

2.5,

2.6. Connect the LaunchPad with an USB cable to a PC.

Remove the J5 connections on the LaunchPad to disconnect the

Remove R34 and C24 on the LaunchPad to disconnect it from P1.3.
Use the MSP430G2211 device witch come from the LaunchPad
Development Kit and insert it in the LaunchPad MCU socket.

Connect the ITO Capacitive Sensor and the converter board to the
LaunchPad with proper orientation by ensuring that the “Kentec Display”
text are in the same direction as the text on the Launchpad.

NOTE: The 32-kHz crystal/oscillator on pins 12 and 13 is not required for the ITO Capacitive Sensor demo.

3 Software Preparation

Bellow attachment is the source code for the projects, compile and download it to the LaunchPad.

NO. Document Attachment
1 Source code package g
o — 1310 |=—
4 ITO Capacitive Touch BoosterPack Hardware - B )
As shown in Figure 4 and Table 1, the ITO Capacitive Touch T
BoosterPack is an advance capacitive touch application Boton P | | ¥ }
example for the new MSP430G2xxx touch-sense enabled /0 - Botton "Dowp%" * 1
pins. The demo shows 5 touch button for HMI, In addition, Botton "OK" [j s
there are two LEDs on the board to give instant feedback to ) Botton LEFT \‘ r,%""""'r"ﬂ?“v #ﬁ
user interaction. | ;_L J‘t J# 77777 *L JjF
so—ra e e

Figure 4. ITO Capacitive Sensor

Table 1. BoosterPack Interface

Pin MSP430 Port BoosterPack Signal Description

1 VCC VCC Supply voltage

2 P1.0 TACLK Input TimerO_A clock signal input

3 P11 CA_Ref Comparator reference

4 P1.2 S1 Touch-sense 1

5 P1.3 S2 Touch-sense 2

6 P1.4 S3 Touch-sense 3

7 P1.5 S4 Touch-sense 4

8 P1.6 S5 Touch-sense 5

9 P1.7 CA_Out Comparator output

10 RST/SBWTDIO NC Reset line for SBW JTAG data, not connected to BoosterPack
11 TEST/SBWTCK CN Test line for SBW JTAG clock, not connected to BoosterPack
12 P2.6/XOUT LED1 LED1 positive drive

13 P2.7/XIN LED2 LED?2 positive drive

14 GND GND Supply ground
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// Launchpad Touch Cap Sensing 

// Touch Key code



#include <msp430g2211.h>

// Define User Configuration values //

//----------------------------------//

// Defines WDT SMCLK interval for sensor measurements

#define WDT_meas_setting (DIV_SMCLK_512)

// Defines WDT ACLK interval for delay between measurement cycles

#define WDT_delay_setting (DIV_ACLK_512)



// Sensor settings

#define Num_Sen     5                   // Defines number of sensors



// Definitions for use with the WDT settings

#define DIV_ACLK_32768  (WDT_ADLY_1000)  /* ACLK/32768 */

#define DIV_ACLK_8192   (WDT_ADLY_250)   /* ACLK/8192 */

#define DIV_ACLK_512    (WDT_ADLY_16)    /* ACLK/512 */

#define DIV_ACLK_64     (WDT_ADLY_1_9)   /* ACLK/64 */

#define DIV_SMCLK_32768 (WDT_MDLY_32)    /* SMCLK/32768 */

#define DIV_SMCLK_8192  (WDT_MDLY_8)     /* SMCLK/8192 */

#define DIV_SMCLK_512   (WDT_MDLY_0_5)   /* SMCLK/512 */

#define DIV_SMCLK_64    (WDT_MDLY_0_064) /* SMCLK/64 */



// Define Hardware Inputs/Outputs

#define CA_Out  (0x80)                 // Comparator output on P1.7

#define CA_Ref  (0x02)                 // Comparator reference on P1.1

#define TA_Clk  (0x01)                 // Timer_A clock input on P1.0



#define S_1   (0x04)                    // Sensor 1 P1.2

#define S_2   (0x08)                    // Sensor 2 P1.3

#define S_3   (0x10)                    // Sensor 3 P1.4

#define S_4   (0x20)                    // Sensor 4 P1.5

#define S_5   (0x40)                    // Sensor 4 P1.6



#define CA_1   (P2CA4)                  // Mux settings: CA+ Vref at CA1

#define CA_2   (P2CA2)                  // Mux settings: Sensor 1 at CA2

#define CA_3   (P2CA1+P2CA2)            // Mux settings: Sensor 2 at CA2

#define CA_4   (P2CA3)                  // Mux settings: Sensor 3 at CA2

#define CA_5   (P2CA1+P2CA3)            // Mux settings: Sensor 4 at CA2

#define CA_6   (P2CA2+P2CA3)            // Mux settings: Sensor 4 at CA2



#define LED1       (0x40)                  // P2.6

#define LED2       (0x80)                  // P2.7



// Global variables for sensing

unsigned int base_cnt[Num_Sen];

unsigned int meas_cnt[Num_Sen];

int delta_cnt[Num_Sen];

unsigned char key_press[Num_Sen];

const unsigned int KEY_lvl_S[5]={5400,40,40,70,80};

const unsigned int KEY_lvl_W[5]={5400,40,40,70,80};

//                                S5 ,S1,S2,S3,S4

//                              P1.6,P1.2,P1.3,P1.4,P1.5

char key_pressed, key_loc;

int cycles;

unsigned int LEDCount = 4000;

unsigned int LEDTimer = 10;

unsigned int swjudge = 0;



// System Routines

void measure_count(void);               // Measures each capacitive sensor



// Main Function

void main(void)

{ 

  volatile unsigned int i,j;

  //unsigned int i,j;

    

  WDTCTL = WDTPW + WDTHOLD;             // Stop watchdog timer

  BCSCTL1 = CALBC1_1MHZ;                // Set DCO to 1, 8, 12 or 16MHz

  DCOCTL = CALDCO_1MHZ;

  BCSCTL1 |= DIVA_0;                    // ACLK/(0:1,1:2,2:4,3:8)

  BCSCTL3 |= LFXT1S_2;                  // LFXT1 = VLO

  IE1 |= WDTIE;                         // enable WDT interrupt

  

  P1OUT = 0x00;                         // P1.x = 0

  P1DIR = 0xFE;                         // P1.0 = TACLK input

  P1SEL |= 0x81;                        // P1.0 = TACLK input, P1.7 = CAOUT

  P2OUT = 0x00;                         //

  P2SEL = 0x00;                         // No XTAL

  P2DIR |= LED1+LED2;

  P2OUT |= LED1+LED2;

  

  CAPD =  CA_Ref;                       // disable input buffer for CA+ ref input

  CACTL2 = CA_1;                        // CA1 = CA+ Vref

  _EINT();                              // Enable interrupts

  

  measure_count();                      // Establish an initial baseline capacitance

  for (i = 0; i<Num_Sen; i++)

  {

    if(meas_cnt[i]>1000)

      swjudge++;

  }

  for (i = 0; i<Num_Sen; i++)

    base_cnt[i] = meas_cnt[i];

  

  for(i=15; i>0; i--)                   // Repeat and average base measurement

  { measure_count();

  for (j = 0; j<Num_Sen; j++)

    base_cnt[j] = (meas_cnt[j]+base_cnt[j])/2;

  }

  

  // Main loop starts here

  P2OUT &= ~(LED1+LED2);

  while (1)

  { P2OUT &= ~(LED1+LED2);

    key_pressed = 0;                    // Assume no keys are pressed

    

    measure_count();                    // Measure all sensors

    for (i = 0; i<Num_Sen; i++)

    { delta_cnt[i] = base_cnt[i] - meas_cnt[i];  // Calculate delta: c_change

    

      // Handle baseline measurment for a base C decrease

      if (delta_cnt[i] < 0)             // If negative: result increased

      {                                 // beyond baseline, i.e. cap decreased

        delta_cnt[i] = 0;             // Zero out delta for position determination

      }

      if(swjudge == 1)

      {

        if (delta_cnt[i] > KEY_lvl_W[i])       // Determine if each key is pressed per a preset threshold

        {

          key_press[i] = 1;               // Specific key pressed

          key_pressed = 1;                // Any key pressed

          switch (i)

          { case 0:  P2OUT |= LED2; break;//P1.6

            case 1:  if(LEDTimer<5){P2OUT ^= LED2;}  break;//P1.2

            case 2:  if(LEDTimer<5){P2OUT ^= LED1;} break;//P1.3

            case 3: P2OUT |= LED1; break;//P1.4

            case 4: P2OUT |= LED1+LED2; break;//P1.5

          }

        }

        else

          key_press[i] = 0;

      }

      else if(swjudge == 2)

      {

        if (delta_cnt[i] > KEY_lvl_S[i])       // Determine if each key is pressed per a preset threshold

        {

          key_press[i] = 1;               // Specific key pressed

          key_pressed = 1;                // Any key pressed

          switch (i)

          { case 0:  P2OUT |= LED2; break;//P1.6 if(LEDTimer<8){P2OUT ^= LED2;}

            case 1:  if(LEDTimer<5){P2OUT ^= LED2;}  break;//P1.2

            case 2:  if(LEDTimer<5){P2OUT ^= LED1;} break;//P1.3

            case 3: P2OUT |= LED1; break;//P1.4

            case 4: P2OUT |= LED1+LED2; break;//P1.5

          }

        }

        else

          key_press[i] = 0;

      }

      else

      {  key_press[i] = 0;

      }

      LEDTimer--;

      if(LEDTimer==0)LEDTimer=10;

    }

    WDTCTL = WDT_delay_setting;         // WDT, ACLK, interval timer

    

    LPM3;                               // accomodate for genuine changes in sensor C

  }

} // End Main



// Measure count result (capacitance) of each sensor

// Routine setup for four sensors, not dependent on Num_Sen value!

void measure_count(void)

{     

  char i;

  

  TACTL = TASSEL_0+MC_2;                // TACLK, cont mode

  TACCTL1 = CM_3+CCIS_2+CAP;            // Pos&Neg,GND,Cap

  CACTL1 |= CAON;                       // Turn on comparator

  for (i = 0; i<Num_Sen; i++)

  {

    switch (i)

    {

    case 1: // Sensor 1

      CAPD = CA_Ref+S_1;        // Diable I/Os for CA1 ref, 1st sensor

      CACTL2 = CA_1+CA_2;       // CA1 ref, CAx sensor

      break;

    case 2: // Sensor 2

      CAPD = CA_Ref+S_2;        // Diable I/Os for CA1 ref, 2nd sensor

      CACTL2 = CA_1+CA_3;       // CA1 ref, CAx sensor

      break;

    case 3: // Sensor 3

      CAPD = CA_Ref+S_3;        // Diable I/Os for CA1 ref, 3rd sensor

      CACTL2 = CA_1+CA_4;       // CA1 ref, CAx sensor

      break;

    case 4: // Sensor 4

      CAPD = CA_Ref+S_4;        // Diable I/Os for CA1 ref, 4th sensor

      CACTL2 = CA_1+CA_5;       // CA1 ref, CAx sensor

      break;

    case 0: // Sensor 5

      CAPD = CA_Ref+S_5;        // Diable I/Os for CA1 ref, 4th sensor

      CACTL2 = CA_1+CA_6;       // CA1 ref, CAx sensor

      break;

    }

    WDTCTL = WDT_meas_setting;          // Set duration of sensor measurment

    TACTL |= TACLR;                     // Clear Timer_A TAR

    LPM0;                               // Wait for WDT interrupt

    meas_cnt[i] = TACCR1;               // Save result

    WDTCTL = WDTPW + WDTHOLD;           // Stop watchdog timer

  }

  CACTL1 &= ~CAON;                      // Turn off comparator

  CAPD =  CA_Ref;                       // Re-init Mux: all sensors = GND

}

// Watchdog Timer interrupt service routine

#pragma vector=WDT_VECTOR

__interrupt void watchdog_timer(void)

{

  TACCTL1 ^= CCIS0;                     // Create SW capture of CCR1

  LPM3_EXIT;                            // Exit LPM3 on reti

}



// Timer A1 interrupt service routine

#pragma vector=TIMERA1_VECTOR

__interrupt void Timer_A1 (void)

{

  TACCTL1 &= ~CCIE;                   // interrupt disbled   

  LPM0_EXIT;

}
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5 Schematics and PCB Layout
5.1 Schematics
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Figure 5. Converter board schematic

5.2 PCB Layout
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Figure 6. Converter board layout, Top layer Figure 7. Converter board layout, Bottom layer
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Cap_Sensing_Touch_Key_V1.0.c

// Launchpad Touch Cap Sensing 

// Touch Key code



#include <msp430g2211.h>

// Define User Configuration values //

//----------------------------------//

// Defines WDT SMCLK interval for sensor measurements

#define WDT_meas_setting (DIV_SMCLK_512)

// Defines WDT ACLK interval for delay between measurement cycles

#define WDT_delay_setting (DIV_ACLK_512)



// Sensor settings

#define Num_Sen     5                   // Defines number of sensors



// Definitions for use with the WDT settings

#define DIV_ACLK_32768  (WDT_ADLY_1000)  /* ACLK/32768 */

#define DIV_ACLK_8192   (WDT_ADLY_250)   /* ACLK/8192 */

#define DIV_ACLK_512    (WDT_ADLY_16)    /* ACLK/512 */

#define DIV_ACLK_64     (WDT_ADLY_1_9)   /* ACLK/64 */

#define DIV_SMCLK_32768 (WDT_MDLY_32)    /* SMCLK/32768 */

#define DIV_SMCLK_8192  (WDT_MDLY_8)     /* SMCLK/8192 */

#define DIV_SMCLK_512   (WDT_MDLY_0_5)   /* SMCLK/512 */

#define DIV_SMCLK_64    (WDT_MDLY_0_064) /* SMCLK/64 */



// Define Hardware Inputs/Outputs

#define CA_Out  (0x80)                 // Comparator output on P1.7

#define CA_Ref  (0x02)                 // Comparator reference on P1.1

#define TA_Clk  (0x01)                 // Timer_A clock input on P1.0



#define S_1   (0x04)                    // Sensor 1 P1.2

#define S_2   (0x08)                    // Sensor 2 P1.3

#define S_3   (0x10)                    // Sensor 3 P1.4

#define S_4   (0x20)                    // Sensor 4 P1.5

#define S_5   (0x40)                    // Sensor 4 P1.6



#define CA_1   (P2CA4)                  // Mux settings: CA+ Vref at CA1

#define CA_2   (P2CA2)                  // Mux settings: Sensor 1 at CA2

#define CA_3   (P2CA1+P2CA2)            // Mux settings: Sensor 2 at CA2

#define CA_4   (P2CA3)                  // Mux settings: Sensor 3 at CA2

#define CA_5   (P2CA1+P2CA3)            // Mux settings: Sensor 4 at CA2

#define CA_6   (P2CA2+P2CA3)            // Mux settings: Sensor 4 at CA2



#define LED1       (0x40)                  // P2.6

#define LED2       (0x80)                  // P2.7



// Global variables for sensing

unsigned int base_cnt[Num_Sen];

unsigned int meas_cnt[Num_Sen];

int delta_cnt[Num_Sen];

unsigned char key_press[Num_Sen];

const unsigned int KEY_lvl_S[5]={5400,40,40,70,80};

const unsigned int KEY_lvl_W[5]={5400,40,40,70,80};

//                                S5 ,S1,S2,S3,S4

//                              P1.6,P1.2,P1.3,P1.4,P1.5

char key_pressed, key_loc;

int cycles;

unsigned int LEDCount = 4000;

unsigned int LEDTimer = 10;

unsigned int swjudge = 0;



// System Routines

void measure_count(void);               // Measures each capacitive sensor



// Main Function

void main(void)

{ 

  volatile unsigned int i,j;

  //unsigned int i,j;

    

  WDTCTL = WDTPW + WDTHOLD;             // Stop watchdog timer

  BCSCTL1 = CALBC1_1MHZ;                // Set DCO to 1, 8, 12 or 16MHz

  DCOCTL = CALDCO_1MHZ;

  BCSCTL1 |= DIVA_0;                    // ACLK/(0:1,1:2,2:4,3:8)

  BCSCTL3 |= LFXT1S_2;                  // LFXT1 = VLO

  IE1 |= WDTIE;                         // enable WDT interrupt

  

  P1OUT = 0x00;                         // P1.x = 0

  P1DIR = 0xFE;                         // P1.0 = TACLK input

  P1SEL |= 0x81;                        // P1.0 = TACLK input, P1.7 = CAOUT

  P2OUT = 0x00;                         //

  P2SEL = 0x00;                         // No XTAL

  P2DIR |= LED1+LED2;

  P2OUT |= LED1+LED2;

  

  CAPD =  CA_Ref;                       // disable input buffer for CA+ ref input

  CACTL2 = CA_1;                        // CA1 = CA+ Vref

  _EINT();                              // Enable interrupts

  

  measure_count();                      // Establish an initial baseline capacitance

  for (i = 0; i<Num_Sen; i++)

  {

    if(meas_cnt[i]>1000)

      swjudge++;

  }

  for (i = 0; i<Num_Sen; i++)

    base_cnt[i] = meas_cnt[i];

  

  for(i=15; i>0; i--)                   // Repeat and average base measurement

  { measure_count();

  for (j = 0; j<Num_Sen; j++)

    base_cnt[j] = (meas_cnt[j]+base_cnt[j])/2;

  }

  

  // Main loop starts here

  P2OUT &= ~(LED1+LED2);

  while (1)

  { P2OUT &= ~(LED1+LED2);

    key_pressed = 0;                    // Assume no keys are pressed

    

    measure_count();                    // Measure all sensors

    for (i = 0; i<Num_Sen; i++)

    { delta_cnt[i] = base_cnt[i] - meas_cnt[i];  // Calculate delta: c_change

    

      // Handle baseline measurment for a base C decrease

      if (delta_cnt[i] < 0)             // If negative: result increased

      {                                 // beyond baseline, i.e. cap decreased

        delta_cnt[i] = 0;             // Zero out delta for position determination

      }

      if(swjudge == 1)

      {

        if (delta_cnt[i] > KEY_lvl_W[i])       // Determine if each key is pressed per a preset threshold

        {

          key_press[i] = 1;               // Specific key pressed

          key_pressed = 1;                // Any key pressed

          switch (i)

          { case 0:  P2OUT |= LED2; break;//P1.6

            case 1:  if(LEDTimer<5){P2OUT ^= LED2;}  break;//P1.2

            case 2:  if(LEDTimer<5){P2OUT ^= LED1;} break;//P1.3

            case 3: P2OUT |= LED1; break;//P1.4

            case 4: P2OUT |= LED1+LED2; break;//P1.5

          }

        }

        else

          key_press[i] = 0;

      }

      else if(swjudge == 2)

      {

        if (delta_cnt[i] > KEY_lvl_S[i])       // Determine if each key is pressed per a preset threshold

        {

          key_press[i] = 1;               // Specific key pressed

          key_pressed = 1;                // Any key pressed

          switch (i)

          { case 0:  P2OUT |= LED2; break;//P1.6 if(LEDTimer<8){P2OUT ^= LED2;}

            case 1:  if(LEDTimer<5){P2OUT ^= LED2;}  break;//P1.2

            case 2:  if(LEDTimer<5){P2OUT ^= LED1;} break;//P1.3

            case 3: P2OUT |= LED1; break;//P1.4

            case 4: P2OUT |= LED1+LED2; break;//P1.5

          }

        }

        else

          key_press[i] = 0;

      }

      else

      {  key_press[i] = 0;

      }

      LEDTimer--;

      if(LEDTimer==0)LEDTimer=10;

    }

    WDTCTL = WDT_delay_setting;         // WDT, ACLK, interval timer

    

    LPM3;                               // accomodate for genuine changes in sensor C

  }

} // End Main



// Measure count result (capacitance) of each sensor

// Routine setup for four sensors, not dependent on Num_Sen value!

void measure_count(void)

{     

  char i;

  

  TACTL = TASSEL_0+MC_2;                // TACLK, cont mode

  TACCTL1 = CM_3+CCIS_2+CAP;            // Pos&Neg,GND,Cap

  CACTL1 |= CAON;                       // Turn on comparator

  for (i = 0; i<Num_Sen; i++)

  {

    switch (i)

    {

    case 1: // Sensor 1

      CAPD = CA_Ref+S_1;        // Diable I/Os for CA1 ref, 1st sensor

      CACTL2 = CA_1+CA_2;       // CA1 ref, CAx sensor

      break;

    case 2: // Sensor 2

      CAPD = CA_Ref+S_2;        // Diable I/Os for CA1 ref, 2nd sensor

      CACTL2 = CA_1+CA_3;       // CA1 ref, CAx sensor

      break;

    case 3: // Sensor 3

      CAPD = CA_Ref+S_3;        // Diable I/Os for CA1 ref, 3rd sensor

      CACTL2 = CA_1+CA_4;       // CA1 ref, CAx sensor

      break;

    case 4: // Sensor 4

      CAPD = CA_Ref+S_4;        // Diable I/Os for CA1 ref, 4th sensor

      CACTL2 = CA_1+CA_5;       // CA1 ref, CAx sensor

      break;

    case 0: // Sensor 5

      CAPD = CA_Ref+S_5;        // Diable I/Os for CA1 ref, 4th sensor

      CACTL2 = CA_1+CA_6;       // CA1 ref, CAx sensor

      break;

    }

    WDTCTL = WDT_meas_setting;          // Set duration of sensor measurment

    TACTL |= TACLR;                     // Clear Timer_A TAR

    LPM0;                               // Wait for WDT interrupt

    meas_cnt[i] = TACCR1;               // Save result

    WDTCTL = WDTPW + WDTHOLD;           // Stop watchdog timer

  }

  CACTL1 &= ~CAON;                      // Turn off comparator

  CAPD =  CA_Ref;                       // Re-init Mux: all sensors = GND

}

// Watchdog Timer interrupt service routine

#pragma vector=WDT_VECTOR

__interrupt void watchdog_timer(void)

{

  TACCTL1 ^= CCIS0;                     // Create SW capture of CCR1

  LPM3_EXIT;                            // Exit LPM3 on reti

}



// Timer A1 interrupt service routine

#pragma vector=TIMERA1_VECTOR

__interrupt void Timer_A1 (void)

{

  TACCTL1 &= ~CCIE;                   // interrupt disbled   

  LPM0_EXIT;

}








