
FUTABA 271 VFD Module for Arduino /AVR/PIC/STM/ARM/PI 5V ready 
 

Specifications(For reference only): 
Panel Name: FUTABA 8-BT-271NK (16-segment style char in dot looking) 
Panel Size: 80mm*14mm; 
Panel Color: Green(chars)+Red(dot and bluetooth mark); 
 
Supply: 5V DC; 
Max Current: ~150 mA; 
Module Size: 90mm(L)*20mm(W)*9mm(H)(*17mm(H)with the 2.54mm pins); 
PCB Size: 90mm*20mm; 
PCB Color: Black/Green; 
Weight: ~128g; 
 
The module works with any 5V DC MCU, especially designed for ARDUINO! 
 
Features: 
1).5V Ready, easy to be used. Can connect to your ARDUINO UNO board with only 3 singal wires; 
2).High efficiency power circuit, no transformer, no heat, Low HV, very safe, High Brightness; 
3).All SMT components, very thin PCB, easy to be drivered; 
4).All segments in the VFD pannel can be lighted up, including the dots,colons; 
5).Contains over-current protection, and reverse connection protection circuits; 
6).Open source ARDUINO NUO source code, pure C code, provide high level vfd_printf() function, easy to be used, 
also provide a simples clock source code which you can adjust the Hour and Minute for ARDUINO UNO. 
7).Simple 3-wire SPI interface, with EN pin, support adjusting the global brightness and shutdown the High Voltage and 
Filament Supply completely. 
 
Interface: 
3-wire SPI: DIN/CLK/LATCH(STROB) 
+5V/GND/EN - High voltage & filament supply enable(optional) 
 
For video(s): 
https://youtu.be/aXa5hoYy47s 
Cell phone filmed 
 
For more information: 
http://vfdclock.jimdo.com 
 
The source code is for ARDUINO UNO, running in ARDUINO V1.04. 
 
 



/* **************************************************************** */
/*  Copyright (c) 2016, ZhangFeng,the P.R.C. All Rights Reserved.   */
/*                                                                  */
/*  This software was made to demonstrate how to quickly get your   */
/*  VFD Module running on the Arduino platform.                     */
/*  An Arduino UNO board was used to test this code.                */
/*  This code was written in the Arudino 1.0.4 IDE. You can modify  */
/*  the code to fit your system.                                    */
/*                                                                  */
/*  A8BT271NK-VFDModuleClockSample v1.0                             */
/*  For more information contact me at:                             */
/*      http://vfdclock.jimdo.com.                                  */
/*      zjjszhangf@gmail.com.                                       */
/* **************************************************************** */

// 1 second ISR function based on 16MHz ARDUINO UNO System.
// Support Single Click only
#define KEY1_PIN 7 // when each time connected to GND,Mins+1 
#define KEY2_PIN 6 // when each time connected to GND,Hour+1 

#define DIN_PIN 11
#define CLK_PIN 12
#define STB_PIN 13


#define DODELAY __asm__("nop\n\t""nop\n\t");
#if 1
// fast io version
// pin map please refer http://arduino.cc/en/Hacking/Atmega168Hardware
// pin11 = pb3
// pin12 = pb4
// pin15 = pb5
// #define PD2 2
// int outPin = 2;           // Use digital pin 2 as output
//    PORTD |= 1<<PD2;       // sets output bit 2 high
//    PORTD &= ~(1<<PD2);    // sets output bit 2 low
#define GPIO_Pin_0                   (0x01)  /* Pin 0 selected */
#define GPIO_Pin_1                   (0x02)  /* Pin 1 selected */
#define GPIO_Pin_2                   (0x04)  /* Pin 2 selected */
#define GPIO_Pin_3                   (0x08)  /* Pin 3 selected */
#define GPIO_Pin_4                   (0x10)  /* Pin 4 selected */
#define GPIO_Pin_5                   (0x20)  /* Pin 5 selected */
#define GPIO_Pin_6                   (0x40)  /* Pin 6 selected */
#define GPIO_Pin_7                   (0x80)  /* Pin 7 selected */

#define DIN_PORT PORTB
#define CLK_PORT PORTB
#define STB_PORT PORTB
#define DIN_PORTPIN GPIO_Pin_3
#define CLK_PORTPIN GPIO_Pin_4
#define STB_PORTPIN GPIO_Pin_5

#define PT6315_DIN_H DIN_PORT |= (DIN_PORTPIN)
#define PT6315_DIN_L DIN_PORT &= ~(DIN_PORTPIN)
#define PT6315_CLK_H CLK_PORT |= (CLK_PORTPIN)
#define PT6315_CLK_L CLK_PORT &= ~(CLK_PORTPIN)
#define PT6315_STB_H STB_PORT |= (STB_PORTPIN)
#define PT6315_STB_L STB_PORT &= ~(STB_PORTPIN)
#else
#define PT6315_DIN_H digitalWrite(DIN_PIN, HIGH)
#define PT6315_DIN_L digitalWrite(DIN_PIN, LOW)
#define PT6315_CLK_H digitalWrite(CLK_PIN, HIGH)
#define PT6315_CLK_L digitalWrite(CLK_PIN, LOW)
#define PT6315_STB_H digitalWrite(STB_PIN, HIGH)
#define PT6315_STB_L digitalWrite(STB_PIN, LOW)
#endif

#define COUNTOF(arr) (sizeof(arr) / sizeof(arr[0]))
#define VFDDIGITNUM 8
#define PT6315GRIDSEG 0b00000100   //8 Girds, 20 Segments  aotom
volatile unsigned char g_PT6315_DISP_MASK = 0x8F;    //display on, pulse width 14/16

//pt6315 ///////////////
#define SEG_2top    0b1000000000000000000 // two dots top
#define SEG_2bot    0b0000000000000000100 // two dots bottom

#define SEG_a       0b0100000000000000000
#define SEG_b       0b0010000000000000000
#define SEG_d       0b0000000000000001000
#define SEG_f       0b0001000000000000000
#define SEG_k       0b0000100000000000000
#define SEG_j       0b0000010000000000000
#define SEG_h       0b0000001000000000000
#define SEG_m       0b0000000100000000000
#define SEG_s       0b0000000010000000000
#define SEG_g       0b0000000001000000000
#define SEG_n       0b0000000000100000000
#define SEG_p       0b0000000000010000000
#define SEG_r       0b0000000000001000000
#define SEG_c       0b0000000000000100000
#define SEG_e       0b0000000000000010000

#define SEG_dpcol2  0b0000000000000000010  // colon:first dot
#define SEG_dpcol1  0b0000000000000000001  // dot

#define CHAR_ALL    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f|SEG_g|SEG_h|SEG_j|SEG_p|SEG_k|SEG_s|SEG_m|SEG_n|SEG_r|SEG_dpcol1|SEG_dpcol2|SEG_2top|SEG_2bot)

#define CHAR_NULL  0
#define CHAR_SPACE 0 


#define CHAR_plus  (SEG_j|SEG_g|SEG_m|SEG_p|SEG_s)    // +
#define CHAR_minus (SEG_g|SEG_m|SEG_s) // -
#define CHAR_asterik  (SEG_h|SEG_j|SEG_k|SEG_g|SEG_s|SEG_m|SEG_r|SEG_p|SEG_n) // *
#define CHAR_lessthan  (SEG_k|SEG_s|SEG_n) // <
#define CHAR_morethan  (SEG_h|SEG_s|SEG_r) // >

#define CHAR_ab1  (SEG_k|SEG_s|SEG_r) // /
#define CHAR_ab2  (SEG_h|SEG_s|SEG_n) // \

#define CHAR_openbracket  (SEG_a|SEG_f|SEG_e|SEG_d) // [
#define CHAR_closebracket (SEG_a|SEG_b|SEG_c|SEG_d) // ]

#define CHAR_ab5  (SEG_j|SEG_b) // left-"
#define CHAR_ab6  (SEG_j|SEG_f) // right-"

#define CHAR_ab7  (SEG_d) // _

#define CHAR_triple_h  (SEG_f|SEG_j|SEG_b|SEG_e|SEG_p|SEG_c)  // |||


#define CHAR_0    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f|SEG_k|SEG_r|SEG_s) 
#define CHAR_1    (SEG_b|SEG_c) 
#define CHAR_2    (SEG_a|SEG_b|SEG_d|SEG_e|SEG_g|SEG_m|SEG_s) 
#define CHAR_3    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_m|SEG_g|SEG_s) 
#define CHAR_4    (SEG_b|SEG_c|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_5    (SEG_a|SEG_c|SEG_d|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_6    (SEG_a|SEG_c|SEG_d|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_7    (SEG_a|SEG_b|SEG_c|SEG_f) 
#define CHAR_8    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_9    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_f|SEG_g|SEG_m|SEG_s) 

#define CHAR_A    (SEG_a|SEG_b|SEG_c|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_B    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_m|SEG_j|SEG_p|SEG_s) 
#define CHAR_C    (SEG_a|SEG_d|SEG_e|SEG_f) 
#define CHAR_D    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_j|SEG_p|SEG_s) 
#define CHAR_E    (SEG_a|SEG_d|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_F    (SEG_a|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_G    (SEG_a|SEG_c|SEG_d|SEG_e|SEG_f|SEG_m|SEG_s) 
#define CHAR_H    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_I    (SEG_a|SEG_d|SEG_j|SEG_p|SEG_s) 
#define CHAR_J    (SEG_b|SEG_c|SEG_d) 
#define CHAR_K    (SEG_e|SEG_f|SEG_g|SEG_k|SEG_n|SEG_s) 
#define CHAR_L    (SEG_d|SEG_e|SEG_f) 
#define CHAR_M    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_k|SEG_h|SEG_s) 
//#define CHAR_M    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_k|SEG_h|SEG_s|SEG_2top)
#define CHAR_N    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_h|SEG_n|SEG_s) 
#define CHAR_O    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f) 
#define CHAR_P    (SEG_a|SEG_b|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_Q    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f|SEG_n) 
#define CHAR_R    (SEG_a|SEG_b|SEG_e|SEG_f|SEG_g|SEG_m|SEG_n|SEG_s) 
#define CHAR_S    (SEG_a|SEG_c|SEG_d|SEG_f|SEG_g|SEG_m|SEG_s)
#define CHAR_T    (SEG_a|SEG_j|SEG_p|SEG_s) 
#define CHAR_U    (SEG_b|SEG_c|SEG_d|SEG_e|SEG_f) 
#define CHAR_V    (SEG_e|SEG_f|SEG_k|SEG_r|SEG_s) 
#define CHAR_W    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_r|SEG_n|SEG_s) 
//#define CHAR_W    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_r|SEG_n|SEG_s|SEG_2bot) 
#define CHAR_X    (SEG_h|SEG_k|SEG_r|SEG_n|SEG_s) 
#define CHAR_Y    (SEG_b|SEG_f|SEG_g|SEG_m|SEG_c|SEG_d|SEG_s) 
#define CHAR_Z    (SEG_a|SEG_d|SEG_k|SEG_r|SEG_s) 

const unsigned long gSegTab[]={
    CHAR_0,
        CHAR_1,
        CHAR_2,
        CHAR_3,
        CHAR_4,
        CHAR_5,
        CHAR_6,
        CHAR_7,
        CHAR_8,
        CHAR_9,
        
        CHAR_A,
        CHAR_B,
        CHAR_C,
        CHAR_D,
        CHAR_E,
        CHAR_F,
        CHAR_G,
        CHAR_H,
        CHAR_I,
        CHAR_J,
        CHAR_K,
        CHAR_L,
        CHAR_M,
        CHAR_N,
        CHAR_O,
        CHAR_P,
        CHAR_Q,
        CHAR_R,
        CHAR_S,
        CHAR_T,
        CHAR_U,
        CHAR_V,
        CHAR_W,
        CHAR_X,
        CHAR_Y,
        CHAR_Z,
        
        CHAR_SPACE,
        CHAR_plus,
        CHAR_minus,
        CHAR_asterik,
        CHAR_lessthan,
        CHAR_morethan,
        CHAR_openbracket,
        CHAR_closebracket,
};

// send a 8-bit data
static void PT6315_writeData(unsigned char w_data)
{
    unsigned char i;
    
    for(i=0; i<8; i++) {
        PT6315_CLK_L;
        ((w_data&0x01)==0x01)?PT6315_DIN_H:PT6315_DIN_L;
        w_data>>=1;
        DODELAY;
        PT6315_CLK_H;
        DODELAY;
    }
}

// send a 8-bit command
void PT6315_writeCmd(unsigned char command)
{
    PT6315_STB_L; 
    DODELAY;
    PT6315_writeData(command);
    PT6315_STB_H; 
    DODELAY;
}

// send 3-byte ram data
void PT6315_writeRam(unsigned char add, unsigned long data32)
{
    PT6315_writeCmd(0x40);        //data setting cmd
    
    PT6315_STB_L;
    DODELAY;
    
    PT6315_writeData(0xc0+add); 
    PT6315_writeData((unsigned char)(data32&0x00ff));
    PT6315_writeData((unsigned char)((data32>>8)&0x00ff));
    PT6315_writeData((unsigned char)((data32>>16)&0x00ff));
    PT6315_STB_H;
    DODELAY;

    PT6315_writeCmd(PT6315GRIDSEG); //  Gird=Segment
    PT6315_writeCmd(g_PT6315_DISP_MASK);    //display on , pulse width 14/16
}

// zero memory
void VFD_clr(void)
{
    unsigned char i;
    for(i=0; i<8; i++)
        PT6315_writeRam(3*i,0x0000);
}

// ASCII to segments
const unsigned long getCharSeg(unsigned char c)
{
    unsigned long seg=CHAR_SPACE;

    if (c>='0' && c<='9') {
        seg = gSegTab[(c-'0')];
    }
    else if (c>='A' && c<='Z'){
        seg = gSegTab[(c-'A'+10/*偏移*/)];
    }
    
    switch(c)
    {
    case ' ':
        seg = gSegTab[(10+26/*偏移*/)];
        break;
    case '+':
        seg = gSegTab[(10+26+1/*偏移*/)];
        break; 
    case '-':
        seg = gSegTab[(10+26+2/*偏移*/)];
        break; 
    case '*':
        seg = gSegTab[(10+26+3/*偏移*/)];
        break; 
    case '<':
        seg = gSegTab[(10+26+4/*偏移*/)];
        break;    
    case '>':
        seg = gSegTab[(10+26+5/*偏移*/)];
        break;
    case '[':
        seg = gSegTab[(10+26+6/*偏移*/)];
        break;
    case ']':
        seg = gSegTab[(10+26+7/*偏移*/)]; 
        break;
    }

    return seg;
}

void PT6315_writeString(char *str)
{
    char i=0;
    
    while((*str!='\0')&&(i<=7))
    {
        PT6315_writeRam(3*i,getCharSeg(*str));
        str++;
        i++;
    }
}

// support '.'+':'+';'
void PT6315_writeStringFmt(char *str)
{
    unsigned char strIdx, pattIdx;
    unsigned long pattArr[VFDDIGITNUM];
    unsigned long dot1,dot2;
    
    strIdx = pattIdx=0; 
    while((str[strIdx] != '\0')&&(pattIdx<COUNTOF(pattArr)))
    { 
        // normal char code
        if ((str[strIdx]>='0'&&str[strIdx]<='9') || (str[strIdx]>='A'&&str[strIdx]<='Z')) {
            pattArr[pattIdx++] = getCharSeg(str[strIdx]);
        }
        else if (str[strIdx]=='.'||str[strIdx]==':'||str[strIdx]==';')
        {
            //    Add a dummy first
            if ((str[((0==strIdx)?0:(strIdx-1))] == '.')
                ||(str[((0==strIdx)?0:(strIdx-1))] == ':')
                ||(str[((0==strIdx)?0:(strIdx-1))])== ';')
            {
                pattArr[pattIdx++] = CHAR_NULL;  // for continued [....],add a dummy;
            }
            
            switch(str[strIdx])
            {
            case '.':
                pattArr[((0==pattIdx)?0:(pattIdx-1))] |= (SEG_dpcol1);
                break;
            case ':':
                pattArr[((0==pattIdx)?0:(pattIdx-1))] |= (SEG_dpcol2);
                break;
            case ';':
                pattArr[((0==pattIdx)?0:(pattIdx-1))] |= (SEG_dpcol1|SEG_dpcol2);
                break;
            }
        }
        else {
            pattArr[pattIdx++] = CHAR_NULL;
        }
        strIdx++;
    }
    
    // fill the rest patt
    for (; pattIdx<VFDDIGITNUM; pattIdx++)
        pattArr[pattIdx] = CHAR_NULL;
    
    // send patt data
    {
        char i;
        
        for (i=0; i<VFDDIGITNUM; i++)
        {
            PT6315_writeRam(3*i,pattArr[i]);
            str++;
        } 
    }
}

// printf string
void PT6315_printf(const char *pszFormat, ...)
{
    char cBuf[VFDDIGITNUM*2+1];
    va_list args;
    va_start(args, pszFormat);
    vsnprintf(cBuf, COUNTOF(cBuf), pszFormat, args);
    va_end(args);
    PT6315_writeStringFmt(cBuf);
    //PT6315_writeString(cBuf);
}

void VFD_init(void)
{
    VFD_clr();
    //PT6315_writeStringFmt((char *)"0;123456789");
    //PT6315_writeString((char *)"0123456789");
    PT6315_writeCmd(PT6315GRIDSEG);
    PT6315_writeCmd(g_PT6315_DISP_MASK);
}

// brightness)level=[1~8];
// after set the brightness,need to refresh the mem to apply.
void vfdSetBrightness(unsigned char brightness_level)
{
  const unsigned char brightarr[] = {
    0b10001000, // 0
    0b10001001, // 1
    0b10001010, // 2
    0b10001011, // 3
    0b10001100, // 4
    0b10001101, // 5
    0b10001110, // 6
    0b10001111  // 7
  };

  if (brightness_level>0 && brightness_level<=8) {
    g_PT6315_DISP_MASK = brightarr[brightness_level-1];
  }
  else {
    g_PT6315_DISP_MASK = brightarr[8-1];
  }
}

volatile unsigned long gTimeSec = 0; // Seconds in one day
volatile unsigned char gRefresh = 0; // refresh the display

// 1 second ticket interrupt function
ISR(TIMER1_OVF_vect)        // interrupt service routine 
{
  TCNT1 = -15625;               // Ticks for 1 second @16 
  gTimeSec++;
  if (gTimeSec >= 86400L)
    gTimeSec = 0L;

  gRefresh = 1;
}

void DiaplayTime(void)
{
  unsigned char h, m, s;
  unsigned char h12;
  if (gRefresh)
  {
    // display gTimeSec
    h = gTimeSec/3600L;
    m = (gTimeSec%3600L)/60L;
    s = gTimeSec%60L;
    
    h12 = ((h + 11) % 12) + 1; // h24 to h12
    if (h>=12)
      PT6315_printf("P:M.%02d:%02d:%02d",h12,m,s);
    else
      PT6315_printf("AM.%02d:%02d:%02d",h12,m,s);
    gRefresh = 0;
  }
}

// keys function
// ref::http://www.developermemo.com/3173671/
// Do single click only,add your own long click or other code by yourself.
#define KEY1_MASK 0b0000001
#define KEY2_MASK 0b0000010

unsigned char Trg;
unsigned char Cont;
void KeyRead (void)
{
  unsigned char ReadData;
  unsigned char PinsData;
  PinsData = 0xff;
  if (0==digitalRead(KEY1_PIN))
    PinsData &= ~KEY1_MASK;
  if (0==digitalRead(KEY2_PIN))
    PinsData &= ~KEY2_MASK;    
  ReadData = PinsData ^ 0xff; // 1
  Trg = ReadData & (ReadData ^ Cont); // 2
  Cont = ReadData; // 3
}

void KeyProc (void)
{
  if (Trg & KEY1_MASK) // If key1 pressed KEY_BEEP
  {
    // +1 miuters
    gTimeSec+=60;
    gTimeSec = gTimeSec%86400L;
    gRefresh = 1;
  }
  if (Trg & KEY2_MASK) // If key2 pressed KEY_BEEP
  {
    // +1 hour
    gTimeSec+=3600;
    gTimeSec = gTimeSec%86400L;
    gRefresh = 1;
  }  
}

static unsigned long time_millis;
// do keys function
void DoKeys()
{
  unsigned long t;
  t = millis();

  if (t<time_millis) // overfloor
    time_millis = 0;
  // do debouncer per 20ms    
  if (t-time_millis>=20)
  { 
    time_millis = t;
    KeyRead();
    KeyProc();
    // delay(20);
  }
}

// main function
void setup()
{
  // setup 1s interrupt

  // setup keys
  pinMode(KEY1_PIN, INPUT_PULLUP);
  pinMode(KEY2_PIN, INPUT_PULLUP);

  // set the digital pin as output:
  pinMode(DIN_PIN, OUTPUT);     
  pinMode(CLK_PIN, OUTPUT);
  pinMode(STB_PIN, OUTPUT);
  
  // init time
  gTimeSec = 8*3600L+3600L/2; // AM 08:30
  VFD_init(); // Init I/Os
  //VFD_clr(); // Clear mem
  //vfdSetBrightness(3);
  // initialize timer1 (For 16MHZ arduino UNO)
  noInterrupts();           // disable all interrupts
  TCCR1A = 0x00;                // Normal mode, just as a Timer

  TCCR1B |= _BV(CS12);          // prescaler = CPU clock/1024
  TCCR1B &= ~_BV(CS11);      
  TCCR1B |= _BV(CS10);   

  TIMSK1 |= _BV(TOIE1);         // enable timer overflow interrupt

  TCNT1 = -15625;               // Ticks for 1 second @16 MHz,prescale=1024
  interrupts();             // enable all interrupts  

  time_millis = millis();
}

// loop function
void loop()
{
  DiaplayTime();
  DoKeys();
}




/**/

#define DIN_PIN 11
#define CLK_PIN 12
#define STB_PIN 13


#define DODELAY __asm__("nop\n\t""nop\n\t");
#if 1
// fast io version
// pin map please refer http://arduino.cc/en/Hacking/Atmega168Hardware
// pin11 = pb3
// pin12 = pb4
// pin15 = pb5
// #define PD2 2
// int outPin = 2;           // Use digital pin 2 as output
//    PORTD |= 1<<PD2;       // sets output bit 2 high
//    PORTD &= ~(1<<PD2);    // sets output bit 2 low
#define GPIO_Pin_0                   (0x01)  /* Pin 0 selected */
#define GPIO_Pin_1                   (0x02)  /* Pin 1 selected */
#define GPIO_Pin_2                   (0x04)  /* Pin 2 selected */
#define GPIO_Pin_3                   (0x08)  /* Pin 3 selected */
#define GPIO_Pin_4                   (0x10)  /* Pin 4 selected */
#define GPIO_Pin_5                   (0x20)  /* Pin 5 selected */
#define GPIO_Pin_6                   (0x40)  /* Pin 6 selected */
#define GPIO_Pin_7                   (0x80)  /* Pin 7 selected */

#define DIN_PORT PORTB
#define CLK_PORT PORTB
#define STB_PORT PORTB
#define DIN_PORTPIN GPIO_Pin_3
#define CLK_PORTPIN GPIO_Pin_4
#define STB_PORTPIN GPIO_Pin_5

/*
// Macros To Speed Up Read/Writes
//#define Macro_SetPin( pin, state ) ( (state) == LOW ) ? Macro_SetPinLow( (pin) ) : Macro_SetPinHigh( (pin) )

  #define Macro_SetPinLow(pin) (((pin)<8)?(PORTD &= ~(1<<(pin))):(PORTB &= ~(1<<((pin)–8)))) //!!<-error in (pin)-8
  #define Macro_SetPinHigh(pin) ((pin)< 8) ? PORTD |=(1<<(pin)):PORTB |= (1<<((pin)–8)) // same error
*/

#define PT6315_DIN_H DIN_PORT |= (DIN_PORTPIN)
#define PT6315_DIN_L DIN_PORT &= ~(DIN_PORTPIN)
#define PT6315_CLK_H CLK_PORT |= (CLK_PORTPIN)
#define PT6315_CLK_L CLK_PORT &= ~(CLK_PORTPIN)
#define PT6315_STB_H STB_PORT |= (STB_PORTPIN)
#define PT6315_STB_L STB_PORT &= ~(STB_PORTPIN)
#else
#define PT6315_DIN_H digitalWrite(DIN_PIN, HIGH)
#define PT6315_DIN_L digitalWrite(DIN_PIN, LOW)
#define PT6315_CLK_H digitalWrite(CLK_PIN, HIGH)
#define PT6315_CLK_L digitalWrite(CLK_PIN, LOW)
#define PT6315_STB_H digitalWrite(STB_PIN, HIGH)
#define PT6315_STB_L digitalWrite(STB_PIN, LOW)
#endif

#define COUNTOF(arr) (sizeof(arr) / sizeof(arr[0]))
#define FUTABA10MT_NUM 8

//pt6315 ///////////////
#define SEG_2top    0b1000000000000000000 // two dots top
#define SEG_2bot    0b0000000000000000100 // two dots bottom

#define SEG_a       0b0100000000000000000
#define SEG_b       0b0010000000000000000
#define SEG_d       0b0000000000000001000
#define SEG_f       0b0001000000000000000
#define SEG_k       0b0000100000000000000
#define SEG_j       0b0000010000000000000
#define SEG_h       0b0000001000000000000
#define SEG_m       0b0000000100000000000
#define SEG_s       0b0000000010000000000
#define SEG_g       0b0000000001000000000
#define SEG_n       0b0000000000100000000
#define SEG_p       0b0000000000010000000
#define SEG_r       0b0000000000001000000
#define SEG_c       0b0000000000000100000
#define SEG_e       0b0000000000000010000

#define SEG_dpcol2  0b0000000000000000010  // colon 第一位点号码
#define SEG_dpcol1  0b0000000000000000001  // dot

#define CHAR_ALL    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f|SEG_g|SEG_h|SEG_j|SEG_p|SEG_k|SEG_s|SEG_m|SEG_n|SEG_r|SEG_dpcol1|SEG_dpcol2|SEG_2top|SEG_2bot)

#define CHAR_NULL  0
#define CHAR_SPACE 0 


#define CHAR_plus  (SEG_j|SEG_g|SEG_m|SEG_p|SEG_s)    // +
#define CHAR_minus (SEG_g|SEG_m|SEG_s) // -
#define CHAR_asterik  (SEG_h|SEG_j|SEG_k|SEG_g|SEG_s|SEG_m|SEG_r|SEG_p|SEG_n) // *
#define CHAR_lessthan  (SEG_k|SEG_s|SEG_n) // <
#define CHAR_morethan  (SEG_h|SEG_s|SEG_r) // >

#define CHAR_ab1  (SEG_k|SEG_s|SEG_r) // /
#define CHAR_ab2  (SEG_h|SEG_s|SEG_n) // \

#define CHAR_openbracket  (SEG_a|SEG_f|SEG_e|SEG_d) // [
#define CHAR_closebracket (SEG_a|SEG_b|SEG_c|SEG_d) // ]

#define CHAR_ab5  (SEG_j|SEG_b) // 左"
#define CHAR_ab6  (SEG_j|SEG_f) // 右"

#define CHAR_ab7  (SEG_d) // _

#define CHAR_triple_h  (SEG_f|SEG_j|SEG_b|SEG_e|SEG_p|SEG_c)  // 三竖


#define CHAR_0    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f|SEG_k|SEG_r|SEG_s) 
#define CHAR_1    (SEG_b|SEG_c) 
#define CHAR_2    (SEG_a|SEG_b|SEG_d|SEG_e|SEG_g|SEG_m|SEG_s) 
#define CHAR_3    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_m|SEG_g|SEG_s) 
#define CHAR_4    (SEG_b|SEG_c|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_5    (SEG_a|SEG_c|SEG_d|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_6    (SEG_a|SEG_c|SEG_d|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_7    (SEG_a|SEG_b|SEG_c|SEG_f) 
#define CHAR_8    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_9    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_f|SEG_g|SEG_m|SEG_s) 

#define CHAR_A    (SEG_a|SEG_b|SEG_c|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_B    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_m|SEG_j|SEG_p|SEG_s) 
#define CHAR_C    (SEG_a|SEG_d|SEG_e|SEG_f) 
#define CHAR_D    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_j|SEG_p|SEG_s) 
#define CHAR_E    (SEG_a|SEG_d|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_F    (SEG_a|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_G    (SEG_a|SEG_c|SEG_d|SEG_e|SEG_f|SEG_m|SEG_s) 
#define CHAR_H    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_I    (SEG_a|SEG_d|SEG_j|SEG_p|SEG_s) 
#define CHAR_J    (SEG_b|SEG_c|SEG_d) 
#define CHAR_K    (SEG_e|SEG_f|SEG_g|SEG_k|SEG_n|SEG_s) 
#define CHAR_L    (SEG_d|SEG_e|SEG_f) 
#define CHAR_M    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_k|SEG_h|SEG_s) 
#define CHAR_N    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_h|SEG_n|SEG_s) 
#define CHAR_O    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f) 
#define CHAR_P    (SEG_a|SEG_b|SEG_e|SEG_f|SEG_g|SEG_m|SEG_s) 
#define CHAR_Q    (SEG_a|SEG_b|SEG_c|SEG_d|SEG_e|SEG_f|SEG_n) 
#define CHAR_R    (SEG_a|SEG_b|SEG_e|SEG_f|SEG_g|SEG_m|SEG_n|SEG_s) 
#define CHAR_S    (SEG_a|SEG_c|SEG_d|SEG_f|SEG_g|SEG_m|SEG_s)
#define CHAR_T    (SEG_a|SEG_j|SEG_p|SEG_s) 
#define CHAR_U    (SEG_b|SEG_c|SEG_d|SEG_e|SEG_f) 
#define CHAR_V    (SEG_e|SEG_f|SEG_k|SEG_r|SEG_s) 
#define CHAR_W    (SEG_b|SEG_c|SEG_e|SEG_f|SEG_r|SEG_n|SEG_s) 
#define CHAR_X    (SEG_h|SEG_k|SEG_r|SEG_n|SEG_s) 
#define CHAR_Y    (SEG_b|SEG_f|SEG_g|SEG_m|SEG_c|SEG_d|SEG_s) 
#define CHAR_Z    (SEG_a|SEG_d|SEG_k|SEG_r|SEG_s) 

const unsigned long gSegTab[]={
    CHAR_0,
        CHAR_1,
        CHAR_2,
        CHAR_3,
        CHAR_4,
        CHAR_5,
        CHAR_6,
        CHAR_7,
        CHAR_8,
        CHAR_9,
        
        CHAR_A,
        CHAR_B,
        CHAR_C,
        CHAR_D,
        CHAR_E,
        CHAR_F,
        CHAR_G,
        CHAR_H,
        CHAR_I,
        CHAR_J,
        CHAR_K,
        CHAR_L,
        CHAR_M,
        CHAR_N,
        CHAR_O,
        CHAR_P,
        CHAR_Q,
        CHAR_R,
        CHAR_S,
        CHAR_T,
        CHAR_U,
        CHAR_V,
        CHAR_W,
        CHAR_X,
        CHAR_Y,
        CHAR_Z,
        
        CHAR_SPACE,
        CHAR_plus,
        CHAR_minus,
        CHAR_asterik,
        CHAR_lessthan,
        CHAR_morethan,
        CHAR_openbracket,
        CHAR_closebracket,
};

// send a 8-bit data
static void PT6315_writeData(unsigned char w_data)
{
    unsigned char i;
    
    for(i=0; i<8; i++) {
        PT6315_CLK_L;
        ((w_data&0x01)==0x01)?PT6315_DIN_H:PT6315_DIN_L;
        w_data>>=1;
        DODELAY;
        PT6315_CLK_H;
        DODELAY;
    }
}

// send a 8-bit command
void PT6315_writeCmd(unsigned char command)
{
    PT6315_STB_L; 
    DODELAY;
    PT6315_writeData(command);
    PT6315_STB_H; 
    DODELAY;
}

// send 3-byte ram data
void PT6315_writeRam(unsigned char add, unsigned long data32)
{
    PT6315_writeCmd(0x40);        //data setting cmd
    
    PT6315_STB_L;
    DODELAY;
    
    PT6315_writeData(0xc0+add); 
    PT6315_writeData((unsigned char)(data32&0x00ff));
    PT6315_writeData((unsigned char)((data32>>8)&0x00ff));
    PT6315_writeData((unsigned char)((data32>>16)&0x00ff));
    PT6315_STB_H;
    DODELAY;
}

// zero memory
void PT6315_clearRam(void)
{
    unsigned char i;
    for(i=0; i<8; i++)
        PT6315_writeRam(3*i,0x0000);
}


// 由输入的ascii码获得字符对应的笔段数据
const unsigned long getCharSeg(unsigned char c)
{
    unsigned long seg=CHAR_SPACE;

    if (c>='0' && c<='9') {
        seg = gSegTab[(c-'0')];
    }
    else if (c>='A' && c<='Z'){
        seg = gSegTab[(c-'A'+10/*偏移*/)];
    }
    
    switch(c)
    {
    case ' ':
        seg = gSegTab[(10+26/*偏移*/)];
        break;
    case '+':
        seg = gSegTab[(10+26+1/*偏移*/)];
        break; 
    case '-':
        seg = gSegTab[(10+26+2/*偏移*/)];
        break; 
    case '*':
        seg = gSegTab[(10+26+3/*偏移*/)];
        break; 
    case '<':
        seg = gSegTab[(10+26+4/*偏移*/)];
        break;    
    case '>':
        seg = gSegTab[(10+26+5/*偏移*/)];
        break;
    case '[':
        seg = gSegTab[(10+26+6/*偏移*/)];
        break;
    case ']':
        seg = gSegTab[(10+26+7/*偏移*/)]; 
        break;
    }

    return seg;
}

void PT6315_writeString(char *str)
{
    char i=7;
    
    while((*str!='\0')&&(i>=0))
    {
        PT6315_writeRam(3*i,getCharSeg(*str));
        str++;
        i--;
    }
}

// support '.'
void PT6315_writeStringFmt_ok(char *str)
{
    unsigned char strIdx, pattIdx;
    unsigned long pattArr[FUTABA10MT_NUM];
    
    strIdx = pattIdx=0; 
    while((str[strIdx] != '\0')&&(pattIdx<COUNTOF(pattArr)))
    { 
        // normal char code
        if ((str[strIdx]>='0'&&str[strIdx]<='9') || (str[strIdx]>='A'&&str[strIdx]<='Z')) {
            pattArr[pattIdx++] = getCharSeg(str[strIdx]);
        }
        
        else if (str[strIdx]=='.') {
            if (str[((0==strIdx)?0:(strIdx-1))] == '.')
                pattArr[pattIdx++] = CHAR_NULL;  // for continued [...],add a dummy;
            
            pattArr[((0==pattIdx)?0:(pattIdx-1))] |=((SEG_dpcol1|SEG_dpcol2)<<4); // rmember <<4
        }
        else {
            pattArr[pattIdx++] = CHAR_NULL;
        }
        strIdx++;
    }
    
    // need to process [:]
    
    // fill the rest patt
    for (; pattIdx<FUTABA10MT_NUM; pattIdx++)
        pattArr[pattIdx] = CHAR_NULL;
    
    // send patt data
    {
        char i;
        
        for (i=0; i<FUTABA10MT_NUM; i++)
        {
            PT6315_writeRam(3*i,pattArr[i]);
            str++;
        } 
    }
}


// support '.'+':'+';'
void PT6315_writeStringFmt(char *str)
{
    unsigned char strIdx, pattIdx;
    unsigned long pattArr[FUTABA10MT_NUM];
    unsigned long dot1,dot2;
    
    strIdx = pattIdx=0; 
    while((str[strIdx] != '\0')&&(pattIdx<COUNTOF(pattArr)))
    { 
        // normal char code
        if ((str[strIdx]>='0'&&str[strIdx]<='9') || (str[strIdx]>='A'&&str[strIdx]<='Z')) {
            pattArr[pattIdx++] = getCharSeg(str[strIdx]);
        }
        else if (str[strIdx]=='.'||str[strIdx]==':'||str[strIdx]==';')
        {
            //    Add a dummy first
            if ((str[((0==strIdx)?0:(strIdx-1))] == '.')
                ||(str[((0==strIdx)?0:(strIdx-1))] == ':')
                ||(str[((0==strIdx)?0:(strIdx-1))])== ';')
            {
                pattArr[pattIdx++] = CHAR_NULL;  // for continued [....],add a dummy;
            }
            
            switch(str[strIdx])
            {
            case '.':
                pattArr[((0==pattIdx)?0:(pattIdx-1))] |= (SEG_dpcol1);
                break;
            case ':':
                pattArr[((0==pattIdx)?0:(pattIdx-1))] |= (SEG_dpcol2);
                break;
            case ';':
                pattArr[((0==pattIdx)?0:(pattIdx-1))] |= (SEG_dpcol1|SEG_dpcol2);
                break;
            }
        }
        else {
            pattArr[pattIdx++] = CHAR_NULL;
        }
        strIdx++;
    }
    
    // fill the rest patt
    for (; pattIdx<FUTABA10MT_NUM; pattIdx++)
        pattArr[pattIdx] = CHAR_NULL;
    
    // send patt data
    {
        char i;
        
        for (i=0; i<FUTABA10MT_NUM; i++)
        {
            PT6315_writeRam(3*i,pattArr[i]);
            str++;
        } 
    }
}

// 
void PT6315_printf(const char *pszFormat, ...)
{
    char cBuf[FUTABA10MT_NUM*2+1];
    va_list args;
    va_start(args, pszFormat);
    vsnprintf(cBuf, COUNTOF(cBuf), pszFormat, args);
    va_end(args);
    PT6315_writeStringFmt(cBuf);
    //PT6315_writeString(cBuf);
}

#define DISPLAYCOMMAND 0b10000000
#define DISPLAYON 0b1000
#define BRIGHT1 0b000 // Set Pulse Width to 1/16
#define BRIGHT2 0b001 // Set Pulse Width to 2/16
#define BRIGHT3 0b010 // Set Pulse Width to 4/16
#define BRIGHT4 0b011 // Set Pulse Width to 10/16
#define BRIGHT5 0b100 // Set Pulse Width to 11/16
#define BRIGHT6 0b101 // Set Pulse Width to 12/16
#define BRIGHT7 0b110 // Set Pulse Width to 13/16
#define BRIGHT8 0b111 // Set Pulse Width to 14/16

#define FUTABA10MT_GRIDSEG 0b00000100 //VFD_cmd(0b00000100);      //8 Girds, 20 Segments  aotom
//#define DISPLAYFLAG 0x8F //display on , pulse width 14/16
//#define DISPLAYFLAG DISPLAYCOMMAND|DISPLAYON|BRIGHT8 //display on , pulse width 14/16
#define DISPLAYFLAG 0X8F  //display on , pulse width 14/16

void VFD_init(void)
{
    PT6315_clearRam();
    //PT6315_writeString((char *)"0123456789");
    PT6315_writeString((char*)"789789");
    PT6315_writeCmd(FUTABA10MT_GRIDSEG); // 10 Gird, 12 Segment 
    PT6315_writeCmd(DISPLAYFLAG); //display on , pulse width 14/16
}

void test_segs(void)
{
    char i,tabidx;
    unsigned long segtab[]= {SEG_a,SEG_b,SEG_c,SEG_d,SEG_e,SEG_f,SEG_g,SEG_h,SEG_j,SEG_p,SEG_k,SEG_s,SEG_m,SEG_n,SEG_r,SEG_dpcol1,SEG_dpcol2,SEG_2top,SEG_2bot};
    
    for (tabidx=0; tabidx<19; tabidx++)
    {
    for (i=0; i<8; i++)
        PT6315_writeRam(3*i,segtab[tabidx]);
    
    delay(500);
    }
}

void setup() {
    // set the digital pin as output:
    pinMode(DIN_PIN, OUTPUT);     
    pinMode(CLK_PIN, OUTPUT);
    pinMode(STB_PIN, OUTPUT);
    
    VFD_init();
    PT6315_clearRam();
    
    test_segs();
}

void loop()
{
    char str[10];
    static unsigned short int i=1;
    
//    PT6315_writeStringFmt((char*)"GHIJKLMN");
    //VFD_string((char*)"012345678");
//    PT6315_writeStringFmt((char*)"01234567");    
//    PT6315_writeStringFmt((char*)"0.1.2.3.4.5.6.7.");
//    PT6315_writeStringFmt((char*)"01.23.45.67");
//    PT6315_writeStringFmt((char*)"0;1:23:45:67");
//    PT6315_writeStringFmt((char*)"01;23:45;67");
//      PT6315_writeStringFmt((char*)"PM.12:28:32");


    PT6315_printf("PM.%02d:%02d:%02d",(i/6000)%60,(i/100)%60,i%100);
    //    PT6315_printf("0123456789");
    
    PT6315_writeCmd(FUTABA10MT_GRIDSEG); // 10 Gird, 12 Segment 
    PT6315_writeCmd(DISPLAYFLAG); //display on , pulse width 14/16    
    i++;
    delay(1000);
}





