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1 Introduction and Summary of the Project 
 

Internet Clock is a project which shows time in HH: MM. Although the firmware is also 

compatible with all the series of PIC16F88x, PIC16F887 is primarily described in this 

documentation. A Real Time Clock (RTC) IC is used to keep the track of time. Tactile switches 

are provided which can also be used to adjust the time manually. Clock can also be 

synchronized with the internet time using a Wi-Fi module (ESP8266-01). The time is displayed 

on 7 segment displays driven by a display driver. A Potentiometer is used to set the brightness 

of the 7 segment displays using the measured ADC value.  

 

Peripherals used: 

• I2C between PIC and RTC 

• UART between PIC and Wi-Fi module 

• SPI between PIC and 7 segment display driver 

• ADC for measuring the POT value 

• Timer/counter in PIC for keeping track of seconds elapsed 

 

 
 

 
Figure 1 General Overview of the Project 
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Figure 2 Block Diagram of Internet Clock 

 

Figure 2 shows the block diagram of the Internet Clock Project. The overall simulation in Proteus is 

shown in figure 3. 

 

 
Figure 3 Overall Simulation on Proteus 



3 | P a g e  
 

2 Design Consideration 

2.1 Introduction to PIC16F887 

2.1.1 Memory Organization 

PIC16F88x series microcontroller is offered by Microchip. As quoted in their datasheet, it is a 

28/40/44-Pin, Enhanced Flash-Based 8-Bit CMOS Microcontrollers with nanoWatt Technology. 

This project uses PIC16F887 which is a 8-bit midrange microcontroller. Some of the features 

which lead to using this microcontroller for the project was: 

• Internal Precision Oscillator with range 8MHz to 31kHz which can be tuned with 

software 

• Power saving sleep mode 

• Power On Reset (POR) 

• Oscillator Start-up Timer (OST) 

• 8K Bytes Program Memory (Flash Word of 14 bit) 

• 368 Bytes SRAM 

• 10-bit ADC 

• 8-bit and 16-bit Timer/Counter 

• Master Synchronous Serial Port (MSSP) supporting I2C and SPI 

• Enhanced USART 

It has a 13-bit Program Counter (PC) addressing from 0000h to 1FFFh. Reset vector is at 0000h 

and Interrupt vector is at 0004h. 

 
Figure 4 Program Memory Map of PIC16F886/7 

  

Data memory is partitioned into 4 banks ranging from 000h to 1FFh. It consists of General-

Purpose Registers (GPR) and Special Function Registers (SFR). The SFR is located in the first 

32 locations of each bank. GPR are located in the last 96 locations of each bank. In order to select 

a bank, RP1 & RP0 bits in STATUS register <03h> is used. 
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Figure 5 Special Function Registers 

 

2.1.2 IO Ports 

IO pins may have different functionalities other than general purpose input output depending on the 

peripherals which are enabled. PIC16F887 consists of PORTA, PORTB, PORTC, PORTD & PORTE. 

Corresponding TRISx register is used to indicate if the PORTx pin will function as an input or an output. 

If TRISx = 1, the pin acts as an input and when TRISx = 0, the pin acts as an output. Configuring as an 

input disables the output driver driver and vice-versa. Writing to a port indicated writing to a latch 

which read operation reads the status of the port pin. All operations are Read-Modify-Write. Some port 

pins may be used as ADC input. ANSEL register <188h> is used to configure an Analog pin to be used 

as Digital I/O. Setting (=1) ANSEL register bit ANSx where x is the Analog Port selected makes the 

pin Analog while Clearing (=0) makes the pin Digital. Default state on Reset if Analog for all the 

compatible port pins. 
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Figure 6 Pin Diagram of PIC16F887 

 

2.1.3 Configuration Bits (Fuses), Oscillator Selection and Basic Circuitry 

 

Configuration Bits or Fuses are programmed while burning the firmware onto the microcontroller. 

These bits are mapped to location 2007h. This location is beyond the user program memory space and 

can be only accessed while programming the chip. Configuration bits consists of CONFIG1 Register 

and CONFIG2 registers. 

 
Figure 7 Configuration Register 1 
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Figure 8 Configuration Register 2 

 

 

In the project Internal factory calibrated oscillator is used. The frequency can be varied from 8MHz to 

31kHz. OSCCON Register <8Fh> is used to configure the oscillator while clock source is selected by 

setting the FOSC<2:0> bits in CONFIG1. For this project, 4MHz Internal Oscillator is used. For 

configuring the oscillator, CONFIG1 FOSC bits are set to 100 which is INTOSCIO mode so that I/O 

functions in RA6 and RA7 pins can be preserved. 4MHz is the default Internal Clock speed in the 

OSCCON Register <8Fh>. Low Voltage programming is not desired so the LVP bit is cleared. 

 
Figure 9 OSCCON Register 
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PIC16F887 consists of an On-Chip Power-On Reset (POR). However, it also consists of a Brown-out 

Reset (BOR) which if enabled keeps the chip in Reset until VDD reached BOR. For the project BOR 

is enabled by setting BOREN to 1 and in the CONFIG2 register BOR4V is set to 1(BOR is 4V). 

MCLR (Active Low) pin is used to Reset the PIC16F887. It has a noise filter which will ignore small 

pulses. Microchip recommends MCLR should not be connected directly to VDD and a resistor with 

1kΩ or greater should be used. Internal MCLR option can be enabled by clearing the MCLRE bit in the 

CONFIG1 register. In the project MCLRE is set so RA3/MCLR pin becomes external reset with weak 

pull-up to VDD. 

 

Figure 10 Configuration Bits generated using MPLAB X 

 

 
Figure 11 MCLR Pulled-Up 
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2.2 Display driver 

2.2.1 Introduction to MAX7219 display driver 

 

For interfacing various 7 segment displays in the project MAX7219 chip is used. It supports interfacing 

up to 8 displays and can control each segments individually. It is compatible with SPI protocol. 

Brightness of each display can be controlled and a test mode is provided to check if the displays are 

working properly or not. It has an inbuilt oscillator which supports 10MHz serial interface. MAX7219 

is usually used to drive Common-Cathode LED displays.  

 
Figure 12 Pinout of MAX7219 

 

Using 4 wire serial interface (SPI), displays can be controlled intelligently. MAX7219 works on 5V 

with maximum current up to 330mA. Display scan rate can go from 500Hz till 1300Hz. 

 
Figure 13 MAX7219 Pin Description 

 

 

Data is sent in 16-bit packet. Each bit is shifted (into DIN) at the rising edge of the CLK. Data is latched 

on the rising edge of the LOAD/CS pin. LOAD/CS must go high concurrently or after 16th rising CLK 

edge but before the 17th rising CLK edge. 
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Figure 14 Serial-Data Format MAX7219 

 

 
Figure 15 MAX7219 Register Address Map 

 

 

MAX7219 consists of 14 addressable digit and control registers. Digit register which ranges from 0x00 

to 0x08 can be used to configure and update individual digit displays. Control Registers range from 

0x09 till 0x0F. It consists of Decode Mode Register<0x09> which sets BCD code B or no-decode 

operation. If decode mode is enabled, the decoder checks the lower nibble of the data in the digit register 

(D3 – D0) and D7 is used for setting the Decimal Point. If no decode format is selected, data bits D7 – 

D0 corresponds to the segment lines. 
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Figure 16 Decode-Mode Register Example MAX7219 

 
Figure 17 Code B Format MAX7219 

 

 

Shutdown Register <0x0C> is used to set the driver in Shutdown more or Normal Operation Mode. 

Setting the D0 bit as 1 makes the driver work in Normal Operation. In Shutdown mode the MAX7219 

oscillator is halted and all displays are pulled to V+ which blanks the displays. Maximum current 

consumption in shutdown mode is 150µA. It takes 250µS for MAX7219 to leave the shutdown mode 

and enter the normal operation mode. Intensity can be controlled by using the Intensity Control Register 

<0x0A>. Initially the intensity is set by RSET resistor connected between V+ and ISET and the 

minimum value should be 9.53kΩ which sets the segment current at 40mA. For further control of the 

brightness Intensity Control register is used. The MAX7219 has an internal pulse-width modulator 

which is controlled by lower nibble of intensity register. The intensity value ranges from 0x00 (Min 

brightness) – 0x0F (Max brightness). Another important control register is the Scan-Limit Register 

<0x0B>. Scan limit sets how many digits are displayed from 1 to 8. As the digits are displayed in 

multiplexed manner with typical scan rate of 800Hz with 8 digits, if fewer digits are displayed the scan 

rate is 8Fosc/N where N is the number of digits scanned. On Initial Power-Up all the control registers 

are Reset, the display is blanked, display scan is one digit and the driver is in shutdown mode. 

To minimize power supply ripple, a 10μF electrolytic capacitor and a 0.1uF ceramic capacitor is to be 

connected between the V+ and GND as close to device as possible. For calculation of RSET and Power 

Dissipation calculation refer Page 33 MAX7219 Electrical Characteristics. 
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Figure 18 MAX7219 Interfacing with 7 Segment Display 

 

2.2.2 Interfacing MAX7219 with PIC16F887 using SPI protocol 

 

PIC16F887 consist of Master Synchronous Serial Port (MSSP) module which can be used for Serial 

communication with other devices. MSSP can be operated in SPI or I2C mode. For interfacing with 

MAX7219 display driver SPI protocol is used. For using MSSP SSPSTAT, SSPCON & SSPCON2 

registers are used. SPI mode supports 8 bits of data to be synchronously transmitted and received. For 

communication with MAX7219 4 pins are used: 

• Serial Data Out (SDO) – RC5 

• Serial Data In (SDI) – RC4 

• Serial Clock (SCK) – RC3 

• Latching the Data (SS) – RD0 

In order to configure MSSP in SPI mode, SSPCON and SSPSTAT bits have to be programmed. For 

interfacing with MAX7219, PIC16F887 is used in Master Mode. MSSP has a transmit/receive shift 

register SSPSR and a buffer register SSPBUF. SSPSR shifts the data out (MSB first). SSPSR is not 

directly readable or writable and can only be addressed through SSPBUF. In order to configure MSSP 

in SPI mode, SSPEN bit in SSPCON must be set. Default mode of MSSP on reset is SPI Master Mode 

with CLK = Fosc/4. The corresponding SDI pin is automatically controlled by MSSP while SDO pin 

has to be configured as an input by clearing the TRISC bit. SCK pin must have TRISC bit as set. For 

the project SS pin is not utilized so it is disabled by clearing the corresponding TRISC bit and is 

configured as LOAD pin for MAX7219. 
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Figure 19 SSPSTAT SSP Status Register 
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Figure 20 SSPCON Register 

 

 

In MAX7219, data is latched on the rising edge of the LOAD/CS pin. So PIC16F887 PORTA Pin 5 is 

connected to LOAD/CS pin in MAX7219 for latching the data once all the packet is transferred. In 

MAX7219, as the data is moved in during the rising edge of the CLK, in the SSPSTAT CKE bit is set 

to make the data transmission during the rising edge of CLK. CKP is default 0 which makes sure the 

default level of CLK is 0V. BF bit (Buffer Full) is polled in the SSPSTAT register of PIC16F887 to 

ensure the data transmission is complete before the new data is sent. 
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Figure 21 SPI Master Mode Waveform 

 

MAX7219 and PIC16F887 SPI Function Snippet 

Code Snippet 1 SPI data transfer function (to MAX7219) 

/* 

  SPI communication between PIC16F887 and MAX7219 

  Call SPI_tx(addr,data) with Address of the register and the corresponding 

          data to be sent. 

*/ 

 

void SPI_tx(unsigned char addr,unsigned char dat) 

{ 

     PORTA.F5 = 0;//LOAD_CS pin is made low 

     SSPBUF = addr;//Send the address first 

     while(~BF_bit);//Wait for transmission to complete 

     SSPBUF = dat;//Send the data 

     while(~BF_bit);//Wait for Transmission 

     PORTA.F5 = 1;//Latch the data by pulling up LOAD_CS pin 

} 

 

 

MAX7219 display character ‘1’ 

Code Snippet 2 Display Character '1' in MAX7219 

void main() 

{ 

     TRISC.F5 = 0;  //SDO 

     TRISC.F3 = 0;  //SCK 

     TRISA.F5 = 0; //Configured as LOAD pin 

     SSPCON = SSPCON | 0x22; 

     SSPSTAT = SSPSTAT | 0xC0; 

     tx_max(0x09, 0xFF);  //decoding 

     tx_max(0x0A,0x0F); //intensity 
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     tx_max(0x0B, 0x03); //scan limit 

     tx_max(0x01,0x01); 

     tx_max(0x02,0x01); 

     tx_max(0x03,0x01); 

     tx_max(0x04,0x01); 

     tx_max(0x0C, 0x01); //disable sleep 

     while(1); 

} 

 

2.2.3 Brightness control using ADC in PIC16F887 

 

PIC16F887 consists of a 10-bit ADC. It uses successive approximation and stores the result in ADRESL 

and ADRESH registers. ADC reference can be VDD or a voltage applied to a specific pin which can 

be defined in the software. PIC16F887 has 14 Analog compatible pins. At a time only one pin can be 

connected to the sample and hold circuit. CHS bits in ADCON0 is used to select the pin for reading the 

ADC value. To enable the ADC peripheral ADCON bit in ADCON0 is to be set. Once the peripheral 

is enabled a required amount of time has to elapsed (also called A/D acquisition time) before the 

conversion can be started. For A/D Acquisition time calculation refer Page 34 A/D Acquisition Time. 

 
Figure 22 ADCON0 Register 

 

GO/DONE bit in ADCON0 is polled to wait for the conversion to finish. POT is connected to RA0/AN0 

pin. The default channel selected on reset is AN0. 10K POT is connected in voltage divider 

configuration with a 10kΩ resistor.  
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With Vin = 5V, POT of 10kΩ is used, 

the Vout range according to voltage 

divider equation is between 0V to 

2.5V. 10 bit ADC value is stored in 

ADRESH:ADRESL with Left 

Justification (ADFM = 0 on Reset. 

Defined in ADCON1 register). 

 

PIC16F887 will calculate the voltage at AN0 and accordingly send the brightness adjustment 

commands to MAX7219. As ADC is 10 bit, 210 = 1024. ADRESH:ADRESL can therefore range from 

00000000:00xxxxxx to 11111111:11xxxxxx. MAX7219 defines intensity range from 0x00 (min) to 

0x0F (max). It is desired that the brightness should be increased when the resistance of the POT 

increases. In order to achieve this the 16 brightness levels in MAX7219 are mapped to ADC levels in 

PIC16F887. As there are only 16 levels allowed for adjusting the brightness in MAX7219, only the 

ADRESH resistor values are used. This even if reduces the resolution of ADC to 8 bits, the brightness 

level that display driver can achieve makes 8 bit a viable option reducing the programming complexity 

which will come with using variable above 8-bit size. The mapping is done by the equation ADRESH * 

15 / 128. The corresponding brightness level is then adjusted by writing in the intensity control register 

0x0A in MAX7219. 

 

2.2.4 Simulation Results 

 

 
Figure 23 Interfacing PIC16F887 with MAX7219 and POT 

 
 

SPI debugger utility in Proteus shows different commands that were sent to the MAX7219 IC over 

SPI lines. All the four displays were initialized to character ‘1’. 
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2.3 Real Time Clock 

2.3.1 Introduction to RTC DS1307 

As stated in the datasheet the DS1307 is a serial real-time clock (RTC) is a low-power, full binary-

coded decimal (BCD) clock/calendar plus 56 bytes of NV SRAM. Address and data are transferred 

serially through an I2C. The clock/calendar provides seconds, minutes, hours, day, date, month, and 

year information though for this project only the minutes and hours are used. RTC can be operated in 

24-hour or 12-hour mode. It also has a backup battery so in the event of power failure it switches 

automatically to backup battery power. DS1307 also has a 57-byte battery backed-up RAM. 

 
Figure 24 DS1307 pinout 

 

 
Figure 25 DS1307 pin description 

A typical 3V battery is used with the DS1307. When VCC falls below 1.25 x VBAT, the device 

terminates an access in progress and resets the device address counter. Inputs to the device will not be 

recognized at this time to prevent erroneous data from being written to the device from an out-of-

tolerance system. When VCC falls below VBAT, the device switches into a low-current battery-backup 

mode. Upon power-up, the device switches from battery to VCC when VCC is greater than VBAT 

+0.2V and recognizes inputs when VCC is greater than 1.25 x VBAT. 
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Figure 26 DS1307 Registers 

The RTC registers are located in address locations 00h to 07h. The RAM registers are located in address 

locations 08h to 3Fh. During a multibyte access, when the address pointer reaches 3Fh, the end of RAM 

space, it wraps around to location 00h, the beginning of the clock space. The contents of the time and 

calendar registers are in the BCD format. The CH bit in register 00h is default to 1 which states that the 

DS1307 oscillator is turned off. To enable the time keeping function CH bit should be cleared. 

 
Figure 27 DS1307 Control Register 

 

For other electrical specifications and crystal consideration for DS1307 refer Section 3.4 in page 35. 

2.3.2 Interfacing with PIC16F887 and I2C protocol 

PIC16F887 and RTC DS1307 communicates with each other using I2C protocol. The MSSP module in 

PIC16F887 is used as I2C master mode with 7-bit addressing as DS1307 supports 7 bit addressing only. 

The 7-bit address of DS1307 as given in the datasheet is 1101000. In PIC16F887 two pins are used for 

data transfer RC3/SCK/SCL pin, which is the clock (SCL), and the RC4/SDI/SDA pin, which is the 
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data (SDA). The general idea is that the DS1307 RTC is configured with Square Wave Output of 1 Hz. 

The SQWOut pin of DS1307 is then connected to the T0CKI pin of PIC16F887. The timer module of 

PIC is enabled in the counter mode. The counter counts for 60 times then an interrupt is generated. This 

interrupt is serviced by reading the DS1307 time registers followed by updating the display driven by 

MAX7219 driver. The calculation of I2C pullup resistor is given in Section 3.4.2 Page 37. For ease in 

designing the project, DS1307 HW111 board is used which has a DS1307 and AT24CP module with 

pull-ups of 3.3k (for SDA, SCL and SQOut) and 32.768kHz crystal. 

 
Figure 28 PIC16F887 and DS1307 Interfacing 

 

 
Figure 29 HW111 breakout board schematic (For DS1307) 

 

PIC16F887 MSSP I2C master module is supported by interrupt generation. The following events will 

cause SSP Interrupt Flag bit, SSPIF, to be set (SSP Interrupt if enabled): 

• Start condition 

• Stop condition 

• Data transfer byte transmitted/received 
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• Acknowledge transmit 

• Repeated Start condition 

Master mode is enabled by setting the SSPM bits as 1000 (Master mode) in SSPCON register given in 

Figure 20 SSPCON Register page 13.  

The max SCL line clock speed supported by DS1307 as given in the electrical specification is 100kHz. 

The baud rate generator in PIC16F887 for master mode is given as Fosc/(4 * (SSPADD + 1)) where 

SSPADD bits <6:0> are used for auto reload in BRG of PIC16F887. The recommended value of 

SSPADD considering the Fosc of PIC16F887 at 4MHz is 0x15 which is 21 in decimal. The 

corresponding SCL line speed will be roughly 45kHz which is fast enough for DS1307 to interpret the 

SCL and SDA line. 

 
Figure 30 Writing to DS1307 registers 

 

Different I2C conditions can be automated in the hardware using the SSPCON2 register. 

 
Figure 31 SSPCON2 Register in PIC16F887 

 

1Hz SQWOut enable code snippet 

Code Snippet 3 Enable 1Hz SQWOutput on DS1307 

SSPCON = SSPCON | 0x28;   //Configure in I2C master mode 

SSPADD = 0x15;            //Clock speed of 90kHz 
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SEN_bit = 1;    //Enable a start condition 

while(SEN_bit); //wait for start condition to complete 

 

SSPBUF = 0xD0;  //RTC add with write command 

while(SSPSTAT & 0x04); //Wait till transfer is complete 

 

SSPBUF = 0x07;  //RTC SQWOut register address 

while(SSPSTAT & 0x04); //Wait till transfer is complete 

 

SSPBUF = 0x90;  //Enable 1Hz clock 

while(SSPSTAT & 0x04); //Wait till transfer is complete 

 

PEN_bit = 1;    //Enable a stop condition 

while(PEN_bit); //wait for stop condition to complete 

 

Timer1 module in PIC16F887 is configured as a 16-bit Counter with external clock source. The reason 

for using the 16-bit Timer1 module rather than a 8-bit Timer0 module is that the Timer1/Counter1 can 

still work with external clock source when the device is put to sleep. This decreases the current 

consumption as the microcontroller is off for about 60 seconds after which the overflow interrupt will 

wake up the microcontroller and the predetermined tasks can then be executed before the sleep function 

is executed again. 

Timer1/Counter1 consists of register TMR1H:TMR1L pairs. External clock source is selected by 

making the TMR1CS bit as 1. 

 

Figure 32 T1CON Register in PIC16F887 

Timer1 with external clock source acts as a Counter which increments during the rising edge of the 

external clock. For being able to use the Counter1 during the sleep, the T1SYNC bit in T1CON is to be 

set to 1. When the Timer1/Counter1 overflows from FFFFh to 0000h, TMR1IF flag in PIR1 register is 

set. TMR1H:TMR1L is configured as 0xFFC4 which will count the external clock rising edge 60 times 

and then produce an interrupt which will wake up the microcontroller from sleep and further tasks are 

executed. The GIE bit is not enabled as the program will continue executing the next instructions stated 

after the sleep instruction. 
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The asm sleep; command in mikroC is used to put the microcontroller into sleep mode. The WDT is 

disabled in config fuses so the microcontroller only wakes up after the 60th clock pulse on the T1CKI 

pin. The timer is turned on by setting the TMR1ON bit inT1CON and while updating the 

TMR1H:TMR1L registers the timer is turned off to prevent write contention error. 

 

 

60 Seconds Counter with Sleep Mode 

Code Snippet 4 60sec Counter with Sleep Mode 

     PORTC.F0 = 0; //Clear the T1CKI port pin 

     TRISC.F0 = 1; //Configure T1CKI as an Input pin 

      

     TMR1CS_bit = 1;//Use external clock. Configured as a Counter 

     T1SYNC_bit = 1;//Do not synchronize the external clock 

   

     TMR1IE_bit = 1;//Enable overflow interrupt 

     PEIE_bit = 1;//Enable Peripheral Interrupt 

   

     while(1) { 

              //Load TMR1H:TMR1L with 0xFFC4 which makes the Counter overflow 

              //     at 60th rising edge of external clock 

              TMR1H = 0xFF; 

              TMR1L = 0xC4; 

               

              TMR1IF_bit = 0;//Clear Timer1/Counter1 overflow interrupt 

              TMR1ON_bit = 1;//Turn on the Timer 

               

              asm sleep;//put the microcontroller in sleep mode 

               

              TMR1ON_bit = 0; //To prevent write contention turn off the timer 

     } 

 

 
Figure 33 INTCON Register PIC16F887 
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Figure 34 PIR1 Register PIC16F887 

 

 
Figure 35 PIE1 Register PIC16F887 

 

Although this much may be enough for updating the display driver after every 60th clock edge, the 

timer1 overflow value needs to be in sync with the DS1307 seconds register value. This ensures that 

the display is updated only during the 60th second of actual time interval in RTC. Therefore the 

initialization of the RTC makes sure that SQWOut is enabled with 1Hz frequency, the Timer1 is 

configured appropriately and the TMR1H:TMR1L register values are updated according to the seconds 
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information received from the RTC. As the content of RTC DS1307 is in BDC format the values are 

taken and converted to appropriate decimal format which is then used to update the TMR1H:TMR1L 

registers initially. In the preceding overflow the TMR1H:TMR1L is updated with 0xFFC4 value as 

usually because the microcontroller’s overflow clock is in sync with the RTC seconds’ register.  

 

BCD to Decimal Conversion for TMR1H:TMR1L  

Code Snippet 5 BCD to Decimal Conversion for TMR1H:TMR1L 

unsigned char bcd = 0x43;   //BCD value to be converted (it will be received from RTC) 

unsigned char val;   //New value will be stored in val 

unsigned char lower_nib = bcd & 0x0F; //Get the lower nibble value, mask the upper nibble 

val = (bcd >> 4)*10;   //Left Shift the upper nibble and multiply by 10 

val += lower_nib;   //Resultant val = 43 

val = 0xFF - (60 - val);   //TMR1 overflow val = 238 

 

 
Figure 36 DS1307 point to register then read 

 

According to the Figure 36 DS1307 point to register then read), the seconds register as given in the 

DS1307 Figure 26 DS1307 Registers) is at the location 0x00. PIC16F887 initially writes to the RTC 

with the specified address then a repeated start condition is passed by the microcontroller which is 

followed by read address to the RTC DS1307 slave. Here only the seconds register is read and the 

TMR1H:TMR1L registers of PIC16F887 are updated accordingly. 

 

2.3.3 Simulation Results 

Using the I2C debugger tool in Proteus, the I2C bus commands can be seen 

 

The I2C debugger tool shows the different master 

conditions defined on the bus by PIC16F887. 

Initially the microcontroller gives a Start Condition (S) 

followed by the 7-bit slave address and 8th bit as 0 for write 

operation on the slave (Address becomes 0xD0). The 

master then sends the register address 0x07 which 

corresponds to the SQWOut Register of the DS1307 and it 

is configured in 1Hz as specified in the Figure 27 DS1307 

Control Register. Then the Stop Condition (P) is given by 

the master. With each data transfer the slave responds with 

an Ack (A). After configuring the SQWOut, the seconds 

register is read by first setting the pointer to Seconds 

register (Address is 0x00) followed by repeated start 

condition (Sr) with Slave Address and Read Bit (0xD1). 

The corresponding seconds value in BCD is sent back. 

Then the Stop Condition is issued with Master giving a 

NACK. 
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2.4 Internet Time Synchronization 

2.4.1 Introduction to ESP8266-01 

The ESP8266 is a System on a Chip (SoC), manufactured by the Chinese company Espressif. It consists 

of a Tensilica L106 32-bit micro controller unit (MCU) and a Wi-Fi transceiver. It is the Wi-Fi chip 

used to get the internet time. Synchronization between PIC16F887 and ESP-01 is achieved over the 

UART protocol. ESP-01 is programmed using Arduino IDE and CP2102 TTL UART Serial Converter. 

2.4.2 Getting NTP time from the internet 

The NTP is a protocol which is used to synchronize the clocks to internet time. It is a part of TCP/IP 

protocol. NTPClient.h header defines various functions that can be called to get the current time from 

the internet. Initially NTPClient object is created stating the offset of +5:30 hours (Indian IST). 

PIC16F887 expects the time to be in the BCD format as the registers of the DS1307 work in BCD. So 

the numbers are converted to BCD using the formula ((val / 10) << 4) | (val % 10) where val is the value 

to be converted to BCD.  

ESP-01 NTPClient Initialization 

Code Snippet 6 ESP-01 NTPClient Init 

 

const long utcOffsetInSeconds = 19800; // India +5:30 .. (5hr * 60min + 30min) * 60sec 

WiFiUDP ntpUDP; 

NTPClient timeClient(ntpUDP, "pool.ntp.org", utcOffsetInSeconds); 

timeClient.getHours() //Get the Hours 

timeClient.getMinutes()//Get the Minutes 

timeClient.getSeconds() //Get the Seconds 

 

 
Figure 37 ESP-01 Firmware Flowchart 

 

 

2.4.3 Interfacing PIC16F887 and ESP8266-01 using UART 

 

ENHANCED UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER TRANSMITTER 

(ESUART) Peripheral is used in Asynchronous Mode for achieving UART with ESP-01. To enable 

UART peripheral SPEN bit in RCSTA register should be set to 1. For achieving Async operations 

SYNC (In TXSTA) should be equal to 0. By wiring the characters to TXREG register, the data is sent 

(It required TXEN to be set). TRMT_bit  is polled to make sure the data transmission is complete. 

Similarly Reception is enabled by setting the CREN bit. The baud rate for transmission is set to 9600 

by setting the SPBRG register to 25 and enabling the high speed transfer mode by setting the BRGH_bit 

in TXSTA register. As ESP8266-01 works on 3.3V while PIC16F887 works on 5V, a Logic level 

converter based on BSS138 N-Channel MOSFET is used between the UART lines (Tx and Rx). The 

schematic of the Level Converter is given below 
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Figure 38 Bi-Level Converter for UART 

 

 

Table shows the baud rate that can be achieved with Internal 

Oscillator set to 4MHz. The Error Rate is at 0.16% which is 

considerably less for any error to take place. 

 

RCREG register is used to read the contents that are sent from the ESP-01. 

 

UART Configure in PIC16F887 

Code Snippet 7 UART Configure in PIC16F887 

 

TRISC = TRISC | 0xC0; 

     SPBRG = 25; //for 4MHz OSC 9600 baud with 0.16% error 

     BRGH_bit = 1;//Enable high speed mode 

     SPEN_bit = 1;    //enable uart 

     TXEN_bit = 1; //enable transmission 

     CREN_bit = 1; //enable reception 

     while(1) { 

              TXREG = 1; 

              while(!TRMT_bit); //wait for transmission to complete 

              while(!RCIF_bit); //wait for reception 

 //Read RCREG register and get the time data 

      } 
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Figure 39 TXSTA Register in PIC16F887 

   

 
Figure 40 RCSTA Register in PIC16F887 
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ESP-01 requires some basic connections to be made before it can be used. The Serial data is read inside 

the made loop waiting for PIC16F887 to send some data. When the PIC is in Time Sync Mode it send 

a command with value 0x01 to ESP-01. ESP then updates its clock with the internet time using 

NTPClient object and sends BCD format of the time to PIC16F887. First the Hour followed by Minutes 

followed by Seconds are sent to PIC microcontroller. PIC reads all the time information and then 

updates the DS1307 registers. After that MAX7219 driver is updated according to the latest time and 

counter starts according to the seconds received. PIC then goes back to Sleep mode. 

 

 
Figure 41 ESP-01 Basic Connection Diagram 

 

 
Figure 42 ESP-01 Pinout 

 
Figure 43 PIC16F887 UART Connection 

Here TX and RX from PIC16F887 goes to RXD and TXD in 

ESP-01 respectively. 
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2.5 Using Switch for setting time manually and all peripheral integration 
 

Two Switches are used to achieve manual time setting mode, synchronization with the internet time, 

going into brightness adjustment mode. These are all referred to as task being performed by PIC16F887. 

When no tasks are left to perform the microcontroller goes into sleep mode. A white LED is connected 

to pin RA1 which turns on when the microcontroller performs some task and turns off when the 

controller is in sleep mode. Majority of the time it will be in the sleep mode and keeps counting the 

SQWOut pin from DS1307 using async counter. After 60 counts the controller comes out of the sleep 

mode and reads the DS1307 time registers followed by updating the MAX72019 display drivers. Then 

the controller goes back into sleep mode. Switches can also be used to wake up the microcontroller so 

that it will perform the specific task. Two switches are given for this purpose. SW0 and SW1. SW0 is 

used to change the state in which microcontroller is (wake up from sleep or go back to sleep). The 

condition of the SW1 switch determines which series of tasks will be performed by the microcontroller. 

 
Figure 44 Switch Functions 

 

SW0 and SW1 are connected to RB0/INT and RB1. SW0 therefore makes the state change which SW1 

decides the functionality. Both the port pin are configures as digital input and have weak pull ups 

enables from OPTION register. Both are connected by 0.1uF ceramic capacitor individually to remove 

debounce effect. INTE_bit is used to enable the external interrupt and INTEDG_bit is cleared to make 

the interrupt on falling edge of the click. 

 
Figure 45 Interfacing Switches with PIC16F887 
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Figure 46 OPTION Register in PIC16F887 

 

Switch Functions Code Snippet 

Code Snippet 8 Switch Function 

while(1) { 

              PORTA.F1 = ~PORTA.F1;//Toggle MODE LED 

              asm sleep; 

              delay_ms(20);//Debounce 

              INTF_bit = 0;//Clear the INT flag 

              PORTA.F1 = ~PORTA.F1;//Toggle MODE LED 

              //Check if 60 seconds counter interrupted 

              if (TMR1IF_bit) { 

//60 counts completed. Read DS1307 registers and update MAX7219 

} 

//Check if SYNC/SET switch was clicked while INC switch is clicked 

else if (PORTB.F1) { 

          //In time set mode 

} 

else { 

                   //Brightness adjust mode 

   //ADC commands while loop 

//loop break because of SW0 click 

if (~PORTB.F1) { 

                         //INC button was clicked. In NTP SYNC mode 

} 

Else { 

//Exit and go back to sleep mode} 

} 

Configure normal operations 

Return to normal mode 

} 
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Figure 47 PIC Firmware Flowchart 
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3 Components and Electrical Specifications 

3.1 Bill of Materials 

Component Value Quantity Total Cost (Rs) 

PIC16F887 ~I/P DIP-40 1 299 

HW111 DS1307 - 1 49 

MAX7219CNG DIP-28 1 90 

7 Segment 

Display 

0.56 Inch 

0.8 Inch 

2 Each 30 

IC Holders 24 pin Wide 

28 pin Narrow 

40 pin 

1 

5 

1 

30 

ESP-01 - 1 150 

BSS138 Bi-

Directional level 

converter 

- 1 41 

AMS1117  1 35 

Resistor 4.7k 

10k 

57k 

3 

4 

1 

20 

Capacitor 10uF Electrolytic 

0.1uF Ceramic 

2 

1 

8 

General Purpose 

PCB 

6 * 4 Inch  40 

Rotary POT 10k  10 

Square Switch - 2 15 

Single Strand 2m 1 15 

PCB Connector 2 Terminal 1 10 

JST Connector 4 Wire 2 20 

 

3.2 MAX7219 and 7 Segment Display 

3.2.1 7 Segment Display Absolute Ratings 

 

Figure 48 7 Segment Display Absolute Maximum Ratings 
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3.2.2 MAX7219 Electrical Characteristics, RSET and Power Dissipation Calculation 

 

 

 

Figure 49 MAX7219 Electrical Specification 

 

Current through each segment is 100 times more than the current in ISET. MAX7219 maximum 

segment current is 40mA. 

 

Figure 50 RSET vs Segment Current and LED forward Voltage 
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Consider 4 digits of HDSP-H103 is used. With maximum segment current at 15mA and forward voltage 

of 1.8V, appropriate RSET value according to the table is from 50kΩ – 66.7kΩ. Supply voltage is 5V 

so resistor capable of handling 0.032W power is required. 

 

Power Dissipation of MAX7219 can be calculated using the following equation 

PD = (V+ x 8mA) + (V+ - VLED)(DUTY x ISEG x N) 

where: 

V+ = supply voltage 

DUTY = duty cycle set by intensity register 

N = number of segments driven (worst case is 8) 

VLED = LED forward voltage 

ISEG = segment current set by RSET 

 

Consider V+ as 5V, DUTY cycle is set to maximum (31/32), number of digits are 4, VLED is 1.8V 

and isegment current is 10mA.  

Total Power Dissipation will be PD = (5 x 8mA)+(5-1.8)(31/32 x 10mA x 8) = 0.248W. 

 

3.3 A/D Acquisition Time 
 

As given in the PIC16F887 datasheet, Acquisition time is given as   

 

Here it is considered that the maximum source impedance is 10kΩ. 
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Figure 51 PIC16F887 Analog Input Model 

 

 

3.4 DS1307 RTC  

3.4.1 Electrical Specifications of DS1307 

 

Figure 52 DS1307 recommended operating conditions 

 

Figure 53 DS1307 DC electrical characteristics (on supply) 
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Figure 54 DS1307 DC electrical characteristics (on battery) 

 

 

Figure 55 DS1307 AC characteristics 

 

Figure 56 DS1307 Pin capacitance 
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The DS1307 uses an external 32.768kHz crystal. The oscillator circuit does not require any external 

resistors or capacitors to operate. 

 

Figure 57 DS1307 Crystal Specifications 

 

3.4.2 I2C pull-up resistor calculation 

The value of the pullup resistor is an important design consideration for I2C systems as an incorrect 

value can lead to signal loss. A low value resistor (strong pull-up) can prevent the microcontroller or 

the IC from pulling down the line at the appropriate time. On the other hand a high value resistor (weak 

pull-up) can prevent the line from going high within the stipulated amount of time. 

According to the Texas Instruments I2C specifications, the pull-up resistor minimum value Rp(min) is 

given as   

Rp(min) = (Vcc – VOL(max))/IOL  

Calculating the Rp(min) considering the maximum current sink by PIC16F887 is about 25mA 

while DS1307 I2C pin is at 5mA with VOL = 0.4V, Rp(min) = (5 – 0.4)/5mA = 920Ω to 1kΩ 

approximate.  

Pull up resistor maximum value Rp(max) is given as 

 Rp(max) = trise/(Ln((Vcc - VIL)/(Vcc - VIH)) x Cbus) 

Considering the Bus Capacitance is 400pF, VIH PIC16F887 = 2V and VIH DS1307 = 2.2V and VIL PIC16F887 = 

0.8V and VIL DS1307 = 0.8V, the Rp(max) is given as Rp(max) = 1000ns/(Ln((5 – 0.8)/(5 – 2.2)) x 400pF) 

= 6.165kΩ. Minimum power dissipation considering 50% duty cycle is therefore given as  

 PRPULL dissipate = 0.5 x V2/R = 0.5 x 52/4.7 = 2.65mW with total dissipation on both lines together 

is 5.3mW. A nominal 4.7kΩ 1/8 Watt resistor can therefore be considered. 

 HW111 DS1307 module uses 3.3kΩ pull-up resistors. So, power dissipation will be 0.5 x 52/3.3 

= 3.78mW and total dissipation on both lines will be 7.56mW. 

3.5 Using 3.3V regulator for powering ESP8266-01 
Unlike other components in the project which can work on 5V, ESP-01 is 3.3V tolerant. Therefore, 

for powering this Wi-Fi MCU a regulator with at least 500mA current output capability is needed. 

AMS1117 is used for regulating 5V to 3.3V and powering the ESP-01. 

 
Figure 58 AMS1117-3.3V Schematic 
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AMS1117 has a Quiescent Current of 11mA maximum. The dissipation of power as heat is given as 

(5-3.3) * 300mA = 0.51W while power consumption of ESP-01 is given as 3.3 * 300mA = 0.99W. 

AMS1117 General Specification  

Output Type Fixed 

Polarity Positive 

Input Voltage Range 1.8V- 15V DC 

Output Voltage(V) 3.3 

Max. Output Current (A) 1 

 

3.6 Power Specification of Entire Project 
 

A USB power source (5V) is used to power the entire project.  Total current consumption of the entire 

project can be calculated by considering the current consumption of individual components which is 

given in the table below. 

Values below are taken from the Datasheet of the respective components. 

Component Name Current Consumption 

PIC16F887 HFINTOSC 4Mhz: 1.6mA 

SLEEP LED Current Source: 0.5mA 

SW0 and SW1 Weak Pull up: 0.8mA 

ADC (Not always on): 1mA during initial 

acquisition. 

0.05mA during A/D Conversion cycle 

I2C lines can consume current up to 1.5mA. 

SPI lines have consumption of about 1µA for 

DIN, CLK, LOAD 

It can be therefore considered that maximum 

current consumption in worst case will be 10mA 

(Assumed) for PIC16F887. 

DS1307 Max current consumption is not more than 

2mA. SQOut pin is pulled up by 3.3kΩ with 

max current consumption of 1.5mA. 

MAX7219 Maximum supply current consumption is 50mA 

(according to the 0.248W dissipation calculated 

in Page 33) (4 digits and all segments turned on) 

ESP-01 Average Operating Current is 80mA but may 

peak up to 300mA during Wi-Fi operations. 

AMS1117 Quiescent current: 11mA maximum 

 

Maximum current can therefore be not more than 500mA. A typical USB source with 500mA current 

output can be used. However, it is recommended to use a source with about 800mA current handling 

capacity as ESP8266 tends to spike up in current consumption while performing Wi-Fi operations.
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