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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
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Figure 2 Block Diagram of Internet Clock

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

shown in figure 3.
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Figure 3 Overall Simulation on Proteus
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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 S8MHz 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 12C 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.

\ PC<12:0> |
CALL, RETURN 13
RETFIE, RETLW
Stack Level 1
Stack Level 2
.
.
-
Stack Level 8
Reset Vector 0000h
.
. g E—
. I
Interrupt Vector 0004h
( 0005h
Page 0
07FFh
P : 0800h
. age
On-Chip ¢ OFFFh
Program < 1000h
Memory
Page 2
17FFh
1800h
Page 3
\ 1FFFh
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 & RPO bits in STATUS register <03h> is used.
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File
Address
100h
101h
102h
103h
104h
105h
106h
107h
108h
109h
10Ah
10Bh
10Ch
10Dh
10Eh
10Fh
110h
111h
112h
113h
114h
115h
116h
17h
118h
119h
1Ah
1EBh
11Ch
110h
MER
11Fh
120h

16Fh
170h
17Fh

File File
Address Address
indirect addr. '] 0oh [ Indirect agdr. | 8oh | Indirect addr.
TMRO 01h | OPTION_REG | 81h TMRO
PCL 02h PCL 82h PCL
STATUS 03h STATUS 83h STATUS
FSR 04h FSR 84h FSR
PORTA 05h TRISA 85h WDTCON
PORTB 06h TRISB 86h PORTE
PORTC 07h TRISC 87h CM1COND
PORTDW! 08h TRISD® 88h CM2COND
PORTE 09h TRISE 80h CM2CON1
PCLATH 0Oah PCLATH BAR PCLATH
INTCON 0Bh INTCOMN 8Bh INTCON
PIR1 0Ch PIE1 8Ch EEDAT
PIR2 0Dh PIE2 8Dh EEADR
TMR1L OEh PCON BEh EEDATH
TMR1TH OFh OSCCON 8Fh EEADRH
TICON 10h OSCTUNE 30h
TMR2 11h SSPCON2 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD a3h
SSPCON 14h SSPSTAT 94h
CCPRIL 15h WPUB 95h
CCPRIH 16h I0CB 96h General
GCP1CON 17h VRGON 97h Purpose
Registers
RCSTA 18h THSTA 98h
TXREG 18h SPBRG 9%h 16 Bytes
RCREG 1Ah SPBRGH 9Ah
CCPR2L 1Bh PWM1CON 9Bh
CCPR2H 1Ch ECCPAS ach
CCP2CON 1Dh PSTRCOM 90h
ADRESH 1Eh ADRESL 9ER
ADCONO 1Fh ADCOM1 9Fh
20h General Adh
aFh Purpose Eeneral
General Registers urpose
Purpaose 40h Registers
Reqgisters 80 Bytes 80 Bytes
96 Bytes EFh EFh
Toh accesses FOh ACCesSses
7Eh 70h-7Fh FFh 70n-7Fh
Bank 0 Bank 1 Bank 2
Figure 5 Special Function Registers

Indirect addr, "

OPTION_REG

PCL

STATUS
FSR

SRCON

TRISE

BAUDCTL

ANSEL

AMNSELH
PCLATH

INTCON

EECON1

EECON2(T)

Reserved

Reserved

General
Purpose
Registers

16 Bytes

General
Purpose
Registers

80 Bytes

ACCESSEes
TOh-TFh

Bank 3

File
Address
180h
181h
182h
183h
1B4h
185h
1B6h
187h
188h
189h
18Ah
18Bh
1BCh
18Dh
18Eh
18Fh
180h
191h
192h
193h
184h
195h
196h
187h
198h
199h
198h
19Bh
18Ch
180h
19Eh
19Fh
1ADh

1EFh
1FOh
1FFh

2.1.2 10 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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40-pin PDIP
RE3MCLR/VPP ——[]1 N 40 ] = RB7/IGSPDAT
RAO/ANO/ULPWU/CA2INO- =— [ 2 39 [] =—— RB6/ICSPCLK
RAT/AN1/G12INT- ~—=[13 38[] ~— RBS/AN13TIG
RA2/AN2/VREF-/CVREF/C2IN+ +—= [ 4 37[] «—— RB4/ANT1
RAB/ANS/VREF+/C1IN+ ~— [ 5 36 ] == RB3/ANY/PGM/C12IN2-
RA4/TOCKI/C1OUT ~——[|6 351~ RB2/ANS
RA5/AN4/SS/C20UT ———[]7 34 [] =< RB1/AN10/C12IN3-
REO/AN5 ~—— [ 8 ~ 33 ]~ RBO/AN12INT
RE1/ANG ~— g 8 32[]«—— VoD
RE2/AN7 «—[]10 3 31[] «—— Vss
VoD ——[] 14 2 3000 RD7/P1D
Vss — .12 z 297 «— RDB/P1C
RA7/OSC1/CLKIN ~—»[] 13 £ 28] RD5/P18
RA6/0SC2/CLKOUT . [ 14 27[] <~ RD4
RCOT10SO/TICKI ~——[] 15 26 [] ~— RC7/RX/DT
RC1/T1OSICCP2 -~ =[] 1g 25 ] ~— RCH/TX/CK
RC2/P1A/CCP1 ~—= [ 17 247« RC5/SDO
RC3/SCK/SCL ~—~[]18 23]~ RC4/SDISDA
RDO «—~[]1g 22[]«—~ RD3
RD1 «——[J20 21 [] ~— RD2
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 CONFIG?2 registers.

—_ DEBUG LVP FCMEN IESO BOREN1

BOREND

bit 15

bit &

CPD

CP MCLRE PWRTE WOTE FOsCz FOSC1

FOSCO

bit 7

bit 0

bit 15-14
bit 13

bit 12

bit 11

bit 10

bit 3-8

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

Unimplemented: Read as '1"
DEBUG: In-Gircuit Debugger Maode bit

n-Circuit Debugger disabled, RBE/ICSPCLK and RB7/ICSPDAT are general purpose /O pins
0 = In-Circuit Debugger enabled, RBE6/ICSPCLK and RB7/ICSPDAT are dedicated to the debugger

LVP: Low Voltage Programming Enable bit
1= RB3/PGM pin has PGM function, low voltage programming enabled
0 = RB3 pin is digital IO, HV on MCLR must be used for programming

FCMEN: Fail-Safe Clock Monitor Enabled bit
1 = Fail-Sate Glock Monitor is enabled
0 = Fail-Sate Glock Monitor is disabled

IESO: Internal External Switchover bit
1 = Internal/External Switchover mode is enabled
0 = Internal/External Switchover mode is disabled

BOREN<1:0=: Brown-out Reset Selaction bits!!)

11 = BOR enabled

10 = BOR enabled during operation and disabled in Sleep
01 = BOR controlled by SBOREN bit of the PCON register
00 = BOR disabled

CPD: Data Code Protection biti2)
1 = Data memory code protection is disabled
0 = Data memory code protection is enabled

CP: Code Protection bit®
1 = Program memory code protection is disabled
0 = Program memory code protection is enabled

MCLRE: RE3/MCLR pin function select bit
1 = RE3/MCLR pin function is MCLR
0 = RE3/MCLR pin function is digital input, MCLR internally tied to VoD

PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

WDTE: Watchdog Timer Enable bit
1 = WOT enabled
0 =WDT disabled and can be enabled by SWDTEN bit of the WOTCON register

FOSC<2:0=>: Oscillator Selection bits

111 = RC oscillator: CLKOUT function on RAG/QSC2/CLKOUT pin. RC on RAT/OSC1/CLKIN

RCIO ascillator: /O function on RABOSCZ/CLKOUT pin, RC on RAT/OSC1/CLKIN

TOSC oscillator: CLKOUT function on RAG/OSC2/CLKOUT pin, 1O function on RA7/OSC1/CLKIN
INTOSCIO oscillator: /0 function on RAG/OSC2/CLKOUT pin, KO function on RAT/OSC1/CLKIN
EC: O function on RAG/OSC2/CLKOUT pin, CLKIN on RA7/OSC1/CLKIN

010 = HS oscillator: High-speed crystal'resonator on RAG/OSC2/CLKOUT and RAT/OSC1/CLKIN

001 = XT oscillator: Crystaliresonator an RAG/OSC2/CLKOUT and RAT/OSC1/CLKIN

00w = LP oscillator: Low-power crystal on RAG/OSC2/CLKOUT and RAT/OSC1/CLKIN

Figure 7 Configuration Register 1
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Figure 8 Configuration Register 2

— —_ — —_ — WRT1 WRTO BOR4V
bit 15 bit 8
bit 7 bit 0
bit 15-11 Unimplemented: Read as ‘1’
bit 10-9 WRT<1:0=: Flash Program Memory Self Write Enable bits

PIC16F883/PIC16F884

00 = 0000h to 07FFh write protected, 0800h to OFFFh may be modified by EECON control

01 = 0000h to 03FFh write protected, 0400h to OFFFh may be modified by EECON control

10 = 0000h to 00FFh write protected, 0100h to O0FFFh may be modified by EECON control

11 = Write protection off

PIC16F886/PIC16F887

00 = 0000h to OFFFh write protected, 1000h to 1FFFh may be modified by EECON control

01 = 0000h to 07FFh write protected, 0800h to 1FFFh may be modified by EECON control

10 = 0000h to 00FFh write protected, 0100h to 1FFFh may be modified by EECON control

11 = Write protection off

PIC16F882

00 = 0000h to 03FFh write protected, 0400h 1o 07FFh may be modified by EECON control

01 = 0000h to 00FFh write protected, 0100h 1o 07FFh may be modified by EECON control

11 = Write protection off
bit 8 BOR4V: Brown-out Reset Selection bit

0 = Brown-out Reset setfo 2.1V

1 = Brown-out Reset set to 4.0V
bit 7-0 Unimplemented: Read as ‘1’

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 /00 which is INTOSCIO mode so that 1/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.

U-0 R/W-1 R/W-1 R/W-0 R-1 R-0 R-0 R/W-0
— | mrer2 | IRcF1 [ IRcrFo [ osTs™ [ HTS [ LTs | scs
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits
111 =8 MHz
110 =4 MHz (default)
101 =2MHz
100 =1 MHz
011 =500 kHz
010 = 250 kHz
001 =125 kHz
000 =31 kHz (LFINTOSC)
bit 3 OSTS: Oscillator Start-up Time-out Status bit"
1 = Device is running from the external clock defined by FOSC<2:0> of the CONFIG1 register
0 = Device is running from the internal oscillator (HFINTOSC or LFINTOSC)
bit 2 HTS: HFINTOSC Status bit (High Frequency — 8 MHz to 125 kHz)
1 = HFINTOSC is stable
0 = HFINTOSC is not stable
bit 1 LTS: LFINTOSC Stable bit (Low Frequency — 31 kHz)
1= LFINTOSC is stable
0 = LFINTOSC is not stable
bit 0 SCS: System Clock Select bit
1 = Internal oscillator is used for system clock
0 = Clock source defined by FOSC<2:0> of the CONFIG1 register
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
1kQ or greater should be used. Internal MCLR option can be enabled by clearing the MCLRE bit in the
CONFIGT1 register. In the project MCLRE is set so RA3/MCLR pin becomes external reset with weak
pull-up to VDD.

Address Name Value Field Option Category Setting
2007 CONFIGl 2FF: . - - =

4 FOSC  INTRC _NOCLKOUT Qscillator Selection bits illator: I/0 function on RA6/0SC2/CLKOUT pi

WDIE  OFF Watchdog Timer Enable bit WDT disabled and can be enabled by SWDIEN bit of the

1 PWRIE OFF Power-up Timer Enable bit PWRT disabled

1 MCLRE ON RE3/MCLR pin function select bit RE3/MCLR pin function is MCLR

1 cP OFF Code Protection bit Program memory code protection is disabled

1 CPD OFF Data Code Protection bit Data memory code protection is disabled

3 BOREN ON Brown Out Reset Selection bits BOR enabled

1 IESO ON Internal External Switchover bit Internal/External Switchover mode is enabled

1 FCMEN ON Fail-Safe Clock Monitor Enabled bit Fail-Safe Clock Monitor is enabled

LVE OFF Low Voltage Programming Enable bit RB3 pin has digital I/0, HV on MCLR must be used for programming
2008 CONFIG2 3FFF - - - -

1 BOR4V  BOR4OV Brown-out Reset Selection bit Brown-out Reset set to 4.0V

3 WRT TOFF "Flash Program Memory Self Write Enable bits |Write protection off

Figure 10 Configuration Bits generated using MPLAB X

Jce
T R4 U3
1 resmcTRveR RCOMIOSOMICK] %
7R ) RCITIOSICCRS [—E
| RAVANDULPWLICI2NG RCZPIAICCRY L
S| RAVANUCIINT- RCasCi/sCL (18
——| RAZANVREF-/CVREFIC2NY  RCH/SDISDA (22
] RA/ANAVREFHCINT RCE/S00 =2
£ RearmockiC1oUT RCSTUCK (22
L RagiaNa/sSIC20UT RCTRX/DT =&
14 pasioscacLkoUT
12 1 RaziosCCLKIN DO =2
20
33 el T
o e RO 2L
S REVANIIIC 2N RD: ==
e RB2/ANS RD4 5
22 REIANIPEICT2IN2- ROSPE |2
L Reyani1 RDB/PIC (22
L resiataTTe ROT/PID 2L
38 rpancspoLk
0] Re7/1CSPDAT REQ/NS [—S—
RE1/ANG 0
RE2(aN7 |2
FICTorasT
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.

TOP VIEW .
om [1] 124 pout
Digo [2] 23] sEGD
DiG4 [3] 122] sEG DP
ohD [ 4] 21] secE
DiG6 [5] MAX7219 120] sEG G
niG2 [6] 1] v+
oiG3 [7] 18] 1sET
oiG7 [8] 17 sEG G
Gho [ 9] 16] SEG B
pig 5 [19] 5] sec F
oiG 1 [11] 14] SEG A
LoAD (€8) [12] 3] cux
() MAXT221 ONLY DIPISO
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 S00Hz till 1300Hz.

PIN NAME FUNCTION
1 DIN Serial-Data Input. Data is loaded into the internal 16-bit shift register on CLK's rising edge.

Eight-digit drive lines that sink current from the display common cathode. The MAX7219 pulls

2’136 51;5 DIG 0-DIG T the digit outputs to V+ when turned off. The MAX7221's digit drivers are high-impedance when
! turned off.
4,9 GND Ground. Both GND pins must be connected.
LOAD Load-Data Input. The last 16 bits of serial data are latched on LOAD's rising edge
- (MAX7219) put. g edge-
cs Chip-Select Input. Serial data is loaded into the shift register while CS is low. The last 16 bits of

(MAX7221) serial data are latched on CS's rising edge

Serial-Clock Input. 10MHz maximum rate. On CLK’s rising edge, data is shifted into the internal
13 CLK shift register. On CLK's falling edge, data is clocked out of DOUT. On the MAX7221, the CLK
input is active only while CS is low.

Seven Segment Drives and Decimal Point Drive that source current to the display. On the

1417 SEGA-SEG G, MAXT7218, when a segment driver is turned off it is pulled to GND. The MAX7221 segment

20-23 DP

drivers are high-impedance when turned off.

Connect to Vpp through a resistor (RggeT) to set the peak segment current (Refer to Selecting
18 ISET

RseTt Resistor and Using External Drivers section).
19 V+ Positive Supply Voltage. Connect to +5V.
24 DOUT Serial-Data Output. The data into DIN is valid at DOUT 16.5 clock cycles later. This pin is used

to daisy-chain several MAX7219/MAX7221's and is never high-impedance

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 16" rising CLK
edge but before the 17" rising CLK edge.
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D15 [ D14 | D13 [ D12 [ D11 [ D10 | Do [ b8 [ b7 [ b6 [ b5 [ pa [ D3 [ D2 | D1 | DO
x | x| x| x ADDRESS MSB DATA LSB

Figure 14 Serial-Data Format MAX7219

ADDRESS HEX
REGISTER | D15- D11 | D10 | D9 | Dg | CODE
D12
No-Op X 0 0 0 0 | 0xx0
Digit 0 0 0 0 1 DxX1
Digit 1 X 0 0 1 0 | oxx2
Digit 2 X 0 0 1 1 DxX3
Digit 3 X 0 1 0 0 | Oxx4
Digit 4 X 0 1 0 1 DxX5
Digit 5 X 0 1 1 0 | 0xX6
Digit 6 X 0 1 1 1 DxX7
Digit 7 X 1 0 0 0 | 0xx8
Eﬂz';‘;de X 1 0 0 1 | oxxo
Intensity X 1 0 1 0 | OxXA
Scan Limit X 1 0 1 1 0xXB
Shutdown X 1 1 0 0 | 0xxXC
?eiz‘:'a” X 1 1 1 1 | oxxF
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 0xOF. 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 — DO0) and D7 is used for setting the Decimal Point. If no decode format is selected, data bits D7 —
DO corresponds to the segment lines.
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REGISTER DATA HEX
DECODE MODE

D7 D6 D5 D4 D3 D2 D1 DO CODE
No decode for digits 7-0 0 0 0 0 0 0 0 0 0x00
Code B decode for digit 0
No decode for digits 7-1 0 0 0 0 0 0 0 ! 0x01
Code B decode for digits 3-0
No decode for digits 7—4 0 0 0 0 ! ! 1 ! Ox0F
Code B decode for digits 7-0 1 1 1 1 1 1 1 1 OxFF

Figure 16 Decode-Mode Register Example MAX7219

7.SEGMENT REGISTER DATA ON SEGMENTS = 1

CHARACTER | p7* | D6-D4 | D3 | D2 | D1 | Do | DP* | A B c D E F G

0 X 0 0 0 0 1 1 1 1 1 1 0

1 X 0 0 0 1 0 1 1 0 ) 0 0

2 X 0 0 1 0 1 1 0 1 1 0 1

3 X 0 0 1 1 1 1 1 1 ) 0 1

4 X 0 1 0 0 0 1 1 0 ) 1 1

5 X 0 1 0 1 1 0 1 1 ) 1 1

6 X 0 1 1 0 1 0 1 1 1 1 1

7 X 0 1 1 1 1 1 1 0 ) 0 0

8 X 1 0 0 0 1 1 1 1 1 1 1

] X 1 0 0 1 1 1 1 1 0 1 1

X 1 0 1 0 0 0 0 0 ) 0 1

E X 1 0 1 1 1 0 0 1 1 1 1

H X 1 1 0 0 0 1 1 0 1 1 1

L X 1 1 0 1 0 0 0 1 1 1 0

P X 1 1 1 0 1 1 0 0 1 1 1

blank X 1 1 1 1 0 0 0 0 ) 0 0

*The decimal point is sef by bit D7 = 1

Figure 17 Code B Format MAX7219

Shutdown Register <0x0C> is used to set the driver in Shutdown more or Normal Operation Mode.
Setting the DO 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 150pA. It takes 250uS 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 9.53kQ 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) — 0xOF (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 10uF 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) — RDO

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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RAN-0 RAN-O R-0 B-0 R-0 R-0 R-0 R-0
SMP CHKE DA P 5 RAN A BF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemsented bit, read as ‘0"
-n = Walue at POR 1" = Bit i5 =&t 'V = Bit is cleared % = Bit i unknown
bat 7 SMP: Sample bit

SP1 Master mode:
1 = Imput data sampled at end of data owtput time
0 = Input data sampled at middle of data cutput time
5P| Slave mode:
SMP must be cleared when 5P| is used in Slave mode
2 -
1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for high speed mode (400 kHz)
bit 6 CKE: 5P| Clock Edge Select bit
CKP = 0:
1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
CKP=1:
1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK
bit 5 DVA: Data/Address bit {IFC mode only}
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bat 4 P: Stop bit
{EC mode only. This bit is cleared when the MSSP module is disabled, SSPEM is cleared )
1 = Indicates that a Stop bit has been detected last (this bit is ‘0" on Reset)
0 = Siop bit was not detected |ast
bit 3 S: Start bit
{FC mode only. This bit is cleared when the MSSP module is disabled, SSPEM is clearsd.)
1 = Indicates that a Start bit has been detected last (this bit is "0 on Reset)
0 = Start bit was not detected last
bit 2 RW: Read/Write bit information (12C mode only)
This bit holds the RAW bit information following the last address match. This bit is only valid from the address match to
the next Start bit, Stop bit, or not ACK bit.
In IFC Slave mode:
1= Read
0= Wrie
In 12C Master mode:
1= Transmit is in progress
0 = Tranemit iz not in progress
OR-ing this bit with SEM, RSEN, PEMN, RCEM. or ACKEM will indicate if the MSSP is in |dle mode.
bat 1 UA: Update Address bit (10-bit IZC moda only)
1 = Indicates that the user needs fo update the address in the S5PADD register
0 = Address does not need to be updated

bit 0 BF: Buiffer Full Status bit

Receive (SPI and EC modes):

1 = Receive complete, SSPBUF is full

0 = Receive not complete, S5PBUF is empty

Transmit (I2C mode only};

1 = Data transmit in progress (does not include the ACK and Stop bits), SSPBUF is full
0 = Data transmit complete {does nat include the ACK and Stop bits), SSPBUF is empty

Figure 19 SSPSTAT SSP Status Register
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RAW-0 RA-0 RwW-0 RiwW-0 RW-0 RwW-0 AAN-0 RAW-0
WCOoL SEPOV SSPEN CKP S5PM3 S5PM2 S5PM1 SEPMO
bit 7 bit 0
Legend:
R = Readable bit W = Writable b U = Unimplemented bit. reed as 0"
-n = Value at POR ‘1" = Bit is sat ‘0 = Bit is clearad ® = Bit is unknown

bit 7 WCOL: Write Collizion Detect bit

1= A write to the SSPBUF register was attempted while the 12C conditions were not valid for a fransmission to be staried
o= Mo collision
Slave mode:
1= The S5PBUF register is written while it is still transmitting the previous word (must be cleared in softwars)
= Mo collision
bit 6 SSPOV: Receive Overllow Indicator bit

In 5Pl made:
1= A newbyteis received whike the SSPBUF register is stil holding the previous data. In case of overfiow, the data in SSPSR

is loat. Overlow can only ccowr in Slave mode. In Slave mode, the user must read the SSPBUF, even if only transmitting
deta. to evoid setting overfiow. In Master mode, the overflow bit is not set since each new recaption (and ransmission) is
inftiatad by writing to the SSPBLF register (must be cleared in software).

o = Mo overllow

In I°C mode:

1= A byte is received while the SSPBUF register ia still halding the previous byte. S5POV is a “don't cara” in Tranamit
mode (must be clearad in softwars).

= Mo overlow

bit 5 SSPEN: Synchronous Serial Port Enable bit
In both modes, when enabled, these pins must be properdy configured as input or output

1= EHBE s carial port and configures SCK. 500, SO1 and 55 & the source of the sarial port ping
= Dizsables serial port and configures these pins as VO port pins

In °C mode:
1= Ena the sadal poet and configures the S0A and SCL pins as the source of the serigl part pins
0= [Hsables serial port and configures these pins as VO port pins

bit 4 CHKP: Clock Polarty Select bit

1 = ldle state for clock is & high level
i = |dle state for clock is & bow level

SCK relesss contral
1 = Enable clock

i+ = Holds clock low (chock stretch). (Used to ensure data setup tima.)
In FC Mastar mode:
Unused in this modse
bit 3-0 S5PM<3i=: Synchronous Serial Port Mode Select bits
pood = 5Pl Master mode, clock = Foscid
001 = 5Pl Master mode, clock = Fosc1e
010 = 5Pl Master mode, clock = Fosc/d
011 = 5Pl Master mode, cdock = TMR2 output’2
100 = 3P| Slave mode, clock = SCK pin, 55 pin control enabled
101 = 5P| Slave mode, clock = SCK pin, 55 pin control disabled, 55 can be used as WD pin
r116 = EC Slave mode, 7-bit address
111 = FC Slave mode, 10-bit address
1000 = PG Master made, clock = Fosc /(4 * (SSPADD+1))
1001 = Load Mask function
1010 = Reserved
1011 = FC firmware controlled Master mode {Slave idla)
1100 = Reserved
1101 = Reserved
1116 = IEC Slave mode, 7-bit address with Start and Stop bit interupts enabled
1111 = I2C Slave mode, 10-bit address with Start and Stop bit internepts enabled

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 OV. 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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SSPBUF l

SCK
(CKP =0
CKE = 0)
SCK
B L LTl
- 4 Clock
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(CKP =0
CKE = 1)
SCK 4‘—‘ ’—‘ m H H H I—‘ ’—‘ ’>
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CKE = 1) |
SDO oit7 X bite X bits > bita X bita ) bit2 X bit 1,3 bit0
(CKE = 0)
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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 'l1'in MAX7219

void main()

{
TRISC.F5 =0, //SDO
TRISC.F3 =0, //SCK
TRISA.F5 = 0; //Configured as LOAD pin
SSPCON = SSPCON | 0x22;
SSPSTAT = SSPSTAT | 0xCO;
tx_max(0x09, OxFF); //decoding
tx_max(0x0A4,0x0F); //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 ADCONO is used to select the pin for reading the
ADC value. To enable the ADC peripheral ADCON bit in ADCONO 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.

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

R/W-0

ADCS1 | ADCS0 | CHs3 | cHs2 | CHSi | CHS0O | GO/DONE |

ADON

bit 7

bit 0

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0"
‘0" = Bit is cleared

x = Bit is unknown

bit 7-6 ADCS<1:0=: A/D Conversion Clock Select bits

oo = Fosc/2

01 = Fosc/8

10 = Fosci32

11 = FRC (clock derived from a dedicated internal oscillator = 500 kHz max)
bit 5-2 CHS<3:0>: Analog Channel Select bits

0000 = ANO

0001 = AN1

0010 = AN2

0011 = AN3

0100 = AN4

0101 = ANS

0110 = ANB

0111 = AN7

1000 = AN8

1001 = AN9

1010 = AN10

1011 = AN11

1100 = AN12

1101 = AN13

1110 = CVREF

1111 = Fixed Ref (0.6 volt fixed reference)

bit 1 GO/DONE: A/D Conversion Status bit

0 = A/D conversion completed/not in progress
bit 0 ADON: ADC Enable bit

1 = ADC Is enabled
0 = ADC is disabled and consumes no operating current

Figure 22 ADCONO Register

1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.

GO/DONE bit in ADCONOQO is polled to wait for the conversion to finish. POT is connected to RAO/ANO
pin. The default channel selected on reset is ANO. 10K POT is connected in voltage divider

configuration with a 10kQ resistor.
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With Vin =5V, POT of 10kQ is used,
veo 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
RV1 U1 . . _
. _ — Justification (ADFM = 0 on Reset.
® RESACLRIVPP ReuTHoSOTICK) [~ X X
/ 2 2
2 RADANC/ULPVWLYC1 2INO- RC2/PIACCPT L Deﬁned ln ADCONI regISter)'
o) i— RATANCI2INA- RCA/SCK/SCL %
= RAZAN2/VREF-JCVREFIC2IN+  RCA/SDI/SDA +L
10e | RAANIIVREF+/CTINe RCs/S00 (22
N 7— RAATOCKIIC10UT RCBMTHACK _Qé
—] RASIAN: 20UT RCTRADT
— %— RAB/OSCHCLKOUT 9
T L Raz0SCI/CLKIN ROO =
ROt -2
L rpuanizinT R 2L
L REVANIOCTZING- RD: =22
L revans ros L
S REANSPEMIC12IN2- ROSP1E |22
S rewain ROBR1C [—2
S ReFANIHTTS RO7PID =22
22 REB/CSPCLK .
20 RE7/ICSPDAT REVANS [

RE1/ANS
REZ/ANT

=

PIC1BF&87

PIC16F887 will calculate the voltage at ANO and accordingly send the brightness adjustment
commands to MAX7219. As ADC is 10 bit, 2!°= 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

s SPI Debug - Monitor mode - $ISPI DEBUGGER#0004
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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.

xid ~ POve

X2 [] sQwW/ouUT
Vear ] [] SCL
GND[] ] SDA

PDIP (300 mils)
Figure 24 DS1307 pinout

FUNCTION

Connections for Standard 32.768kHz Quartz Crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specified load capacitance (C.) of 12.5pF.
X1 is the input to the oscillator and can optionally be connected to an external 32.768kHz
oscillator. The output of the internal oscillator, X2, is floated if an external oscillator is
connected to X1.

Note: For more information on crystal selection and crystal layout considerations, refer to
Application Note 58: Crystal Considerations with Dallas Real-Time Clocks.

Backup Supply Input for Any Standard 3V Lithium Cell or Other Energy Source. Battery
voltage must be held between the minimum and maximum limits for proper operation.
Diodes in series between the battery and the Vgar pin may prevent proper operation. If a
backup supply is not required, Vear must be grounded. The nominal power-fail trip point
(Vrr) voltage at which access to the RTC and user RAM is denied is set by the internal
circuitry as 1.25 x Vgat nominal. A lithium battery with 48mAh or greater will back up the
DS1307 for more than 10 years in the absence of power at +25°C.

UL recognized to ensure against reverse charging current when used with a lithium
battery. Go to: www.maxim-ic.com/ga/info/ul/.

Ground

Serial Data Input/Output. SDA is the data input/output for the I°C serial interface. The
SDA pin is open drain and requires an external pullup resistor. The pullup voltage can be
up to 5.5V regardless of the voltage on Vgc.

Serial Clock Input. SCL is the clock input for the 1°C interface and is used to synchronize
data movement on the serial interface. The pullup voltage can be up to 5.5V regardless of
the voltage on Vee.

Square Wave/Output Driver. When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square-wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT
pin is open drain and requires an external pullup resistor. SQW/OUT operates with either
Vg or Va7 applied. The pullup voltage can be up to 5.5V regardless of the voltage on
V. If not used, this pin can be left floating.

PIN NAME
1 X1
2 X2
3 Vaar
4 GND
5 SDA
6 SCL
7 sSQw/ouT
8 Vee

Primary Power Supply. When voltage is applied within normal limits, the device is fully
accessible and data can be written and read. When a backup supply is connected to the
device and V¢ is below Vrp, read and writes are inhibited. However, the timekeeping
function continues unaffected by the lower input voltage.

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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ADDRESS | BIT7 | BIT6 | BIT5 | BIT4 | BIT3 [ BIT2 [ BIT1 | BITO | FUNCTION | RANGE
00h CH 10 Seconds Seconds Seconds 00-59
01h 0 10 Minutes Minutes Minutes 00-59

10
12 1-12
02h 0 Hour 1 10 Hours Hours | +AM/PM
o4 PM/ Hour 00-23
AM
03h 0 0 0 0 0 | DAY Day 01-07
04h 0 0 10 Date Date Date 01-31
10
05h 0 Month Month Month 01-12
06h 10 Year Year Year 00-99
07h OUT] 0 | 0 [SGWE| 0 | 0 | RST | RSO Control —
RAM
08h—3Fh 56 x 8 00h—FFh
0 = Always reads back as 0.
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.

CONTROL REGISTER
The DS1307 control register is used to control the operation of the SQW/OUT pin.

BIT 7 BIT 6 BIT 5
ouT 0 0

BIT 4 BIT 3 BIT 2
SQWE 0 0

BIT 1
RS1

BITO
RS0

Bit 7: Output Control (OUT). This bit controls the output level of the SQW/OUT pin when the square-wave output
is disabled. If SQWE = 0, the logic level on the SQW/OUT pin is 1 if OUT = 1 and is 0 if OUT = 0. On initial
application of power to the device, this bit is typically set to a 0.

Bit 4: Square-Wave Enable (SQWE). This bit, when set to logic 1, enables the oscillator output. The frequency of
the square-wave output depends upon the value of the RS0 and RS1 bits. With the square-wave output set to 1Hz,
the clock registers update on the falling edge of the square wave. On initial application of power to the device, this
bit is typically set to a 0.

Bits 1 and 0: Rate Select (RS[1:0]). These bits control the frequency of the square-wave output when the square-
wave output has been enabled. The following table lists the square-wave frequencies that can be selected with the
RS bits. On initial application of power to the device, these bits are typically setto a 1.

RS1 RS0 SQW/OUT OUTPUT SQWE ouTt
0 0 1Hz 1 X
0 1 4.096kHz 1 X
1 0 8.192kHz 1 X
1 1 32.768kHz 1 X
X X 0 0 0
X X 1 0 1

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 I12C protocol

PIC16F887 and RTC DS1307 communicates with each other using 12C protocol. The MSSP module in
PIC16F887 is used as 12C 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 TOCKI 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 I12C 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.

12C

X1

RYSTAL

st
i -

JP1 ¥
g
8 5] & & 4 25
81 8| soL samour |1 459 2
Ic1
OFGND. 5pa 5 3 BAT
SDA % WBAT = b Bl e a2 g_
“psiso] [].E 310K — a
Ic2 2l L i 12
soL (2 SCL

S04

3 onp DA
GND AT24CP

Figure 29 HW111 breakout board schematic (For DS1307)

PIC16F887 MSSP 12C master module is supported by interrupt generation. The following events will
cause SSP Interrupt Flag bit, SSPIF, to be set (SSP Interrupt if enabled):

e  Start condition
¢ Stop condition
¢ Data transfer byte transmitted/received
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e Acknowledge transmit
e 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.

<RW=

<Slave Address> <Word Address (n)> <Datafn)> <Data(n+1)> <Data(n+X)>

|S\ 1101000 \o \ A\ XIKXXXXX \ A| XXHXXXXXX \ A\ XXHXXXXXX \ A\...| XXKXKXXX \A\ P|

S - Start D Master to slave
A - Acknowledge (ACK) DATA TRANSFERRED
P - Stop [[] slave to master (X+1 BYTES + ACKNOWLEDGE)

Figure 30 Writing to DS1307 registers

Different 12C conditions can be automated in the hardware using the SSPCON?2 register.

RW-0 R-0 RW-0 RW-0 RwW-0 R/W-0 RW-0 RW-0
GCEN ACKSTAT ACKDT ACKEN RCEMN PEN | RSEMN SEN
bit 7 bit 0|
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit. read as ‘0
-n = Value at POR ‘1" = Bit is set 0" = Bit is cleared = Bit iz unknown
bit 7 GCEN: General Call Enable bit (in 12C Slave mode only)

1 = Enable interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address disabled
bit 6 ACKSTAT: Acknowledge Status bit {in [2C Master made anly)
In Master Transmit mode:
1 = Acknowledge was not received from slave
0 = Acknowledge was received from slave
bit 5 ACKDT: Acknowledge Data bit (in 12C Master mode only)
In Master Receive mode:
Walue transmitted when the user initiates an Acknowledge sequence at the end of a receive
1 = Not Acknowledge
0 = Acknowledge
bit 4 ACKEN: Acknowledge Sequence Enable bit {in 12C Master mode only)
In Master Receive mode:
1 = Initiate Acknowledge seguence on SDA and SCL pins, and transmit ACKDT data bit.
Automatically cleared by hardware.
a0 = Acknowledge sequence idle
bit 3 RCEN: Receive Enable bit {in IEC Master mode only}
1 = Enables Receive mode for G
0 = Receive idle
bit 2 PEN: Stop Condition Enable bit (in 1°C Master mode only)
SCK Release Control:
1 = Initiate Stop condition on SDA and SCL pins. Automatically cleared by hardware.
@ = Stop condition Idle
bit 1 RSEN: Repeated Start Condition Enabled bit (in 1C Master mode anly)
1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Repeated Start condition Idle
bit 0 SEN: Start Condifion Enabled bit {in 12C Master mode anly}
1 = Initiate Start condition on SDA and SCL pins. Autc cleared by
0 = Start condition Idle

Figure 31 SSPCON2 Register in PIC16F887

1Hz SQWOut enable code snippet

Code Snippet 3 Enable 1Hz SOWOutput 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

Timer] module in PIC16F887 is configured as a 16-bit Counter with external clock source. The reason
for using the 16-bit Timerl module rather than a 8-bit Timer0 module is that the Timerl/Counterl 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.

Timerl/Counterl consists of register TMRIH:TMRIL pairs. External clock source is selected by
making the TMR1CS bit as 1.

R/W-0 RIW-0 RW-0 R/W-0 RW-0 R/W-0 R/W-0 RIW-0
T1GINV \ TMRIGE® | TICKPS1 | TICKPSO | T1OSCEN | T1SYNC TMR1CS | TMRION
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0

-n = Value at POR ‘1" =Bitis set ‘0" = Bitis cleared X = Bit is unknown
bit 7 T1GINV: Timer1 Gate Invert bit(")

1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)
bit 6 TMR1GE: Timer1 Gate Enable bit{?)
If TMR1ON = 0:
This bit is ignored
If TMR1ON = 1:
1 = Timer1 is on if Timer1 gate is not active
0 = Timer1 is on
bit 5-4 T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits
11 = 1:8 Prescale Value
10 = 1:4 Prescale Value
01 = 1:2 Prescale Value
00 = 1:1 Prescale Value
bit 3 T10SCEN: LP Oscillator Enable Control bit
1 = LP oscillator is enabled for Timer1 clock
0 = LP oscillator is off
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit
IMRI1CS =1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMR1CS = 0:
This bit is ignored. Timer1 uses the internal clock
bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from T1CKI pin {on the rising edge)
0 = Internal clock (Fosc/4)
bit 0 TMR10ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1

Figure 32 TICON Register in PIC16F887

Timerl with external clock source acts as a Counter which increments during the rising edge of the
external clock. For being able to use the Counterl during the sleep, the TISYNC bit in TICON is to be
set to 1. When the Timer1/Counter] overflows from FFFFh to 0000h, TMRIIF flag in PIR1 register is
set. TMR1H:TMRIL is configured as 0OxFFC4 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 60" clock pulse on the T1CKI
pin. The timer is turned on by setting the TMRION bit inTICON and while updating the
TMRIH:TMRIL 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.FO = 0; //Clear the T1CKI port pin
TRISC.F0 = 1; //Configure T1CKI as an Input pin

TMRICS bit = 1,//Use external clock. Configured as a Counter
TISYNC bit = 1,//Do not synchronize the external clock

TMRIIE bit = 1;//Enable overflow interrupt
PEIE bit = 1,//Enable Peripheral Interrupt

while(1) {
//Load TMRI1H:TMRI1L with 0xFFC4 which makes the Counter overflow
/- at 60th rising edge of external clock
TMRIH = OxFF;
TMRIL = 0xC4;

TMRIIF bit = 0;//Clear Timerl/Counterl overflow interrupt
TMRI1ON bit = 1,//Turn on the Timer

asm sleep,//put the microcontroller in sleep mode

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

J
R/W-0 R/W-0 R/IW-0 R/W-0 R/W-0 R/W-0 RW-0 R/MW-x
GIE PEIE TOIE INTE RBIE(-3) TOIF2 INTF RBIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as '0'
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: Timer0 Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the Timer0 interrupt
bit 4 INTE: INT External Interrupt Enable bit
1 = Enables the INT external interrupt
0 = Disables the INT external interrupt
bit 3 RBIE: PORTB Change Interrupt Enable bit{-)
1 = Enables the PORTB change interrupt
0 = Disables the PORTB change interrupt
bit 2 TOIF: Timer0 Overflow Interrupt Flag bit(®
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: INT External Interrupt Flag bit
1 = The INT external interrupt occurred (must be cleared in software)
0 = The INT external interrupt did not occur
bit 0 RBIF: PORTB Change Interrupt Flag bit
1 = When at least one of the PORTB general purpose /O pins changed state (must be cleared in
software)
0 = None of the PORTB general purpose I/O pins have changed state

Figure 33 INTCON Register PIC16F887
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u-o RIW-0 B0 R0 RW-0 RW-0 RW-D AW-0
-_— ADIF RCIF TXIF SSPIF CCP1IF TMR2ZIF TMRIIF

bat 7 bat 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as '0°

-n = Value at FOR 1" = Bit is set 0 = Bit is cleared x = Bit is unknown

bit 7 Unimplemented: Read as ‘o'

bil & ADIF: &/D Canverter Inferrupt Flag bit

1 = A/D conversion complete (must be cleared in software)
0 = A/D conversion has not completed or has not been started
bit 5 RCIF: EUSART Receive Interrupt Flag bit
1= The EUSART receive buffer is full (cleared by reading RCREG)
= The EUSART receive buffer is not full
bit 4 TXIF: EUSART Transmit Interrupt Flag bit
1= The EUSART transmit buffer is empty (cleared by writing to TXREG)
0= The EUSART transmit buffer is full
bit 3 SSPIF: Master Synchronous Serial Porl (MSSF) Interrupt Flag bit
1= The MSSP interrupt condition has occurred. and must be cleared in software before retuming from the
Interrupt Service Routine. The conditions that will set this bit are:
SP1
A transmission/reception has taken place
I2C Slave/Master
A transmission/reception has taken place
12G Master
The initiated Start condition was completed by the MS5F module
The initiated Stop condition was completed by the MSSP module
The initiated restart condition was completed by the M35F module
The initiated Acknowledge condition was completed by the MSSP module
A Start condition occurred while the MSSP module was idle (Multi-master systarm)
A Stop condition occurred whila the MSSP module was idle (Multi-master system)
= Mo MESP interrupt condition has occurred
bit 2 CCP1IF: CCP1 Interrupt Flag bit
Capture mode:
1= ATMR1 register capture occurred (must be cleared in soltware)
0= No TMR1 register caplure occurred

1= A TMR1 register compara match occurred [must be cleared in software)
0= Mo TMR1 register compare match occurred
PWM mode:
Unused in this mode
bit 1 TMR2IF: Timer2 to PR2 Intarrupt Flag bit
1= ATimes2 to PR2 malch occurred {must be cleared in software)
= No Timer2 o PRZ maich occurred
bit 0 TMRI1IF: Timer1 Overflow Interrupt Flag bit
1= The TMR1 register overflowed (must be cleared in software)
0= The TMR1 register did not overflow

Figure 34 PIRI Register PIC16F887

u-0 RAW-0 RAW-0 RAW-0 RAWN-0 RAW-0 RAW-0 R/W-0

= ADIE RCIE TXIE SSPIE CCP1IE TMRZIE TMR1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit. read as '0
-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared ¥ = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit & ADIE: A/'D Converter (ADC) Interrupt Enable bit

1 = Enables the ADC interrupt
0 = Disables the ADC interrupt
bit 5 RCIE: EUSART Receive Interrupt Enable bit
1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt
bit 4 TXIE: EUSART Transmit Interrupt Enable bit
1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt
bit 3 SSPIE: Master Synchronous Serial Port (MSSP) Interrupt Enable bit
1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt
bit 2 CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt
bit 1 TMR2ZIE: Timer2 to PRZ Match Interrupt Enable bit
1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt
bit 0 TMR1IE: Timer! Overflow Interrupt Enable bit
1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt

Figure 35 PIEI Register PICI16F887

Although this much may be enough for updating the display driver after every 60" 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 60™ second of actual time interval in RTC. Therefore the
initialization of the RTC makes sure that SQWOut is enabled with 1Hz frequency, the Timerl is
configured appropriately and the TMR1H:TMR1L register values are updated according to the seconds

23 |Page



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:TMRI1L
registers initially. In the preceding overflow the TMR1H:TMRIL 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 TMRIH:TMRIL

unsigned char bed = 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 = (bed >> 4)*10; //Left Shift the upper nibble and multiply by 10

val += lower_nib; //Resultant val = 43

val = OxFF - (60 - val); //TMRI overflow val = 238

A

=
i
<Slave Address> ¥

RW>

<Word Address (n)> v

['s| 1101000 | 0| A] 3000000 | A]Sr| 1101000 | 1 |A—|
<Data(n)> <Data(n+1)> <Data(n+2)> <Data(n+X)>

L XXX [ A 0000000 [ A 0000000 [A] .. 0000 [ A P
S - Start

<Slave Address>

Sr - Repeated Start

A - Acknowledge (ACK)

P - Stop

A - Not Acknowledge (NACK)

[] Master to slave

‘ ‘ Slave to master

DATA TRANSFERRED

(X+1 BYTES + ACKNOWLEDGE); NOTE: LAST DATABYTE IS

FOLLOWED BY A NOT ACKNOWLEDGE (A) SIGNAL)

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
TMRIH:TMRI1L registers of PIC16F887 are updated accordingly.

2.3.3 Simulation Results
Using the 12C debugger tool in Proteus, the 12C bus commands can be seen

The 12C 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 8" bit as 0 for write
operation on the slave (Address becomes 0xDO0). 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.

-4 13 S0lus 343 502us S DO A2 07 2 80 A B
I s

us

AEEE

tttttttotttt

R B

80€.501lus 512.002us

Queued Sequences
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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 .. (Shr * 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

Serial Data
Serial Baud timeClient Wait for WiFi to be Yes " .
START —— Rate 9600 — ot — s T sent from —— timeClient updlate
I PIC16F887

No Hour BCD Tx

Min BCD Tx

!

Sec BCD Tx
J

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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10K
R4

BSS138

Figure 38 Bi-Level Converter for UART

BAUD

Fosc = 4.000 MHz

57.6k
115.2k

RATE | Actual % SPBRG
Rate Error value
(decimal)
300 — — —
1200 1202 0.16 207
2400 2404 0.16 103
9600 9615 0.16 25
10417 10417 0.00 23
19.2k 19.23k  0.16 12

Table shows the baud rate that can be achieved with Internal
Oscillator set to 4MHz. The Error Rate 1s 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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-n = Value at POR

‘1" = Bitis set ‘0" = Bitis cleared x = Bit is unknown

RW-0 RAW-0 R/W-0 A/W-0 RW-0 RW-0 R-1 RW-0
CSRC X9 TXEN() SYNC SENDB BRGH TRMT TX9D

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0"

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

CSRC: Clock Source Select bit
Asynchronous mode:

Don't care

Synchronous mode:

1= Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
TX9: 9-bit Transmit Enable bit

1= Selects 9-bit transmission

0= Selects 8-bit transmission

TXEN: Transmit Enable bit")

1= Transmit enabled

0 = Transmit disabled

SYNC: EUSART Mode Select bit

1= Synchronous mode

0 = Asynchronous mode

SENDB: Send Break Character bit
Asynchronous mode:

1= Send Sync Break on next transmission (cleared by hardware upon completion)
0 = Sync Break transmission completed
Synchronous mode:

Don't care

BRGH: High Baud Rate Select bit
Asynchronous mode:

1= High speed

0= Low speed

Synchronous mode:

Unused in this mode

TRMT: Transmit Shift Register Status bit
1= TSR empty

o= TSRiull

TX9D: Ninth bit of Transmit Data

Can be address/data bit or a parity bit

Figure 39 TXSTA Register in PIC16F887

R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x

SPEN

RX9 SREN CREN ADDEN FERR OERR RX9D

bit 7

bit 0

Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1" = Bitis set

U = Unimplemented bit, read as ‘0’
‘0" = Bit is cleared

X = Bitis unknown

bit 7

bit &

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)

0 = Serial port disabled (held in Reset)

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode:

Don't care

Synchronous mode — Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode — Slave

Don't care

CREN: Continuous Receive Enable bit

Asynchronous mode:

1 = Enables receiver

0 = Disables receiver

Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enable interrupt and load the receive buffer when RSR<8> is set
Disables address detection, all bytes are received and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9 = 0):

Don't care

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

OERR: Overrun Error bit

1 = Qverrun error (can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: Ninth bit of Received Data

This can be address/data bit or a parity bit and must be calculated by user firmware.

Figure 40 RCSTA Register in PICI16F887
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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.

10kQ 10KQ
g § 10KQ

RS R1
R3

VCC
CH_PD
rer ESP8266 cpioo

GPIO15
GND 10kQ
R2

Figure 41 ESP-01 Basic Connection Diagram
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'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.

28 |Page



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. SWO 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.

SW1 Released IN SLEEP SW1 Pressed
MODE

TIME SET MODE BRIGHTNESS AD.J MODE
SW1 Released

sw1 w1 —_—

Released Pressed ROTATE THE
ALL 4

FOT
DISPLAYS
INC CURRENT MOVE TO NEXT SET:
DISPLAY DISPLAY
SW1 Pressed
INTERNET TIME SYNC

SYNC Complete or SWO0 is Clicked MODE

SWO is the State Change Switch. All the
arrows indicate a state change
happening because of SWO switch.

BW1 is the Additional Function Switch

Figure 44 Switch Functions

SWO0 and SW1 are connected to RBO/INT and RB1. SWO 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.

22 1 RagroscarcLroUT
SWO B RarosciclKIN
@
o © 22 RBO/ANT/INT
co =2 RE1/ANTICT2ING-
[ S| RB2iAN8
11 =] REBIANOPGMIC12INZ-
o S RB4ANTT
22 RBS/ANT3TIG
SW1 291 pEeACSPCLK
/e 29 1 re7/1CSPDAT
c O
— Cc3 FIC 16T 857
I
1
0.1uF
Figure 45 Interfacing Switches with PICI16F887
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R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/MW-1
RBPU INTEDG TOCS TOSE PSA Ps2 PS1 PS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0"
-n = Value at POR ‘1" = Bitis set ‘0’ = Bitis cleared x = Bitis unknown
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual PORT latch values
bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of INT pin

0 = Interrupt on falling edge of INT pin
bit 5 TOCS: Timer0 Clock Source Select bit

1 = Transition on TOCKI pin

0 = Internal instruction cycle clock (Fosc/4)
bit 4 TOSE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin

0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module

bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value  Timer0 Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

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 (TMRIIF 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.FI) {
//In time set mode
/

else {
//Brightness adjust mode
//ADC commands while loop
//loop break because of SW0 click
if (~PORTB.FI) {
//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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Get time:
information ¢« sw lswu INT
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DISPLAY DISPLAY LEEhe
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Register
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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
HWI111 DS1307 | - 1 49
MAXT7219CNG DIP-28 1 90
7 Segment 0.56 Inch 2 Each 30
Display 0.8 Inch
IC Holders 24 pin Wide 1 30
28 pin Narrow 5
40 pin 1
ESP-01 - 1 150
BSS138 Bi- - 1 41
Directional level
converter
AMSI1117 1 35
Resistor 4.7k 3 20
10k 4
57k 1
Capacitor 10uF Electrolytic | 2 8
0.1uF Ceramic 1
General Purpose | 6 * 4 Inch 40
PCB
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 MAXT7219 and 7 Segment Display
3.2.1 7 Segment Display Absolute Ratings
Absolute Maximum Rating at Ta=25C
Parameter AlGaAs Red Bﬁiggt Green | Yellow olBae.-,dge Unit
Power Dissipation Per Segment 75 40 75 60 75 mwW
(110 Dy Oycle, .1ms Pulse Width) 125 € | 10 | s | 100 | mA
Continuous Forward Current Per Segment 30 15 25 20 25 mA
Derating Linear from 257 Per Segment 0.4 0.2 0.33 0.27 0.33 mA/‘C
Reverse Voltage Per Segment 5 5 5 5 5 \

Operating Temperature Range

-357C to +857C

Stroage Temperature Range

-3577 to +857

Figure 48 7 Segment Display Absolute Maximum Ratings
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3.2.2 MAXT7219 Electrical Characteristics, RSET and Power Dissipation Calculation

Voltage (with respect to GND} Operating Temperature Ranges (TMIN to TMAXJ
Ve ...-0.3V to BV MAXT219C_GIMAX7221C_G .. ...0°C to +70°C
DIN, CLK LOAD CS (RO ..-0.3V to 6V MAXT219E_GIMAXT7221E_G... -4D°C to +85°C
All Other Pins.......cooociinininann —0 3V lo (V+ +0.3V) Storage Temperature Range -65°C to +160°C
Current Lead Temperature (soldering, 108) ... #300°C
DIG 0-DIG 7 Sink Current... cieremren e 200MA
SEG A-G, DP Source Currenl ... 100mA
Continuous Power Dissipation (TA = +85"C}
Narrow Plastic DIP (derate 13.3mW/°C
above +70°C) o 1066mwW
Wide SO (derate 11.8mW/°C above +70°C)..............941mW

Narrow CERDIP (derate 12.5mW/*C above +70°C)... 1000mW

(V+ =5V £10%, Rger = 8.53kQ2 £1%, Tp = Ty to Timax. unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Supply Voltage V+ 4.0 5.5 Vv
Shutdown Supply Current I+ All digital inputs at V+ or GND, Ty = +25°C 150 A

RseT = open circuit 8
Operating Supply Current I+ All segments and decimal point on, mA

330

lseg_ = -40mA
Display Scan Rate fosc 8 digits scanned 500 800 1300 Hz
Digit Drive Sink Current lpigiIr | V* = 5V, Vgyt = 0.65V 320 mA
Segment Drive Source Current IsEG Tp=+25°C, V+ = BV, Vgyt = (V+ - 1V) -30 -40 -45 mA
Segment Current Slew Rate _ N _ _ )
(MAX7221 only) Algeg/it | Ta=+25°C, V+ = 5V, Vgyr = (V+ - 1V) 10 20 50 mA/ps
Segment Drive Current Matching Alseg 3.0 %
Digit Drive Leakage - _
(MAX7221 only) Ipigit | Digit off, Vpigir = V+ -10 LA
Segment Drive Leakage _
(MAX?221 0“')"} |SEG Segmenl off, VSEG =0V 1 |..IA
Digit Drive Source Current - _
(MAX7219 only) loigIT Digit off, Vpigim = (V+ - 0.3V) -2 mA
Segment Drive Sink Current lsea Segment off, Vgeg = 0.3V 5 mA

(MAX7219 only)

Figure 49 MAX7219 Electrical Specification

Current through each segment is 100 times more than the current in ISET. MAX7219 maximum
segment current is 40mA.

Viep (V)
'sec (MA) s 2.0 2.5 3.0 3.5
40 122 | 11.8 110 | 106 | 969
30 17.8 | 171 15.8 | 150 | 14.0
20 298 | 280 | 259 | 245 | 2286
10 66.7 | 637 | 593 | 554 | 512

Note: Rggr values are in Kilo Ohms (kQ)

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 50kQ — 66.7kQ. 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 'segment 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

Assumptions:  Temperature = 50°C and external impedance of 10k2 5.0V Vbp

TacQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
= Tamp + TC + TCOFF
= 2us + TC + [(Temperature - 25°C)(0.05ps/°C)]

The value for Te can be approximated with the following equations:

VAPPUED(I —2%47) = Vcuorp :[1] VEHOLD charged to within 172 Isb
=Ic
v,,ppug,{] —e RC] = Vewnorn ;[2] VCHOLD charge response to VAPPLIED
T
re ! bining 1] and [2,
Vappriep| 1 —e = Varprien| 1 - 300 scombining [1] and [2]
Solving for Tc:

Tc = —Cuortp(RIC + RSS + RS) In(1/2047)
= —I10pF(1k$2+ 7k 2+ 10k£2) In(0.0004885)

= 1.37us
Therefore:
TACQ = 2us + 1.37us + [(50°C- 25°C)(0.05u5/°C) ]
= 467ps

Here it is considered that the maximum source impedance is 10kQ.
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Legend: CpPIN

Voo

....... A VT=06V

Samplin
Switgh 9

9]
3
z
L

=

W
: L OSpF T A V= o.sv%}

1

= Input Capacitance

VT = Threshold Voltage

| LEAKAGE = Leakage current at the pin due to
various junctions

Ric = Interconnect Resistance
SS = Sampling Switch
CHoLD = Sample/Hold Capacitance

!

CHOLD = 10 pF

Vss/VREF-

567891011
Sampling Switch
(k)

Figure 51 PIC16F887 Analog Input Model

3.4 DS1307 RTC

3.4.1 Electrical Specifications of DS1307

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Vee 4.5 5.0 55 Vv
Logic 1 Input Viy 2.2 Vee + 0.3 Vv
Logic 0 Input Vi -0.3 +0.8 Vv
Vgar Battery Voltage Viat 2.0 3 3.5 Vv
Figure 52 DS1307 recommended operating conditions
DC ELECTRICAL CHARACTERISTICS
(Voo = 4.5V to 5.5V; T, = 0°C to +70°C, T, = -40°C to +85°C.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Leakage (SCL) Iy -1 1 HA
I/O Leakage (SDA, SQW/OUT) lLo -1 1 LA
Logic 0 Output (Ig. = 5mA) VoL 0.4 \
Active Supply Current
(T, = 100kHz) leca 15 mA
Standby Current lecs (Note 3) 200 LA
Vear Leakage Current leaTLKG 5 50 nA
Power-Fail Voltage (Vgar = 3.0V) Ver 1216x  1.25x  1.284x |
VBAT VBAT VBAT

Figure 53 DS1307 DC electrical characteristics (on supply)
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DC ELECTRICAL CHARACTERISTICS
(Vec = 0V, Vgar = 3.0V; Ty, = 0°C to +70°C, T, = -40°C to +85°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
gEA\RJ?OU[ﬁné(FOFSC ON: lsars 300 500 nA
Vear Current (OSC ON);

SQW/OUT ON (32kHz) leat2 480 800 nA
Vgar Data-Retention Current

(Oscillator Off) lpaToR 10 100 nA

Figure 54 DS1307 DC electrical characteristics (on battery)

AC ELECTRICAL CHARACTERISTICS
(Vce = 4.5V to 5.5V; T, = 0°C to +70°C, T, = -40°C to +85°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SCL Clock Frequency fscL 0 100 kHz
Bus Free Time Between a STOP and t 47 s
START Condition BUF : p
Hold Time (Repeated) START
Condition tosta | (Note 4) 4.0 ps
LOW Period of SCL Clock tLow 4.7 us
HIGH Period of SCL Clock thigH 4.0 us
Setup Time for a Repeated START
Condition tsusTa 47 ps
Data Hold Time tHD:DAT 0 us
Data Setup Time tsu.pAT (Notes 5, 6) 250 ns
Rise Time of Both SDA and SCL
Signals tr 1000 ns
Fall Time of Both SDA and SCL
Signals tr 300 ns
Setup Time for STOP Condition tsu:sTo 4.7 us
Figure 55 DS1307 AC characteristics
CAPACITANCE
(Ta = +25°C)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Pin Capacitance (SDA, SCL) Cio 10 pF
E,iﬁzacitance Load for Each Bus Ce (Note 7) 400 oF

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.

PARAMETER SYMBOL MIN TYP MAX UNITS
Nominal Frequency fo 32.768 kHz
Series Resistance ESR 45 kQ
Load Capacitance CL 12.5 pF

Figure 57 DS1307 Crystal Specifications

3.4.2 12C pull-up resistor calculation

The value of the pullup resistor is an important design consideration for [2C 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 12C specifications, the pull-up resistor minimum value Rp(min) is
given as

Rp(min) = (Vce — Vor(max))/lor

Calculating the Rp(min) considering the maximum current sink by PIC16F887 is about 25mA
while DS1307 I2C pin is at SmA with VOL = 0.4V, Rp(min) = (5 — 0.4)/5SmA = 920Q to 1kQ
approximate.

Pull up resistor maximum value Rp(max) is given as
Rp(max) = tse/(Ln((Vee - ViL)/(Vee - Vin)) X Cous)

Considering the Bus Capacitance is 400pF, Vi picisrss7 = 2V and Viu psizo7 = 2.2V and Vi picierss? =
0.8V and Vi psi307 = 0.8V, the Rp(max) is given as Rp(max) = 1000ns/(Ln((5 — 0.8)/(5 — 2.2)) x 400pF)
= 6.165kQ. Minimum power dissipation considering 50% duty cycle is therefore given as

PrpuLL dissipate = 0.5 X VI/R = 0.5 x 5%/4.7 = 2.65mW with total dissipation on both lines together
1s 5.3mW. A nominal 4.7kQ 1/8 Watt resistor can therefore be considered.

HW111 DS1307 module uses 3.3kQ pull-up resistors. So, power dissipation will be 0.5 x 5%/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.

U1
AME1117

3 Hvin VouTH ¢ > +

2 | | =) | e N7 V-OuT
E 1 1 | oI | HSrJIG_-CﬁO--’., 1
==Ci ==C: ~ ] ] 2
0

3 —_— ==Cz2
1u 1 o] 10w | 0

S

Figure 58 AMS1117-3.3V Schematic
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AMS1117 has a Quiescent Current of 1 1mA 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) 33

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

SWO0 and SW1 Weak Pull up: 0.8mA

ADC (Not always on): ImA during initial
acquisition.

0.05mA during A/D Conversion cycle

12C lines can consume current up to 1.5mA.
SPI lines have consumption of about 1pA 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 3.3kQ 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.
AMSI1117 Quiescent current: 11 mA maximum

Maximum current can therefore be not more than 5S00mA. 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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e Understanding I2C Bus
https://www.ti.com/lit/an/slva704/slva704.pdf?ts=1677309272009&ref url=https%253A%252F%252
Fwww.google.com%252F#:~:text=The 12C bus is a standard bidirectional interface that uses,been
addressed by the master.

e |2C Bus Pullup Resistor Calculation
https://e2e.ti.com/cfs-file/ key/communityserver-discussions-components-files/6/12C-Bus-Pullup-
Resistor-Calculation.pdf

e Bi-Directional Converter Guide
https://learn.sparkfun.com/tutorials/bi-directional-logic-level-converter-hookup-guide
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https://tttapa.github.io/ESP8266/Chap01%20-%20ESP8266.html
https://www.analog.com/media/en/technical-documentation/data-sheets/max7219-max7221.pdf
http://ww1.microchip.com/downloads/en/devicedoc/41291d.pdf
https://www.analog.com/media/en/technical-documentation/data-sheets/DS1307.pdf
https://forum.arduino.cc/t/tiny-rtc-charging-circuit-schematic/431613
http://www.advanced-monolithic.com/pdf/ds1117.pdf
https://www.ti.com/lit/an/slva704/slva704.pdf?ts=1677309272009&ref_url=https%253A%252F%252Fwww.google.com%252F#:~:text=The I2C bus is a standard bidirectional interface that uses,been addressed by the master.
https://www.ti.com/lit/an/slva704/slva704.pdf?ts=1677309272009&ref_url=https%253A%252F%252Fwww.google.com%252F#:~:text=The I2C bus is a standard bidirectional interface that uses,been addressed by the master.
https://www.ti.com/lit/an/slva704/slva704.pdf?ts=1677309272009&ref_url=https%253A%252F%252Fwww.google.com%252F#:~:text=The I2C bus is a standard bidirectional interface that uses,been addressed by the master.
https://e2e.ti.com/cfs-file/__key/communityserver-discussions-components-files/6/I2C-Bus-Pullup-Resistor-Calculation.pdf
https://e2e.ti.com/cfs-file/__key/communityserver-discussions-components-files/6/I2C-Bus-Pullup-Resistor-Calculation.pdf
https://learn.sparkfun.com/tutorials/bi-directional-logic-level-converter-hookup-guide
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