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ESP32 DAY3

Serial Communication, SPI
8*8 Dot Matrix via Max7219
240%280 TFT 1.69” screen via ST7789V3
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Asynchronized Transmission

* Only one line/pin is needed to transfer data, and two sides need to
use the same transfer rate / bps(bits per second) / baud rate.
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* Special changes in signal is needed to “mark” the beginning and
ending or “frame” one unit of data.

Synchronized Transmission

At least two pins/lines are needed, one line for clock signal, and then
other one for data.
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Serial Functions

e Serial.begin(speed)
e Serial.begin(speed, config=SERIAL_8N1)
* speed: in bits per second (baud) [type: long]
+ f#fi(baud)=#8% (baud rate): ERHEEWAIERRK(ENL bps)
» For communicating with the computer, use one of these rates: 300, 600, 1200, 2400,
4800, 9600, 14400, 19200, 28800, 38400, 57600, or 115200
« config: sets data, parity, and stop bits. /default : SERIAL 8N1]
* Valid values are: SERTAL_afy
o 5~8 (BRMITT)
B: N, E, O (BfITiRE)
v: 1,2 (fFLEfIIT)

https://www.arduino.cc/reference/en/language/functions/communication/serial/begin/
https://www.analog.com/cn/design-center/landing-pages/002/tech-articles-taiwan/uart-a-hardware-communication-protocol.html|
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Lab 11. Reading from Serial port

Use serial port to enter 1-9 from PC to ESP32 to control the brightness
of the LED_BUILTIN.

Serial.begin(..);
ledcAttach(..);
Serial.print(..);
Serial.println(..);
Serial.available();
Serial.read();
ledcWrite(..);
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SPI (Serial Peripheral Interface)
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https://magicjackting.pixnet.net/blog/post/164725144

SPI
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MOSI  E£H#A Master Output, Slave Input
MISO  EAfE Master Input, Slave Output
SCLK  BSAR&ASE  Serial Clock, BB master 43 #224]
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— MOSI ( Master Output, Slave Input )
— MISO ( Master Input, Slave Output)
— SCLK ( Serial Clock)

— SS (Slave Select)
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SPI Modes

SPI modes are determined by two parameters: CPOL and CPHA
* CPOL (Clock Polarity): 0: Idle Low; 1: Idle High

* CPHA (Clock Phase): 0: odd phase (1,3,5,7,9, ...): 1: even phase (2,4,6,8,10,...
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Read the data sheet, or?

* Google: max7219 data sheet
* https://www.analog.com/media/en/technical-documentation/data-sheets/MAX7219-
MAX7221.pdf
* Take note on electrical characteristics
* We often have 3.3V devices (ESP32, RaspberryPi, STM32, Arduino Nano, ...) and 5V devices
(e.g. Arduino Uno)

* Max7219 is actually a 5V device, but fortunately it is very tolerant and can surprisingly work
with ESP32, a 3.3V device.

« Often we need something called “level shifter” with communicate between devices of

difference Vcc. 33V 5V

3v3 as-v) LV Cl LJ HV wv-1av)
H1

* Pay attention on how to communicate and work with it © GPIO|¢———» L1
. . 2 GPIO|¢—> 12 H2——
* SPIspeed, SPI mode, data format, important registers ; GPIO|«—— 13 H3—»
g GPIO|¢— L4 ] ) H4 ¢—>
8
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Serial Data Format (16 bits)

[15 Tha T3 T2 T TwJo Is 17 Te [s [4 [3 T2 T1 Jo |

Ix X Ix ITx TasxTa2Tar [ao D7 D6 [D5 D4 [D3 D2 [D1 D0 |
address

Register Address Map

Register DI5-D12 | A3 A2 Al A0 Hex code

No operation | X 0 0 0 0 X0

Column | X 0 0 0 1 X1

Column 2 X 0 0 1 0 X2

Column 3 X 0 0 1 1 X3

Column 4 X 0 1 0 0 X4

Column 5 X 0 1 0 1 X5

Column 6 X 0 1 1 0 X6

Column 7 X 0 1 1 1 X7

Column 8 X 1 0 0 0 X8

Decode mode | X 1 0 0 1 X9

Intensity X 1 0 1 0 XA

Scan limit X 1 0 1 1 XB

Shutdown X 1 1 0 0 XC

Display test X 1 1 1 1 XF

https://www.farnell.com/datasheets/29075.pdf
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* When the MAX7219 is in shutdown mode, the scan oscillator is halted, all segment current
sources are pulled to ground, and all digit drivers are pulled to V+, thereby blanking the

display.
Shutdown register Format (address Xch
Mode Address | D7 D6 D3 D4 D3 D2 DI DO
Shutdown XCh X X X X X X X 0
Mode
Normal XCh X X X X X X X 1
Operation

» Decode Mode Register: Setting this register sets no decode operation for each column. Each
bit in the register corresponds to one column. A logic 0 enables non decode mode. In non
decode mode data bits 0 to 7 correspond to the row lines as outlines in the table below.

Decode Mode reE'ster (address 0xX9)

Decode Mode D7 |D6 |[D5 D4 | D3 D2 |DI DO | Hex
code
No decode for digits 7-0 0 0 0 0 0 0 0 0 00

Intensity Register Format

Duty Cycle | D7-D4 D3 D2 D1 D0 Hex code

1/32 (min) Don’t care | 0 0 0 0 X0h

3/32 Don’t care | 0 0 0 1 X1h

5/32 Don’t care | 0 0 1 0 X2h

7/32 Don’t care | 0 0 1 1 X3h

9/32 Don’t care | 0 1 0 0 X4h

11/32 Don’t care | 0 1 0 1 X5h

13/32 Don’t care | 0 1 1 0 X6h

15/32 Don’t care | 0 1 1 1 X7h

17/32 Don’t care | | 0 0 0 X8h

19/32 Don’t care | | 0 0 1 X9%h

21/32 Don’t care | | 0 1 0 XAh

23/32 Don’t care | 1 0 1 1 XBh

25/32 Don’t care | | 1 0 0 XCh

27/32 Don’t care | 1 1 0 1 XDh

29/32 Don’t care | | 1 1 0 XEh

31/32 Don’t care | | 1 1 1 XFh
Scan Limit Register format (address 0xXXB)
Scan Limit D7-D3 D2 DI DO Hex

code

Column 0 Dont care 0 0 0 X0h
Column 0.1 Dont care 0 0 1 X1h
Column 01,2 Dont care 0 1 0 X2h
Column 0,1,2,3 Dont care 0 1 1 X3h
Column 0,1,2,3 .4 Dont care 1 0 0 X4h
Column 0,1,2.3.4.5 Dont care | 0 1 X5h
Column 0,1,2,3.4,5,6 Dont care 1 1 0 X6h
Column 0,1,2,3,4,5,6,7 Dont care 1 1 1 X7h
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SPI Settings class

class SPISettings {
public:

SPISettings():_clock(1000000), bitOrder(SPI_MSBFIRST),_ dataMode(SPI_MODE®) {}

SPISettings(uint32_t clock, uint8_t bitOrder, uint8 t dataMode) :
_clock(clock), _bitOrder(bitOrder), _dataMode(dataMode) {}

uint32_t _clock;

uint8_t _bitOrder;

uint8_t _dataMode;

};

#define SPI_MODEO 0O
#define SPI_MODE1 1
#define SPI_MODE2 2
#define SPI_MODE3 3

#define SPI_LSBFIRST O
#define SPI_MSBFIRST 1

https://github.com/espressif/arduino-esp32/blob/master/cores/esp32/esp32-hal-spi.h

#define HSPI 2 //SPI 2 bus normally mapped to pins 12 - 15
#define VSPI 3 //SPI 3 bus normally attached to pins 5, 18, 19 and 23

SPI class

class SPIClass {
SPIClass(uint8_t spi_bus = HSPI);
~SPIClass();
void begin(int8_t sck = -1, int8_t miso = -1, int8_t mosi = -1, int8_t ss = -1);
void end();

void beginTransaction(SPISettings settings);
void endTransaction(void);

void transfer(void *data, uint32_t size);
uint8_t transfer(uint8_t data);

https://github.com/espressif/arduino-esp32/blob/master/libraries/SP1/src/SP1.h

https://github.com/esEressif{arduino—esE32[blob[master[cores(esgSZ[esE32—ha|—sEi.h

Lab11 — SPI with MAX7219

Use the “Display Test” Register (0x0f) to a) enter the display test mode, b) delay
250ms, c) leave the display test mode in the loop() function.

Use the “Shutdown Register” (0xOc )to leave the shutdown mode and enter the
normal operation mode.

Use Digit0 — Digit7 registers (0x01 — 0x08) to display a zebra pattern.

Need to set the “Scan Limit Register” (0x0Ob) to 7 to scan all eight columns/digits.
Use the “Intensity” Register (Ox0a) to vary the brightness of the display.

Create a function plot(x, y, onoff) to turn on/off the specific LED.

Draw two diagonal lines using the plot function.




Homework

* Draw arrow according to the pose on your joystick (left arrow, right

arrow, up arrow, down arrow)
* Use button/switch to control normal/inverse display
*

kokk Kk K
kK *k %

* kK * ok ok ok
* sokok ko ok
* sokok skok ok
* kokk Kk K

EEE T Y

.
* Make the arrow “flies” or animates in its direction

* *kok * ok k * * *
koK * ® X * * * *
* Kk * * * * *
* * * * *kk
* * * * *kk * ok x
* * * Hokok * ® % *
* * Kok ok *_ k% * *
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