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LCD (Liquid Crystal Display)

In MINI-V3 Development Board, it has a build in Color
Graphic LCD module which is 240x320 dots. The driver of
this LCD is ILI9341. Please check the datasheet of the LCD
from the course webpage.

Traditionally, we need to control the LCD by connect all the
lines to the 1/O port to do the control. However, in the MINI-
V3 Development Board, it considered the LCD as a memory
and using the FSMC function to control the LCD. Refer to
the connection next page.
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MCU_GPIO_A

C_: Stands For Camera

KEY1
C4P T_KEY
C_RRST
C_0E

SPI1_SCK
SPT1_MISO
SPI1_MOSI
C_XCLK BEEP
USART1_TX
USART1_RX
USB_D-
USB_D+

LED_G

LED_B

LED_R
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FSMC (Flexible Static Memory Controller)

Basically, the FSMC block of STM32 is able to interface with
synchronous and asynchronous memories or PC cards.

In STM32, the FSMC is divided into 4 fixed-size banks of
256Mbytes eaCh Address Banks Supported memory type

6000 0000h

N El Bank1 NOR/ PSRAM

4x 64 MB
6FFF FFFFh

7000 0000h \
Bank 2 "

4x 64 MB

7FFF FFFFh '

% NAND Flash

8000 0000h ‘
Bank 3

4x 64 MB
8FFF FFFFh /

9000 0000h
Bank 4

4x 64 MB

9FFF FFFFh




' FSMC (Flexible Static Memory Controller)

FSMC bank4 PCCARD

FSMC bank3 NAND (NAND2)

FSMC bank2 NAND (NAND1)

FSMC bank1 NOR/PSRAM 4

FSMC bank1 NOR/PSRAM 3

FSMC bank1 NOR/PSRAM 2

FSMC bank1 NOR/PSRAM 1

= Specifically, the address range is as follows

0x9000 0000 - OX9FFF FFFF
0x8000 0000 - Ox8FFF FFFF
0x7000 0000 - Ox7FFF FFFF
0x6C00 0000 - Ox6FFF FFFF
0x6800 0000 - OX6BFF FFFF
0x6400 0000 - 0x67FF FFFF
0x6000 0000 - Ox63FF FFFF




1.CD FSMC Communication

As said, the STM32 will treat the LCD as a memory, so the few pins are
important. Note the arrows indicate the data transfer.

In this LAB, the LCD is mapped into Bank1 NOR/PSRAM1 (as NE1 is connected
to the Chip Select of the LCD)

Refer to last page, what should be the addresses it mapped to ?

Memory
STM32 LCD
FSMC_A16 > RS
bi divectionad
FSMC_DO to D15 K >/ DO to D15

FSMC_NE1 » LCD CS wheh 0
FSMC_NOE » RD enchle LCP
FSMC_NWE > WR




1.CD FSMC Communication

Do you think STM32 perform a Read or Write to LCD for
most of the time ?  write !

What information should STM32 give out in order to achieve
the function ?

Memory
STM32 LCD
FSMC_A16 > RS
|l bi fang
FSMC_DO to D15 K >/ DO to D15
FSMC_NE1 » LCD_CS
FSMC_NOE » RD
FSMC_NWE > WR




FSMC (Flexible Static Memory Controller)

In CubeMX, you can initialize the FSMC to be an LCD
Interface

Below | listed how you can setup and FSMC Interface in
CubeMX.

Please note that you are required to follow the CubeMX
tutorial to setup the clock and also the debugging interface
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‘ CubeMX Setting

Choose FSMC

m STM32CubeMX Untitled*: STM32F103VETx

st @ File Window Help
CubeMX

Pinout & Configuration Clock Configuration
Additional Software v Pinou

Q {6} FSMC Mode and Configuration ‘
Analog > > NOR Flash/PSRAM/SRAM/ROM/LCD 1
Timers > NAND Flash 1
Connectivity v

-

CAN

Flexible static memory controller

Configuration
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‘ CubeMX Setting

Choose NOR Flash/PSRAM/SRAM/ROM/LCD 1

m STM32CubeMX Untitled*™: STM32F103VETx

szl @ File Window Help

CubeMX

Pinout & Configuration Clock Configuration Projeq

Additional Software v Pinout
Q v| @

FSMC Mode and Configuration 4

]
Analog > [> NOR Flash/PSRAM/SRAM/ROM/LCD 1 ]
NAND Flash 1

Timers >

Connectivity ™
CAN
12C1
12C2
ik
SPI
SPI2
SPI3
UART4
LIARTA
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‘ CubeMX Setting

Setup the LCD Interface.

** IMPORTANT ** Please refer to page 8, understand why these
settings applies.

[ STM32CubeMX Untitled*: STM32F103VETx

sz @ File Window Help
CubeMX
Pinout & Configuration Clock Configuration

Additional Software v Pinout

Q v | & FSMC Mode and Configuration :

A}
NE1 Chip Select / - % (Bfw To

Analog >

Timers >
Memory type TLCD Interface v
Gonndctmty h LCD Register Select |A16 v
® Data [16 bits V]

CAN
A FSMC

12C1 Clock [Disable

12C2 !

soo

SPI1

SPI12 Reset Configuration

SPI3

LIARTA @ NOR/PSRAM 1 @ User Constants | @ GPIO Settings —
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‘ CubeMX Setting

After above procedure, double check all the pins labelled FSMC
appear in the R s e T

STM32~ ﬁ File Window Help
CubeMX

Untitled - Pinout & Configuration _

LCD CONNECTOR Sk

GPIO Mode and Configura

S

!
FSMC_DO  PD14 8 5
FSHC D1 FDIS 71000 Lop receT F2 PE1 LCD_RST By v Elmup Qi inerale
FSMC_D2  PDO [l e BB RSPl % cC
FSNC_D3  PDI 1l e LoD s 22 FD7 FSHC_NE1 DMA
FSMC D4  PE7 4 1 o0a o L2 PD4 FSHC_NOE —
FSHC_D5  PES Bl e e Y FD5 FSHC_NWE IWDG it
FSHC_D6  PE9 ? DBOG RS 21 PD11 FSHC_A16 NvIC A
FMCDG FRLL o P
FSHC DS PRI 9 |PBO8 TS PDO FSMCD2  nia Altemate Fu... n/a
- DBO9 PD1 FSMC D3 n/a Alternate Fu__ nfa
FSHC_D10 PE13 S 1B 10 oLk 22 PEO LCD_TP -
FSMC_D11 PE14 7 DB11 DoUT 26 PE3 LCD_TP PD4 FSMC_NOE n/a Alternate Fu... n/a
FSMC_D12 PE15 6 DB1 DTN 25 PE2 LCD_TP Analog N PD5 FSMC_NWE nf/a Alternate Fu... n/a
FSHC_D13 PDS 5 DB13 st 24 PD13 LCD_TP PD7 FSMC_NE1 n/a Alternate Fu_.. n/a
FSNMC_D14  PD9 4 DB14 PENIRG 27 PE4 LCD_TP Timers N PD8 FSMC_D13  n/a Alternate Fu__. n/a
FSMC_D15 PD10 3 DE1S PD9 FSMC_D14  n/a Alterate Fu_.. n/a
Connectivity - PD10 FSMC_D15  nfa Alternate Fu_.. n/a
PD11 FSMC_A16  n/a Alternate Fu_.. n/a
5 29 > 5V ¢ PD14 FSMC_D0  n/a Altemate Fu... n/a
@D 30 CAN PD15 FSMC_D1  n/a Altemate Fu__. n/a
o ' 31 a3 PE7 FSMC_D4 n/a Altenate Fu... nfa
«@ 1 CND 12C1 PES FSMC_D5  nia Alternate Fu... n/a
32 D 12¢2 PE9 FSMC_D6  n/a Alternate Fu... n/a
- Sbio PE10 FSMC_D7  n/a Altemate Fu... n/a
SPI PE11 FSMC_D8  n/a Altemate Fu__. n/a
JP8 SPI2 PE12 FSMC_D9  nia Alternate Fu... n/a
P SPI3 PE13 FSMC_D10 n/a Altemate Fu_. n/a
— WE3. 2LCD UART4 PE14 FSMC D11 n/a Altemate Fu... nfa
UARTS PE15 FSMC_D12 n/a Alternate Fu_. n/a
USART1




‘ Set Clock

= You will go to this screen, first we need to set the clock, Expand System
Core

- o X
s @ File Window Help © oy x L&y
CubeMX e

Clock Configurat
Additional Software

[ STM32CubeMX Untitled: STM32F103VETx

System Core >
Analog >
Timers >
Connectivity >
Multimedia >
Computing >
Middleware >

@ oI a & 4 Q| |
MCUs Selection

[T see | e | W | Packese | RewrdPeiphents

STM32F1 STM32F103 STM32F103VEHX LFBGA100 None
— STM32F1 STM32F103 STM32F103VETx LQFP100 None
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‘ Change Clock to Crystal

= Click RCC, enable the High Speed Clock and Low Speed Clock to

o Crystal/Creamic Resonator
File Window Help © oy x ;7

Pinout & Configuration Clock Configuration Project Manager
Additional Software v Pinout

[ STM32CubeMX Untited STM3ZF103VETC

Q ~ RCC Mode and Configuration ystem view
Czteg ies. - :
System Core w High Speed Clock (HSE) [Crystal/Ceramic Resonator v]
- Low Speed Clock (LSE) [Crystal/Ceramic Resonator ]
DMA [ Macter Clock Outout
GPIO
IWDG

([ E——

WWDG

Analog >
Timers >

Connectiity >

Multimedia >

Computing > GPIO Settings:
Middleware > Search Signals

[Feacnorn ] ] Show only Modified Pins
| Pin Name [ Signal on Pin GPIO mode |GPIO Pullu. User Label | Modified
na na nfa 5]

0SC_IN RCC_OSC_IN nfa

0SC_OUT  RCC_OSC_.. n/a na a na o
PC14-0SC3... RCC_OSC3... n/a wa a wa o
PC15-0SC3... RCC_OSC3... n/a nla na nla a

o ol V]

2 Select Pins from table to configure them. Multiple selection is Allowed.

N S R A S Raqured Porpreas

STM32F1 STM32F103 STM32F103VEHX LFBGA100 None
©STM32F1 STM32F103 STM32F103VETx LQFP100 None




‘ Clock Contiguration

= Go to Clock Configuration

v oy x &y
‘GENERATE CODE
Clock Configuration

Untitied - Clock Configuration
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‘ Clock Contiguration

RTC Clock Mux > To 1252 (MHz)
_RTC

O » To 1253 (MHz)
® _E To RTC (KHz)
—— I: To FSMC (A
(@) —>|:|TD SDIO (MHz)
»| To IWDG (KHz)
Choose DLLCLK HCLK to AHB bus, core,

meamory and NMA (MH7)
=|| To FLITFCLK (MHz)
System Clock M

Input frequency

LSE
LSIRC

KHz

To Cortex System timer (MHz)

HSI RC
w1 —i 72 IFCLK(MH:)
SYECLK (MHz)|  AHE Prescaler cuk ) | APE1 Prescale
HeE | e} _{ 72 |.<.> 1~ | 72 e[ 12 ~ ——»Ewm peripheral clocks (MHz)

72 MHz max

[ ——

Choose HSE < APB1 /2
(PLL Source Nix \ﬂ APB2 Prescaler

USB Prescaler
=] T
Input fraquency 5 ’|—|—> To USB (MHz)
ADC Prescaler
s ’:lfowcu_]
418 MHz

) PLLMul X9 [ e woms

APB2 peripheral clocks (MHz)

APB2 timer clocks (MHz)

WMCO source Mux

(@)

O

MHz) MCO

20 et

(®)

®




‘ Communicate with Debugger

= Go to Pinout & Configuration, in SYS, Choose Serial Wire for Debug

[ STM32CubeMX Untitled": STM32F103VETx - 8 X
STM3: File Window Hel S n k L
CubeMX B ( oy >/4
GENERATE CODE

Clock Configuration Project Manager Tools

Additional Software

SYS Mode and Configuration

va

System Core Debug|Serial Wire

DMA Timebase Source [SysTick
GPIO
woG
Nvic

SYS
WWDG
Analog

Timers

Warning: This IP has no parameters to be configured.
Multimedia > STM32F103VETX

Computing

Middieware >

Q Y

MCUs Selection | "ty
e .  F - R S Regire Pergroras
STM32F1 STM32F103 STM32F103VEHx LFBGA100 None

T STy e a0 oo




CubeMX Setting

Please note that the LCD _RST (LCD Reset) and LCD_BL (LCD
Backlight) is not in FSMC function, we need to set it as GPIO.

You can check from the previous page.

FSMC_DO  PD14

LCD CONNECTOR

FSMC_D1  PD15

FSMC_D2  PDO

FSMC_D3 PD1

FSMC D4  PET
FSHC_D5  PES

FSMC_D6  PE9

FSHC_D7  PE10

FSMC_D8 PEll

FSHMC_D9 PE12
FSMC_D10 PE13
FSMC_D11 PE14
FSMC_D12 PE15
FSMC_D13  PD8
FSMC_D14 PD9
FSMC_D15 PD10

© 31
e

(9] 8 eyl fop) Bl [o] (V] (] [ (W] (W) P (3] (GY b [o]

32

DBOO
2 PE1 LCD_RST LCD RS
DBO1  |LCD_RESET B I
DBO2 oo B 22 PD12 LCD_BL —_
3582 U’U‘;{B 19 PD4 FSHC_NOE L( :D BL
DBOS WE Y PD5 FSMC_NWE
DBO6 RS 2L PD11 FSHC_A16 —
DBOT
lhese 2 pins are
Bg?g ook F2 PEO LCD_TP
26 PE3 LCD_TP H
D815 R PE2 LCD_TP no |n
DB12 DIN [£3 ,
DB13 st PD13 LCD_TP
27 PE4 LCD_TP
DB14 PENIRQ
they are GPIO
29 5V
5V 1730 >
@D
3V3
1 No FSML netioN
GND L )

JP8

e widiolli7e 5 G blo 0
ot owtprt gued 1o m‘\\“'



‘ CubeMX Setting

Use your knowledge from LAB2, set the 2 pins to GPIO, set the
output speed to HIGH. Then you can Generate the Code

[0 STM32CubeMX Uniitled: STM32FI103VETx

- o x
st @ File Window

Help 3 n oy

CubeMX

GENERATE CODE

Pinout & Configuration onfiguration
Additional Sofware v Pinout
Q & : System view
‘
14
System Core v (1 Group By Peripher 5
i
. i 5 i3 s H
DMA s g g8 ¢ H
3 PoiE ]
avch Signals
e () Show only Madified Pins
[ Signl o0 Pin [GPIO o] GO mode 0P Pukup-Jtwomom ou- | User Lt | —Wostes |
R P02 wa Low Output Push  No pulup an  High ]
PE1 na Low Output Push... No pull-up an.... High
Analog
Timers
Connectraty
CAN
STMI2F103VETx
]
122
S010 PE1 Conguration
SRt r—
SPR2 =
sP3
UARTS GPIO mode Output Push Pu
UARTS
NI GPIO Pull upPull-down o pullup and o pulldown
USART2
uss
User Labo ST, = Q
1 . - Required Peripherals
STz STM3ZF103 STM3ZF103VERx LFBGAT00 None
©STMIF1 STMIZF103 STMI2F103VETx LaFP100 None
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Adding L.CD library

On Canvas, there is a lcd.zip, which is a folder contains the further
initialization of the LCD. You need to unzip it and add some setting
in Keil to use the library.

Unzip the Icd.zip, it will create a folder Icd with 3 files inside
lcd.c
lcd.h
ascii.h

Put the 3 files under the Src folder of your project as shown (i.e.
same as main.c) [weose ] v o 2 seos

\ stm32f1xx_hal_msp.c
""" | stm32f1xx_it.c

| system_stm32f1xx.c 22



Keil Setting

You need to add the file in your project, so that the complier can
search the file.

Right click on the Application/User,
Select Add Existing Files to Group Application/User

Project L x| ] mainc
= % Project: Lab 3 1 /* USER C
E-%3 Lab3 2E/**
=[5 Application/MDK-ARM Rl =252
5 e 4 @file
startopstrr2fiioxe.s 5 @brie
=\ Application/User x %
_1 i Options for Group ‘Application/User'... Alt=F7 btte
_] stm32fTxx_it.c Add New Item to Group ‘Application/User'...
— p2><
L] stm32f1xx_hal Add Existing Files to Group ‘Application/User'... i) »
-t Drivers/STM3ZF1x Remove Group ‘Application/User’ and its Files
=I5 Drivers/CMSIS Bis
3] system_stm32f [#¥] Rebuild all target files e 2
& cmsis (%] Build Target o
é Manage Project ltems...
¥ | Show Include File Dependencies
=N

1 i
23



‘ Keil Setting

Go to Src folder, add the Icd.c, click Add...
You should then see the lcd.c under Application/User

KA Add Files to Group "Application/User’ X
Lookin:l Src zl & cf Eav
Name . Date modified
“icd.c 11-Mar-20 2:02 PM LigsE
“main.c 02-Apr-2010:11 AM =% Project: Lab 3
) stm32f1xx_hal_msp.c 01-Oct-19 9:04 PM E &3 Lab3
“lstm32f it 01-Oct-19 9:04 PM =25 Application/MDK-ARM
) system_stm32fTxx.c 23-5ep-19 4:00 PM L] startup_stm32f103xe.s
< > =5 Application/User
J main.c
File name: ledc
! ] stm32flxx_it.c
Files of type: | Source file (".c) | Close | L1 stm32f1xx_hal_msp.c
J led.c
4 \L_Duivers/STMB2F1xx_HAL_Driver

=-ZF Drivers/CMSIS
& system_stm32f1xx.c
& cmsis




‘ Keil Setting

In main.c add the following, remember they are between BEGIN and
END

_] main.c ] mainct
1 /* USER CODE BEGIN Header */ | 76
2[H/** 77 /* Reset of all peri]
3 R R R R R R R R R R R R R R R R R R R R R 78 m_Init();
4 @file : main.c 79
5 * @brief : Main pr 80 /* USER CODE BEGIN I
& B R 81
7 @attention 82 /* USER CODE END Ini:
8 : 83
9 * <h2><center>&copy; Copyri 84 /* Configure the sys
10 * Bll rights reserved.</cen 85 SystemClock Config()
11 : 86
12 * This software component 1i 87 /* USER CODE BEGIN 5
13 * the "License"; You may no 88
14 * License. You may obtain a 89 /* USER CODE END Sys.
15 A op ag
16 : 91 /* Initialize all co
1'7 R R R R R R R R R R R R R R R R R R R R 92 PIX_GPIO_Init();
8 - =/ MX_FSMC Init();
19 /* USER CODE END Header */ 94 /* USER CODE BEGIN 2
20 a5 LCD_INIT():
21 /* Includes ----------------- 96 /* USER CODE END 2 *,
22 #include "main.h"
23
24 /* Private includes —--—-—--——--
25 /* USER CODE BEGIN Includes * ]
26 #include "lcd.h"
27 /* USER CODE END Includes */ J

25



Test your code

= Now you should be able to compile your code.

= You can try to run your code and then see if your LCD
shows a plain White screen.

= NOTE : PLEASE NOTE THAT ALL THE EXTRA
SETTINGS WE ADDED AFTER CODE GENERATION
(i.e. Page 22 to 25) MAY BE DELETED AFTER RE-
GENERATION OF CODE BY CUBEMX.

= PLEASE DOUBLE CHECK IF ALL THE SETTINGS ARE
STILL THERE AFTER CODE GENERATION

26



L.CD Layout Hugprek mujf ko

fo draw
The LCD is 240x320 as follows : o ok ¥
Width = 240 pixels dﬂ)’(S |

(COLUMN, PAGE) = 240 COLUMNS (COLUMN, PAGE)
(010) /—/R/ ? ?) ?T
4 (4, i)

Height = 320 pixels <
=320 PAGES

(COLUMN, PAGE)
(? ’ ?) Oy

—

(COLUMN, PAGE) -y

a9 e (01%”) L)?‘l‘ﬂ‘l)

—
i
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L.LCD functions available to you
o T e

void LCD DrawChar (uintl6é t usC, uintl6 t usP, const char cChar);
void LCD DrawString(uintl6 t usC, uintl6 t usP, const char * pStr);

In these functions, usC and usP are the corresponding COLUMN pixel
number and Page pixel number.

Each character : Width is 8 pixels, Height is 16 pixels
If | write
LCD DrawChar (0, 0, ’F’); inmain.c
It will display a character F with the Upper left corner at (0,0)
Same idea for LCD_DrawString

Your first task is to displaying your name by using the LCD_DrawChar
or LCD_DrawsString functions.

28



Task 1: Write your Name on LLCD

void LCD DrawChar (uintl6é t usC, uintl6 t usP, const char cChar);
void LCD DrawString(uintl6 t usC, uintl6 t usP, const char * pStr);

You need to display your English name shown on your Student ID by
using the LCD_DrawChar or LCD_DrawString functions.

You can choose any location and any color you like
Quastion How o dﬂr'“‘(? whot $tmiy j"V& {0

(210)

’ BW*‘
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[.CD Cmd/Data

With the FSMC Interface is setup and with the help of the
library given, STM32 can send a 16-bit value to the LCD

by two functions, depending on the meaning of the 16-bit
value to the LCD

LCD_Write_Cmd (uint16_t usCmd) ;
LCD_Write_Data (uint16_t usData) ;

What Cmd / Data means ?
Q A Cmd to LCD is a value to control the function of the LCD
Q A Data to LCD is an information (normally color) to be displayed.

How do the LCD knows the 16-bit value it received is a Cmd
or Data ?

30



[.CD Cmd/Data

Cmd / Data is indicated by the status of RS
o RS =0, the 16-bit value means Cmd,
o RS =1, the 16-bit value means Data,

Memory
STM32 LCD
FSMC_A16 > RS
FSMC_DO to D15 K >/ DO to D15
FSMC_NE1 » LCD_CS
FSMC_NOE » RD
FSMC_NWE > WR




[.CD Cmd/Data

Bank 1 address starts at 0Ox60000000 at STM32, and

sammE)

STM32 uses FSMC_A16toturn RSto1or0
o When FSMC_A16 =0, (i.e. RS = 0), what is the address at STM32?
o When FSMC_A16 =1, (i.e. RS = 1), what is the address at STM327?

STM32

Memory

FSMC_A16

FSMC_DO to D15

FSMC_NE1

FSMC_NOE

vy

FSMC_NWE

o\

RS

DO to D15

LCD_CS

RD
WR

LCD

kO
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[.CD Cmd/Data

As for the LCD, each data is 16-bit databus, the address

should be a word address.

Refer to Icd.c

o LCD_Write_Cmd address is at 0x60000000
o LCD_Write_Data address is at 0x60020000

STM32

FSMC_A16

A 4

LCD

RS =1, address

RS = 0, address

0x60020000

0x60000000

16 bit data >
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L.LCD Command List

Refer to Section 8 of the LCD datasheet, it shows all the
command that needed to control the function of the LCD

Note that some commands with data to follow

\Reaulative Command Set
Command Function D/CX |RDX|WRX D17-8 D7 D6 D5 D4 D3 D2 D1 DO | Hex Command 0n|y_
No Operation 0 1 1 XX 0 0 0 0 0 0 0 0 00h)| +— N d ta t f Il
Software Reset 0 1 1 XX 0 0 0 0 0 0 0 1 01h 0 data to Tollow
0 1 1 XX 0 0 0 0 0 1 0 0 04h
X I 1 1 1 XX X X X X X X X X XX
Read Display Identification
) 1 1 XX ID1 [7:0] XX
Information
1 1 XX ID2 [7:0] XX
1 1 XX 1D3.[7:01 XX
0 1 1 XX 0 0 0 0 1 0 0 1 0%h
1 1 1 XX X X X X X X X X XX
) 1 1 XX D [31:25] X 00 Command follow
Read Display Status -
1 1 XX X D [22:20 D [19:16] 61 by 5 data
1 1 XX X x | x X X D [10:8] 00
1 1 XX D [7:5] X | x x | x [ x oo
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LCD Command Example

Refer to the Command List

Display OFF 0 1 1 XX 0 0 1 0 1 0 0 0 28h
Display ON 0 1 1 XX 0 0 1 0 1 0 0 1 29h

If want to turn the Display ON, | need to send a command 0x29
to the LCD, it will be achieved by

LCD_Write_Cmd (0x29) ;

If | want to make the LCD enter sleep mode, what should | do ?
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Task 2: Implement the DrawDot

void LCD DrawDot (uintl6 t usC, uintl6é t usP, uintl6 t usColor);

You need to implement a function that will draw a particular dot in the
LCD.

Where usC and usP are the corresponding Pixel's Column and Page
in the LCD.

How do draw a dot ?
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How to Display data to the LLCD »?

The flow of Displaying a data to the LCD is the following
Set the starting and the ending columns of the LCD

Set the starting and the ending pages of the LCD
Write the pixels of the LCD
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How to Display data to the LLCD »?

Refer to page 111 of the LCD datasheet.

— —
J CASET (2Ah -‘
(,'W\'“ N | *( )
1st Parameter: SC[15:8]
2nd Parameter: SC[7:0]
“ 3rd Parameter: EC[15:8]
4th Parmeter EC[7:0]

PASET (2Bh)

1st Parameter: SP[15:8]
2nd Parameter: SP[7:0]
3rd Parameter: EP[15:8]
4th Parameter: EP[7:0]

Flow Chart

RAMWR(2Ch)

Any Commend

If
Needed

e

< Display \jl
- -

Sequential transfer
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| How to Display data to the LCD ?

Refer to page 111 of the LCD datasheet.

I‘—_ CASET (2Ah) w

7

.

/

1st Parameter: SC[15:8]
2nd Parameter: SC[7:0]
3rd Parameter: EC[15:8]
4th Parmeter EC[7:0]

—

) PASET (2Bh)

/

1st Parameter: SP[15:8]
2nd Parameter: SP[7:0]
3rd Parameter: EP[15:8]
4th Parameter: EP[7:0]

~ RAMWR(2Ch)

[ Z—

Any Commend

Red are Commands

Blue are Data
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Set the Column Address (Cmd 0x2A)

= Refer to page 110 of the datasheet

8.2.20. Column Address Set (2Ah)

2Ah CASET (Column Address Set)
AALRX DiZ.8 DZ V=S I o T V' 03 D2 Ik Do IS="a
Command 0 1 XX 0 0 1 0 1 0 1 0 2Ah
1™ Parameter 1 1 1 XX SCi15 | SC14 | SC13 [ SC12 | SCi11 SC10 SC9 SCs Note
2™Parameter 1 1 1 XX SC7 SCe SCs SC4 SC3 SC2 SC1 SCo
3" Parameter 1 1 1 XX EC15 | EC14 [ EC13 | EC12 | EC11 EC10 EC9 EC8 Note1
4™ Parameter 1 1 1 XX EC7 EC6 EC5 EC4 EC3 EC2 EC1 ECo

Commands

Data

= Say, if we want to set the start column to be 10 and end column to be
110 we need to
LCD_Write_Cmd (0x2A) ;

LCD_Write Data
LCD_Write Data
LCD_Write_Data
LCD_Write_Data

(
(
(
(
(

0
|0
0

110

/l Command

// 1t Parameter
// 2nd Parameter
// 3" Parameter
/Il 4t Parameter
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Set the Page Address (Cmd 0x2B)

= Refer to page 112 of the datasheet

8.2.21. Page Address Set (2Bh)

2Bh PASET (Page Address Set)
ooy Loy | wey | o D& DSl Inled D2 D4 DO ITI='a
Command 0 1 XX 0 0 1 0 1 0 1 1 2Bh
1~ Parameter | 1 1 1 XX SPi5 | SPi4 | SP13 | SPi2 | SPi1 | SPio [ SPe | SPs [\
2™Parameter 1 1 1 XX sP7 | sPs | sPs | sPs | sP3 SP2 SP1 SPo
3"Parameter 1 1 t XX £p1s | EP14 | EP13 | EP12 | EP11 | EP10 | EP9 EPE | \otet
4" Parameter 1 1 t XX EP7 EP6 EPS EP4 EP3 EP2 EP1 EPO

Commands

Data

= Say, if we want to set the start page to be 200 and end page to be 300

we need to
LCD_Write_Cmd (0x2B) ;

LCD_Write_Data 0 . 0%0

|
Y

LCD_Write_Data
LCD_Write_Data

// Command

(

( ) /I 1st Parameter
LCD_Write_Data (7,27 ); DX A /I 2" Parameter

( )

( )

; [\))(O\ // 31 Parameter
: 0\/‘7'0// 4th Parameter

3

2(f & nmox
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Memory Write (Cmd 0x2C)

From the above command, we created a memory window

(COLUMN, PAGE)
(110, 200)

(COLUMN, PAGE)
(10,200) [o \

7\)0

(ol X(b] =
e}

(COLUMN, PAGE)
(110, 300)

10

(COLUMN, PAGE)
(10,300)

How many pixels in total in this window ? ,’;
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Memory Write (Cmd 0x2C)

=  After we create the window, we can write the colors by Memory Write
Command. Refer to page 114 of the datasheet

8.2.22. Memory Write (2Ch)

2Ch RAMWR (Memory Write)
nN/CY BOXY WRX n17£ N7 nﬁ na I'M N3 no N1 HEY
Command 0 1 XX 0 0 1 0 1 1 0 2Ch
1™ Parameter 1 1 1 D1[17:0] XX
: 1 1 1 Dx [17:0] XX
N" Parameter 1 1 1 Dn [17:0] XX

=  You can then send in sequence

LCD_Write_Cmd (0x2C) ;
LCD_Write_Data (
LCD_Write_Data (

LCD_Write_Data (

);
);

);

// Command
/I 1t Parameter
/I 2nd Parameter

/| Nth Parameter

Commands
Data
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‘ Color of Pixel

The Color of each pixel is represented by a 16-bit number RGB565

format

MSB

15

14 13 12

1

10

9 8 7 6 5

R4

R3(R2|R1|RO|G5|G4|G3|G2|G1|GO|B4| B3| B2)|B1|BO
«— Red Values > Green Values P Blue Values —
5Bis 6 Bis 5Bis
Decimal Range 0 to 31 Decimal Range0 to 63 Decimal Range0 to 31
Or 32 Possible Values Or 64 Possible Values Or 32 Possible Values
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How to DrawDot ?

Use the above idea to implement your DrawDot

You can build your own function OR by the
assistance of the two functions below.

void LCD OpenWindow (uintl6 t usCOLUMN, uintl6 t usPAGE, uintl6 t
usWidth, uintl6 t usHeight);

void LCD FillColor (uint32 t alAmout Point, uintl6 t usColor);

If you want to use the above functions, make sure
you understand what they do.
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Task 3: LCD_DrawEllipse

Use your DrawDot to implement a DrawEllipse

void LCD DrawEllipse(uintl6 t usC, uintl6 t usP, uintl6_t SR, uintlé6 t LR,
uintl6 t usColor);

where (usC, usP) represents the center point of the Ellipse
SR is the short radius of the Ellipse
LR is the long radius of the Ellipse

usColor represents the Ellipse color. @

The Ellipse should be a Hollow Ellipse with thickness of 1 pixel.

0O 0o o o

In your main.c, verify your LCD_DrawEllipse function by
LCD DrawEllipse (120, 160, 25, 75, BLACK);
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Task 4: Combining with LAB2

Combining your knowledge with LAB2 and your knowledge for Task 1,
modify your main.c such that

After K2 is pressed, anything showing on the screen will be cleared,
and after that, it will display your Last Character of Chinese Name
shown on your Student ID Card.

u) Example [# A3, Display =

Q If you do NOT have a Chinese Name shown on your Student ID Card, you need to
display one character depending your student ID as shown on next page
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Task 4;: Chinese Character Table

Character 7N B

00 to 09 BB FRERA] BRCR
10 to 19 = IR BERMNIIE
20 to 29 @) = A= = NN = =)
30 to 39 e REERE H O AREEL
40 to 49 A&t Sk ARelE
50 to 59 wOWHE BREEE L R
60 to 69 Bz 4N /NAEE KA
70 to 79 1990 R i R
80 to 80 mess HEAHE =HEZ
90 to 99 FRUBERIm T HE

ID : 20123456
Character to display
56 >%&
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Task 4: Things to note

Each Chinese Character should be at least 24 pixels x 24 pixels.

You can use your own way to implement the Chinese Character,
below are the questions you may need to think

Q Can you hardcode it by using multiple calls of LCD_DrawDot ?
LCD_DrawDot(10,20,BLACK);
LCD_DrawDot(10,21,BLACK);
LCD_DrawDot(10,22,BLACK);

There is a LCD_DrawLine available, can you implement using LCD_DrawLine ?
Can | implement it using an array ?

What is the array size ?

What is the data type for each element in the array ?

How many colors you want to display in the Chinese Character ? How does it affect
your array size and datatype ?

Q Where should the array being stored ?

O 0O 0o o o
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Task 4: Things to note

TA will ask you how you implemented your Chinese Character.

You can refer to the DrawChar on how the English Characters are
implemented.

You can use any Chinese Character fonts you like as long as the
character is clearly readable

If there is a need for you to declare an array, please remember to
declare it outside main() as a global variable.

There is a tool you can use if you want. http://dotmatrixtool.com/
However, if you are going to use this tool, please make sure you
understand before use. The TA will ask about your understanding of
the data generated by the tool.

Please note that | use K2, NOT K1 in this LAB, please refer to the
MINI V3 schematic for the connections of K2

50



END




