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• Pre-lab assignment: 
• Due on September 24, 2018: 10 points.

• In-lab assignment (total of 70 points):
• September 24, 2018:

• Write code for LCD_PIN_Init() – 10 points

• October 01, 2018:
• Write code for LCD_Configuration() – 30 points

• October 08, 2018:
• Write code for LCD_Display_Name() – 20 points

• Answer lab demonstration question – 10 points

• Post-lab assignment (total of 20 points):
• Due on October 15 on Dropbox:

• Your Keil uVision Project: 10 points

• Answers for Post-lab questions: 10 points

Lab 2 2

Grading Rubrics and Schedule

You will be 
graded EVERY 

CLASS!
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Types of LCD
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Multiplexed LCD drive

𝐷𝑢𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 =
1

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑜𝑚𝑚𝑜𝑛 𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙𝑠

𝐵𝑖𝑎𝑠 =
1

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐿𝑒𝑣𝑒𝑙𝑠 − 1

Duty Ratio 
• how long each segment is activated during each frame

Duty = 1 Duty = 1/2 Duty = 1/3

Drive Bias
• the number of voltage levels used
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Multiplexed LCD drive

Duty Ratio = ½, SEG0 ON, SEG1 OFF

SL0

SEG1 will never turn on.

SEG0 is switched on 
and off quickly.



ENSC 3213: Computer Based SystemsLab 2 6

Multiplexed LCD drive

Duty Ratio = ½, SEG0 OFF, SEG1 ON

SEG0 will never turn on!

SEG1 is switched on 
and off quickly.
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LCD on the ST32L4 Discovery Kit
Duty Ratio = ¼ 

24 segment lines 
(SEG0-SEG23) 

4 common terminals 
(COM0-COM3)

6 digits and 4 bars

96 pixel segments
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• The basic requirement of this lab is to display your last 
name on the LCD.

• You are provided with a startup Keil uVision Project 
containing main.c, LCD.c, and LCD.h files.

• You are only required to write code in the LCD.c file. You 
must implement three functions inside LCD.c: 
• 10 points: LCD_PIN_Init() – Due on Sept. 24.

• 30 points: LCD_Configure() – Due on Oct. 01.

• 20 points: LCD_Display_Name() – Due on Oct. 08.

• 10 points: Lab demo questions – Due on Oct. 08.

Lab 2 8

Lab Assignment
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Lab flowchart

LCD_PIN_Init()

LCD_Configure()

LCD_Display_Name()
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1. Enable the clock of GPIO port A, B, C and D.
2. Configure PA 6, 7, 8, 9, 10, 15 as Alternative Function 11 (0x0B).
3. Configure PB 0, 1, 4, 5, 9, 12, 13, 14, 15 as Alternative Function 11 (0x0B).
4. Configure PC 3, 4, 5, 6, 7, 8 as Alternative Function 11 (0x0B).
5. Configure PD 8, 9, 10, 11, 12, 13, 14, 15 as Alternative Function 11 

(0x0B).

GPIOx->MODER &= ~(MASK);
GPIOx->MODER |=  MASK;

GPIOx->AFR[0] &= ~MASK;
GPIOx->AFR[0] |= MASK;

GPIOx->AFR[1] &= ~MASK;
GPIOx->AFR[1] |= MASK;

GPIOx->OSPEEDR &= ~(MASK);

// GPIOx Push-Pull: No pull-up, pull-down (00)
GPIOx->PUPDR &= ~MASK;

Lab 2 10

LCD_PIN_Init()



ENSC 3213: Computer Based SystemsLab 2 11

LCD_Configure()
// 1. Configure BIAS[1:0] bits of register LCD_SR and set the bias to 1/3
LCD->CR ; //BIAS[1:0]: 00=1/4; 01=1/2; 10=1/3

// 2. Configure DUTY[2:0] bits of LCD_CR and set the duty to 1/4
LCD->CR ; //DUTY[2:0]: 000=Static; 001=1/2; 010=1/3; 011=1/4; 100=1/8

// 3. Configure CC[2:0] bits of LCD_FCR and set the contrast to max value 111
LCD->FCR ;

// 4. Configure PON[2:0] bits of LCD_FCR and set the pulse on period to 111.
LCD->FCR ; // PON[2:0] = 0x111

// 5. Diable the MUX_SEG segment of LCD_CR
LCD->CR ;

// 6. Select internal voltage as LCD voltage source
LCD->CR ; // 0 = internal source, 1 = external source (VLCD pin)

// 7. Wait until FCRSF flag of LCD_SR is set
while ((LCD->SR & MASK) == 0); // Wait until FCRSF flag is set

// 8. Enable the LCD by setting LCDEN bit of LCD_CR
LCD->CR ;

// 9. Wait until the LCD is enabled by checking the ENS bit of LCD_SR
while ((LCD->SR & MASK) == 0); // ENS is set by hardware automatically

// 10. Wait until the LCD booster is ready by checking the RDY bit of LCD_SR
while ((LCD->SR & MASK) == 0); // Loop until step-up converter is ready to provide the correct voltage.
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LCD_Configure()

Use the LCD 
Register Map in 
order to find the 
correct bit 
positions!
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LCD_Display_Name()
// Is the LCD_RAM protected?
// If the UDR bit in LCD_SR is set, then RAM is protected
while ((LCD->SR & MASK) != 0); // Wait for Update Display Request Bit

// Set up the value of LCD_RAM[0-7] with your last name
LCD->RAM[0] ;
LCD->RAM[1] ;
LCD->RAM[2] ;
LCD->RAM[3] ;
LCD->RAM[4] ;
LCD->RAM[5] ;
LCD->RAM[6] ;
LCD->RAM[7] ;

// Set the UDR flag of LCD_SR register to request update display
LCD->SR |= MASK;

// Is the update done?
// If the UDD bit in LCD_SR is set, then update is done.
while ((LCD->SR & MASK) == 0); // Wait for update display done
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LCD_Display_Name()
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// Set up the value of LCD_RAM[0-7] with your last name
LCD->RAM[0] |= 0x00C00018;
LCD->RAM[2] |= 0x00C00008;


