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ARM architecture
1. Aim and Objective:
To study about the ARM architecture.
2. Prerequisites:
Digital Electronics
Microprocessor and Micro controller
3.Pre Test- MCQ type
1. Which is the component of the processor
A . Arithmetic Logic Unit
B. Set of the Register
C. Control Unit
D. All of the above mentioned options
2.Which one is not the control signal
A.Read
B.Write
C.Reset
D. None of the above mentioned options
3.Which is used the stack in processor
A.FIFO
B.LIFO
C.LILO
D.FILO
4. What is the order of the processor to execute the instruction?
A.Decode,Fetch,Execute
B.Fetch,Decode,Execute
C.Execute,Decode, Fetch
D.Decode,Execute,Fetch

5. EEPROM stands for
A. Erasable Edit Programmable Read Only memory
B. Erasable Edge Programmable Read Only memory
C. Electrically Erasable Programmable Read Only memory
D. Electrically Edit Programmable Read Only memory

4. The ARM7TDMI
The ARM7TDMI is a member of the Advanced RISC Machines (ARM) family of
general purpose 32-bit microprocessors, which offer high performance for very low
power consumption and price.
Advanced RISC machine (ARM) is the first reduced instruction set computer (RISC)
processor for commercial use, which is currently being developed by ARM Holdings

 Advanced RISC machine (ARM) is the reduced instruction set computer (RISC)
processor, which is created by ARM Holdings
 90% of the mobile markets ruled by the ARM architecture technology
Applications
Embedded Solutions
• Smart Cards • Automotive • Dashboard Controls
Enterprise Solutions
• Flash Cards • Hard Disks • Printers
Home Solutions
• Still Cameras • Digital TV • Set Top Box
Mobile Solutions
• Bluetooth • PDA • Smart Phone
Emerging Applications
• Gaming • Robot • And much more….

ARM 7 ARCHITECTURE Features












32-bit RISC-processor core (32-bit instructions)
37 pieces of 32-bit integer registers (16 available)
Thumb instruction set
Pipelined (ARM7: 3 stages)
Cached (depending on the implementation)
Von Neuman-type bus structure (ARM7), Harvard (ARM9)
Debug Interface
Embedded ICE macrocell
Jazelle DBX(Direct Bytecode eXecution)
8 / 16 / 32 -bit data types
7 modes of operation (usr, fiq, irq, svc, abt, sys, und)

32-bit RISC-processor core
RISC Means Reduced Instruction Set Computer
THUMB set
 The THUMB set’s 16-bit instruction length allows it to approach twice the density of
standard ARM code while retaining most of the ARM’s performance advantage over
traditional 16-bit processor using 16-bit registers.
This is possible because THUMB code operates on the same 32-bit register set as ARM code

 The key idea behind THUMB is that of a super-reduced instruction set.
 EssentiallyARM7TDMI processor has two instruction sets:


the standard 32-bit ARM set



a 16-bit THUMB set

pipelining
 It is used speed up the no. of execution per unit time for processor by instruction
parallelism
 The process of fetching the next instruction when the present instruction is being
executed is called as pipelining
 Pipelining is a technique that implements a form of parallelism called instructionlevel parallelism within a single processor.
 It therefore allows faster CPU throughput (the number of instructions that can be
executed in a unit of time) than would otherwise be possible at a given clock rate.

Instruction execution without pipeline
The execution of instruction performed one by one, after complete the execution of an
instruction the next instruction is fetched from the memory
Suppose, these instructions are executed sequentially, and it takes the 1-unit clock
cycle for each step to run. So, it would take 12-clock cycles(3 X 4) to execute these
instructions.

Cache
 Cache is a small amount of memory which is a part of the CPU - closer to the CPU
than RAM . It is used to temporarily hold instructions and data that the CPU is likely
to reuse.
Harvard architecture vs Von-Neumann architecture
 In Harvard architecture, the CPU is connected with both the data memory (RAM)
and program memory (ROM), separately.
 In Von-Neumann architecture, there is no separate data and program memory.
Instead, a single memory connection is given to the CPU.

Debug Interface
 On chip unit for testing called as JTAG interface
 JTAG stands for Joint Test Action Group and defines the set of standards for testing
the functionality of hardware.
 There is a set of scan cells located at the boundaries

Embedded ICE macrocell
 Macro cell ICE(In Circuit Emulator) is used to enable the testing .
 This unit is powered by breakpoint and watch point register and control & status
register
 All the register work together to halt the ARM core to read status and thus do active
debugging
Jazelle DBX(Direct Bytecode eXecution)
 ARM processors to execute Java byte code in hardware as a third execution state
along with existing ARM and Thumb mode
 Useful to increase the execution speed of Java ME games and applications
Operating Modes
 ARM has seven operating modes:
 User : Unprivileged mode under which most tasks run
 FIQ(Fast Interrupt Request ): Entered on a high priority interrupt request
 IRQ(Interrupt Request): Entered on a low priority request
 Supervisor: Entered on reset and when a software interrupt instruction is
executed.
 Abort: used to handle memory access violations
 Undef: used to handle undefined instructions
 System: privileged mode using the same register as user mode

4.3.Memory Interface
 The ARM processor has Von Neumann Architecture, with 32 bit data bus carrying
both instruction and data
 Only the load, store, swap instructions can access from the memory
ARM Processor access the memory by four different types
1. Non sequential Bus Cycle

2. Sequential Bus Cycle
3. Internal Cycle
4.Co-processor Cycle
Processor determines the type transfer cycle takes place based on the two signals nMREQ
and SEQ
nMREQ
0
0
1
1

SEQ
0
1
0
1

BUS Cycle
N Cycle
S- Cycle
I-Cycle
C-Cycle

Description
Non sequential Bus Cycle
Sequential Bus Cycle
Internal Cycle
Co-processor Cycle

1. Non sequential Cycle
It is a type of memory access cycle in which access the memory through memory location is
unrelated to the preceding cycle transfer.

Sequential Cycle
It is a type of memory access cycle in which access the memory through memory location is
related to the preceding cycle transfer.
It is used generally program access from the memory and used for burst data transfer

Internal Cycle
In this bus cycle no memory access performed only an internal function to be executed

Co-Processor register transfer Cycle
During this cycle. ARM7TDMI processor access the data from or to the Co-processor
.memory access does not initiate the during the cycle.

4.4.Debug Interface
 The debug interface is based on IEEE Std. 1149.1-1990, Standard Test Access Port
and Boundary Scan Architecture.
 The ARM7TDMI processor contains hardware extensions for advanced debugging
features
 These make is easier to develop application software, operating systems and hardware
itself.
Stages of the Debug
 A request on one of the external debug signal, or on an internal functional unit known
as EmbeddedICE Logic forces into debug state
 A break point, an instruction fetch
 A watch point, a data access
 An external debug request

Debug Host

 The Debug host is computer that is running a software debugger such as the Arm
Debugger for Windows.

 The debug host allows to issue high level commands such as setting breakpoints of
examining the contents of memory
Protocol Converter
 The protocol converter communicates with high commands issued by the debug host
and the low level commands of JTAG interface.
 It interfaces to the host through an interface such as an enhanced parallel port.
Debug Target
Debug target consists of EmbeddedICE Logic and TAP Controller
 The EmbeddedICE Logic
This is a set of registers and comparators used to generate debug exceptions
such as breakpoints
 The TAP Controller
This controls the action of the scan chains using a JTAG serial interface

5.Post test-Multiple Choice Questions

The ARM core uses ____ Architecture.
a) RISC b) CISC c) Both D) none

2. ARM Processor specifically designed for to reduce ___
a) Size b) Power Consumption C) both d) none.
3.ARM Processor core is a key component of ___ bit embedded system.
a)8 b) 16 c)32 d)64
4.ARM means ___
a) Advance Risc Machine b) Advance Review machine c) Advance Risc mechanism
d) All
5..RISC means ____
a)Reduced Instruction set computer b) Reduced Instruct set computer C) both d)
None

6.Conclusion
Hence the in this module we studied about the ARM Architecture in detail
7.References
1. ARM System Developer‟s Guide – Andrew N.Sloss.
2. ARM Architecture Reference Manual - David Seal.
3. ARM System-on-Chip Architecture (2nd Edition) by Steve Furbe.

8. Assignment
1. Describe about the features of ARM7TDMI architecture
2. Write short notes about the Memory interface bus signal
3. Mention importance of the Debug interface bus signal
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LPC 2148 Microcontroller Block diagram and its programming
1. Aim and Objective:
To study about the LPC 2148 Micro controller chip.
2. Prerequisites:
Digital Electronics
Microprocessor and Micro controller
3. Pre Test- MCQ type
1. Which is the component of the processor
A . Arithmetic Logic Unit
B. Set of the Register
C. Control Unit
D. All of the above mentioned options
2.Which one is not the control signal
A.Read
B.Write
C.Reset
D. None of the above mentioned options
3.Which is used the stack in processor
A.FIFO
B.LIFO
C.LILO
D.FI LO
4. What is the order of the processor to execute the instruction
A.Decode,Fetch,Execute
B.Fetch,Decode,Execute
C.Execute,Decode, Fetch
D.Decode,Execute,Fetch

5. EEPROM stands for
A. Erasable Edit Programmable Read Only memory
B. Erasable Edge Programmable Read Only memory
C. Electrically Erasable Programmable Read Only memory
D. Electrically Edit Programmable Read Only memory

4 .LPC2148 microcontrollers
The LPC2148 microcontrollers are based on a 32 bit ARM7TDMI-S CPU with real-time
emulation and embedded trace support, that combines the microcontroller with embedded
high speed flash memory of 512 KB

4.1. LPC 2148 Microcontroller Features
















32-bit ARM7TDMI-S microcontroller in a tiny LQFP64 package.
32 kB of on-chip static RAM and 512 kB of on-chip flash program memory.
It has the Memory accelerator module with 128 bit wide
In-System/In-Application Programming (ISP/IAP) via on-chip boot-loader software.
Single flash sector or full chip erase in 400 ms and programming of 256 bytes in 1 ms.
In built the Embedded In Circuit Emulator (ICE) and Real Time Trace for real time
debugging and high speed trace of instruction execution.
Universal Serial Bus (USB) 2.0 device controller for high speed data transfer
Two 10-bit Analog to Digital Converters provide a total of 6 analog inputs, with conversion
times as low as 2.44 micro second per channel.
It has one 10-bit Digital to Analog Converter to read the variable analog output.
Two separate 32-bit timers/counters, PWM Module and watchdog.
Low power RTC with separate power and dedicated 32 kHz clock input.
It has the serial interfaces including two UARTs ,two Fast I2C-bus (400 kbit/s), a Serial
Peripheral Interface and a Synchronous Serial Port.
Vectored interrupt controller with configurable priorities and vector addresses.
Up to 45 of 5 V tolerant fast general purpose I/O pins in a tiny LQFP64 package.
Up to nine edge or level sensitive external interrupt pins available

4.2.LPC 2148 Micro Controller Block diagram

 The ARM7TDMI-S is a general purpose 32-bit microprocessor, which offers high
performance and very low power consumption

4.3. System control Functions
•

Crystal Oscillator

•

External Interrupt Inputs

•

Miscellaneous System Controls and Status

•

Memory Mapping Control

•

PLL

•

Power Control

•

Reset

•

APB Divider

 Wakeup Timer

4.3.1Crystal Oscillator
LPC 2148 Micro controller operated at frequency 12-60MHZ. The clock frequency is generated
using crystal oscillator which is connected to pin of XTAL1 and XTAL2
4.3.2.External Interrupt Inputs
It has 5 external interrupt. Which is
EINT0 – general purpose interrupt input is used wake up the processor from idle mode
EINT1 -general purpose interrupt input is used start the ISP command handler
EINT2 - general purpose interrupt input
EINT3- general purpose interrupt input
RESET- external reset input when this input is low chip resets

4.3.4. Memory Map
LPC 2148 microcontroller has 4GB of total memory space which is 32 bit internal bus address
(232= 4GB)
It is a memory mapped Input/Output system in which RAM , ROM memory and peripherals share
the same memory space
4.3.5. Phase Locked Loop(PLL)
 There are two PLL modules in the LPC2148 microcontroller.
 The PLL0 is used to generate the CCLK clock (system clock)
 while the PLL1 has to supply the clock for the USB at the fixed rate of 48 MHz.
 The PLL0 and PLL1 accept an input clock frequency in the range of 10 MHz to 25
MHzonly.
 The input frequency is multiplied up the range of 10 MHz to 60 MHz for the CCLK and 48
MHz for the USB clock using a Current Controlled Oscillators (CCO).
 The multiplier can be an integer value from 1 to 32 .

 CCO operates in the range of 156 MHz to 320 MHz, so there is an additional divider in the
loop to keep the CCO within its frequency range while the PLL is providing the desired
output frequency.
 The output divider may be set to divide by 2, 4, 8, or 16 to produce the output clock. Since
the minimum output divider value is 2, it is insured that the PLL output has a 50% duty
cycle.

4.3.6. Power Control
One of the important features of ARM micro controller is low power consumption in order to
achieve the power optimization two modes are available
1. Power down mode
2. Idle mode
Power down mode
In this mode the crystal oscillator shutdown and chip does not receives any clocks. During
this mode no operation takes place which can resume back only by either certain specific interrupt
or reset that triggered.
Due to above all, the dynamic power consumption of chip is negligible hence power consumption
almost zero
Idle mode
During this mode, instruction execution is suspected. But peripherals can continue operation and
may be generated the interrupt to resume the chip to execute the instructions
Power consumption of the processor, bus, control logic and memory is eliminated.

4.3.7. APB divider
 The APB Divider determines the relationship between the processor clock (CCLK) and the
clock used by peripheral devices (PCLK).
 The APB Divider serves two purposes.
 The first is to provides peripherals with desired PCLK via APB bus so that they can operate
at the speed chosen for the ARM processor.

4.4. Timer

Timer and counter are same function only difference is timer uses the PCLK for timing
whereas counter uses external source
Timer is used create time delay whereas counter used to counts number of events occurs
LPC 2148 Micro controller has 2 32 bit timer and associated registers
Timer operation
 Load a number in a match register
 Start the timer by enabling the E bit in TOTCR.
 The TOTC starts incrementing for every tick of the PCLK
 When the content of the TOTC equals the value in the match register, timing is said to have
occurred.
 One of many possibilities can be made to occur when this happens
 The possibilities are to reset the timer count register, stop the timer, or generate an interrupt

Timer Registers


Timer Count(T0TC) -32 bit Register which gives it a range of counting 0 from to 0xFFFF FFFF



Timer Control(T0TCR)- 8 bit register bit0- enable bit enable bit is 1 count is enabled and starts bit
1 –reset bit



Match Register(MR0 to MR3) is 32 bit register



T0MCR is 16 bit Register which is used to specify the event to occur when the match occurs

4.5. PWM
 Pulse Width Modulation (PWM) is a technique by which width of a pulse is varied while
keeping the frequency constant.
 PWM Pulse is control the period and duty cycle of the square wave
 LPC 2148 microcontroller can be generated up to 6 single edge controlled or 3 double edge
controlled PWM outputs, or a mix of both types with help of Seven match registers.
 Double edge controlled PWM outputs can be programmed to be either positive going or
negative going pulses.
 A period of a pulse consists of an ON TIME cycle (TON) and an OFF TIME cycle
(TOFF). The fraction for which the signal is TON over a period is known as duty cycle.
 Duty Cycle (In %) = (TON/(TON+TOFF) x 100
 E.g. Consider a pulse with a period of 10ms which remains ON (high) for 2ms.The duty
cycle of this pulse will be
 D = (2ms / 10ms) x 100 = 20%
Through PWM technique, we can control the power delivered to the load by using ON-OFF signal.
PWM Module Registers
 32-bit Timer Counter, i.e. PWMTC (PWM Timer Counter). This Timer Counter counts the
cycles of peripheral clock (PCLK).
 32-bit PWM Prescale Register (PWMPR). scale this timer clock counts (PWMPR).
 LPC2148 has 7 PWM match registers (PWMMR0 – PWMMR06).
 . The PWM Latch Enable Register is used to control the update of the PWM Match
registers when they are used for PWM generation.

PWM Pulse generation steps
 Whenever starts the PWM Timer. PWM Timer Counter (PWMTC) increments its value
step by step and any value matches with these Match Registers then,

 PWM Timer Counter resets, or stops, or generates match interrupt, depending upon settings
in PWM Match Control Register(PWMMCR).
 One matchMR0 Registers is used to dedicate for setting the PWM frequency. And other
match registers are used to setting the duty cycle of PWM

C Program for generate the Single edge controlled PWM using LPC2148
#include <LPC214x.H>

/* LPC21xx definitions */

#include <stdio.h>
void init_PWM (void)
{
PINSEL0 |= 0x00000008; /* Enable P0.7 and P0.1 as PWM output */
PWMPR

= 0x00000000;

/* Load prescaler */

PWMPCR = 0x00000800;/* PWM channel 2 & 3 double edge control, output enabled */
PWMMR0 = 0xfff;

/* set cycle rate to sixteen ticks

*/

PWMTCR= 0x00000009;
PWMMCR=0x00000002; ;

/* On match with timer reset the counter */

}
int main(void)
{
init_PWM();
while(1)

/* Loop forever */

{
PWMMR3 = 0x2fe;
PWMLER = 0x8;
}
}
4.6. Real Time Clock(RTC)

/* set rising edge of PWM3 to 100 ticks

*/

/* enable shadow latch for match 1 - 3 */

 The Real Time Clock (RTC) is a set of counters for measuring time when system power is
on, and optionally when it is off.
 It uses little power in Power-down mode.
 On theLPC214x, the RTC can be clocked by a separate 32.768 KHz oscillator or by a
programmable prescale divider based on the APB clock
 Measures the passage of time to maintain a calendar and clock.


Ultra Low Power design to support battery powered systems.



Provides Seconds, Minutes, Hours, Day of Month, Month, Year, Day of Week, and Day of
Year.



Dedicated 32 kHz oscillator or programmable prescaler from APB clock.



Dedicated power supply pin can be connected to a battery or to the main 3.3 V.

4.7. Vectored Interrupt Controller
 32 interrupt request inputs
 16 vectored IRQ interrupts
 16 priority levels dynamically assigned to interrupt requests
 Software interrupt generation
VIC programmably assigns them into 3 categories, FIQ, vectored IRQ, and non-vectored IRQ.
 Fast Interrupt reQuest (FIQ) requests have the highest priority.
 Vectored IRQs have the middle priority, but only 16 of the 32 requests can be assigned to
this category.
 Non-vectored IRQs have the lowest priority.

5. Laboratory experiments
Ex.No :

Date :

AIM:
Waveform generation using 10 bit DAC
To write the embedded C program to generate a triangular and square wave form using internal 10 bit DAC
using LPC2148 ARM Micro controller.
APPARATUS REQUIRED :
1. LPC 2148 ARM Microcontroller Development board.
2 Keil µVision version 5
3. Flash Magic .
Input:
Output:
DAC pin (P0.25)
ALGORITHM:



First, configure P0.25/AOUT pin as DAC output using PINSEL Register.



Then set settling time using BIAS bit in DACR Register.



Now write 10-bit value (which we want to convert into analog form) in VALUE field
of DACR Register.

[A].

Square waveform generation using internal DAC of LPC2148

#include <lpc214x.h>
#include <stdint.h>
void delay_ms(uint16_t j)
{
uint16_t x,i;
for(i=0;i<j;i++)
{
for(x=0; x<6000; x++); /* loop to generate 1 milisecond delay with Cclk = 60MHz */
}
}
int main (void)
{
uint16_t value;
uint8_t i;
i = 0;
PINSEL1 = 0x00080000; /* P0.25 as DAC output */
while(1)
{
value = 1023;
DACR = ( (1<<16) | (value<<6) );
delay_ms(100);
value = 0;
DACR = ( (1<<16) | (value<<6) );
delay_ms(100);
}
}

[B]Triangular wave generation using internal DAC of LPC2148
#include <lpc214x.h>
#include <stdint.h>
void delay_ms(uint16_t j)
{
uint16_t x,i;
for(i=0;i<j;i++)
{
for(x=0; x<6000; x++); /* loop to generate 1 milisecond delay with Cclk = 60MHz */
}
}
int main (void)
{
uint16_t value;

uint8_t i;
i = 0;
PINSEL1 = 0x00080000; /* P0.25 as DAC output */
while(1)
{
value = 0;
while ( value != 1023 )
{
DACR = ( (1<<16) | (value<<6) );
value++;
}
while ( value != 0 )
{
DACR = ( (1<<16) | (value<<6) );
value--;
}
}
}

OUTPUT WAVEFORMS
[A] SQUARE WAVE FORM

[B]TRIANGULAR WAVEFORM

[C] SAWTOOTH WAVE FORM

Result :
Thus the embedded C program to generate the triangular and Square wave form with internal 10 bit DAC
using LPC2148 ARM Micro controller was executed and output was verified with oscilloscope.

Pulse Width Modulation(PWM) Waveform generation

Flow Chart
START

Initialize
Variables

Configure Pins P0.1
PINSEL0 (PWM3)
PINSEL1 (ADC)

Configure the PWM
frequency and duty cycle
for PWM3 using MR0, MR2
and MR3

Wait for Change in analog value

Update Duty Cycle Value

Stay Un-terminated

END

Ex.No :

Date :

AIM:
Pulse Width Modulation(PWM) Waveform generation
To write the embedded C program to generate a PWM waveform using LPC2148 ARM Micro controller.
APPARATUS REQUIRED :
1. LPC 2148 ARM Microcontroller Development board.
2 Keil µVision version 5
3. Flash Magic .
Input:

AD0.3 (P0.30) – Place jumper JP5 (‘I’ Label position)

Output:

PWM3 is used for Demo (P0.1)
ALGORITHM:



Reset and disable PWM counter using PWMTCR



Load prescale value according to need of application in the PWMPR



Load PWMMR0 with a value corresponding to the time period of your PWM wave



Load any one of the remaining six match registers (two of the remaining six match
registers for double edge controlled PWM) with the ON duration of the PWM cycle.
(PWM will be generated on PWM pin corresponding to the match register you load
the value with).



Load PWMMCR with a value based on the action to be taken in the event of a
match between match register and PWM timer counter.



Enable PWM match latch for the match registers used with the help of PWMLER



Select the type of PWM wave (single edge or double edge controlled) and which
PWMs to be enabled using PWMPCR



Enable PWM and PWM counter using PWMTCR+++

Program :
#include <LPC214x.H>
#include <stdio.h>

/* LPC21xx definitions */

void PWM0_isr(void) __irq
{
PWMIR
|= 0x00000001;
VICVectAddr = 0x00000000;
}

/* Clear match0 interrupt */

void init_PWM (void) {
VICVectAddr8 = (unsigned)PWM0_isr;
VICVectCntl8 = 0x00000028;
VICIntEnable = 0x00000100;
PINSEL0 |= 0x00008008;
PWMPR = 0x00000000;
*/

PWMPCR = 0x00000C0C;
PWMMCR = 0x00000003;
PWMMR0 = 0x400;
PWMMR1 = 0;
PWMMR2 = 0x200;
PWMMR3 = 0x100;
PWMLER = 0xF;
PWMTCR = 0x00000002;
PWMTCR = 0x00000009;

/* Set the PWM ISR vector address */
/* Set channel */
/* Enable the interrupt */
/* Enable P0.7 and P0.1 as PWM output */
/* Load prescaler */
/* PWM channel 2 & 3 double edge control, output enabled

/* On match with timer reset the counter */
/* set cycle rate to sixteen ticks
*/
/* set rising edge of PWM2 to 100 ticks */
/* set falling edge of PWM2 to 200 ticks */
/* set rising edge of PWM3 to 100 ticks */
/* enable shadow latch for match 1 - 3 */
/* Reset counter and prescaler
*/
/* enable counter and PWM, release counter from reset */

}
void Delay ()
{
unsigned int i,j;
for (i=0;i<250;i++)
for (j=0;j<700;j++);
}
int main (void)
{
unsigned long val;
unsigned long oldval = 0;
VPBDIV =
0x02;
PINSEL0
|=
0x00050000;
PINSEL1
=
0x15400000;
init_PWM();
U1LCR =
0x83;
U1DLL =
0xC3;
U1LCR =
0x03;
AD0CR = 0x00230608;
/* Setup A/D: 10-bit AIN0 @ 3MHz */
AD0CR |= 0x01000000;
/* Start A/D Conversion */
while (1)
{
/* Loop forever */
do
{
val = AD0GDR;

/* Read A/D Data Register */
} while ((val & 0x80000000) == 0);
/* Wait for end of A/D Conversion */
val = ((val >> 6) & 0x3FF);
/* Extract AIN0 Value */
Delay (); Delay();
if (val != oldval)
{
PWMMR2
=
val;
PWMLER
=
0xF;
oldval =
val;
printf ("Val : %4d \n\r", val);
}
}

}

MODEL GRAPH

Result :
Thus the embedded C program to generate the PWM wave form using LPC2148 ARM Micro controller
was executed and output was verified with oscilloscope.

Temperature Sensor(LM 35) Interface

Flow Chart
START

Initialize
Variables
Configure Pins
PINSEL0 (UART1)
PINSEL1 (ADC)
Initialize ADC
UART at 9600 Baudrate

Read ADC0.1
(ADC Data Registers)
Conversion value move to
UART1 Registers
Send to Serial port

END

Ex.No :

Date :

Temperature Sensor(LM 35) Interface
AIM:
To write the embedded C program to read on-chip ADC value of Temperature sensor LM35 and display in
hyper terminal using UART1 using LPC2148 ARM Micro controller.
APPARATUS REQUIRED :
1. LPC 2148 ARM Microcontroller Development board.
2 Keil µVision version 5
3. Flash Magic .
Input:

AD0.1 (P0.28) - LM35 Temp Sensor
Output:

UART0 Pins

: P0.8 - Txd | P0.9 – Rxd

Connect Serial Cable at P2 (Board DB9 connector) to PC’s DB9 Connector.

PROGRAM
#include <LPC214x.h>
#include <stdio.h>

#define DONE 0x80000000
#define START 0x01000000
#define PRESET0x00230600
void Delay ()
{
unsigned int i,j;
for (i=0;i<50;i++)
for (j=0;j<500;j++);
}
void Welcome ()
{
printf ("-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.\n\r");
printf ("--------------------------------------------------------\n\r");
printf ("*** Temperature Sensor Interfacing with Tyro Kit ***\n\r");
printf ("--------------------------------------------------------\n\r");
printf (">> Put Jumper J in 'E' Mode to Enable Temp Sensor Block \n\r");
printf (">> Connect UART1 to COM Port @ 9600 Baud Rate\n\n\r");
printf ("********************************************************\n\r");
printf ("************************* Result ***********************\n\r");
printf ("********************************************************\n\n\r");

}

void Serial_Init ()
{
PINSEL0

|= 0x00050000;

U1LCR =

0x83;

U1DLL =

195;

U1LCR =

0x03;

//Configure TxD1 and RxD1 @ P0.8 & P0.9

}

void main ()
{
unsigned long Val;
VPBDIV =

0x02;

//pclk @ 30MHz

Serial_Init ();
PINSEL1

=

0x01 << 24;

//P0.28 configure as ADC0.1

Welcome ();
AD0CR =

PRESET | 0x02;

AD0CR |=

START;

//ADC Config: 10bit/9Clock | BURST = 1 | CLKDIV = 0x06
//Start Conversion NOW

while (1)
{
do
{
Val = AD0GDR;

}while ((Val & DONE) == 0);

//Check if Conversion is DONE

Val = ((AD0GDR >> 6) & 0x3FF);

//Extract Result from Bits AD0GDR.15 - AD0GDR.6

printf (">> Current Temperature : %4d ", Val);
printf ("\xF8\F \r");
}

}

Result
Thus the embedded C program to read on-chip ADC value of Temperature sensor LM35 and display in
hyper terminal using UART1 using LPC2148 ARM Micro controller was executed and output was verified.
.

Study of the external Interrupts

Flow Chart
START

Initialize a
Global Variable

Configure PINSEL0 for INT1
and INT2

Configure PINSEL0 for
UART0 @ 9600bps

Enable VIC for External
Interrupt Slot and write an
ISR

Send the Incremented value
to UART0

END

Ex.No :

Date :

Study of external Interrupts
AIM:
To write the embedded C program to read the external interrupts INT1 and INT2 and display in hyper
terminal using UART1 using LPC2148 ARM Micro controller.
APPARATUS REQUIRED :
1. LPC 2148 ARM Microcontroller Development board.
2 Keil µVision version 5
3. Flash Magic .
Input:

INT 1 (P0.14) –Press to Increment the data
INT 2 (P0.15) – Press to Increment the data
Output:

UART0 Pins

: P0.8 - Txd | P0.9 – Rxd

Connect Serial Cable at P1 (Board DB9 connector) to PC’s DB9 Connector.

PROGRAM
#include <lpc214x.h>
#include <stdio.h>
int volatile EINT1

=

0;

int volatile EINT2

=

0;

void ExtInt_Serve1(void)__irq;
void ExtInt_Serve2(void)__irq;

/*----------------------------------< INT2 Initialization >------------------------------*/
void ExtInt_Init2(void)
{
EXTMODE |= 4;

//Edge sensitive mode on EINT2

EXTPOLAR = 0;

//Falling Edge Sensitive

PINSEL0 |= 0x80000000;

//Enable EINT2 on P0.15

VICVectCntl1 = 0x20 | 16;

//Use VIC1 for EINT2 ; 16 is index of EINT2

VICVectAddr1 = (unsigned long) ExtInt_Serve2;
VICIntEnable |= 1<<16;

//Set Interrupt Vec Addr in VIC1

//Enable EINT2

}

/*----------------------------------< INT1 Initialization >------------------------------*/
void ExtInt_Init1(void)
{
EXTMODE |= 2;

//Edge sensitive mode on EINT1

EXTPOLAR = 0;

//Falling Edge Sensitive

PINSEL0 |= 0x20000000;

//Enable EINT2 on P0.14

VICVectCntl0 = 0x20 | 15;

//Use VIC0 for EINT2 ; 15 is index of EINT1

VICVectAddr0 = (unsigned long) ExtInt_Serve1;

//Set Interrupt Vec Addr in VIC0

VICIntEnable |= 1<<15;

//Enable EINT1

}

/*----------------------------------< Serial Initialization >------------------------------*/
void Serial_Init(void)
{
PINSEL0 |=

0X00000005;

//Enable Txd0 and Rxd0

U0LCR =

0x00000083;

//8-bit data, no parity, 1-stop bit

U0DLL =

0x00000061;

U0LCR =

0x00000003;

//XTAL = 12MHz (pclk = 60 MHz, VPB = 15MHz(pclk=cclk/4)
//DLAB = 0;

}
/*------------------------------------< Delay Function >----------------------------------*/
void DelayMs(unsigned int count)

{

unsigned int i,j;
for(i=0;i<count;i++)
{
for(j=0;j<1000;j++);
}
}

/*------------------------------------< Main Function >----------------------------------*/

void main(void)
{
Serial_Init();
ExtInt_Init1();

//Initialize Interrupt 1

ExtInt_Init2();

//Initialize Interrupt 2

putchar(0x0C);
printf ("***************** External Interrupt Demo ***************************\n\n\r");
DelayMs(100);
printf (">>> Press Interrupt Keys SW2(INT1) and SW3(INT2) for Output... \n\n\n\r");
DelayMs(100);

while(1)
{
DelayMs(500);
printf("INT1 Generated : %d | INT2 Generated : %d \r", EINT1, EINT2);
DelayMs(500);
}

}

/*----------------------------------< Interrupt Sub-Routine >------------------------------*/

void ExtInt_Serve1(void)__irq
{
++EINT1;
EXTINT |= 2;
VICVectAddr = 1;
}

void ExtInt_Serve2(void)__irq

{
++EINT2;
EXTINT |= 4;
VICVectAddr = 0;
}

Result
Thus the embedded C program to read the external interrupts INT1 and INT2 and display in hyper terminal
using UART1 using LPC2148 ARM Micro controller was executed and output was verified.

6. Post test-Multiple Choice Questions
1.LPC 2148 microcontroller is based on -----------------------architecture
A.
B.
C.
D.

ARM5
ARM7
ARM 9
ARM11

2.LPC 2148 microcontroller operated voltage is ---------V
A.
B.
C.
D.

5
5.5
3.3
3

3.LPC2148 has
A. 32kB on chip RAM and 128kB FLASH memory
B. 1MB RAM and 512kB on chip FLASH memory
C. 64kB RAM and 512kB on chip FLASH memory
D. 32kB RAM and 512kB on chip FLASH memory

4.ADC in LPC 2148 microcontroller is ------------------------ successive approximation register type
A.
B.
C.
D.

16 bit
12 bit
10 bit
32 bit

5. ADC in LPC 2148 microcontroller is ------------------------ type
A.
B.
C.
D.

10 bit successive approximation register
10 bit Dual slope
10 bit parallel
None of the mentioned above options

6.The --------------------------- block is to configure the Pins to the desired functions
A. Pinstatus
B. pinselect
C. pincontrol

D. None of the above mentioned options
7. Conclusion
Hence the in this module we studied about the LPC Micro controller block diagram and its
programming in detail
8. References
1. Lyna B.Das ,Embedded Systems – An Integrated Approach, Pearson Education 2014.
2. ARM Architecture Reference Manual - David Seal.
3. https://www.nxp.com/docs/en/user-guide/UM10139.pdf

9. Assignment
1. Write the short notes on Real Time clock and its purpose in LPC 2148 microcontroller
2. Write a C Program for generate double edge controlled PWM pulse with help of LPC 2148
microcontroller
3. Write a C Program for generate the saw tooth wave form with help of DAC module in LPC
2148 microcontroller

Lecture notes for LPC2148 ARM Microcontrollers peripherals and its
programming
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LPC2148 Microcontroller peripheral and its programming
1. Aim and Objective:
To study about the LPC2148 Microcontroller peripheral and its programming.
2. Prerequisites:
Should have knowledge about the LPC2148 micro controller architecture
Should have the basic knowledge about the serial communications
Should have the basic embedded c programming
3. Pre Test- MCQ type
1. Which type of communication can be transfer the signal in only one bit at a time
A .Serial Communication
B. Parallel Communication
C. Both serial and parallel communications
D. None of the above mentioned options
2. In communication protocol, number of bits transferred per second is known as ---------------------------A. Transmission rate
B. Reception rate
C. Baud rate
D. Bit rate
3. Which of the mode is used to transmit and receive data simultaneously?
A.Simplex
B.Half Duplex
C.Full Duplex
D.None of the mentioned other options
4. What is the advantages of Loop in c programingorder of the processor to execute
the instruction?
A.Reuseablity the same code
2

B. we do not need to write the code and code again
C.we can transverse the elements from the array to linked list and viceversa
D.All of the mentioned above options
5. In C Programming, what is the meaning of symbol <<
A. Left shift operator
B. Right shift operator
C. Bit wise OR operator
D. one’s complement operator
6. LPC 2148 Microcontroller has ------------ ALU
A. 8-bit
B. 16-bit
C. 32-bit
D.64-bit

4.1 GPIO
 LPC 2148 has 2 32-bit port P0,P1
 Every physical GPIO port is accessible via either the group of registers providing an
enhanced features and accelerated port access or the legacy group of registers
 Accelerated GPIO functions:
GPIO registers are relocated to the ARM local bus so that the fastest possible
timing can be achieved

I/O

– Mask registers allow treating sets of port bits as a group, leaving other bits
unchanged
– All registers are byte and half-word addressable
– Entire port value can be written in one instruction


Bit-level set and clear registers allow a single instruction set or clear of any number
of bits in one port
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Direction control of individual bits
All I/O default to inputs after reset
 it has two 32-bit General Purpose I/O ports. Total of 30 input/output and a single
output only pin out of 32 pins are available on PORT0.
 PORT1 has up to 16 pins available for GPIO functions.
 PORT0 and PORT1 are controlled via two groups of 4 registers
 Pin Connect Block Tue purpose of this is to configure the Pins to the desired
functions. multiplexer.
 Each pin of the chip has a maximum pins .This acts like a of four functions.
 Select one specific function for a pin, a multiplexer with two select pins,is
necessary. Select pins function is provided by the bits of the PINSEL
registers.

GPIO Register details
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 GPIO port Direction register
 port Pin value register
 output Set register
 output Clear register

GPIO port Direction register
This word accessible register is used to control the direction of the pins when they are
configured as GPIO port pins. Direction bit for any pin must be set according to the
pin functionality.
GPIO port Pin value register
This register provides the value of port pins that are configured to perform only digital
functions.
The register will give the logic value of the pin regardless of whether the pin is
configured for input or output, or as GPIO or an alternate digital function.
GPIO port output Set register
This register is used to produce a HIGH level output at the port pins configured as
GPIO in an OUTPUT mode.
Writing 1 produces a HIGH level at the corresponding port pins.
Writing 0 has no effect. If any pin is configured as an input or a secondary function,
writing 1 to the corresponding bit in the IOSET has no effect.
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GPIO port output Clear register
This register is used to produce a LOW level output at port pins configured as GPIO
in an OUTPUT mode.
Writing 1 produces a LOW level at the corresponding port pin and clears the
corresponding bit in the IOSET register. Writing 0 has no effect.
If any pin is configured as an input or a secondary function, writing to IOCLR has no
effect.

4.2 UART0
 16 byte Receive and Transmit FIFOs


Register locations conform to ‘550 industry standard.



Receiver FIFO trigger points at 1, 4, 8, and 14 bytes.



Built-in fractional baud rate generator with autobauding capabilities.



Mechanism that enables software and hardware flow control implementation.

4.2.1.UART0 Block diagram
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 The APB interface provides a communications link between the CPU or host and
theUART0.
 The UART0 receiver block, U0RX, monitors the serial input line, RXD0, for valid
input.
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 The UART0 RX Shift Register (U0RSR) accepts valid characters via RXD0.


After a valid character is assembled in the U0RSR, it is passed to the UART0 RX
Buffer Register FIFO to await access by the CPU or host via the generic host
interface.

The UART0 transmitter block
U0TX, accepts data written by the CPU or host and buffers the data in the UART0
TX Holding Register FIFO (U0THR).
The UART0 TX Shift Register (U0TSR) reads the data stored in the U0THR and
assembles the data to transmit via the serial output pin, TXD0.
The UART0 Baud rate generator block
U0BRG, generates the timing enables used by the UART0 TX block.
The U0BRG clock input source is the APB clock (PCLK).
The main clock is divided down per the divisor specified in the U0DLL and U0DLM
registers.
This divided down clock is a 16x oversample clock, NBAUDOUT.
The UART0 Interrupt Interface
The interrupt interface contains registers U0IER and U0IIR.
The interrupt interface receives several one clock wide enables from the U0TX and
U0RX blocks.
Status information from the U0TX and U0RX is stored in the U0LSR.
Control information for the U0TX and U0RX is stored in the U0LCR.

Auto-baud
The UART0 auto-baud function can be used to measure the incoming baud-rate based
on the ”AT" protocol (Hayes command).
If enabled the auto-baud feature will measure the bit time of the receive data stream
and set the divisor latch registers U0DLM and U0DLL accordingly.
 It can be selected by the U0ACRMode bit.
 In mode 0 the baud-rate is measured on two subsequent falling edges of the UART0
Rx pin (the falling edge of the start bit and the falling edge of the least significant bit).
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In mode 1 the baud-rate is measured the falling edge and the subsequent rising edge
of the UART0 Rx pin (the length of the start bit).

4.3.UART1
UART1 is identical to UART0, with the addition of a modem interface.
16 byte Receive and Transmit FIFOs.
Register locations conform to ‘550 industry standard.
Receiver FIFO trigger points at 1, 4, 8, and 14 bytes.
Built-in fractional baud rate generator with auto bauding capabilities.
Mechanism that enables software and hardware flow control implementation.
Standard modem interface signals included with flow control (auto-CTS/RTS) fully
supported in hardware .
modem interface

 The modem interface contains registers U1MCR and U1MSR.
 This interface is responsible for handshaking between a modem peripheral and the
UART1.

4.4.SPI
 Single complete and independent SPI controller.
 Compliant with Serial Peripheral Interface (SPI) specification.
 Synchronous, Serial, Full Duplex communication.
 Combined SPI master and slave.
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 Maximum data bit rate of one eighth of the input clock rate.
 8 to 16 bits per transfer

 SPI is a full duplex serial interfaces. It can handle multiple masters and slaves being
connected to a given bus.
 Only a single master and a single slave can communicate on the interface during a
given data transfer.
 During a data transfer the master always sends 8 to 16 bits of data to the slave, and the
slave always sends a byte of data to the master.
SPI control register
 It is used to control the function of the SPI block.
 The settings for this register must be set up prior to a given data transfer taking place.
SPI status register(read only)
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 used to monitor the status of the SPI interface, including normal functions, and
exception conditions.
 The primary purpose of this register is to detect completion of a data transfer.
 This is indicated by the SPIF bit.
 The remaining bits in the register are exception condition indicators
The SPI data register
 It is used to provide the transmit and receive data bytes.
 An internal shift register in the SPI block logic is used for the actual transmission and
reception of the serial data.
 Data is written to the SPI data register for the transmit case.
 There is no buffer between the data register and the internal shift register.
 A write to the data register goes directly into the internal shift register.
 Therefore, data should only be written to this register when a transmit is not currently
in progress.


Read data is buffered. When a transfer is

 complete, the receive data is transferred to a single byte data buffer, where it is later
read.
 A read of the SPI data register returns the value of the read data buffer.
SPI clock counter register
 It controls the clock rate when the SPI block is in master mode.
 This needs to be set prior to a transfer taking place, when the SPI block is a master.


This register has no function when the SPI block is a slave.

Master operation
1. Set the SPI clock counter register to the desired clock rate.
2. Set the SPI control register to the desired settings.
3. Write the data to transmitted to the SPI data register. This write starts the SPI data transfer.
4. Wait for the SPIF bit in the SPI status register to be set to 1. The SPIF bit will be set after
the last cycle of the SPI data transfer.
5. Read the SPI status register.
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6. Read the received data from the SPI data register (optional).
7. Go to step 3 if more data is required to transmit.
Slave operation
1. Set the SPI control register to the desired settings.
2. Write the data to transmitted to the SPI data register (optional). Note that this can only be
done when a slave SPI transfer is not in progress.
3. Wait for the SPIF bit in the SPI status register to be set to 1. The SPIF bit will be set after
the last sampling clock edge of the SPI data transfer.
4. Read the SPI status register.
5. Read the received data from the SPI data register (optional).
6. Go to step 2 if more data is required to transmit.

4.5.SPI1/SSP
 Compatible with Motorola SPI, 4-wire TI SSI, and National Semiconductor
Microwire buses.


Synchronous Serial Communication



Master or slave operation



8-frame FIFOs for both transmit and receive.



4 to 16 bits frame

Maximum bit rate of PCLK/2 in master mode and PCLK/12 in slave mode
 The SSP is a Synchronous Serial Port (SSP) controller capable of operation on a
SPI,4-wire SSI, or Microwire bus.


It can interact with multiple masters and slaves on the bus.

 Only a single master and a single slave can communicate on the bus during a given
data transfer.


Data transfers are in principle full duplex, with frames of 4 to 16 bits of data flowing
from the master to the slave and from the slave to the master.
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For device configured as a master in this mode, CLK and FS are forced LOW, and
the transmit data line DX is tristated whenever the SSP is idle.


Once the bottom entry of the transmit FIFO contains data, FS is pulsed HIGH for one
CLK period.

 The value to be transmitted is also transferred from the transmit FIFO to the serial
shift register of the transmit logic.
 On the next rising edge of CLK, the MSB of the 4 to 16-bit data frame is shifted out
on the DX pin.
 Likewise, the MSB of the received data is shifted onto the DR pin by the off-chip
serial slave device.
 Both the SSP and the off-chip serial slave device then clock each data bit into their
serial shifter on the falling edge of each CLK.
 The received data is transferred from the serial shifter to the receive FIFO on the first
rising edge of CLK after the LSB has been latched.

 The SPI interface is a four-wire interface where the SSEL signal behaves as a slave
select.
 The main feature of the SPI format is that the inactive state and phase of the SCK
signal are programmable through the CPOL and CPHA bits within the SSPCR0
control register.
 When the CPOL clock polarity control bit is LOW, it produces a steady state low
value on the SCK pin.
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If the CPOL clock polarity control bit is HIGH, a steady state high value is placed on
the CLK pin when data is not being transferred.

 The CPHA control bit selects the clock edge that captures data and allows it to change
state.


It has the most impact on the first bit transmitted by either allowing or not allowing a
clock transition before the first data capture edge.



When the CPHA phase control bit is LOW, data is captured on the first clock edge
transition.



If the CPHA clock phase control bit is HIGH, data is captured on the second clock
edge transition.

 If the SSP is enabled and there is valid data within the transmit FIFO, the start of
transmission is signified by the SSEL master signal being driven LOW.
 This causes slave data to be enabled onto the MISO input line of the master. Master’s
MOSI is enabled.
 One half SCK period later, valid master data is transferred to the MOSI pin.
 Now that both the master and slave data have been set, the SCK master clock pin goes
HIGH after one further half SCK period.
 The data is now captured on the rising and propagated on the falling edges of the SCK
signal.



If the SSP is
enabled and there is valid data within the transmit FIFO, the start of transmission is
signified by the SSEL master signal being driven LOW.

 Master’s MOSI pin is enabled. After a further one half SCK period, both master and
slave valid data is enabled onto their respective transmission lines.


At the same time, the SCK is enabled with a rising edge transition.

 Data is then captured on the falling edges and propagated on the rising edges of the
SCK signal.
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 If the SSP is enabled and there is valid data within the transmit FIFO, the start of
transmission is signified by the SSEL master signal being driven LOW.
 Master’s MOSI pin is enabled. After a further one half SCK period, both master and
slave valid data is enabled onto their respective transmission lines.


At the same time, the SCK is enabled with a rising edge transition.

 Data is then captured on the falling edges and propagated on the rising edges of the
SCK signal.
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 If the SSP is enabled and there is valid data within the transmit FIFO, the start of
transmission is signified by the SSEL master signal being driven LOW,
 which causes slave data to be immediately transferred onto the MISO line of the
master.
 Master’s MOSI pin is enabled.
 One half period later, valid master data is transferred to the MOSI line.


Now that both the master and slave data have been set, the SCK master clock pin
becomes LOW after one further half SCK period.

 If the SSP is enabled and there is valid data within the transmit FIFO, the start of
transmission is signified by the SSEL master signal being driven LOW,
 which causes slave data to be immediately transferred onto the MISO line of the
master.
 Master’s MOSI pin is enabled.
 One half period later, valid master data is transferred to the MOSI line.


Now that both the master and slave data have been set, the SCK master clock pin
becomes LOW after one further half SCK period.
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 If the SSP is enabled and there is valid data within the transmit FIFO,
 the start of transmission is signified by the SSEL master signal being driven LOW.
 Master’s MOSI is enabled.


After a further one half SCK period, both master and slave data are enabled onto their
respective transmission lines.

 At the same time, the SCK is enabled with a falling edge transition.
 Data is then captured on the rising edges and propagated on the falling edges of the
SCK signal.
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4.6.I2C-bus interface
 Standard I2C compliant bus interfaces that may be configured as Master, Slave, or
Master/Slave.


Arbitration between simultaneously transmitting masters without corruption of serial
data on the bus.



Programmable clock to allow adjustment of I2C transfer rates.



Bidirectional data transfer between masters and slaves.

 Serial clock synchronization allows devices with different bit rates to communicate
via one serial bus.


Serial clock synchronization can be used as a handshake mechanism to suspend and
resume serial transfer.



The I2C bus may be used for test and diagnostic purposes.
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 Address Register I2ADDR may be loaded with the 7 bit slave address (7 most
significant bits) to which the I2C block will respond when programme
 The comparator compares the received 7 bit slave address with its own slave address
(7most significant bits in I2ADR).
 It also compares the first received 8 bit byte with the general call address (0x00).
 If an equality is found, the appropriate status bits are set and an interrupt is requested.
 Shift register I2DAT contains a byte of serial data to be transmitted or a byte which
has just been received.
 This programmable clock pulse generator provides the SCL clock pulses when the
I2C block is in the master transmitter or master receiver mode.
Arbitration and synchronization logic
 In the master transmitter mode, the arbitration logic checks that every transmitted
logic 1 actually appears as a logic 1 on the I2C bus.
19

 If another device on the bus overrules a logic 1 and pulls the SDA line low, arbitration
is lost, and the I2C block immediately changes from master transmitter to slave
receiver.
 The I2C block will continue to output clock pulses (on SCL) until transmission of the
current serial byte is complete.
 The synchronization logic will synchronize the serial clock generator with the clock
pulses on the SCL line from another device.


If two or more master devices generate clock pulses, the “mark” duration is
determined by the device that generates the shortest “marks,” and the “space”
duration is determined by the device that generates the longest “spaces”.

 The timing and control logic generates the timing and control signals for serial byte
handling.
 The status decoder takes all of the internal status bits and compresses them into a 5 bit
code.
 This code is unique for each I2C bus status.
 The 5 bit code may be used to generate vector addresses for fast processing of the
various service routines.
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I2C operating modes
Master Transmitter mode
 In this mode data is transmitted from master to slave.


Before the master transmitter mode can be entered, the I2CONSET register must be
initialized as shown in

 The first byte transmitted contains the slave address of the receiving device (7 bits)
and the data direction bit.
 In this mode the data direction bit (R/W) should be 0 which means Write.
 The first byte transmitted contains the slave address and Write bit. Data is transmitted
8 bits at a time. After each byte is transmitted, an acknowledge bit is received.
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 START and STOP conditions are output to indicate the beginning and the end of a
serial transfer.
 The I2C interface will enter master transmitter mode when software sets the STA bit.
 The I2C logic will send the START condition as soon as the bus is free.
 After the STARTcondition is transmitted, the SI bit is set, and the status code in the
I2STAT register is 0x08.
 This status code is used to vector to a state service routine which will load the slave
address and Write bit to the I2DAT register, and then clear the SI bit.
Master Receiver mode

 SI is cleared by writing a 1 to the SIC bit in the I2CONCLR register.
 The STA bit should be cleared after writing the slave address.
 When the slave address and R/W bit have been transmitted and an acknowledgment
bit has been received, the SI bit is set again.
 And the possible status codes now are 0x18,0x20, or 0x38 for the master mode, or
0x68, 0x78, or 0xB0 if the slave mode was enabled

Slave Receiver mode
In the slave receiver mode, data bytes are received from a master transmitter.
To initialize the slave receiver mode, user write the Slave Address Register (I2ADR)
and write the I2C Control Set Register (I2CONSET)

22
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4.7.USB Device
 The USB is a 4 wire bus that supports communication between a host and a number
(127max.) of peripherals.
 The host controller allocates the USB and width to attached devices through a token
based protocol.
 The bus supports hot plugging, un-plugging and dynamic configuration of the
devices.
 All transactions are initiated by the host controller.
 The host schedules transactions in 1 ms frames. Each frame contains SoF marker and
transactions that transfer data to/from device endpoints.
 Each device can have a maximum of 16 logical or 32 physical endpoints.


The device controller enables 12 Mb/s data exchange with a USB host controller.


It consists of register interface, serial interface engine, endpoint buffer memory and
DMA controller.

 The serial interface engine decodes the USB data stream and writes data to the
appropriate end point buffer memory.


The status of a completed USB transfer or error condition is indicated via status
registers. An interrupt is also generated if enabled.
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 DMA controller when enabled transfers data between the endpoint buffer and the
USB RAM.
Data flow from USB host to the device
 The USB ATX receives the bi-directional D+ and D- signal of the USB bus.
 The USB device Serial Interface Engine (SIE) receives the serial data from the ATX
and converts it into a parallel data stream.
 The parallel data is sent to the RAM interface which in turn transfers the data to the
endpoint buffer.
 The endpoint buffer is implemented as an SRAM based FIFO.
 Each realized endpoint will have a reserved space in the RAM.


So the total RAM space required depends on the number of realized endpoints,
maximum packet size of the endpoint and whether the endpoint supports double
buffering.

 Data is written to the buffers with the header showing how many bytes are valid in the
buffer.
 For non-isochronous endpoints, when a full data packet is received without any errors,
the endpoint generates a request for data transfer from its FIFO by generating an
interrupt to the system.
 Isochronous endpoint will have one packet of data to be transferred in every frame.
 So the data transfer has to be synchronized to the USB frame rather than packet
arrival.
 So, for every 1 ms, there will be an interrupt to the system.
Data flow from device to the host
 For data transfer from an endpoint to the host, the host will send an IN token to that
endpoint.
 If the FIFO corresponding to the endpoint is empty, the device will return a NAK and
will raise an interrupt to the system.


On this interrupt the CPU fills a packet of data in the endpoint FIFO.

 The next IN token that comes after filling this packet will transfer this packet to the
host.
 The data transfer follows the little endian format.
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 The first byte sent on the USB bus will be the least significant byte of the transmit
data register.
Slave mode transfer
Slave data transfer is done through the interrupt issued from the USB device to the CPU
via the APB bus
DMA Mode transfer
 Under DMA mode operation, the USB device will act as a master on the AHB bus
and transfers the data directly from the memory to the endpoint buffer and vice versa.


A duplex channel DMA acts as a AHB master on the bus.

 The endpoint 0 of USB (default control endpoint) will receive the setup packet.
 It will not be efficient to transfer this data to the USB RAM since the CPU has to
decode this command and respond back to the host.
 So, this transfer will happen in the slave mode only.
5. Post test-Multiple Choice Questions

1.Which of the following have an asynchronous data transmission?
a) SPI
b)UART
c) Parallel port
d) I2C
2.Which are the two lines used in the I2C?
a) SDA and SPDR
b) SPDR and SCL
c) SDA and SCL
d) SCL and status line

3.SSP means that--------a)Serial select port
b)Synchronous serial port
c)Synchronous select port
26

d)Serial slave port

4.Which one of the following serial communication interface support for arbitration and
synchronization logic

a) USB
b) UART
c) I2C
d) SSP
5.Universal Serial Bus (USB) in LPC 2148 operated at ---------------- MHZ
a)12
b) 36
c) 48
d) 64

7. Conclusion
Hence the in this module we studied about the LPC 2148 peripheral in detail
8. References
1. ARM System Developer‟s Guide – Andrew N.Sloss.
2. ARM Architecture Reference Manual - David Seal.
3. ARM System-on-Chip Architecture (2nd Edition) by Steve Furbe.

9. Assignment
1. Describe about the features of SPI
2. Write short notes about the I2C operating modes
3. Write short notes about the UART0
4. Describe the universal serial bus (USB)
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1. Aim and Objective:
To study about the introduction about the Real Time Operating System.
To learn about the real time kernel and its functions
2. Prerequisites:
Basic knowledge of Programming Language
Basic knowledge of the Operating system
3. Pre Test- MCQ type
1. Which is the component of the processor
A . Arithmetic Logic Unit
B. Set of the Register
C. Control Unit
D. All of the above mentioned options
2.Which one is not the control signal
A.Read
B.Write
C.Reset
D. None of the above mentioned options
3.Which is used the stack in processor
A.FIFO
B.LIFO
C.LILO
D.FI LO
4. What is the order of the processor to execute the instruction
A.Decode,Fetch,Execute
B.Fetch,Decode,Execute

2
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C.Execute,Decode, Fetch
D.Decode,Execute,Fetch
5. EEPROM stands for
A. Erasable Edit Programmable Read Only memory
B. Erasable Edge Programmable Read Only memory
C. Electrically Erasable Programmable Read Only memory
D. Electrically Edit Programmable Read Only memory

4 .Operating systems
•

Piece of software that sits between applications and hardware.

•

Hides hardware details from applications. Provides standard interfaces to hardware
and software devices.

•

Provides protection mechanisms.

Typical services:
 Memory management (main memory, secondary memory, virtual
 memory, paging, file system)
 Process management (scheduling, task management, synchronization,
 interrupt and exception handling, inter task communication)
 Protection
 Input-Output management (device driver)
 Support of distributed applications and multiprocessors

3
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Some popular Operating Systems include Linux Operating System, Windows Operating
System, VMS, OS/400, AIX, z/OS, etc.
4.1.Following are some of important functions of an operating System.










Memory Management
Processor Management
Device Management
File Management
Security
Control over system performance
Job accounting
Error detecting aids
Coordination between other software and users

Memory Management
Memory management refers to management of Primary Memory or Main Memory. Main
memory is a large array of words or bytes where each word or byte has its own address.
Main memory provides a fast storage that can be accessed directly by the CPU. For a
program to be executed, it must in the main memory. An Operating System does the
following activities for memory management −

4
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Keeps tracks of primary memory, i.e., what part of it are in use by whom, what part
are not in use.
In multiprogramming, the OS decides which process will get memory when and how
much.
Allocates the memory when a process requests it to do so.
De-allocates the memory when a process no longer needs it or has been terminated.

Processor Management
In multiprogramming environment, the OS decides which process gets the processor when
and for how much time. This function is called process scheduling. An Operating System
does the following activities for processor management −




Keeps tracks of processor and status of process. The program responsible for this task
is known as traffic controller.
Allocates the processor (CPU) to a process.
De-allocates processor when a process is no longer required.

Device Management
An Operating System manages device communication via their respective drivers. It does the
following activities for device management −





Keeps tracks of all devices. Program responsible for this task is known as the I/O
controller.
Decides which process gets the device when and for how much time.
Allocates the device in the efficient way.
De-allocates devices.

File Management
A file system is normally organized into directories for easy navigation and usage. These
directories may contain files and other directions.
An Operating System does the following activities for file management −





Keeps track of information, location, uses, status etc. The collective facilities are often
known as file system.
Decides who gets the resources.
Allocates the resources.
De-allocates the resources.

Other Important Activities
Following are some of the important activities that an Operating System performs −



Security − By means of password and similar other techniques, it prevents
unauthorized access to programs and data.
Control over system performance − Recording delays between request for a service
and response from the system.
5
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Job accounting − Keeping track of time and resources used by various jobs and
users.
Error detecting aids − Production of dumps, traces, error messages, and other
debugging and error detecting aids.

Resource Management
In case of multi-user or multi-tasking environment, resources such as main memory, CPU
cycles and files storage are to be allocated to each user or job. Following are the major
activities of an operating system with respect to resource management −



The OS manages all kinds of resources using schedulers.
CPU scheduling algorithms are used for better utilization of CPU.

Protection
Considering a computer system having multiple users and concurrent execution of multiple
processes, the various processes must be protected from each other's activities.
Protection refers to a mechanism or a way to control the access of programs, processes, or
users to the resources defined by a computer system. Following are the major activities of an
operating system with respect to protection −




The OS ensures that all access to system resources is controlled.
The OS ensures that external I/O devices are protected from invalid access attempts.
The OS provides authentication features for each user by means of passwords.

4.2Real Time Opearating system(RTOS)
•

A real-time operating system (RTOS) is a program that schedules execution in a
timely manner, manages system resources, and provides a consistent foundation for
developing application code.

•

Application code designed on an RTOS can be quite diverse, ranging from a simple
application for a digital stopwatch to a much more complex application for aircraft
navigation.

•

Good RTOSes, therefore, are scalable in order to meet different sets ofrequirements
for different applications.

•

RTOS comprises only a kernel, which is the core supervisory software that provides
minimal logic, scheduling, and resource-management algorithms. Every RTOS has a
kernel.

•

On the otherhand, an RTOS can be a combination of various modules, including the
kernel, a file system, networking protocolstacks, and other components required for a
particular application, as illustrated at a high level in Figure
6
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Popular Real Time Operating Systems
 µC/OS – II
 POSIX,
 VxWorks,


OSOpen,

 OS-9,
 pSOSystem,
 RTEMS,
 Linux/RT-Linux,
 Virtuoso,
 Windows CE,
 PalmOS,
 QNX Neutrino, ...
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4.3.Real Time Kernel
•

A kernel, executive or nucleus is the smallest portion of the operating system that
provides for task scheduling, dispatching, and inter task communication.

Functions of Kernal
•

Task Scheduler :
To determine which task will run next in a multitasking system

•

Task Dispatcher:
To perform necessary bookkeeping to start a task

•

Inter task Communication:
To support communication between one process (i.e. task) and another
Types of Kernel
– Monolithic kernel – less run-time overhead but not extensible
– Microkernel – high run-time overhead but highly extensible
8
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4.4.Inter-task Communication

Inter task Communication mechanism is used by cooperating processes to exchange data and
information.
There are two models :
→ Shared Memory
→ Message Passing
•

Regular operating systems have many options for passing messages between
processes, but most involve significant overhead and aren.t deterministic.
•

•

Pipes, message queues, semaphores, Remote Procedure Calls,
Sockets, Datagram's, etc.

In a RTOS, tasks generally have direct access to a common memory space, and the
fastest way to share data is by sharing memory.

Message Pipes

•

It is a kernel data structures which is used for task communication

•

It has the FIFO buffer which is used to writing from one end and reading from end

•

It is unidirectional transfer

Mailbox
•

It is also kernel object which is used for inter task communication
9
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•

It is an indirect way of sending the messages

•

In this method, the sends message to the box and receiver has mechanism to receive it

•

Typically exhibits higher overhead, because data has to be moved more (sender
process to mailbox and mailbox to receiver process)

Shared data access:
– Allow access to critical data structures only through “data hiding” modules.
– Protection against corruption from “read-interrupted-by-write”.
Semaphore
•

A semaphore (sometimes called a semaphore token) is a kernel object that one or
more threads of execution can acquire or release for the purposes of synchronization
or mutual exclusion

•

When a semaphore is first created, the kernel assigns to it an associated semaphore
control block (SCB), a unique ID, a value (binary or a count), and a task-waiting list

•

The names of the functions that implement semaphores vary from system to system
(test-set/release; lock/unlock; wait/signal; P()/V() )

•

The idea:

You check a lock before entering a critical section. If its set, you wait. If it
isn’t, you go through the lock and unset it on your way out.
•

The word atomic means checking the lock and setting it only takes one operation- it
can’t be interrupted.

10
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counting semaphore
•

A counting semaphore uses a count to allow it to be acquired or released multiple
times.

•

When creating a counting semaphore, assign the semaphore a count that denotes the
number of semaphore tokens it has initially.

•

If the initial count is 0, the counting semaphore is created in the unavailable state.

•

If the count is greater than 0, the semaphore is created in the available state, and the
number of tokens it has equals its count

11
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Task
•

A task is an independent thread of execution that can compete with other concurrent
tasks for processor execution time.

•

A task is defined by its distinct set of parameters and supporting data structures.

•

Specifically, upon creation, each task has an associated name, a unique ID, a priority
(if part of a preemptive scheduling plan), a task control block (TCB), a stack, and a
task routine,

12
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Task States
•

Whether it's a system task or an application task, at any time each task exists in one of
a small number of states,

•

ready,

•

running,

•

or blocked.

13
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•

ready state-the task is ready to run but cannot because a higher priority task is
executing.

•

blocked state-the task has requested a resource that is not available, has requested to
wait until some event occurs, or has delayed itself for some duration.

•

running state-the task is the highest priority task and is running.

4.5.Mulitasking
•

There are two ways to acheieve Multitasking to share CPU time between two or
more tasks.

•

Pre-emptive Multitasking :

•

Non-preemptive Multitasking :

Pre-emptive Multitasking :

14
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a) An external tick interrupt ,interrupts task at an indeterminate point and passes control to
kernal program.
b) The kernal will save the state of the interrupted task ad then determine which task it should
run next.
c) The Kernal restore the state of task and pass control of the CPU to that task.
d) Task will continue to run until it is interrupted by next external tick interrupt or voluntarily
gives up allotted time slice.

In Non-preemptive multitasking a task is designed to relinquish control of the CPU to
the kernal at regular intervals.
b) To the implementation of non-preemptive multitasking is the use of a message
queue.
c) The kernal manages the message queue which is essentially a queue of message
numbers & small amount of data.

15

16

4.6.Scheduling algorithims
•

Scheduler-is contained within each kernel and follows a set of algorithms that
determines which task

•

executes when. Someommon examples of scheduling algorithms include round-robin
and preemptive scheduling.

•

The scheduler is at the heart of every kernel. A scheduler provides the algorithms
needed to determine which task executes when.

•

support two common scheduling algorithms:
•

preemptive priority-based scheduling,

•

round-robin scheduling.

Selection of Scheduling
•

CPU Utilization factor: percentage of time the CPU working

•

Response Time : A Task which is waiting for the CPU from which it needs the
response corresponding to the execution of the task

•

Turn Around Time: The time interval from the from the instant of the task is
presented to the system, to the instant that is exits after completion

Non Preemptive Scheduling
Types
16
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1. Co-operative Scheduling
2. Shortest Job First Scheduling
Co-operative Scheduling
•

Simple method of Scheduling

•

Each task is allowed to execute to its finish,

then only the next one is taken up.
•

While one task executes, the others are willing to wait

Disadvantage
•

One task can monopolize the CPU if its service period is high.

Shortest Job Next
•

In this method is to queue the tasks such that the one with the shorter service time gets
to execute first.

•

But problem is that, usually the execution times of tasks are not known in advance

•

In this method usually to estimate the service times by using the recent history of each
of the tasks.

•

The tasks are queued in the order of increasing service times

Round-Robin Scheduling
•

Round-robin scheduling provides each task an equal share of the CPU execution time.

•

Scheduled tasks are periodically interrupted and another task is given the opportunity
to execute

•

Pure round-robin scheduling cannot satisfy real-time system requirements because in
real-time systems, asks perform work of varying degrees of importance.

•

Instead, preemptive, priority-based scheduling can be augmented with round-robin
scheduling

•

Which uses time slicing to achieve equal allocation of the CPU for tasks of the same
priority as shown in Figure
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•
With time slicing, each task executes for a defined interval, or time slice, in an
ongoing cycle, which is the round robin.
•

A run-time counter tracks the time slice for each task, incrementing on every clock
tick.

•

When one task s time slice completes, the counter is cleared, and the task is placed at
the end of the cycle.

•

Newly added tasks of the same priority are placed at the end of the cycle, with their
run-time counters initialized to 0.

•

If a task in a round-robin cycle is preempted by a higher-priority task, its run-time
count is saved and then restored.

•

when the interrupted task is again eligible for execution.

•

In which task 1 is preempted by a higher-priority task 4 but resumes where it left off
when task 4 completes.
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Preemptive Priority based Scheduling

•

with this type of scheduling, the task that gets to run at any point is the task with the
highest priority among all other tasks ready to run in the system.

•

Real-time kernels generally support 256 priority levels, in which 0 is the highest and
255 the lowest.

•

Some kernels appoint the priorities in reverse order, where 255 is the highest and 0
the lowest.

•
With a preemptive priority-based scheduler, each task has a priority, and the highestpriority task runs first.
•

If a task with a priority higher than the current task becomes ready to run, the kernel
immediately

•

saves the current task s context in its TCB and switches to the higher-priority task.

•

As shown in Figure task 1 is preempted by higher-priority task 2, which is then
preempted by task 3.

•

When task 3 completes, task 2 resumes; likewise, when task 2 completes, task 1
resumes.
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•

Although tasks are assigned a priority when they are created, a task s priority can be
changed dynamically using kernel-provided calls.

•

The ability to change task priorities dynamically allows an embedded application

•

the flexibility to adjust to external events as they occur, creating a true real-time,
responsive system

Pre-emptive Shortest Job Next
•

Tasks with the shortest Service times are executed earlier.

•

In the midst of a schedule, if a new task enters the ready queue, its service time is
compared with the remaining time service time of the currently executing task.

•

If the new task has a shorter service time the remaining time of the current task,

•

It is pre-empted and the new one serviced until it completes

•

Let us consider the example

Fixed-Priority Scheduling–Rate-Monotonic Approach
•

the priority of each periodic task is fixed relative to other tasks.

•

A seminal fixed-priority algorithm is the rate-monotonic(RM) algorithm [Liu73].

•

It is an optimal static priority algorithm for the task model previously described, in
which a task with a shorter period is given a higher priority than a task with a longer
period.

•

Given a set of periodic tasks and preemptive priority scheduling, then assigning
priorities such that the tasks with shorter periods have higher priorities (ratemonotonic), yields an optimal scheduling algorithm.

•

Here utilization, ui , is equal to the fraction of time a task with period pi and

•

execution time ei keeps a processor busy. processor utilization of n tasks is given by

Dynamic-Priority Scheduling: Earliest-Deadline–First Approach
•

In contrast to fixed-priority algorithms, in dynamic-priority schemes the priority

•

of the task with respect to that of the other tasks changes as tasks are released and
completed. One of the most well-known dynamic algorithms, earliest-deadlinefirst
20
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•

(EDF), deals with deadlines rather than execution times.

•

The ready task with the earliest deadline has the highest priority at any point of time.

•

The following theorem gives the condition under which a feasible schedule exists
under the EDF priority scheme

4.7.Context Switching
•

Context switching is the process of saving and restoring sufficient information for a
real-time task so that it can be resumed after being interrupted.

•

The context is ordinarily saved to a stack data structure.

•

Context-switching time is a major contributor to response time and therefore must be
minimized.

•

The rule for saving context is simple: save the minimum amount of information
necessary to safely restore any process after it has been interrupted.

This information ordinarily includes
– Contents of general registers
–

Contents of the program counter

–

Contents of coprocessor registers (if present)

–

Memory page register

–

Images of memory-mapped I/O locations (mirror images)

21
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6. Post test-Multiple Choice Questions
1. Which one of the following is a real time operating system?
a) RTLinux
b) VxWorks
c) Windows CE
d) All of the mentioned

2. ------------------kernel is not modular, fault-tolerant, configurable,modifiable

a)Micro
b)Monolithic
c)Macro
d) of the mentioned options
3. Kernel is used to performs-----------a)Task scheduling
b)Install the drivers
c)Install the application programs
d)All of the mentioned options
4. Message Pipes is used for -------------

a)Task scheduling
b)Context switching
c)Inter task communication
d)All of the mentioned options

5. What is Scheduling?
a) allowing a job to use the processor
22
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b) making proper use of processor
c) all of the mentioned
d) none of the mentioned

7. Conclusion
Hence the in this module we studied about the Real timer operating system and its
services in detail
8. References
1. Micro C/OS – II The Real Time Kernel Jean J. Labrosse.
2.Real Time Concepts for Embedded Systems – by Qing Li and Caroline Yao, 2003
3.Embedded / Real Time Systems : Concepts , Design & Programming by Dr.
K.V.K.K PRASAD.

9. Assignment
1. Write the short notes on context switching
2. describe about the inter task communication
3. Explain the any two of the pre-emptive based scheduling
4.write the short notes on functions of OS

23

Lecture notes for Real Time Operating Systems(RTOS)
Subject Code : BEEF185T10
Subject

: Embedded Systems

Module

:5

Prepared by : S.RAJA, Assistant Professor, Department of EEE
UNIT 5-RTOS - µC/OS-II

Table of Contents

Page No.

1. Aim and Objective

2

2. Prerequisites

2

3. Pre Test- MCQ type

3

4. Introduction of µC/OS-II

3

4.1. Features of µC/OS-II

4

4.2. Task Management Functions

6

4.3. Time Management Functions

8

4.4. Critical Sections

11

4.5. Ready list

12

4.6 Task scheduling

14

4.7. File Structure

16

4.8. Goal in µC/OS-II

17

5. Post test-Multiple Choice Questions

18

6. Conclusion

19

7. References

19

8. Assignment

19

1. Aim and Objective:
To study about the introduction about the Real Time Operating System µC/OS-II
To learn about the Task Management functions in µC/OS-II
To learn about the Time Management functions in µC/OS-II
2. Prerequisites:
Basic knowledge of Programming Language
Basic knowledge of the Operating systems
Basic knowledge of the Real Time Operating systems

3. Pre Test- MCQ type
1.Which of the following decides which task can have the next time slot?
a) single task operating system
b) applications
c) kernel
d) software
2.Operating system is a ….
a) System software
b) Application software
c) Presentation software
d) Database software
3.The OS used to operate the mobile phone is a
a) Smart card OS
b) Embedded OS
c) Multiuser OS
d) None of above
4.________ is when multiple jobs are executed by the CPU simultaneously by
switching between them.
a) Multiprogramming
b) Multitasking
c) Distributed Environment
d) Spooling
5. Which of the following is an example of a real time operating system?

a) Linux
b) MS DOS
c) Windows XP
d) Vxworks

4.1.µC/OS-II
The Real-Time Kernel is a portable, ROMable, scalable, preemptive real-time, multitasking
kernel for microprocessors and microcontrollers.

•

MicroC/OS-II [24] is a fully preemptive kernel written in ANSI C by Jean J.
Labrosse.

•

It can manage up to 64 tasks out of which eight are reserved for system use in the
current version.

•

This leaves 56 tasks available for the user applications.

•

Each task has a unique priority assigned to it, which means that MicroC/OS-II cannot
do round-robin scheduling.

•

There are 64 priority levels.

•

MicroC/OS-II is a scalable kernel, in that the user can select only the kernel features
required in the application and leave the rest, thus reducing the amount of memory
needed by the system.

•

The kernel provides API for enabling and disabling the scheduler.

•

When the scheduler is disabled, the kernel behaves as a non-preemptive system.

•

MicroC/OS-II also provides a feature that provides run-time statistics. When this
feature is enabled, a system task executes every second and computes the percent
CPU usage.

•

The priorities are dynamic, i.e., they can be changed during the execution.

•

On the negative side, there are only 56 user tasks available and all the tasks should
have different priorities.

•

Moreover, MicroC/OS-II also doesn’t support POSIX standard unlike many other
commercial kernels.

•

MicroC/OS-II provides services like mailboxes, queues, semaphores, fixed-sized
memory partitions, time-related functions, etc.

•

Because of its simplicity and lightweight, this kernel is suitable for small embedded
systems that require high-performance.

4.2.Task Management Functions
OSTaskCreate()
 Create tasks with the given arguments.
 Tasks become “ready” after they are created.
 Task is an active entity which could do some computations.
 Each task has own Priority, CPU registers, stack, text, housekeeping status.
 The µC/OS-II picks up the highest-priority task to run on context-switching.
Prototype function of OSTaskCreate()
•

Unsigned byte OSTaskCreate(void(*task) (void
*taskPointer),void*pmdata,OS_STK*taskStackPointer,unsigned byte taskPriority)

•

Mucos task priority is also the task identifier.

•

There is no task ID defining function in Mucos because each task has to be asssigned
a distinct priority.

Task parameters passing PA:
•

*taskPointer – a pointer to the codes of task

•

*pmdata – pointer for an optional message
if
none, we assign it as NULL

•

*taskStackPointer – pointer to the stack of task being created.

•

Task priority is must be within 8 to 15, if macro OS_LOWEST_PRIO sets lowest
priority equal to 23

being created
data reference passed to the task,

function of OSTaskCreate() returns the following:
•

OS_NO_ERR – when creation suceeds

•

OS_PRIO_EXIST – if priority value that passed already exists

•

OS_PRIO_INVALID - if priority values passed is more than the
OS_PRIO_LOWEST

•

OS_NO_MORE_TCB –when no more memory block for the task control is available.
Example

•

OSTaskCreate(Task1_connect,void(*)0,(void*)*Task1_ConnectStack[100],10)

OSTaskSuspend()
•

It is used to suspend or block the task

Unsigned byte TaskSuspend(Unsigned byte taskPriority)
Task parameters passing PA:
•

Task priority is must be within 8 to 15

Returning RB :
•

OS_NO_ERR – when blocking suceeds

•

OS_TASK_SUSPEND_PRIO – if priority value that passed already does not exists

•

OS_PRIO_INVALID - if priority values passed is more than the 15

•

OS_TASK_SUSPEND_IDLE – if attempting to suspend an idle task that is illegal

OSTaskResume()
•

Resuming or enabling unblocking a task

Unsigned byte TaskResume(Unsigned byte taskPriority)
Task parameters passing PC:
•

Task is to resume and must be within 8 to 15 when OS_LOWEST_PRIO is 23 and
number of task =8

Returning RB :
•

OS_NO_ERR – when blocking suceeds

•

OS_TASK_RESUME_PRIO – if priority value that passed already resumed

•

OS_PRIO_INVALID - if priority values passed is more than the 23

•

OS_TASK_NOT_SUSPEND – if attempting to resume a not suspended(blocked)
task

OSTimeSet()
•

Setting time in system clock

Void OSTimeSet(Unsigned int count)
•

it returns no value

Parameter passing PD:
•

It passes a 32 bit integer for the count

OSTimeGet()
•

Getting time of system clock

Unsigned int OSTimeGet(void)
returns current number of ticks as an unsigned integer. The passing parameter as argument is
none
RE:
Returns 32bit integer, current number of ticks at the system clock

OS-STK
•

Each task must have its own stack space.

•

It can allocate stack space either statically(at compile-time) or dynamically(at runtime).

Static OS_STK MyTaskStack[stack_size]
Or
OS_STK MyTaskStack[stack_size]
•

We can allocate the stack size dynamically using c complier malloc() function

•

OS_STK *pstk;

•

Pstk – (OS_STK*)malloc(stack_size);

•

If (pstk != (OS_STK*)0)

•

{

•

Create the task;

•

}

OsTaskStkChk()
•

Determine how much stack space a task actually uses.

•

Stack checking allows to reduce the amount of RAM needed by your application code
by not over allocating stack space

•

OsTaskStkChk() computes the amount of free stack space by walking from the
bottom of stack

OsTaskStkChk(task priority,OS_STK_DATA *pdata)
OS_STK_DATA is used to hold information about the task stack
OS-ARG_CHK_EN - verifies that the priority is within a valid range

OSTaskDel()
•

To delete a task

•

Deleting a task means that the task is returned to the dormant state

•

It does mean that the code for the task is actually deleted

•

The task code is simply no longer scheduled by µC/OS-II

•

Note:TASK DORMANT state corresponds to a task that resides in program space but
has not been made avaliable to µC/OS-II

Unsigned byte OSTaskDel(Unsigned byte taskPriority)

Checking condition before OSTaskDel()
•

Not attempting to delete a task from within an ISR

•

Verifies the task to be delete exists

•

Not aremmpting to delete the idle task be

OSTaskDelReq()
•

Requesting to delete a task

•

Task owns resources such as memory buffers of a semaphore.

•

If another task attempts to delete this task, the resources are not freed and thus are lost

•

First task that owns resources to delete itself

•

OS_TASK_NOT_EXIST - if the task to delete has already deleted or has not been
created

•

OS_NO_ERR – the request has been accepted

•

OS_TASK_DEL_REQ - another task has requested that this task needs to be deleted

OSTaskChangePrio()
•

Changing a task’s priority

•

When you create a task, you assign the task a priority

•

At runtime, you can change the priority of any task by calling OSTaskChangePrio()

Unsigned byte OSTaskChangePrio (Unsigned byte taskoldPriority, Unsigned byte
tasknewPriority)
OSTaskQuery()
•

Getting the information about the task

•

Copy of the contents of the desired task’s OS_TCB

unsigned byte OSTaskQuery(task priority,OS_TCB 8pdata)

4.3.Time Delay Functions
•

Clock tick established that requires that provide periodic interrupt to keep track of
time delays and timeouts

•

The periodic time source is called as clock tick and should occur between 10 and 100
times per second or hertz.

OSTimeDly()
OSTimeDlyHMSM()
OSTimeDlyResume()

OSTimeDly()
•

allows the calling task to delay itself for a user specified number of clock ticks.

•

Calling this function causes a context switch and forces to execute the next highest
priority task that is ready to run

•

The task calling OSTimeDly() is made ready to run as soon as the time specified
expires or if another task cancels the delay by calling OSTimeDlyResume()

Void OSTimeDly(unsigned short delay count)
•

It returns no parameter

Task parameters passing PF:
•

A 16 bit integer, delay count , to delay a task at least till the system clock count
inputs(ticks) equal to delay count

OSTimeDlyResume()

•

Resuming a delayed task by OSTimeDly()

•

OSTimeDlyResume() resumes a previously delayed task, whether the delay parameter
was in terms of the system clock ticks

Defined delay is more than 65,535 system clock ticks, it will not resume
unsigned byte OSTimeDlyResume(unsigned byte taskpriority )
Returning RG:
•

OS_NO_ERR = true ,when resume after delay succeeds

•

OS_TASK_NOT_EXISTS – if task was not created earlier.

•

OS_PRIO_INVALID - if priority values passed is more than the
OS_PRIO_LOWEST(=23)

•

OS_TASK_NOT_DLY – if task was not delayed

Task parameters passing PG:
Task priority is the priority of that task that is delayed before resumption
OSTimeDlyHMSM()
•

Delaying by defining a time delay in units of hours, minutes, seconds and
milliseconds

•

It delays up to 65,535 ticks a task with delay time defined by hr ours between 0 to
55,mn minutes between 0 to 59,sec seconds between 0 to59 and mils milliseconds
between 0 to 999.

Void OSTimeDlyHMSM(unsigned byte hr, unsigned byte mn, unsigned byte sec,unsigned
short ms )
Returning RH:
•

OS_NO_ERR = ,when four arguments are valid and resume after delay succeeds

•

OS_TIME_INVALID_HOURS, OS_TIME_INVALID_MINUTES,
OS_TIME_INVALID_SECONDS, OS_TIME_INVALID_MILLI– if arguments are
greater than 55,59,59and 999 respectively.

•

OS_TIME_ZERO_DLY – if all arguments passed are 0

Task parameters passing PH:
hr,mn,sec,ms are the delay times in hours ,minutes, seconds, milliseconds by which
task delays before resuming

4.4.Critical Sections
•

A critical section is a portion of code that is not safe from race conditions because of
the use of shared resources.

•

They can be protected by interrupt disabling/enabling interrupts or semaphores.

•

The use of semaphores often imposes a more significant amount of overheads.

•

A RTOS often use interrupts disabling/enabling to protect critical sections.

•

Once interrupts are disabled, neither context switches nor any other ISR’s can occur

•

Interrupt latency is vital to an RTOS!

•
`

•

Interrupts should be disabled as short as possible to improve the
responsiveness.

•

It must be accounted as a blocking time in the schedulability analysis.

Interrupt disabling must be used carefully:
E.g., if OSTimeDly() is called with interrupt disabled, the machine might hang!
OS_ENTER_CRITICAL();
/* Critical Section */
OS_EXIT_CRITICAL()

OS_ENTER_CRITICAL() and OS_EXIT_CRITICAL().
•

There are three implementations in uC/OS-II:
– Interrupt enabling/disabling instructions.
– Interrupt status save/restore onto/from stacks.

Processor Status Word (PSW) save/restore onto/from memory variables
OS_CRITICAL_METHOD-1
•

Interrupt enabling/disabling instructions.

•

The simplest way! However, this approach does not have the sense of “save” and
"restore”.

•

Interrupt statuses might not be consistent across kernel services/function calls!!

OS_CRITICAL_METHOD-2
•

Processor Status Word (PSW) can be saved/restored onto/from stacks.

•

PSW’s of nested interrupt enable/disable operations can be exactly recorded in
stacks.

•

The compiler and processor allow the PSW to be saved/restored to/from a memory
variable.

OS_CRITICAL_METHOD-3
void foo(arguments)
{
OS_CPU_SR cpu_sr;
cpu_sr = get_processor_psw();
disable_interrupts();
/* critical section */
set_processor_psw(cpu_sr);
4.5.Ready list
•

Ready list is a special bitmap to reflect which task is currently in the ready state.

•

Each task is identified by its unique priority in the bitmap.

•

A primary design consideration of the ready list is how to efficiently locate the
highest-priority ready task.

•

Each task is assigned a unique priority level between 0 to OS_LOWEST_PRIO.

•

Each task that is ready to run is placed in a ready list consisting of two variables,
OSRdyGrp and OSRdyTbl[].

•

Task priorities are grouped in OSRdyGrp. Each bit in OSRdyGrp indicates when a
task in a group is ready to run.

•

When a task is ready to run, it also sets its corresponding bit in the ready
table,OSRdyTbl[].

•

Lower three bits of the task priority are used to determine the bit poistion in
OSRdyTbl[],

•

And next three most significant bits are used to determine the index into OSRdyTbl[],

•

OSMapTbl[] is used to equate an index from 0 to 7 to a bit mask

•

Lower three bits of the task priority are used to determine the bit poistion in
OSRdyTbl[],

•

And next three most significant bits are used to determine the index into OSRdyTbl[],

•

OSMapTbl[] is used to equate an index from 0 to 7 to a bit mask

•

Make a task ready to run:

•

OSRdyGrp |= OSMapTbl[prio >> 3];

•

OSRdyTbl[prio >> 3] |= OSMapTbl[prio & 0x07];

•

Remove a task from the ready list:

•

if ((OSRdyTbl[prio >> 3] &= ~OSMapTbl[prio & 0x07]) == 0)

•

OSRdyGrp &= ~OSMapTbl[prio >> 3];

OSUnMapTbl[]

•

OSUnMapTbl[] is a priority resolution table. Eight bits represent when tasks are ready
in a group.

•

The least significant bit has the highest priority.

•

Using this byte to index OSUnMapTbl[] returs the bit position of the highest priority
bit set – a number between 0 and 7

Finding the highest-priority
task ready to run:
y = OSUnMapTbl[OSRdyGrp];
x = OSUnMapTbl[OSRdyTbl[y]];
prio = (y << 3) + x;
If OSRdyGrp contains 01101000 or 0x68, then table lookup OSUnMapTbl[OSRdyGrp]
yields a value of 3,which corresponds to bit 3 in OSRdyGrp
4.6.Task Scheduling
•

The scheduler always schedules the highest priority ready task to run .

•

Task-level scheduling and ISR-level scheduling are done by OS_Sched() and
OSIntExit(), respectively.

•

The difference is the saving/restoration of PSW (or CPU flags).

•

uC/OS-II scheduling time is a predictable amount of time, i.e., a constant time.

Steps for task scheduling

1.Rescheduling will not be done if the scheduler is locked or an ISR is currently serviced.
2. Find the highest-priority ready task.
3. If it is not the current task, then skip!
4. (4)~(6) Perform a context-switch.
void OSSched (void)
{
INT8U y;
OS_ENTER_CRITICAL();
if ((OSLockNesting | OSIntNesting) == 0)
{

(1)

y = OSUnMapTbl[OSRdyGrp];

(2)

OSPrioHighRdy = (INT8U)((y << 3) + OSUnMapTbl[OSRdyTbl[y]]); (2)
if (OSPrioHighRdy != OSPrioCur) {

(3)

OSTCBHighRdy = OSTCBPrioTbl[OSPrioHighRdy]; (4)
OSCtxSwCtr++;
OS_TASK_SW();
}
}
OS_EXIT_CRITICAL();
}

(5)
(6)

4.7 File Structure

1) The application code consist of project or product files. For convenience, we simply called
these app.c and app.h but your application can contain any number of files and they do not
have to be called app.*. The application code is typically where you would find main().

(2) semiconductor manufacturers provide library functions in source form for
accessing the peripherals on their CPU (Central Processing Unit) or MCU (Micro
Controller Unit). These libraries are quite useful and often save valuable time. Since
there is no naming convention for these files, *.c and *.h are assumed.
(3) The Board Support Package (BSP) is code that you would typically write to
interface to peripherals on your target board. For example you can have code to turn
on and off LEDs (light emitting diodes), functions to turn on and off relays, and code
to read switches and temperature sensors.
(4) µC/CPU is an abstraction of basic CPU-specific functionality. These files define
functions to disable and enable interrupts, data types
(e.g., CPU_INT08U, CPU_FP32) independent of the CPU and compiler and many
more functions.
(5) µC/LIB consists of a group of source files to provide common functions for
memory copy, string manipulation and character mapping. Some of the functions
replace stdlib functions provided by the compiler. These are provided to ensure that

they are fully portable from application to application and (most importantly) from
compiler to compiler.
(6) µC/Clk is an independant clock/calendar management module, with source code
for easily managing date and time in a product. µC/FS uses the date and time
information from µC/Clk to update files and directories with the proper
creation/modification/access time.
(7) µC/CRC is a stand-alone module for calculating checksums and error correction
codes. This module is used by some of µC/FS device drivers.
(8) This is the µC/FS platform-independent code, free of dependencies on CPU and
memory device. This code is written in highly-portable ANSI C code. This code is
only available to µC/FS licensees.
(9) This is the µC/FS system driver for FAT file systems. This code is only available
to µC/FS licensees.
(10) This is the collection of device drivers for µC/FS. Each driver supports a certain
device type, such as SD/MMC cards, NAND flash or NOR flash. Drivers are only
available to µC/FS licensees.
(11) This is the µC/FS code that is adapted to a specific platform. It consists of small
code modules written for specific drivers called ports that must be adapted to the
memory device controllers or peripherals integrated into or attached to the CPU. The
requirements for these ports are described in Appendix C, Porting Manual.
(12) µC/FS does not require an RTOS. However, if µC/FS is used with an RTOS, a
set of functions must be implemented to prevent simultaneous access of devices and
core µC/FS structures by multiple tasks.
(13) This µC/FS configuration file defines which µC/FS features (fs_cfg.h) are
included in the application.
4.8 Goals of Micro C/OS II
The goal of this project is to extend uC/OS-II with Fixed Priority Deferred
Preemption (FPDS) scheduling and reservations.
We identified the following sub goals:
1. Investigation of Timers, Timing mechanisms and Timed Events in RT systems.
2. Implementation of periodic tasks in uC/OS-II, based on (1).
3. Implementation of FPDS in uC/OS-II.
4. Implementation of reservations in uC/OS-II.
5. Analysis of the implementation in terms of overhead.

6. Apply FPDS and reservations extension to the camera platform

6. Post test-Multiple Choice Questions
1.µC/OS-II RTOS is -------------a)Pre-emptive based Multitasking Real time Kernel
b)Non pre-emptive based Multitasking Real time Kernel
c)Round robin based Multitasking Real time Kernel
d)All of the mentioned options

2.µC/OS-II RTOS written in ---------------------- language
a)Java
b)C++
c)ANSI C
d)None of the mentioned other options

3.In µC/OS-II RTOS ---------------number of task can be handle
a) 32
b) 16
c) 64
d) 56

4.Which one the following is the not the advantages of the µC/OS-II RTOS

a)
b)
c)
d)

Heavy weight
Simplicity
Modular in nature
None of the mentioned options

4.In µC/OS-II RTOS, while the task create function which one of following parameter to be
passed

a)
b)
c)
d)

Task pointer
Task identifier
Taskstack pointer
All of the mentioned options

7. Conclusion
Hence the in this module we studied about the Real timer operating system Micro
C/OS – II and its functions in detail
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9. Assignment
1. Write the short notes on Time management function of the Micro C/OS – II
2. Write the short notes on Task management function of the Micro C/OS – II
3. Explain the how to implement scheduling in the Micro C/OS – II
4. Describe about the features of the Micro C/OS – II

