
Department of ECE  SIETK 
 

UNIT-2: EMBEDDED PROCESSOR ARCHITECTURE 

 

CISC and RISC: 

The architecture of the Central Processing Unit (CPU) operates the capacity to function from 

“Instruction Set Architecture” to where it was designed. The architectural design of the CPU is 

Reduced instruction set computing (RISC) and Complex instruction set computing (CISC). 

CISC has the capacity to perform multi-step operations or addressing modes within one 

instruction set. It is the CPU design where one instruction works several low-level acts. For 

instance, memory storage, loading from memory, and an arithmetic operation. Reduced 

instruction set computing is a Central Processing Unit design strategy based on the vision that 

basic instruction set gives a great performance when combined with a microprocessor 

architecture which has the capacity to perform the instructions by using some microprocessor 

cycles per instruction. This article discusses the difference between the RISC and CISC 

architecture. The hardware part of the Intel is named as Complex Instruction Set Computer 

(CISC), and Apple hardware is Reduced Instruction Set Computer (RISC). 

What is RISC? 

A reduced instruction set computer is a computer which only uses simple commands that can be 

divided into several instructions which achieve low-level operation within a single CLK cycle, 

as its name proposes “Reduced Instruction Set”. 

RISC Architecture 

The term RISC stands for ‘’Reduced Instruction Set Computer’’. It is a CPU design plan based 

on simple orders and acts fast. 

This is small or reduced set of instructions. Here, every instruction is expected to attain very 

small jobs. In this machine, the instruction sets are modest and simple, which help in comprising 

more complex commands. Each instruction is of the similar length; these are wound together to 

get compound tasks done in a single operation. Most commands are completed in one machine 

cycle. This pipelining is a crucial technique used to speed up RISC machines. 

https://www.elprocus.com/evolution-of-microprocessor-with-applications/
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What is CISC? 

A complex instruction set computer is a computer where single instructions can perform 

numerous low-level operations like a load from memory, an arithmetic operation, and a memory 

store or are accomplished by multi-step processes or addressing modes in single instructions, as 

its name proposes “Complex Instruction Set ”. 

CISC Architecture 

The term CISC stands for ‘’Complex Instruction Set Computer’’. It is a CPU design plan based 

on single commands, which are skilled in executing multi-step operations. 

CISC computers have small programs. It has a huge number of compound instructions, which 

takes a long time to perform. Here, a single set of instruction is protected in several steps; each 

instruction set has additional than 300 separate instructions. Maximum instructions are finished 

in two to ten machine cycles. In CISC, instruction pipelining is not easily implemented. 

 

  



Department of ECE  SIETK 
 

CISC vs RISC: 

The following points differentiate a CISC from a RISC − 

RISC CISC 

1. RISC stands for Reduced Instruction Set 
Computer. 

1. CISC stands for Complex Instruction 
Set Computer. 

2. RISC processors have simple instructions 
taking about one clock cycle. The average clock 
cycle per instruction (CPI) is 1.5 

2. CSIC processor has complex 
instructions that take up multiple clocks for 
execution. The average clock cycle per 
instruction (CPI) is in the range of 2 and 
15. 

3. Performance is optimized with more focus on 
software 

3. Performance is optimized with more 
focus on hardware. 

4. It has no memory unit and uses a separate 
hardware to implement instructions.. 

4. It has a memory unit to implement 
complex instructions. 

5. It has a hard-wired unit of programming. 5. It has a microprogramming unit. 

6. The instruction set is reduced i.e. it has only 
a few instructions in the instruction set. Many of 
these instructions are very primitive. 

6. The instruction set has a variety of 
different instructions that can be used for 
complex operations. 

7. The instruction set has a variety of different 
instructions that can be used for complex 
operations. 

7. CISC has many different addressing 
modes and can thus be used to represent 
higher-level programming language 
statements more efficiently. 

8. Complex addressing modes are synthesized 
using the software. 

8. CISC already supports complex 
addressing modes 

9. Multiple register sets are present 9. Only has a single register set 

10. RISC processors are highly pipelined 
10. They are normally not pipelined or less 
pipelined 

11. The complexity of RISC lies with the compiler 
that executes the program 

11. The complexity lies in the 
microprogram 

12. Execution time is very less 12. Execution time is very high 

13. Code expansion can be a problem 13. Code expansion is not a problem 

14. Decoding of instructions is simple. 14. Decoding of instructions is complex 

15. It does not require external memory for 
calculations 

15. It requires external memory for 
calculations 

16. The most common RISC microprocessors 
are Alpha, ARC, ARM, AVR, MIPS, PA-RISC, 
PIC, Power Architecture, and SPARC. 

16. Examples of CISC processors are the 
System/360, VAX, PDP-11, Motorola 
68000 family, AMD and Intel x86 CPUs. 

17. RISC architecture is used in high-end 
applications such as video processing, 
telecommunications and image processing. 

17. CISC architecture is used in low-end 
applications such as security systems, 
home automation, etc. 
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Von-Neumann Architecture  & Harvard Architecture: 

When data and code lie in different memory blocks, then the architecture is referred 

as Harvard architecture. In case data and code lie in the same memory block, then the 

architecture is referred as Von Neumann architecture. 

Von Neumann Architecture: 

The Von Neumann architecture was first proposed by a computer scientist John von 

Neumann. In this architecture, one data path or bus exists for both instruction and data. As a 

result, the CPU does one operation at a time. It either fetches an instruction from memory, or 

performs read/write operation on data. So an instruction fetch and a data operation cannot occur 

simultaneously, sharing a common bus. 

 addressbus 

 

 databus 

 

 

Von-Neumann architecture supports simple hardware. It allows the use of a single, 

sequential memory. Today's processing speeds vastly outpace memory access times, and we 

employ a very fast but small amount of memory (cache) local to the processor. 

 

Harvard Architecture: 

The Harvard architecture offers separate storage and signal buses for instructions and 

data. This architecture has data storage entirely contained within the CPU, and there is no 

access to the instruction storage as data. Computers have separate memory areas for program 

instructions and data using internal data buses, allowing simultaneous access to both 

instructions and data. Programs needed to be loaded by an operator; the processor could not 

boot itself. In a Harvard architecture, there is no need to make the two memories share 

properties. 
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Von-Neumann Architecture vs Harvard Architecture: 

The 

following points distinguish the Von Neumann Architecture from the Harvard Architecture. 

Von-Neumann Architecture Harvard Architecture 

Single memory to be shared by both code and 

data. 

Separate memories for code and data. 

Processor needs to fetch code in a separate clock 

cycle and data in another clock cycle. So it 

requires two clock cycles. 

Single clock cycle is sufficient, as 

separate buses are used to access code 

and data. 

It has no exclusive multiplier It has MAC(Multiply and accumulate) 

Higher speed, thus less time consuming. Slower in speed, thus more time-

consuming. 

Less power consumption High power consumption 
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Simple in design. Complex in design. 

Used in personal computers, laptops and 

workstations 

Used in microcontrollers and signal 

processors 

 

Introduction to ARM Architecture: 

• The ARM (Advanced RISC Machine) is a 32-bit architecture. 

• When used in relation to the ARM: 

• Byte means 8 bits 

• Half word means 16 bits (two bytes) 

• Word means 32 bits (four bytes) 

• Most ARM’s implement two instruction sets 

• 32-bit ARM Instruction Set 

• 16-bit Thumb Instruction Set 

The ARM has seven basic operating modes: 

• User : unprivileged mode under which most tasks run 

• FIQ : entered when a high priority (fast) interrupt is raised 

• IRQ : entered when a low priority (normal) interrupt is raised 

• 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 registers as user mode 
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ARM architecture evolution 

 

Performance and capability graph of Classic ARM and Cortex embedded processors 

 

Performance and capability graph of Classic ARM and Cortex application processors 

ARM architecture has been improved a lot in the road map from classic ARM to ARM Cortex. 

above figures depict the performance and capability comparison of classic ARM with embedded 

cortex and application cortex series of processors. Even though ARM had earlier versions of 

products i.e. v1, v2, v3 and v4, the classic group of ARM starts with v4T. The classic group is 

divided into four basic families called ARM7, ARM9, ARM10 and ARM11. 
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• ARM7 has three-stage (fetch, decode, execute) pipeline, Von-Neumann architecture 

where both address and data use the same bus. It executes v4T instruction set. T stands for 

Thumb. 

• ARM9 has five-stage (fetch, decode, execute, memory, write) pipeline with higher 

performance, Harvard architecture with separate instruction and data bus. ARM9 executes 

v4T and v5TE instruction sets. E stands for enhanced instructions. 

• ARM10 has six-stage (fetch, issue, decode, execute, memory, write) pipeline with 

optional vector floating point unit and delivers high floating point performance. ARM10 

executes v5TE instruction sets. 

• ARM11 has eight-stage pipeline, high performance and power efficiency and it executes 

v6 instructions set. With the addition of vector floating point unit, it performs fast floating 

point operations 

 

Nomenclature 

 
ARM processor implementation is described by the product nomenclature as given below 

ARM [x][y][z][T][D][M][I][E][J][F][-S] 

x - Family 

y - Memory management/memory protection unit. 

z - Ache size 

T- Thumb state 

D - JTAG debug option 

M - Fast multiplier 

I - Embedded ICE macrocell 

E - Enhanced instructions 

J - Jazzel state 

F - Vector floating point unit 

S - Synthesizable version 

 

Referring to the nomenclature, ARM7TDMI can be understood as an ARM7 processor with 

thumb implementation, JTAG debug, multiplier and ICE macro cell. Similarly ARM926EJ-S is 

an ARM9 processor with MMU and cache implementation, enhanced instructions, Jazzel state 

and has a synthesizable core.  
 

CORTEX series: 

 

Application profile (Cortex -A)  

Cortex A series of architectures are multicores with power efficiency and high performance. 

Every Cortex - A implementation is intended for highest performance at ultralow power design. 

It supports with, in-built memory management unit. Being influenced by multitasking OS system 

requirements, it has virtualization extensions and provides a trust zone for a safe and extensible 

system. It has enhanced Java support and provides a secure program execution environment. 

These architectures are typically designed for high end real time safety critical applications like 

automotive powertrain system. Some Cortex- A application products are smart phones, tablets, 

televisions and even high end computing servers. 
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Real-time profile (Cortex -R) 
Cortex R series of architectures are designed for deeply embedded real time multitasking 

applications. They have low interrupt latency and predictability features for real time needs. It 

provides memory protection for supervisory OS tasks being in privileged mode. It also provides 

tightly coupled memories for fast deterministic access. Typical application examples are: hard 

disk drive controller and base band controller for mobile applications and engine management 

unit where high performance and reliability at very low interrupt latency and determinism are 

critical requirements.  

 

Microcontroller profile (Cortex -M) 
Cortex M series of architectures have v6-M as cortex M0, M0+ and M1 and v7-M with Cortex 

M3, M4 and other successors. This series of architectures developed for deeply embedded 

microcontroller profile, offer lowest gate count so smallest silicon area. These are flexible and 

powerful designs with completely predictable and deterministic interrupt handling capabilities by 

introducing the nested vector interrupt controller (NVIC). The small instruction sets support for 

high code density and simplified software development. Developers are able to achieve 32-bit 

performance at 8-bit price. The very low gate count of Cortex M0 facilitates its deployment in 

analog and mixed mode devices. Due to further demanding applications requiring even better 

energy efficiency, Cortex M0+ was designed with two stage pipeline and achieved high 

performance with very low dynamic power consumption, reduced branch shadow and reduced 

number of flash memory access. Cortex M1 was designed for implementation in FPGA. It is 

functionally a subset of Cortex M3 and runs ARM v6 instruction set with OS extension options. 

It has 32-bit AHB lite bus interface, separate tightly coupled memory interface and JTAG 

interface to facilitate debug options. It has three stage pipeline implementation and configurable 

NVIC for reducing interrupt latency. 

 

CORTEX-M ARCHITECTURE 
 

Figure shows a simplified block diagram of a microcontroller based on the ARM ® Cortex™-M 

processor. It is a Harvard architecture because it has separate data and instruction buses. The 

Cortex -M instruction set combines the high performance typical of a 32-bit processor with high 

code density typical of 8-bit and 16-bit microcontrollers. Instructions are fetched from flash 

ROM using the ICode bus. Data are exchanged with memory and I/O via the system bus 

interface. On the Cortex-M4 there is a second I/O bus for high-speed devices like USB. There 

are many sophisticated debugging features utilizing the DCode bus. The nested vectored 

interrupt controller (NVIC) manages interrupts, which are hardware-triggered software 

functions. Some internal peripherals, like the NVIC communicate directly with the processor via 

the private peripheral bus (PPB). The tight integration of the processor and interrupt controller 

provides fast execution of interrupt service routines (ISRs), dramatically reducing the interrupt 

latency. 

 

ICode bus                               Fetch opcodes from ROM 

DCode bus                             Read constant data from ROM 

System bus                             Read/write data from RAM or I/O, fetch opcode from RAM 

PPB                                        Read/write data from internal peripherals like the NVIC 

AHB                                      Read/write data from high-speed I/O and parallel ports (M4 only)  
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Cortex M4 Features: 

 
 Thumb2 instruction set delivers the significant benefits of high code density of Thumb with 32-bit 

performance of ARM. 

 Optional IEEE754-compliant single-precision Floating Point Unit. 

 Code-patch ability for memory system updates. 

 Power control optimization by integrating sleep and deep sleep modes. 

 Hardware division and fast multiply and accumulate for SIMD DSP instructions. 

 Saturating arithmetic for noise cancellation in signal processing. 

 Deterministic, low latency interrupt handling for real time-critical applications. 

 Optional Memory Protection Unit(MPU) for safety-critical applications 

 Extensive implementation of debug, trace and code profiling capabilities. 

 

The ARM Cortex-M4 architecture is built on a high-performance processing core, with a 3-stage 

pipeline. Harvard architecture, optional IEEE754-compliant single-precision floating-point 

computation, a range of single-cycle and SIMD multiplication and multiply-with-accumulate 

capabilities, saturating arithmetic and dedicated hardware division features make it typically 

suitable for high precision digital signal processing applications. The processor delivers excellent 

energy efficiency at high code density and significantly improving interrupt handling and system 

debug capabilities. A generic system on chip architecture of Cortex M4 is shown in fig 1.14. The 

brief description of each functional block is given below. 
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 Cortex M4 core architecture 

Nested Vectored Interrupt Controller (NVIC): 
Tightly integrated with the processor core, NVIC is a configurable Interrupt Controller used to 

deliver excellent real time interrupt performance. Very low interrupt latency is achieved through 

its hardware stacking registers. The processor automatically saves and retrieves its state on 

exception entry and exit removing the code overhead from ISRs. It also has the ability of 

interrupting the load and store multiple atomic instructions that provides faster interrupt 

response. The NVIC includes a Non Maskable Interrupt (NMI) and can provide up to 256 

interrupt priority levels for each of 240 interrupts it supports. A higher priority interrupt can 

preempt the currently running ISR facilitating interrupt nesting. 

 

Wake Up Interrupt Controller (WIC): 
To optimize low-power designs, the NVIC integrates with an optional peripheral called Wake up 

interrupt controller to implement sleep modes and an optional deep sleep function. When the 

WIC is enabled, the power management unit powers down the processor and makes it enter deep 

sleep mode. When the WIC receives an interrupt, it takes few clock cycles to wake-up the 

processor and restore its state. So it adds to interrupt latency in deep sleep mode. WIC is not 

programmable and operates completely with hardware signals. 
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Memory Protection Unit: 
In embedded OS, MPU is used for safeguarding memory used for kernel functions from 

unauthorized access by user program. In OS environment, when any untrusted user program tries 

to access memory protected by MPU, the processor generates a memory manage fault causing a 

fault exception. MPU divides the memory map into a number of regions defining memory 

attributes for each. MPU separates and protects the code, data and stack for each task required 

for safety critical embedded systems. MPU can be implemented to enforce privilege access rules 

and separate tasks. It is an optional block in Cortex M4. 

 

Bus Matrix: Advanced High speed Bus(AHB)-lite 
The processor contains a bus matrix that arbitrates the processor core and optional Debug Access 

Port (DAP) memory accesses to both the external memory system, the internal System Control 

Spaces and to various debug components. It arbitrates requests from different bus masters in the 

system. Bus matrix is connected to the code interface for accessing the code memory, SRAM 

and peripheral interface for data memory and other peripherals and the optional MPU for 

managing different memory regions.  

 

Debug Access Port (DAP):Data watchpoint, ITM,ETM, break point,JTAG 
DAP, the implementation of ARM debug interface enables debug access to various master ports 

on the ARM SoC. It provides system access for the debugger tool using AHB-AP, APB-AP and 

JTAG-AP without halting the processor. Embedded Trace Macrocell (ETM) generates 

instruction trace. Instrumentation Trace Macrocell (ITM) allows software-generated debug 

messages and also to generate timestamp information. Data Watchpoint and Trace (DWT) unit 

can be used to generate data trace, event trace, and profiling trace information. Flash patch and 

break point (FPB) implements hardware breakpoints, patches code and data from Code space to 

System space. Serial wire viewer (SWV) is one bit ETM port. SWV provides different types of 

information like program counter values, data read and write cycles, peripheral values, event 

counters and exceptions. 

 

Floating Point Unit (FPU): 
Cortex M4 architecture suggests an optional FPU which is IEEE 754 single precision compliant. 

The core instruction set supports various signal processing operations. It executes single 

instruction multiple data (SIMD) instructions with 16 bit data types. Floating point core supports 

addition, multiplication and hardware division. It has a 32X32 multiply and accumulate (MAC) 

unit that produces 64 bit results. Embedded signal processing applications that involve data 

compression, statistical signal processing, measuring, filtering and compressing real world 

analog signals can use Cortex M4 with FPU. 

Floating point unit supports: 

 Conversions between fixed point and floating point data formats and instructions with floating 

point immediate data. 

 Saturation math. 

 Decouple 3-stage pipeline. 
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Operating States 

 

Cortex M4 has two operating states: thumb state and debug state as shown in above fig. When it 

is executing any instruction, it is in thumb state. The core operates on thumb2 technology. Most 

of the instructions are 16 bit thumb instructions in addition to few 32 bit instructions. When any 

debug request is received from the debugger on the host computer, or the execution flow hits 

with a break point instruction, the core gets halted and enters to the debug state. Cortex M4 

supports both JTAG and serial wire viewer debug ports. When the debug condition is removed, 

the core is unhalted and reenters to the thumb state. 

 

Operating Modes 

Cortex M4 has two operating modes: the thread mode and the handler mode as shown in fig. 

After reset, the core enters to the thread mode and executes the OS kernel program or the 

initialization code with a privileged access level. The thread mode with privileged access level 

can enter to an unprivileged access level under program control to safe guard the trust zone of 

system software. But the thread mode with unprivileged access level cannot revert back to a 

privileged access level. If required so, the processor core has to make use of the exception 

mechanism. When an exception occurs, the NVIC automatically saves the user program context 

to the selected stack of thread mode. The core enters the handler mode and executes the 

exception handler code. In handler mode, the core always has privileged access level. When it 

returns from the exception handler, it returns back to the thread mode after restoring its state and 

context. 
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Register sets 

 

Registers are high-speed storage inside the processor. The registers are depicted in below fig. R0 

to R12 are general purpose registers and contain either data or addresses. Register R13 (also 
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called the stack pointer, SP) points to the top element of the stack. Register R14 (also called the 

link register, LR) is used to store the return location for functions. The LR is also used in a 

special way during exceptions, Register R15 (also called the program counter, PC) points to the 

next instruction to be fetched from memory. The processor fetches an instruction using the PC 

and then increments the PC. 

 

There are three status registers named Application Program Status Register (APSR), the Interrupt 

Program Status Register (IPSR), and the Execution Program Status Register (EPSR) as shown 

below. These registers can be accessed individually or in combination as the Program Status 

Register (PSR). The N, Z, V, C, and Q bits give information about the result of a previous ALU 

operation. In general, the N bit is set after an arithmetical or logical operation signifying whether 

or not the result is negative. Similarly, the Z bit is set if the result is zero. The C bit means carry 

and is set on an unsigned overflow, and the V bit signifies signed overflow. The Q bit indicates 

that “saturation” has occurred. 

 
The T bit will always be 1, indicating the ARM ® Cortex™-M processor is executing Thumb ® 

instructions. The ISR_NUMBER indicates which interrupt if any the processor is handling. Bit 0 

of the special register PRIMASK is the interrupt mask bit. If this bit is 1, most interrupts and 

exceptions are not allowed. If the bit is 0, then interrupts are allowed. Bit 0 of the special register 

FAULTMASK is the fault mask bit. If this bit is 1, all interrupts and faults are not allowed. If 

the bit is 0, then interrupts and faults are allowed. The nonmaskable interrupt (NMI) is not 

affected by these mask bits. The BASEPRI register defines the priority of the executing 

software. It prevents interrupts with lower or equal priority but allows higher priority interrupts. 

For example if BASEPRI equals 3, then requests with level 0, 1, and 2 can interrupt, while 

requests at levels 3 and higher will be postponed. 

 

Introduction to TIVA Microcontrollers 
TIVA platforms and launch pads are used to develop various embedded applications. So in this 

section two TIVA series microcontrollers are introduced. 

 

TIVA TM4C123x Microcontrollers 
The TM4C123x MCUs provide a broad portfolio of connected Cortex®-M4 microcontrollers. 

Designers who migrate to the TM4C123x MCUs benefit from a balance between the floating-

point performance needed to create highly responsive mixed-signal applications and the low-

power architecture required to enable increasingly aggressive power budgets. TM4C123x MCUs 

are supported by TivaWare™ for C Series software, designed specifically for those customers 

who want to get started easily, write production-ready code quickly, and minimize their overall 

cost of software ownership. 
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Key highlights 

• ARM Cortex-M4 core with floating point 

• CPU speed up to 80 MHz 

• Up to 256-KB Flash 

• Up to 32-KB single-cycle SRAM and 2-KB EEPROM 

• Two high-speed 12-bit ADCs up to 1 MSPS 

• Up to two CAN 2.0 A/B controllers 

• Optional full-speed USB 2.0 OTG/ Host/Device 

• Up to 40 PWM outputs 

• Serial communication with up to: 8 UARTs, 6 I2Cs, 4 SPI/SSI 

• Intelligent low-power design power consumption as low as 1.6 μA 

 
Benefits 

• 12-bit ADC accuracy achievable at the full 1 MSPS rating without any hardware averaging, 

eliminating performance tradeoffs 

• First ARM Cortex-M MCU in advanced 65-nm process technology provides the right balance 

between higher performance and low power consumption. 
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• ARM Cortex-M4 with floating point accelerates math-intensive operations and simplifies 

digital signal processing implementations 

• Range of pin-compatible memory and package configurations enables optimal selection of 

devices 
 

 

Applications 

 

• Connectivity 

• Sensor aggregation 

• Security and access control 

• Home and building automation 

• Industrial automation 

• Human machine interface 

• Lighting control 

• Energy 

• Data acquisition 

• System management 

 

TIVA TM4C129X Microcontrollers 

 

Introduction 
The TM4C129x product line will allow designers to develop a new class of highly connected 

products using the first ARM® Cortex®-M4 MCU with integrated Ethernet MAC+PHY, along 

with on-chip communication peripherals. Engineers will have the ability to enhance product 

features and communicate to industrial and HMI applications with integrated data protection, 

robust memory and LCD controller. They can further control and differentiate products with 

TivaWare™, including 50+ software application examples, along with TI’s strong development 

ecosystem. 

 
Key highlights 

• ARM Cortex-M4 core with floating point 

• CPU speed up to 120 MHz  

• Up to 1-MB Flash 

• 256-KB SRAM and 6-KB EEPROM 

• 10/100 Ethernet with embedded MAC and PHY 

• LCD controller 

• AES, DES, SHA/MD5 and CRC hardware acceleration 

• Four tamper inputs 

• Two 12-bit ADCs up to 2 MSPS 

• Two CAN 2.0 A/B controllers 

• Full-speed USB 2.0 OTG/Host/ Device and high-speed USB ULPI interface 

• Serial communication with up to: 8 UARTs, 10 I2Cs, 4 QSPI/SSI, 1-Wire master interface 
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Benefits 

• Connect to and communicate with products and services with 10/100 Ethernet MAC+PHY with 

advanced line diagnostics. Integrated CAN and USB provide high-speed connectivity, allowing 

the creation of seamless gateway solutions. 

• Control outputs and manage multiple events with 10 I2C ports, dual 12-bit ADCs, three on-chip 

comparators, and the external peripheral interface 

• Address varying application memory needs with pin-for-pin compatibility across the 

TM4C129x portfolio. With 256 KB of integrated SRAM and 6-KB EEPROM along with a 

scalable 512 KB to 1 MB Flash memory with 100,000 program cycle endurance for extended in-

field updates and reliable operation. 

• Save board space and design smaller products with integrated Ethernet MAC+PHY, USB and 

LCD controller. 

• Add data protection to applications and reduce processing overhead with the hardware 

acceleration of key encryption/decryption 
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Applications 

• Solar inverters 

• Industrial sensors 

• Industrial automation 

• Security access systems 

• Industrial motor control 

• Communications adapters/concentrators 

• Networked industrial meters/controllers 

• Industrial HMI control panels/displays 

• Networked residential/SoHo systems 

• Vending machines 

 

Address Space 
 

Microcontrollers within the same family differ by the amount of memory and by the types of I/O 

modules. All LM3S and TM4Cmicrocontrollers have a Cortex -M processor. There are hundreds 

of members in this family;  
 

 
 

The memory map of TM4C123 is illustrated in above fig. Although specific for the TM4C123, 

all ARM ® Cortex™-M microcontrollers have similar memory maps. In general, Flash ROM 

begins at address 0x0000.0000, RAM begins at 0x2000.0000, the peripheral I/O space is from 

0x4000.0000 to 0x5FFFF.FFFF, and I/O modules on the private peripheral bus (PPB) exist from 

0xE000.0000 to 0xE00F.FFFF. In particular, the only differences in the memory map for the 

various 180 members of the LM3S/TM4C family are the ending addresses of the flash and RAM.  

The M4 has an advanced high-performance bus (AHB). Having multiple buses means the 

processor can perform multiple tasks in parallel. The following is some of the tasks that can 

occur in parallel 
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ICode bus Fetch opcodes from ROM 

DCode bus Read constant data from ROM 

System bus Read/write data from RAM or I/O, fetch opcode from RAM 

PPB Read/write data from internal peripherals like the NVIC 

AHB Read/write data from high-speed I/O and parallel ports (M4 only) 

 

When we store 16-bit data into memory it requires two bytes. Since the memory systems on most 

computers are byte addressable (a unique address for each byte), there are two possible ways to 

store in memory the two bytes that constitute the 16-bit data. Freescale microcomputers 

implement the big endian approach that stores the most significant byte at the lower address. 

Intel microcomputers implement the little endian approach that stores the least significant byte 

at the lower address. Cortex M microcontrollers use the little endian format. Many ARM 

processors are biendian, because they can be configured to efficiently handle both big and little 

endian data. Instruction fetches on the ARM are always little endian. Figure 3.5 shows two ways 

to store the 16-bit number 1000 (0x03E8) at locations 0x2000.0850 and 0x2000.0851. 

Computers must choose to use either the big or little endian approach when storing 32-bit 

numbers into memory that is byte (8-bit) addressable. Figure 3.6 shows the big and little endian 

formats that could be used to store the 32-bit number 0x12345678 at locations 0x2000.0850 

through 0x2000.0853. Again the Cortex M uses little endian for 32-bit numbers. 

 

 
 

In the previous two examples, we normally would not pick out individual bytes (e.g., the 0x12), 

but rather capture the entire multiple byte data as one nondivisable piece of information. On the 

other hand, if each byte in a multiple byte data structure is individually addressable, then both the 

big and little endian schemes store the data in first to last sequence. For example, if we wish to 

store the four ASCII characters ‘LM3S’, which is 0x4C4D3353 at locations 0x2000.0850 

through 0x2000.0853, then the ASCII ‘L’=0x4C comes first in both big and little endian 

schemes, as illustrated in Figure 3.7. 
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The terms “big and little endian” come from Jonathan Swift’s satire Gulliver’s Travels. In Swift’s 

book, a Big Endian refers to a person who cracks their egg on the big end. The Lilliputians were 

Little Endians because they insisted that the only proper way is to break an egg on the little end. 

The Lilliputians considered the Big Endians as inferiors. The Big and Little Endians fought a 

long and senseless war over the best way to crack an egg. 

 

Common Error: An error will occur when data is stored in Big Endian by one computer and 

read in Little Endian format on another. 

 

Addressing Modes: 

 
•Microprocessor executes the instructions stored in memory (RAM). 

•It executes one instruction at a time. 

•Each of the instruction contains operations and operands. 

•Operation specifies the type of action to be performed. 

 For example: ADD, SUB, MOV, INC, LOAD, STORE 

•Operands are the data on which the operation is to be performed. 

 

MOV A, B Here MOV is operation(opcode) and (A & B) are operands. 

 

ADD B Here ADD is operation (opcode) and (B) is operand. 

 

•Operand can be placed either in one of the processor register or in memory. 

There are different ways to get the operands. 

•The way in which the operand is taken from register or memory is named as addressing mode.  

 

ARM Addressing Modes 

1. Register direct Addressing Mode 

2. Direct/Absolute Addressing Mode 

3. Immediate Addressing Mode 

4. Register Indirect Addressing Mode 

5. Register Indirect with pre-indexed Addressing Mode 

6. Register Indirect auto-indexed Addressing Mode 

7. Register Indirect post-indexed Addressing Mode 

8. Register Indirect Register Indexed Addressing Mode 

9. PC Relative Addressing mode 
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Instruction set Basics: 

  
1. Data Processing Instructions & Data Movement Instructions 

o Arithmetic/logic Instructions 

o Move instructions 

o Barrel shifting instructions 

o Comparison Instructions 

o Multiply Instructions 

2. Branch Instructions 

3. Load and store Instructions 
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