1. Describe with neat diagram, the architecture of Cortex M3

Processor.

Ans. The ARM Cortex™-M3 processor, the first of the Cortex generation of processors released by ARM in 2006, Cortex

M3 is a ,8Small,§Low power,8Rich interfaces,8SMinimum 3 stage pipeline §Harvard Architecture.Multiple core buses
capable of simultaneous accesses.Tightly integrated interrupt controller with Wake-up Interrupt Controller
Interruptible/continuable multiple load and store instructions Supports MPU. 18 x 32-bit registers, Excellent compiler
target, Reduced pin count requirements, Efficient interrupt handling, Power management, Efficient debug and
development support features, Breakpoints, Watchpoints, Flash Patch support, Instruction Trace Strong OS support
User/Supervisor model OS support features Designed to be fully programmed in C (even reset, interrupts and
exceptions), ARMv7M Architecture No Cache - No MMU, Debug is optimized for microcontroller applications,
Vector table contains addresses, not instructions, DIV instruction, Interrupts automatically save/restore state,
Exceptions programmed in C (No Coprocessor 15 - All registers are memory-mapped), Interrupt controller is part of
Cortex-M3 macrocell, Fixed memory map, Bit-banding, Non-Maskable Interrupt (NMI), Only one processor status
reg, Thumb-2 processing core, Mix of 16 and 32 bit instructions for very high code density, Gives complete Thumb
compatibility.
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2. Write short notes on Exceptions, Interrupts and Vector Table.

Ans. The Cortex-M3 supports a number of exceptions, including a fixed number of system exceptions and a
number of interrupts, commonly called IRQ. The number of interrupt inputs on a Cortex-M3 microcontroller
depends on the individual design. Interrupts generated by peripherals, except System Tick Timer, are also
connected to the interrupt input signals. The typical number of interrupt inputs is 16 or 32. However, you
might find some microcontroller designs with more (or fewer) interrupt inputs. The vector table is an array of
word data inside the system memory, each representing the starting address of one exception type.

Exception
Number

1

Table 3.4 Exception Types in Cortex-M3

Exception Type Priority

Rese! 3 (Highest)

N

Hard fault 1

MemManage Settable
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Settable
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nitor
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Table 3.5 Vector Table Definition after Reset

Exception Type Address Offset Exception Vector
18-255 Do B— 0 3FF IRC #2-239

17 Ol IRC #1

16 Dot IRCy &0

15 O SYWSTICK

14 O 38 PendSW

13 Ooc 34 Reserved

12 O30 Dralog rmvomitor

11 O SWC

¥—10 o 1 C— O 28 Researved

(=3 OB LUtsage fault

= L P Bus fault

a Ox10 MemManage fault
3 OO Hard fauit

2 OO MM

1 OO Reset

La] OO Starting valuse of the MSP

3a. Explain the operating modes of Cortex M3 with the help of neat
diagrams indicating the switching of states on the occurrence of
exceptions.
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b. List the applications of Cortex M3 .



Low-cost microcontroliers: The Cortex-M3 processor is ideally suited tor low-cost microcontrollers,
which are commonly used in consumer products, from toys to electrical appliances. It is a highly
competitive market due to the many well-known 8-bit and 16-bit microcontroller products on
the market. Its lower power, high performance, and ease-of-use advantages enable embedded
developers to migrate to 32-bit systems and develop products with the ARM architecture.

Automotive: Another ideal application for the Cortex-M3 processor is in the automotive industry.
The Cortex-M3 processor has very high-performance efficiency and low interrupt latency, allowing
it to be used in real-time systems. The Cortex-M3 processor supports up to 240 external vectored
interrupts, with a built-in interrupt controller with nested interrupt supports and an optional MPU,
making it ideal for highly integrated and cost-sensitive automotive applications.

Data communications: The processor's low power and high efficiency, coupled with instructions
in Thumb-2 for bit-field manipulation, make the Cortex-M3 ideal for many communications
applications, such as Bluetooth and ZigBee.

Industrial confrol: In industrial control applications, simplicity, fast response, and reliability are
key factors. Again, the Cortex-M3 processor’s interrupt feature, low interrupt latency, and enhzmced|
fault-handling features make it a strong candidate in this area.

Consumer products: In many consumer products, a high-performance microprocessor (or several of
them) is used. The Cortex-M3 processor, being a small processor, is highly efficient and low in power and
supports an MPU enabling complex software to execute while providing robust memory protection.

4a Explain the Program Status registers with bit pattern.

L} {g\\r,. Py Qe danded wlo o ,\(L:\_Q:d ha‘ Mol 1A ;
I \:\Yu(\\\\m\ Ye, K
. r)wl\‘l.-‘\\n‘i" F.". R :

¢ Kenndeen PeR



/‘1‘\1’ 3 p’.’\R.C (‘\v\'. lx, Q,QlLQQQ‘L -}“qlt!\pp[
,SY(U“\&' vegelen Qe tabudtoons

wabely areng fig

N'[QR,.& MRS - W

e

anes Mttessed AL o0 welleebGodoam |, Yy nawe 0PeR,

& wsed

We conw

MRS

RO, APSR 5 Read

Yo, ek % Rewd: sy
0o

wead

e Pefe w,dﬂ e MRS wstradion ad)
e alse ~61~<u\3;, W AP R wc-\a% MR MM"”J

'&d fRSR 2 TPSR, e )\L-\-cl-rc.r\l«d- foy 9—85’

, Efce \, ZQML !}{u\.d ’ g! L

AN‘, {*4N ) m'u"w ’? 'g“‘L‘L

‘0

dole. by’ Ro - ¢
r\{co j'T;duw.ft Sa

oy — b ——

s

Al
L' 31

——

pNoMBE £

A N




-—

-an

2 2 ) P C Gl o g i 0
rleanmbzes

4!52'1\1'7'(’\, (T'rl— Tex

31 eYCcY (TS
Fg,a Cornlounzd x?sﬁ_ G co'_&'x NV

l?,ﬁ'\, AR™M Qrsosnldle s | vl W;.Ma‘ X?&R}(G\_ll__.
gt PoRe O Bne), Mae Corabot Podies wsed

MRS wo, PSR Qmpl e tombonedh —haogreans
Lt Wond -

MSR PSR, v, Wreides s wosalsound _%\'z‘:?j'(ﬂ-m
2k Wiend -
,(jhump:,my of He lonk- Leetde:

etivng [ Ll Qt&» Sl ﬁf"-"-"’lw‘-\l\-

sy s il
X 2 Rero > Klhows Mo ccn.\m,:i;gr: P Lt
C-»Camd}lomwf_ﬁk_bl) i véwfeq
N> O\ruc.‘\ow 2 MOfa%«n-‘)

@\/—;. g-}édu.d, Cotuasdion ’-Ha.a .
TLT | TT > Twdenncpt - Colinmaltsle ‘Lw,mgfn oib
\5{_ Ty vasbindeén sl o

Bor Gromls Conts | Almdongs |5 hegging 7© lean Hais
B pecL Aoaane A danlt M“f"""" ’

gﬂl—r‘m aonben > Jmﬁ; petrich e.-u_kam
Freassen O Xr\.wl\-un

Thumb-2 technology
32-bit and 16-bit
Thumb instruction set

ARMVT-M
architecture

Thumb
instructions
(16 bits)

ol T



The Thumb-2* technology extended the Thumb Instruction Set Architecture (ISA) into a highly efficient
and powerful instruction set that delivers significant benefits in terms of ease of use, code size, and per-
formance (see Figure 1.4). The extended instruction set in Thumb-2 is a superset of the previous 16-bit
Thumb instruction set, with additional 16-bit instructions alongside 32-bit instructions. It allows more
complex operations to be carried out in the Thumb state, thus allowing higher efficiency by reducing
the number of states switching between ARM state and Thumb state.

Focused on small memory system devices such as microcontrollers and reducing the size of the proces-
sor, the Cortex-M3 supports only the Thumb-2 (and traditional Thumb) instruction set. Instead of using
ARM instructions for some operations, as in traditional ARM processors, it uses the Thumb-2 instruction
set for all operations. As a result, the Cortex-M3 processor is not backward compatible with traditional

ARM processors. That is, you cannot run a binary image for ARMY7 processors on the Cortex-M3 processor.
Nevertheless, the Cortex-M3 processor can execute almost all the 16-bit Thumb instructions, including all
16-bit Thumb instructions supported on ARMT family processors, making application porting easy.

With support for both 16-bit and 32-bit instructions in the Thumb-2 instruction set, there is no need
to switch the processor between Thumb state (16-bit instructions) and ARM state (32-bit instructions).
Forexample, in ARMT or ARM9 family processors, you might need to switch to ARM state if you want
to carry out complex calculations or a large number of conditional operations and good performance is
needed, whereas in the Cortex-M3 processor, you can mix 32-bit instructions with 16-bit instructions
without switching state, getting high code density and high performance with no extra complexity.

The Thumb-2 instruction set is a very important feature of the ARMvT architecture. Compared
with the instructions supported on ARM7 family processors (ARMvAT architecture), the Cortex-M3
processor instruction set has a large number of new features. For the first time, hardware divide instruc-
tion is available on an ARM processor, and a number of multiply instructions are also available on the
Cortex-M3 processor to improve data-crunching performance. The Cortex-M3 processor also supports
unaligned data accesses, a feature previously available only in high-end processors.

5a Explain the 2-level Stack model in Cortex M3.
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5b. What is Stack? Explain the multiple register Stack operation.
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6a. Explain the reset sequence with the help of memory map.
ReSET SeQuerlc e -
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6b. Explain the Control register .
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