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Number System

In positional notation, «,a, a, ,...q,a,.a_a_,...a_
base b number equals to

n

a,xb"+a, xb" +a, ,xb"? +...+a,xb' +a,xb’ +a_ xb +a_,xb? +...+a_ xb”"
for hexadecimal, b = 16,

for decimal b = 10,

for octal b = 8,

and for binary, b = 2



Number System

a is a number that between O to b — 1.

for binary aec 0,1)
for octal ae 091727394959677)
for decimal aec 0919293949596979899)

for hexadecimal 4 € 09192939495969798999 Aa B: C) Da EaF)
Decimal-to-binary conversion, you successive division by 2.
How can you do the binary to octal notation ?

How can you do the binary to hexadecimal notation ?



Powers of 2

In this course, it is better for you to familiar with the powers of 2. You
should change your mind in binary ©

Try to fill the table

20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 210 | 216 | 920 | 932
Dec| 1 2 4 8 16

Bin

Hex

Please note that in this course, when we talk about address, and
memory storage.

o 1k =21=1024 >10 bits,
0 1M =220= 2105 210 = 1k x 1k = 1,048,576 - 20 bits

0 1G=230=210x210%x 210 =1k x 1k x 1k = 1,073,741,824 > 30 bits




Number

If | give you 3 numbers, in decimal format
o 1,60, 3600

Are these 3 numbers different ?
Can they represent the same thing ?

If | give you another 3 numbers
o 1004y, 644, 1444
o Are the values of 3 numbers different ?
o Is their representation different ?



Number

If | give you the following numbers in decimal ..
o 20463398, 97532148, 46709394, 13141668, 5201314

What can these numbers represent ?
If | say “l 7486 You”.

o How can you interpret the number 7486 ?
o f7=L,6=E?2,If7=F,6=K?
IMPORTANT
1. Number without unit means nothing, or can mean anything.

2. Itis important for you to know the meaning of the number in that
particular context.

3. Same number can have different representations.



Bit and Byte

What is the basic unit of memory ? b ‘é’ ¢
. . ya
What is the common unit of memory ? ¥ 3 lpf‘f _ Ll( 40
What is the relation between bit and byte ? -
When you go out to buy a SD Card, it said 4GB.

o It means 4G bits or 4G bytes ? « 1Byte |
What 4G bytes actually means ? (11111111
o Each unitis a byte
o Total 4G units )/g &C |
1v'3 | |
LU& 4G units <
77fv 11110000
10101010

\_| 11001100




Nf\emory

What is the function of memory ?
Assume | have one byte of memory.

11111111

What does this byte represent ?

Is it a positive number or negative number ?

o If positive, it means :

o If negative, it means :

Who defines the meaning of that number ?

Remember that memory is only a storage, it does not give any

meaning to the number it stored. It is the programmer who defines
the meaning of the number.



Data Type

What are the data type in C ?
How do data type related to Memory ?
e.g.intx;
x = —=1; // How do x stored in memory, how many bytes ?
/ What is the exact number stored
unsigned int y;
y=Xx; [/ Whatis the value of y ?
// What is the exact number stored

Please note that in this course we use C, and you are required to
familiarize the C programming.
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Assembly instructions

In Computer Organization course, you learnt MIPS, what
are the sizes of register that MIPS has ?

How many registers do MIPS got ?

What will the following instruction do in MIPS ?

o add $s0, $s1, $s2

o addi $t0, $zero, 1

o Iw $s0, 0($s1)

Well, in this course, we will use C instead of assembly,
however, it would be necessary for you to understand
the assembly instructions so that you know what the
computer is doing.
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Revision

= In the Digital Circuits and Systems course, you learnt a simple half
adder.

1 0 1
+ 0 + 1 + 1
— Qwﬂ/‘
= These bits are called ? hese bits are called ?
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Revision

In the Computer Organization course, if we implement the
instruction : add $s0, $s1, $s2

Remember that $s0, $s1, and $s2 are 32-bit registers
Assuming $s1 and $s2 contains the value OXFFFFFFFF

bit31  bit30  bit29  bit28 bit2  bit!  bitd (
$s1 (1 1 1 1 .. 1 1 1) * <
$s2 R O N R R B W N W
$s0 I /gl—ﬂ\

l
What event happened ? This bit is called ?

o/tHow .
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Misconception...

In the Computer Organization course, you learn a term Overflow.
What is Overflow ? What is Carry ? Do they the same thing ?

Under what conditions will there be Carry, Overflow ?

Although again you will use C in this course, you should be able to
know how the computer makes the decision based on the status.
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ARM Cortex-M3 microcontroller

In this course, we will use a series of ARM

Cortex-M3 based microcontroller. Lo —

For general Cortex-M3 information, you can go to I

o http://www.arm.com/products/processors/cortex-m/cortex-m3.php View!

We will use a evaluation board that is based on bx

the controller developed by STMicroelectronics £ R —
U i UF

under the family of STM32F103xx "T"‘ T
You can get the datasheet from the course
website.
r STM32F103xC STM32F103xD
¥/ 4 STM32F103xE

High-density performance line ARM-based 32-bit MCU with 256 to
512KB Flash, USB, CAN, 11 timers, 3 ADCs, 13 communication interfaces

14



STM32F103xx microcontroller

Since different IC have different function and pinout, in particular,
we are using STM32F103VET6 , for details, please refer to the
datasheet.

V =100 pins
STM32 = ARM-based 32-bit microcontroller

.

[STM32][F|[I03][V[E[T| 6

T=LQFP
F = general-purpose

103 = performance line E = 512 Kbytes of Flash memory

<
<

6 = Industrial temperature range, —40 to 85 "C.
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‘ STM32F103xx microcontroller

= Other Packages and their function summaries are shown here
o - Timer Communication Interface Analog port
Pin Max. RAM ; it | 1200 | ¥O
count | ot NUmder | oy m (oytes) M m Pt S| P PC | SORRT 72| oom |neitcec s soto 200 | oAC [pot]  Peckaee
(MHz) (ICOCHPWM) (IC/oC/PWM) (CH.) | (CH.)
stmazF103T4| 72 | 16k | ek 28m8) | 1(41406) 10| | 2 | 2(10) %
sTM3zF103T6| 72 | 3k | 10k 2em8) | 148 | | e 2(10) )
) VEQFPN36(6x6)
sTMazF103T8| 72 | Bk | 20K 1212112) | 1448) 1] 2 [1] 2(10) %
sTmazFi0ate| 72 | 128K | 20¢ 3121212) | 114406) 1] 2 1] 1 2(10) %
sTMazF103ce| 72 | 16K | K 288) | 1(446) 11 2 1] 2(10) a7
i |STMIZFIO06] 72 | 3K [ 10K 28808) | 1(4146) 1] 2 1] 2(10) 7| Larpesary
sTMazF103cs| 72 | s4K | 20K 3(1212112) | 1141406) 2 2] 3 [1] 1 210 37| VFQFPN4g(7x7)
sTM32F103c8| 72 | 128K | 20K 121212) | 1448 2[2] 3 [1] 2(10) a7
STMaZF103Ra| 72 | 16K | 6K 288) | 1(4406) o ER 2(16) 51
STM32F103R8| 72 | 32K | 10k 2888) | 1(4406) 0 | 2(16) 51| Larpesrtoxto
sTM32F103R8| 72 | sk | 20€ 3(1212112) | 1(4ma06) 23| 12 e [T 2(16) s1| TF )
STM32F103R8| 72 | 128K | 20¢ 312112112) | 114458) Zllzl| s 2(16) 51
84 |STMazZF10aRC| 72 | 256K | 48K 4(16/16116) | 288112) | 2 |3 | 2| 32 | 1] 1 2| 1 [ae] 2 [
[sTMazF10sRD| 72 | 384K | 64K aeneine) | 28m12) | 2 [3]2] 32 |1 2] 1 |ave)| 2 |51 |\ EReNODy)
STM32F103RE| 72 | 512K | 84K qeieite) | 28812) | 2 [32] a2 [1] 1 2| 1 [ae)| 2 [
STM32F103RF| 72 | 768K | 96 10(4r2424) | 28812) | 2 [ 32| a2 [ 1] 1 2| 1 lwwel 2 Istf | o oo
ISTM32F103RG| 72 | 1024K | 98K 10(4r2424) | 28812) | 2 [ 32| a2 | 1] 1 2| 1 (38| 2 s
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‘ STM32F103xx microcontroller

STM3ZF103v8| 72 | 64K | 20 3212im2) | 1) 2]2) ¥ |a] 2/(16) 8
sTMazF1oave| 72 [ 128 | 20 31212112) | 1(4488) 22| 3 [1] 1 21(16) 8
sTM3ZF103ve| 72 | 256k | 48K aenene) | 28812 [ 2 [3f2] 32 [1] 1 2| 1 [ae)| 2 [so] SEEIGHGE)
100 [sTMazF103vD| 72 | 3aaK [ 6k senene) | 20812 [ 2 [af2] a2 [1] ¢ 2| 1 [ae] 2 [e0
sTMaZF103vE| 72 | sk | ek senene) | 20812 [ 2 [af2] a2 [1] ¢ 2| 1 Jawe) 2 [0
sTMazF103v| 72 | 768 | 96K 10e2424)| 20812) | 2 [3[2] 32 [1] 1 2| 1 [ae)] 2 |20
LQFP100(14x14)
sTM3zF103ve| 72 | 1024k | 96K 1ezezd) | 20812) | 2 [3[2] 32 [ 1] 2| 1 [ane)] 2 [e0
sTM32F103zC| 72 | 256K | 48K aeneie) | 2m12) | 2 [3[2] a2 [1] 1 2| 1 [an] 2 |2
STM32F1032D| 72 | 384K | 64K aenere) | 2m2) | 2 (3|2 a2 [1] 1 2| 1 [3en] 2 [n2
144 |STM32F103ZE| 72 | 512K | 64K 4(1616/16) | 2(8812) | 2 [3 |2 3#2 | 1] 1 2| 1 [3q21)] 2 |12 %‘ %’
sTM32F100zF | 72 | 768K | 98k 10242424 | 20812) | 2 [3 ]2 32 [ 1] 1 2| 1 [aen] 2 [n2
[sTmazet0326] 72 | 1024k | 98k 10s2424) | 28812) [ 2 [3[2] 32 [1] 1 2| 1 [s2n] 2 [n2
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STM32F103xx microcontroller

Selected features of the microcontroller
Core: ARM 32-bit Cortex™-M3 CPU
o 72 MHz maximum frequency
Memories
o 512 Kbytes of Flash memory
o up to 64 Kbytes of SRAM

o Flexible static memory controller with 4 Chip Select. Supports Compact Flash, SRAM,
PSRAM, NOR and NAND memories

Clock, reset and supply management

o 4-to-16 MHz crystal oscillator

Internal 8 MHz factory-trimmed RC
Internal 40 kHz RC with calibration

32 kHz oscillator for RTC with calibration

0 oo

3 x 12-bit, 1 us A/D converters (up to 21 channels)
2 x 12-bit D/A converters

Up to 112 fast I/O ports
o 51/80/112 1/Os, all mappable on 16 external interrupt vectors and almost all 5 V-tolerant
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STM32F103xx microcontroller

Selected features of the microcontroller
Up to 11 timers

]

00000 COO0OaOo

]

Up to four 16-bit timers, each with up to 4 IC/OC/PWM or pulse counter and quadrature
(incremental) encoder input

2 x 16-bit motor control PWM timers with dead-time generation and emergency stop
2 x watchdog timers (Independent and Window)

SysTick timer: a 24-bit downcounter

2 x 16-bit basic timers to drive the DAC

p to 13 communication interfaces

Up to 2 x I12C interfaces (SMBus/PMBus)

Up to 5 USARTS (ISO 7816 interface, LIN, IrDA capability, modem control)
Up to 3 SPIs (18 Mbit/s), 2 with I2S interface multiplexed

CAN interface (2.0B Active)

USB 2.0 full speed interface

SDIO interface

CRC calculation unit, 96-bit unique 1D
ECOPACK® packages
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Clock

Tree

0OSC_ouT

OSC_IN

OSC32_IN

08sC32_ouT

use

48 MHz USBCLK

Prescaler
n,1s

Eﬁxefd clock

% to USB Interface

1283CLK to 1253

LK to 252

Peripheral clock
enable 4'4 )-SDIOCLK o, 10 5010

Peripheral clock
able

en
FSMCCLK,
I Perghera to FSMC

enable

HCLK
72 Mz max to AHB bus, core,
Clock memory and DMA
n Enable (. )

to Cortex System timer

FCLK Cortex
free running clock
svfolk|  AHB APB1
PLICLK | [72m| Prescaler iy Proscaer
2502 | [1.2.48 peronds ey pefpnbrals
Enable (20 bits)
10 TIM2.3.4.5.6 and 7
css

Enable (5 bits)
PLLXTPRE . r,g;gm S
416 MHzZ N1,2,4,8,16 o [_ljcm peripherals to APB2
HSE 0SC Enable (15 bits)
./2
TIMT & 8 tmers
If (APE2 prescaler =) x1 to TIM1 and TIMS
else x4 TIMXCLK
Peri Clock
N\ Enatle (24)
‘ to RTC - ADC to ADC1,20r3
LSE OSC LSE }_ > Prescalelr e > DCCLK
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HCLKJ2
ATCSEL[1:0 2
e . perhors a0 SOIO AHE interiace
ISIRC LSt to Independent Watchdog (WDG) e clock
40Kz ) WDGCLK
Main PLLCLK Legend:
Clock Output HSE = High Speed Extemnal clock signal
HSI HSI = High Speed Internal clock signal
HSE LS! = Low Speed Intemal clock signal
SYSCLK LSE = Low Speed Extemal clock signal
MCO
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Cortex-M3 Core Registers

- RN

RO
R1
R2
R3
R4
R5
R6 General-purpose registers
R7
R8
R9
High registers R10
R11
R12
)

Stack Pointer SP (R13) | pspt || msp! *Banked version of SP
Link Register LR (R14)
Program Counter PC (R15)

PSR
PRIMASK

Low registers

Program status register

FAULTMASK Exception mask registers Special registers
BASEPRI
CONTROL CONTROL register




Cortex-M3 Core Registers

The Processor Core has the following 32-bit registers.
o RO to R12 — a total of 13 General-purpose register
o R13 = SP (Stack Pointer)

o R14 = LR (Link Register, stores the return information for subroutines,
function calls and exceptions)

o R15=PC (Program Counter, contains the current program address)
Program Status Register — Show the status of the Processor
o A Combination of

APSR — Application Program Status Register

IPSR — Interrupt Program Status Register
EPSR — Execution Program Status Register

31 30 29 28|27 26 25 2423 i 1615 | 109 8] i 0

N[Z|C|V|Q|ICT|T Reserved ICINT ISR_NUMBER

Reserved J
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‘ Application Program Status Register

Bits Description

Bit 31 | N: Negative or less than flag:
0: Operation result was positive, zero, greater than, or equal
1: Operation result was negative or less than.

Bit 30 |Z: Zero flag:
0: Operation result was not zero
1: Operation result was zero.

Bit 29 |C: Carry or borrow flag:
0: Add operation did not result in a carry bit or subtract operation resulted in a
borrow bit
1: Add operation resulted in a carry bit or subtract operation did not result in a
borrow bit.

Bit 28 |V: Overflow flag:
0: Operation did not result in an overflow
1: Operation resulted in an overflow.

Bit 27 | Q: Sticky saturation flag:
0: Indicates that saturation has not occurred since reset or since the bit was last
cleared to zero
1: Indicates when an SSAT or USAT instruction results in saturation.
This bit is cleared to zero by software using an MRS instruction.
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' STM32F103xx Memory Map

As the microcontroller is 32-bit,
it has a 4G-byte of memory
address space.

OXFFFF FFFF

512-Mbyte
block 7
Cortex-M3's
internal
0xE000 0000| peripherals
0xDFFF FFFF
512-Mbyte
block 6
Not used
0xC000 0000
OxBFFF FFFF
512-Mbyte
block 5
FSMC register
0xA000 0000
0x9FFF FFFF 512-Mbyte
block 4
FSMC bank 3
& bank4
0x8000 0000} ___________|
Ox7FFF FFFF
512-Mbyte
block 3
FSMC bank1
0x6000 0000| & P22
0x5FFF FFFF
512-Mbyte
block 2
Peripherals
0x4000 0000
0x3FFF FFFF
512-Mbyte
block 1
SRAM
0x2000 0000
Ox1FFF FFFF
512-Mbyte
block 0
Code

0x0000 0000




'STM32F103xx Memory Map

As the microcontroller is 32-bit,
it has a 4G-byte of memory
address space.

It is divided into eight 512M-

byte blocks.
Block 0 — Code
o Block 1 — SRAM
o Block 2 — Peripherals
o Block 3 - FSMC Bank 1 and 2
o Block 4 — FSMC Bank 3 and 4
o Block 5 — FSMC Register
o Block 6 — Not used
o Block 7 — Cortex Internal

Peripherals

OXFFFF FFFF

512-Mbyte
block 7
Cortex-M3's
internal
0xEQ000 0000| peripherals
OxDFFF FFFF
512-Mbyte
block 6
Not used
0xC000 0000
OxBFFF FFFF
512-Mbyte
block 5
FSMC register
0xA000 0000
0x9FFF FFFF 512-Mbyte
block 4
FSMC bank 3
& bank4
0x8000 0000} ___________|
0x7FFF FFFF
512-Mbyte
block 3
FSMC bank1
0x6000 0000| & P22
0x5FFF FFFF
512-Mbyte
block 2
Peripherals
0x4000 0000
0x3FFF FFFF
512-Mbyte
block 1
SRAM
0x2000 0000
Ox1FFF FFFF
512-Mbyte
block 0
Code

0x0000 0000




STM32F103xx — Block 0

Block 0O is where the code is located. Normally, your code should be
stored in the Flash Area.. Remember how many Flash do
STM32F103VET6 have ? Can you figure it out ?

—Option Bytes

System memory

Reserved
§ o
b Flash ] gowbie
W\ Reserved

BOOT pins

Aliased to Flash or system
memory depending on

Ox1FFF F800 - 0x1FFF F8OF
Ox1FFF F000- Ox1FFF F7FF
Ox1FFF EFFF A

0x0808 0000 g oy
0x0807 FFFF ) xL
0x0800 0000 =~

Ox07FF FFFF

0x0008 0000

0x0007 FFFF

0x0000 0000
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STM32F103xx — Block 1

Block 1 is where the data are located. Normally, your data that
declared and stored in the memory will be stored here. Will the data
be there when you power down the microcontroller ?

Ox3FFF FFFF
0x2001 0000

SRAM (64 KB aliased | 0¥2000 FFFF
by bit-banding) 0x2000 0000

kv oY

Reserved
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END




