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Mapping Memory

In practice, the “memory space” is mapped across the different types of memory and hardware
devices connected to the CPU.

e This includes the different types of physical memory (RAM, flash), as well as hardware
peripherals

e The mappings of which components use which addresses is based on the physical wiring
in the IC (we know the mappings based on the header files)
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~. The Memory Map (found in MSP430F5529 datasheet)

4-12

Table 5. Memory Organization'”
MSP430F5522 e MSPasoFss2z | [, msaﬁzﬁﬁ §
MSP430F5521 MSPA30FEE15 MSP430F5526 | SP430F5528
j  MSP430F5513 MSP430F5514 MSP430F5517 MSP430FE519
Memory (flash) | Total Size | 32 KB 64 KB 96 KB 128 KB !
| Main: interrupt vector | DOFFFFh-00FF80h Q0FFFFh-00FF80h OOFFFFh-00FF80h O0OFFFFh-OOFF80h ¢
SRt iU S, 1 ST SR | W S .- i i ing eV o S ,_-m——! -
‘ N/A NI N/A ; 32 KB
Sank O | 0243FFn-01G400h
Bank © N/A N/A 3@2KB 32 KB
’ 01C3FFh~014400h 01C3FFh-014400h
Main: code memory :
. Bank B 15 KB 32 KB 32 KB 32 KB
QO0FFFFh—00C400h 0143FFh-00C400h 0143FFh-00C400h 0143FFh-00C400h
. L}S'P T 17 KB 32 KB 32 KB 32 KB ‘
N 77 ODCBFFh-008000K OOC3FFh-004400h | O00C3FFh-004400h | 0OCSFFh-004400h |
| Sector 3 2 KB® NA N/A 2KB
! 0043FFh-003C00h 0Q43EER-003C00N
Sector 2 2KB® Nig 2KB 2KB
—_ 003BFFh-003400h 003BFFh-003400h | 003BFFh-003400h
. Sector 1 2 KB 2KB 2KB ‘ 2 KB
0033FFh—002C00h 0033FFh-002C00h 0033FFh-002C00h 0033FFh-002C00h
Sector 0 2KB 2KB 2KB 2KB {
| O02BFFh-002400h | O002BFFh-002400h | 002BFFh-002400h _002BF F"‘r‘?%?‘&“ﬂ
 USB RAM®@ Sector 7 2 KB 2KB 2KB 2KB
{‘ 0023FFh-001C00h 0023FFh-001C00h 0023FFh-001C00h 0023FFh~001CO0h
: info & 1288 128 B 128 B 128 B
1 0019FFh—001980h 0019FFh-001980h 0019FFh-001980h 0019FFh-001980h
—~ info B | 128 B 128 B 128 B 128 B
Information memory | 00197Fh-001900h 00197Fh-001800h 00197Fh-001900h 00197Fh~001900h
(flash) Info G 1286 B 128 B 126 B 128 B
... DO018FFh-001880h | O0018FFh-001880h | 0018FFh-001880h 0018FFh-001880h
Info D 128 B 128 B 128 B 128 B
l 00187Fh-001800h 00187Fh-001800h 00187Fh-001800h 00187Fh-001800h
\ BSL3| 5128 5128 512 B 512B
0017FFh-001600h 0017FFh-001600h 0017FFh-001600h 0017FFh-001600h
BSL 2 5128 512 B 512 B 512B
Bootstrap loader (BSL) | 0015FFh~001400h 0015FFh~001400h _ 0015FFh-001400h 0015FFh-001400h
memory (flash) BSL 1 512B 512B 512B 512 B
R egmsjsgnopiznon i 7£§13FF171-7§91200h ] Gﬂ13FEh—~8012’(_}§}L €)D13FFh~0Q1200h ) »‘
BSL 0 5128 512 B 512 B 512 B
0011FFh-001000h 0011FFR-001000h 0011FFh-001000h 0011FFh-001000h
fhes Size 4KB 4KB 4KB
' | Pariphauis 00OFFFh-0h 000FFFh—0h 000FFFh—0h AGOFFFhmﬁfh/
L' h——ul

(1)
{2)
(3)
(4)

MN/A = Not available
MSP430F5522 only

MSP430F5522, MSP430F5521 only

USB RAM can be used as general purpose RAM when not used for USB operation.

What can we learn from this?
RAM starts at 0x2400, implemented in 2KB "Banks"
Flash uses the address range 0x4400 to OxFFFF

o Code is written to flash starting from this address
What about addresses 0x0010-0x0fff?

"
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—So what’s the deal with addresses 0010h-0FFFh again?

These addresses are assigned to peripherals:

¢ Each peripheral has its own registers that are mapped as part of the memory that the CPU
can access

e CPU can read or write data to peripherals just like any other memory address

This is how you make the CPU do I/OL
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Input and Output

Consider this C code for a general-purpose system:

#include <stdio.h>

void main()
{
char inKey = '-'; // declare variable named inKey
// and initialize to ASCIT '-'

while (inKey != 'X');
{
/* get character from keyboard */
inKey = getchar();
———
/* display character entered on screen */
putchar (inKey) ;

} -

What is really happening here?

getchar () and putchar () are functions from the C standard library (part of stdio.h)
o Library for these functions is part of OS, and linked into code during build process
o These functions have always been part of the standard library because general purpose
systems have always needed to use this type of I/O (eg. keyboard, screen, )

Example: When a key is pressed, several layers below our little application, a byte has been
placed on the microprocessor’s data bus from a port connected to the keyboard:
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Module 5. Digital I/O
Topics
e More Digital I/0

About Digital 1/0

Why do we use Digital I/O anyway?
Digital I/0O is a method of directly inputting our outputting logic levels to the pins of the
MSP430 Package. - -
You can use this functionality to implement almost anything!
e Simple devices: Buttons and @s
e Control signals for cmherals
e ... and more!
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Fun Facts about Digital I/O

Eight independent, individually-configurable ports, named P1-P8

Ports ,1-7 each have 8 configurable pins, and are thus 8 bits wide; Port 8 is 3 bits wide
Pins are referenced as P<port>.<pin>, eg. P1.4.

L PLY=7 PorT 1, ﬂw

'Each pin of each port can be configured Individually as mput or output

Most digital I/O pins share physwal package pins with some other function on the device.

This is called pin multiplexing.

Each port is controlled by six single-byte registers

What is a register, anyway?

Register:

{lReviy  SIMILAE 70 ﬂbmoﬂ—//
Dur W SPELAL FouctigopliT/ IR Yheoupn&

Registers have addresses just like standard memory, so you can read and write to them
Provide interface between hardware and software: -
" ¢ Reading from a register can get information about the hardware

o Writing to a register can change how the hardware is configured, or send

« information to a component
Functionality provided is defined by the hardware’s design. When TI designs the
MSP430, they define what registers are exposed to the programmer, which defines the
functionality available on the chip.
All the I/O port registers are memory-mapped: each register associated with a digital I/0
port has a unique address in memory

o How do you know what the addresses are? These are defined in the MSP430F5529

datasheet, as well as msp430.h and msp43 0f5?29.cmd

|

!

|
|
|
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Pins on the Microcontroll

er

5-3

'

Microcontrollers often pack lots of functionality in a small IC. However, the usage of all this
functionality is limited by the physical pins on the IC package:
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In order to maximize the usage of physical pins, most physical pins (also called “package pins™)
are shared between multiple device functions.
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— Digital I/O Registers

The 6 registers controlling the digital I/O ports are as follows. Each bit of the register controls
the state for a specific pin.
. & Forr 2

Function Select Register (PxSEL) f’/z SCEL.

Selects the port pin for D1g1tal [/O-remember multiplexing? This selects the function used
on the pin.

C#z!y Sﬁl" 7 O’ JﬁZé&C«TJ p/J//?L, % /wﬂt‘:
L S ml D Sner Yopenn mepe

Direction Register (PxDIR)
Sets port pins as Input or Output

Set to Output - 4 7 ¢ /o
Set toé Inpft £>( ' ?;p//e > Of 06 Ooj: /3/Z/ /
- FS 7-f Axe  /npers
s P 3-0 deg TPUIS
Input Register (PxIN)
This is where the value input on the port appears (this is where you "read" the port)
IF PIN & AR upiT _— Kezp IMPUT ,&»

CHRAR l/ r 3//\/ ' L7oee ST /

Output Register (PxOUT)
This is where data to be output on the port should be "written"

[F PV (5 pp OTPVT  p3oyr = O 7 ¢

Drive Strength (PxDS) / 010 y9/0
Pull-up/Pull-Down Resistor Enable (PxREN)
. We will discuss these two (using examples) later.

Conceptually, once you know which registers to use, using Digital I/O is pretty simple-all you
— need to do is read or write the desired values to the registers.
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Configuration Example
Example: Configure Ponor Digital I/0 with pins 1 and 0 as inputs and pins 7-4 as outputs.
e —,

e

There are two ways we can approach this problem:
4

7e SY, % 2] ©

Jonr 3 |
A TS

=g ]
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[ Ser ws Fon D 0 P Pron
2- 567 s A pirer o ourpur P
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?3 Sec - % AL PORT s 0 B A

Pipe = CeFO! 1) 11711 seoo0
—J (.
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— Important Background: Bitwise manipulation
Because each bit in a register can control a different pin, we will make extensive use of C's
bitwise operators (&, |, ~) to manipulate registers.

This is a very common practice when interacting directly with hardware!

Recall the truth tables for the bitwise operators AND (&), OR () and NOT (~):
"

[ s i N

ABZ=A_§_B X Y|Z2=A] B A|C = ~A
010 - ¢ o[o] 'O ol 1
0|2 10, O‘l | 1 9]
1@ ClAR | 110

lvlcl .C) ;Ll .I ;é\f

~ |y / 4

X ;4/\{9 @ = & 7(,9}2 / :7 ~/— Where“X”iseitherOor/
Xave | =X Xo O =X

From these operators, we can build a set of techniques for individually controlling specific

bits in a variable while leaving the others unmodified.

Common operations using bitwise operators
Setting individual bits to 1
We can do this by OR'ing a specific bit (or bits) with a 1. This is called "setting" a bit.

Setting individual bits to 0
We can do this by AND'iﬁ:g a specific bit (or bits) with a 0. This is called "clearing" a bit.

Ser e 79 ( Sev Birx o O
V2 v [ onos VsV & GlF
| 0/
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or o1 0l 1 0060 | o @
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“ d NS ey
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"Selecting" specific bits from a variable

It is often necessary to check if certain bits of a field are set, or to only take the value of certain
bits from a variable. We can do this by AND'ing a variable with only those bits that interest us
set to 1—this is called masking bits.

Kedp pyrs 20
& C(HMR Rz YV g oroF

Vooel?l 014y N/WASK-

@ 0){01’ 0000 [/ / (.}
= = OV oy plAS
Br7s Z-0

You will use these techniques very frequently when working with digital 1/O:

Ccoep |0/ o
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An even better way: Lose the "magic numbers"

Wo 7

5-8

In this lecture, it's clear what the constants 0xF0 and 0xEFC mean, but will you remember what's
happening here 6 months from now? Probably not.

In C, as in many programming languages, it's good practice to avoid magic numbers, or hard
coded numbers that appear in the code without explanation of their meaning or purpose. Instead,
Wwe can use constants to attach meaning to these values and allow them to be reused.

In this case, a set of constants for the individual bits are defined for us, we can

Jjust use them:

Name Hex | Binary Name | Hex | Binary

BITO 0x01 | 0000 0001b | RIT4 0x10 | 0001

0000b

*BIT1 0x02 | 0000 0010b | BITS 0x20 | 0010

0000b

Jd BIT2 0x04 | 0000 0100b | BIT6 0x40 | 0100

0000b

BIT3 0x08 | 0000 1000b { BIT7 0x80 | 1000

0000b

We can also combine these constants to refer to more than one bit:
)4 X goo0oo gloo —
‘ B/7TZ

(7)7/7’2,/3/7'/ | ©Geoo0 060

Dooes

— - Py
ol1 0
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Digital I/0 Examples
Example 1: Input and output registers
Assume the following digital 1/O pins are configured correctly. P3.1-0 are
configured as inputs, and P3.7-4 are outputs.
“ ) Input Output
, ) 0 | 737\ 934 | P35 | 72
A Hypothetical Specification: }aI 7}a . ?é if fif
Input: Read a 2-bit binary value a on P3.1-0 5 1 0 . 7 2 0 = 0 L 0 0
Output: .Given a, set P3.7-4 based on the table: 0 1 0 1 0 0
1 0 0 0 1 0
1 1 0 0 0 1
. ¢ &0
)
(A /Y
//w'u/ —2 [oélc —> @w,w/
77/7'/'0 Du/a,7\ 1274
CooE
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Digital I/O ExamplesPY 2% /P 430  [6/rR0-- -

Example 1: Input and output registers

Assume the following digital I/O pins are configured correctly. B3==5are
configured as inputs, and R&Eare outputs.

[ JomienBiD Input Output
Ui
N ACEN sorreat [P | Pl | Pes] pez] Pl [ oo
A Hypothetical Specification: \V a . S s . .
Input: Read a 2-bit binary value g on RE==0 e = 3 2 1 0

Output: Given a, set 233%4 based on the table:

>
<

4

0 0

1 0 1
1 0
1

OO
=IO
—O DO
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— Digital I/O Concepts: Input or Output?

How do you know if something is an input or an output?

o Ifweare “reading” state from a hardware device, it is an input

‘/'

o If we are “writing” or “setting” the state of a device, it is an output

Consider the LEDs on epssswsizd. Are they inputs or outputs? What logic level lights the LED?

j
Py o R »"
Jumper Resl . .
é‘ [ b i 50 Red LED
) - - DQ; .
}2. L/G '/ /"3/% P6.1/A1 :};%_\c R2 A Nﬂ
Jumper R::glv '
30 Green LED
79 s o
Pﬁ.:sm;\ ?L\J ... . »ﬁ
Jumper Resl
30 . Blue LED
/ P11
P6.4IA4 ;
T, v 2
| Xout 2l
. Jumper D4
\ / o ”
Resl '
E - Yellow LED
R
NPT v
4 - - g
R FPwnE / SIFTRARY [ MTEREACE,
— Gy J0 USE FUNCTIRALTS
X 1Ry chrws ABOT f‘w s
Plrsoren  Lpop  FAVCTION.
Inan apphcatlon program like our demo project, we use the digital I/O ports repeatedly to use
the buttons and LEDs. In these programs, it’s a good idea to wrap the functionality for hardware
components into useful functions.

See setLeds () in the demo project for an example!
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—  Dealing with Inputs

As we discussed briefly last lecture, inputs may require some special handling.
Consider the buttons on the Launchpad board:

User Buttons

31
T

P11 12 GND

{; v
JN THIS  €OFPIvaATLIN
~  Jp SwiTCH (L 0PN, JUpa 10 ompeEMED |
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ST A pupaiT SDTE vl \ ~r
For  TUE PN s | B
WNEN  Swren 15 PV 272 23/ =2 V.
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For  (NPUTS. AW AL52 (Ve
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Do i NERD TP poclupy 1 J’
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Digital I/0 Registers (cont.) o
Pull-up/Pull-Down Resistor Enable (PXREN)“
Activates pull-up or pull-down resistors when a pin is configured as a digital input.

/, @fﬂ;ﬁELE bl U/’//7ULL Powy BESISToR,
O fHTERPpL RESISTO=  is Dy CAsien).

What controls whether to use a pull-up or pull-down resistor?

The output register (PxOUT) is actually re-used for this purpose!

Set the appropriate bits to 1 for pull-up resistors, and to 0 for pull-down. See p. 408 of the user's
. - — e e—— - ——

guide for details.

You will also see one more Digital I/O register...

Drive Strength @S)
Controls "drive strength", or amount of current that is sourced from the pin when used as an
- output. We will always use the default setting for this.
Set to 0 =Reduced drive strength (default) Set to 1 = Full drive strength
LISVALLY. 2 [Onfl
Important to note: all I/O pins have /imits on the amount of current that can pass through them
(usually on the order of milliamps). See the > MSP430F 5529 datasheet for details.

ey

As an embedded developer, it’s always important to remember the requirements of the
hardware as well as the software!
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Example: Launchpad Buttons (cont.) ”
’ User Butions
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We can configure these buttons as inputs and using pull-up resistors, as follows:

void initButtonsLecture (void)
{

// Configure ttens as outputs using internal pull up resistors

// Button 1: 1.1
P1SEL &= ~BIT1;" & seelr For ke /o

PIDIR &= ~BIT1; \ & JNPUT
1 = 1
ilggli == Ei?ll &— CONFlgunts Fore PoLl -J2

// Button 2: ( P2.1-

,P2SEL &= ~BITh:
P2DIR &= ~BIT1;
P2REN |= BIT1;
P20UT |= BIT1;

}

Note that the buttons are on different ports, so we need to configure them separately!

// Read buttons $2 and S1 and return their state in the
// lower two bits of the return value such that
// ret =0 000 0 0 s2 s1

unsigned char readButtonsLecture (void)
{ R4 Lpvweredo Purronc ()

7 ; 6
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