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Hello, welcome back to a new session. In the last session we had started discussion about the
MSP430 microcontroller family. We had discussed various features and one of the important
features that we discussed was the various low power modes of operation. We had also discussed

how very little current is required to power an MSP430 circuit.

| have a very interesting demonstration for you which consists of MSP430 circuit which is
powered with the help of a lemon battery. As you can see here | have created a battery made out
of lemons and two electrodes these electrodes are made out of copper and zinc and the power the
voltage produced by this battery. There are 4 batteries in series each battery is producing 0.9
volts. So, roughly the voltage is 3. 6 volts, which is suitable for powering a MSP430 circuit.

(Refer Slide Time: 01:21)

Here, you can see that the LED is blinking. I will draw the circuit for you of what we have done

and you can try to create such a circuit at your at your end.
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So, this circuit consists of a lemon battery which is made out of 4 lemons 4 lemon half’s. So, |
am going to represent each lemon half by this 1, 2, 3 and 4. This is powering a MSP430 circuit.
This is DVCC. This is DVSS and we also have connected a capacitor just so that it stabilizes and
filters the voltage produced by but this is made out of lemons. Lemons plus copper electrode plus

zinc.

On one of the output pins, we have connected a LED a red LED, as you saw. We also have on
the X1, X in and X out pins. We have connected a crystal. This crystal is 32 kilohertz crystal
32.768 hertz crystal and there are two 22pf capacitors as required by the circuit for its operation.

These are all 22pf ceramic capacitors. This is a 2.2 kilo ohm resistor and this is a red LED.

And what we have done is we have use this crystal operating at 32.768 kilo hertz to clock the
internal circuit, but during the time the circuit is operating. The CPU is actually switched off. It
has initially programmed the one of the timer's to produce a PWM signal where you notice that
the LED was on for a short duration of time and it was off for a longer duration of time. We have
achieved that with the help of a PWM signal something like this, on for short duration, off for a

longer duration, again on for short duration, off for short duration and so on.

And this was applied to the LED. So, we the CPU has been shutoff. It is gone in a low-power
mode and the only part of the circuit which is operating is this timer and we have all these modes

under our control we can choose which part of the circuit would operate and this would be used



by a programmer to optimize the available power. So, this is a very interesting demonstration

that you just saw.
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Let us resume our discussion which was to look at the pinout of MSP430 G-series
microcontrollers. Because we are going to use G-series microcontrollers throughout our
discussion. So, if you see here, it is a 28 pin G-series microcontroller, pin number 1 and 28 refer
to the power supply pins here and here. This is VCC and this is ground this is ground.

Then most of the pins have (multi) multiple functions each pin offers multiple functions and it
would depend on you the programmer the designer to write an appropriate program so as to
select the functionality that you would require that you would want in your application. For
example, if you look at pin number 2, it can act as port P bit number 0 or it can act as a clock for

timer A.

It can also act as analogy input and it can also act as a comparator input because the MSP this
particular MSP430 microcontroller has one comparator as we discussed in the previous lecture.
If you notice here, let us go on the other side these two pins XIN and XOUT would be used to
connect an external crystal should you choose to have that option.

If you want you could use an internal RC oscillator. A calibrated RC oscillator to power the

microcontroller if you want in that way and if you wanted a more accurate source of timing, then



you could connect the connect a crystal here. If you choose not to have a crystal, then these two

pins, pin number 27 and 26 could also act as port pins as you see here p 2 0.6 and P 2 0.7.

This 28 pin IC has 2 ports as you see actually it has 3 ports P1, P2 and P3 and lot of functionality
that is available in this microcontroller is distributed across the pins of these 3 ports. Let me
show you another interesting pin. This is the reset pin and this one is the test pin the reset and
test pin also serve as the Spy-Bi- Wire interface to the microcontroller.

Also if you look at pin number 3 and 4, these are one of the functions that is available on these
two pins is dealing with the UART and you would use these UART pins, If you would want to
program this microcontroller using the the bootloader method as | mentioned repeatedly the
MSP430 Lunch Box kit uses the bootloader method of programming the this microcontroller. So,

they would use pin number 2 and 3.

Apart from that across the chip you would see several functions. If you look at pin number 6
here. It is also an input for a voltage reference. If you want to have an external voltage reference
for the on chip ADC. You could also use the internal reference voltages, but you can also
overwrite that by writing an appropriate program. So that pin number 6, whatever external
voltage that you apply would serve as the reference voltage for the on-chip ADC. Let us proceed

to the next slides and discover more about this microcontroller family.
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MSP430 PINOUT

Device Pinout, MSP430G2x13 and MSP430G2x53, 32-Pin Devices, QFN

RHB32
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NOTE: ADC10is available on MSP430G2x53 devices only.



Here is a same microcontroller G-series microcontroller in a different footprint. This is a TQFP

footprint because you see there are pins all around this IC.
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Functional Block Diagram

Functional Block Diagram, MSP430G2x53
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This is the functional block diagram of the MSP430G2x53 family. For example, the one of the
numbers would be to MSP430G2553. MSP430G2553 is what we are using in our lunchbox.
Now, let us start from top left. Here these are the two XIN, XOUT pins, which you as a designer
could want to put a external crystal here, which would generate the system clock. It would also
generate two more clocks called A clock and SM clock. A clock and SM clock are used by the
peripherals which are available on the microcontroller. Whereas M clock is used to power the

CPU. The CPU if you let us go down the CPU has 16 general purpose resistors will come to that.

Let us go across and now you see this microcontroller series offers flash memory for the program
memory ranging from 2 kilobytes at the lowest value to 16 kilobytes. It has RAM and there are
two options either you get 256 bytes of RAM or you get 512 bytes. It has a ADC here and you
get 10 bit resolution ADC with 8 channels. There are 3 ports available. But depending upon the
physical footprint you may get 1 port or 2 ports or all the 3 ports, each of the ports has 8 pins

here.

And each of these pins have the capability to act as an interrupt input apart from that you can
also choose to have pull up and pull down resistors. We have discussed the pull up and pull

down resistors in our discussion on physical interfacing and we will also discuss it in future all



the 3 ports P1 port 1, port 2, port 3 each having up to 8 pins has uniform capability that it has
interrupt in capability as well as pull up pull down, port 3 unfortunately does not have interrupt

inputs.

If we go down here, here we have the USCI that is universal serial communication interface. It
has two parts to this USCI A0 and USCI BO. The USCI is AO offers 4 modes of operation either
it can act as a UART universal asynchronous receiver transmitter or it can act as LIN Local
Interface Network or it can act as for a infrared communication or it can act as one of the SPI

ports.

The second channel of serial communication offers two options, either you can operate it as SPI
interface or you can operate it as | square C bus. So, if you look at the serial communication
options, you can use the USCI to give you two channels of SPI or you can have one SPI and one
| square C or you can have one UART and one SPI you can have one UART and one | square C

and so on.

All the combinations that you can make with these two channels of communication, to the left of
this we have timer which has 3 compare resistors. We have another timer which also has 3
compare resistors both these timers are 16 bit timers. Next to that is a Watchdog timer and as you
notice here this watchdog is a 15 bit watchdog, which means the maximum count that it can it
will count before it overflows and this would be used to reset the system is to 2 raise to power
15, which is 32768.

Next to that is a comparator with 8 inputs and you could select which input you would want to
connect to the inputs of the comparator. And we also have Brownout protection which means
this part of the circuit will provide brownout reset source. One of the reset resources that we
discussed in the past. This is one of them. Towards the left most under the CPU you have JTAG

interface.
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And we saw in the pin diagram here. Let me show you hear that this pin diagram has entire 4
pins of the JTAG that is TCK here TMS and then you have TDI and TCLK. If you want to have
a shorter or a smaller interface to the same JTAG, then you would use this Spy-Bi-Wire both of

them give access to the JTAG controller one in a explicit form one through the Spy-Bi-Wire.
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So, that is what we have on the chip the JTAG interface and you could have access to the JTAG
interface through the Spy-Bi-Wire communication also. So this completes the block diagram

description of the MSP430 G-series of microcontrollers. Let us go further.



Now it is very important to be able to read a data sheet because data sheet is provides you wealth
of information more than what a course can teach you about the course can only sensitize you
that a data sheet is a wealth of information but you as the end user you as the engineer must
know where to look for relevant information inside a data sheet. So, | am going to open up a data

sheet and go through it so that you are able to understand.

(Refer Slide Time: 14:36)

{i’ TeExas MSP430G2X53
INSTRUMENTS MSP430G2x13

MIXED SIGNAL MICROCONTROLLER

FEATURES

- Low Supply-Voltage Range: 1.8V 1036 V - Universal Serial Communication Interface
- Ultra-Low Power Consumption (uscy
~ Active Mode: 230 A at 1 MHz, 22 V ~ Enhanced UART Supporting Auto Baudrate
~ Standby Mode: 0.5 A Detection (LIN)
~ Off Mode (RAM Retention): 0.1 A MDA Encodey aixd Dicotar
- Five Power-Saving Modes - Synchronous SPI
* Uitra-Fast Wake-Up From Standby Mode in =Few
Less Than 1 s - On-Chip Comparator for Analog Signal
- 1681t RISC Architecture, 62.5-1s Instruction Compare Function or Siope Anaiog-o Digital
(AD) Conversion

Cycle Time
- Basic Clock Module Configurations ¢ 10.882001aps Analogo-Dighl (AD}

Converter With Internal Reference, Sample-
Frequencies up 10 16 MHz With and-Hold, and Autoscan (Soe Table 1)
ibrated Frequency

Low-Power Low-Frequency © Sosia ookt P

u -
o e it Progeasenig vtage Nesded,
= Programmable Code Protection by Security
- External Digital Clock Source Fuse
+ Two 16-Bit Timer_A With Three + On-Chip Emulation Logic With Spy-Bi-Wire
Capture/Compare Registers Interface

* Upto 24 Capacitive-Touch Enabled VO Pins + Family Members are Summarized in Table 1
- Package Options
~ TSSOP: 20 Pin, 28 Pin
~ PDIP:20Pin
- QFN:32Pin
+ For Complete Module Descriptions, See the
MSP430x2xx Family User’s Guide (SLAU144)

The first page of the of any data sheet whether it is about the microcontroller or it is about
discrete component we will list out the silent features. So, if you see here it talks about the
features. Here where it says, the low power voltage range is 1 point 8 to 3 point 6 and so on and
that it has various modes of operation active mode, sleep mode, standby modes. It has serial

communication protocols.

It has on chip comparator all that we have discussed. But usually it will be available in the first
part of the first page of a data sheet. Then it might describe the details about it about the

microcontroller.
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Then in this case it has available options in terms of the peripheral feature that this
microcontroller has.
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Then if this micro if this data sheet reference to a certain family, it will talk about the pin outs

that are available. In this case, it says that it is available in TSSOP as well as PDIP on this page
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Device Pinout, MSP430G2x13 and MSP430G2x53, 32-Pin Devices, QFN
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And the next page shows QFN which is quad package, which has pins on all sides the same pins
distributed on for all sides.
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Here is the functional block diagram the one we just discussed few moments ago.
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It has what are the various terminals the pins of the microcontroller. What are the functions of

each of these pins? What alternate functions those pins serve, this is a list table of that.
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INSTRUMENTS INSTRUMENTS

SHORT-FORM DESCRIPTION

cPu
he MSP430 CPU has a 16:bit RISC
that is highly transparent to the application. All
operations, other than program-fiow instructions, are
performed as register operations in wath
seven addressing modes for source operand and four
addressing modes for destination operand.
The CPU is integrated with 16 registers that provide
reduced instruction execution time. The register-
regsster operation execution time is one cycle of the
CPU clock.
Four of the n 5. RO to R3, are dedicated as
program counter, stack pointer, status register. and
constant generator, respectively. The  remaining
rogesters are general-purpose registors.

Goneral Purpms Mageate
Peripherals are connected 10 the CPU using data. e —
address. and control buses. and can be handiod with Gorerai-Prirpans feqitn:

all instructions.

[ommrpurposs g,

The instruction set consists of the original 51
instructions. with throe formats and sovon addross [
modes and adddional instructions for the expanded —

address range. Each instruction can operate on word Garorai-Purpevza Rogiater

Instruction Set Goneral Purpuse Regiator
The inrucion sot consits of 51 i e
e e o [T
instruction can oporate on word and byte data.

Table 3 shows examples of the three types of
instruction formats; Table 4 shows the address

‘able 3. Instruction Word Formats

INSTRUCTION FORMAT £ o
Duat operands. source dessnason. ADO RaRS

Simaie operars, dostrasan ory caLL Rs

Fietate ump. unicondensl e

apoREssmooe | s | © svwTax I ExamLEe i ot
oguser [Z17] wovmns | wovmonn ' {
i P2 N MOV XiFim). Y Fem) MOV 20R5) cany
Symbole (°C o) | 7 | 4 MOV EDE_TOM
Absonse 7| wmovsvemstcoar .
ictrect . MOV s4Pan Yifm) oV eRio T | 1
Incioct autciocroment | MOV @Rne fim wov s ms |
immosate 711 MOV X TON | MOV 545.TOM [

1 >gramening and test
(1) 5 = source, D « dessnaton

Continued with that, here is a short form description of the CPU the various general purpose
register we are going to come to that shortly.
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Interrupt Vector Addresses

The interrupt vectors and the power-up starting address are located in the address range OFFFFh to OFFCOR.
The vector contains the 16-bit address of the appropriate interrupt handler instruction sequence.

1f the reset vector (located at address OFFFER) contains OFFFFh (for example, flash is not programmed), the
CPU goes into LPM4 immediately after power-up.

Table 5. Interrupt Sources, Flags, and Vectors

SYSTEM WORD
INTERRUPT SOURCE | INTERRUPT FLAG ADORES PRIORITY
PORIFG
Extemai Reset RSTIFG
Watchdog Timers WOTFG Reset oFFFER 31, highest
Flash key volation KEVW®
PC out-oh-range”
N NMIFG (ron} maskabie
Oscitalor faut OFIFG_ (ronj-maskable | OFFFCh 0
Flash memory access vioition ACCVIFGP™ |_{ron}-maskable |
Timer_A3 | TAICCRD CCFG maskable OFFFAN 2
Time_A3 TAICCR2 TAICCAT CCIFG, o F =
| TAIFG .
Comparator_Ae | CAFG maskable oFFFen | 27
Watchiog Timers WOTIFG maskable OFFFan %
Timer0_A3 | TAOCCRD CCIFG' maskadle OFFF2n 3
Timer0_A3 TAOCCR2 TADGCR CCIFG. TAFG | rgianie == N
USCI_AQUSCI B0 receive UCAQRXIFG, UCBORXIFG™ |
e o o | maskable orFEEh | £
USCI ADIUSCI_B0 transmit UCAOTXIFG, UCBOTXIFG 78
USCI_BO 12C recenveransmit —_— L =
ADC10 ADCI0FF G
(MSPA30G2x53 only) aite SFEEAD a
s 5 e
1O Port P2 (up to et fags) P2FGO 10 P2FG 7% maskabl oFFESn 1
T vzt | . . .y MSPA30
WOPMPI Wploeghitags) | PIFGOLPIFGT?® | maskable oFFESN | 18
rren w ==
oFFEOn 1 gl
See @ OFFDER | 15
Soe ™ OFFDENto
Ak 14100, lowest
() Areset e CPU res to trom within y range (0 10 01FFR) or from

The instruction set and eventually it is going to talk about for example here are the interrupt
vector addresses these locations will be used to put pointers to the interrupt subroutines if you

want to use those interrupts in your in your system.
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Special Function Registers (SFRs)

Most interrupt and module enable bits are collected into the lowest address space. Special function register bits
not allocated to a functional purpose are not physically present in the device. Simple software access is provided

with this arrangement.
Legend ™ B2 can be read and writien.
™01 1B can be read and writien. It is reset or set by PUC.

w{0,1): B4 can be read and writien. It s rese or set by POR
‘SFR bt is not present in device.

Table 6. Interrupt Enable Register 1 and 2
4 3

Address 7 6 5 2 1 o
Lo T acove | wwme [T ome | wome
0 pery pery ™o
worE Watchdog Temer interrupt enabie.Inactive # watchdog mode s selectad. Active ¢ Wakchdog Timer is conigured in
nterva tmes mode
ORE Oscillator fault interrupt enadle
NMIE (Non)masiabie interrupt enabie
Accvie Flash accoss volaton irterupt eraie
Addess 7 & s 4 3 2 ' o
01h ‘ T‘ UCBOTXIE __ UCBORXIE __ UCAOTXIE __ UCAORXIE
™o o ™o ey
UCAGRXIE USCI_AD receive intermpt enabie
ucAoTaE USCI_AD vransmit interupt enabie
'UCBORXIE USCI_BO receive interrupt enable
ucsoTE USCI_BO transmt interrupt enabi
Table 7. Interrupt Flag Register 1 and 2
address 7 3 s s 3 2 ' ) .
oz NMIFG | RSTFG | PORFG | ORFG | WOTFG \ISP430
w0 ™w-(0) (1) w1 ™w-(0) sy
woTFG Set on watchog trmer overfiow (in wafchdog mode) of secuny key woabon =
Reset on Ve power-on of a reset condition at the RST/NMI pin in reset mode. |
OFIFG Flag set on oscillator fault
PORIFG Power-On Resel interrupt flag. Set on Ve powes-up.
RSTIFG External reset intermupt flag. Set on a reset condion at AST/NMI pin in reset mode. Reset on Ve power-up.
NMIFG Set via ASTAMI pin
Address 7 6 s s 3 2 ' o

This is a description of all the special function registers. And so on.
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Absolute Maximum Ratings"
Vss

Vioa1Vv
03 V1o Vec + 03V

Recommended Operating Conditions
Typical values are specified at Ve, = 3.3 V and T, = 25°C (unless otherwise noted)

Ve Supply voltage

Vs Supply votage
Operating troe-air temperature

Processor frequency (maximum MCLK trequency) '™

And here are the electrical characteristics you would find these electrical characteristics in
almost every data sheet, whether it is for a microcontroller, whether it is for a logic I1C, whether it
is for a for a semiconductor device any semiconductor device and it talks out absolute maximum
ratings, which means what are the maximum voltage you can apply to this IC in this case without

destroying it. It talks of maximum voltage it talks of maximum temperature that it can survive.

Then there are recommended operating condition meaning maximum ratings you are not going
to normally encounter in commonly, but recommended operating conditions are what you must
adhere to. So, it talks of the supply voltage the operating temperature and the frequency of

operation in this case of this microcontroller
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Electrical Characteristics

Active Mode Supply Current Into V.. Excluding External Current
over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted) "

PARAMETER TEST CONDITIONS T Vee MN  TYP  MAX UNT
22v 2%

Actve mode (AM)
" cumentat 1 MHz

Typical Characteristics, Active Mode Supply Current (Into V)

Vg - Supply Voltage - V foco - DCO Frequency - MHz
Figure 2. Active Mode Current vs Vee, Ta = 25°C Figure 3. Active Mode Current vs DCO Frequency

Then it talks of the various current consumptions, the various in active mode and low power
modes, you can get you can use the information in this data sheet to verify when you are
designing a system and you find that it is not working the way you would expect. This is the
place to refer to to find out how much current should it consume versus how much current it is

actually consuming.

So, | recommend very strongly that you practice reading a data sheet and to (())(18:18) the
information given in this data sheet at the very fag end you will find this IC or the series of IC’s
in what bulk packaging form there available as | mentioned in the last lecture whether they are
available in a tube form or whether they are packaged in a role of which can be used in
production all that information is available in this data sheet.

Let us get back to our discussion on the features of this MSP430 G-series of microcontrollers.
So, the architecture of MSP430 CPU, is that as | mentioned it is a Risc architecture. You see
here. It is a RISC architecture and one of the silent features of RISC architecture as a name
suggest reduced instruction set computer is that compared to a corresponding CISC architecture
the number of instructions would be limited. And in this case, there are only 27 basic type of

instructions.
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Introduction to the
MSP430 CPU

RISC Architecture with 27 core instruetions and 7

addressing modes. =
16-Bit Address Bus and 16-Bit Data Bus

——————w ————————y
A set of 16 16-Bit Registers reduces fetches to memory

Maximum clock frequency:- 16MHz(G-Series)
25MHz(F-Series)

)

Constant generator provides six most used immediate
values and reduces code size.

Direct memory-to-memory transfers without intermediate
register holding.

Word and byte addressing and instruction formats.

p—

It has 7 addressing which means each or many of these instructions would have variations how it
is going to fetch the operant. And for that it uses 7 addressing modes. The address bit usually 16-
bits for G-series certainly it is 16-bits, but for other variants, it could be 20 bits. The data bus is

16-bits because it is a 16-bit microcontroller.

Apart from the architecture and the bus interface unit, it has 16 16-bit registers. There are 16
registers each of the registers can hold a 16-bit value and we will see what all these registers
perform. The maximum clock frequency for a G-series is 16 megahertz and for the F-series it is
25 megahertz. The registers have a interesting feature that they can be used to get constant
values. And so there is a constant generator. | am going to come back to the constant generator

shortly.

It has direct memory to memory transfer. So, you want to move a chunk of memory or you want
to copy some part of memory into another section of the memory, you can do that without
bringing a register in the picture and the instructions have word and byte addressing which
means there are instructions which can fetch a word which means two bytes and there are

instructions which can fetch or deal with a single byte of instruction.

The memory architecture is Von-Neumann here, which means there is a unified memory map.

And in the same memory map you would have program memory you would have data memory.



And in this case it also has access to the special function registers. These registers control the

input output peripherals of MSP430 microcontroller.
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Memory Architecture

MSP430 has Von Neumann Memory Architecture.
In von Neunrann architecture there is only ong'set of addresses

which cover both volatile and non-volatile memories:

Address Bus is 16 bits wide, so 216 = 65,536 = 64K
addresses. So, Address Range is 0x0000 to 0xFFFF.
MSP430X has an Address Bus of 20 Bits, so 2°20 =
10,48,576 addresses are possible. o

—
fr——

The memory data bus is 16 bits wide and can transfer eithera
word of 16 bits or a byte of 8 bits.

The address bus allows you up to 64K memory locations as we seen. But in some cases it also
has 20 address lines and you can have 1048 1 million memory locations like this. The data bus is
16 bits wide so you can transfer either 16 bits in a in a single cycle, but you can choose to have
only a byte of data transfer as well. The way the words are stored, a word here means one word
is equal to 2 bytes, which is equal to 16 bits. So, inherently the microcontroller can store 16 bits,

but there is a restriction as to which memory addresses can it store these words.
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Memory Architecture

The address of a word is defined to be the address of the
byte with the lower address, which must be even:Eg: the
two bytes at 0x4000 and 0x4001 can be fetched'as aword
with address 0x4000 in a single cycle.

Instructions are composed of words and therefore must lie
at even addresses.

Aword = 2 bybes= 16 ;08

It turns out that you can only store words starting from even memory locations. The memory is
addressed in byte addresses. And so you can only store words which start at a even byte address.
And since the instructions are all 16 bits, that means all the instructions are located at even byte

addresses. That is the meaning even addresses.

So, your first instruction will be at address 0 and so on and so forth. Now when | have 2 bytes to
store and my memory is arranged in byte form. The question is, in what sequence should | store
the 2 bytes? So, let me say the 2 bytes are, so this is my LSB lower significant byte and my
MSB.
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Memory Architecture

Words are stored as two bytes in the memory in the little endian
ordering —
In little endian ordering, the lower order byte is stored at the
lower address and the higher order byte at higher address.

Figure 1.3. Bits, Bytes, and Words in a Byte-Organized Memory

And my address is are each address can hold a byte of memory. | have two options. | can store
LSB here and | can store MSB here in this location into sequential memory locations, or | could
reverse | could store MSB first and | can store LSB later and the way memory words are stored

is referred to as endianness of storage. Let me explain this.
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So, let us say my memory has addresses which is starting from say address 0 then 1, then 2 and
so on and 3. And let us say | have a word which means | have 2 bytes. The right most is always

referred to as LSB and | have MSB. There are two options to store these two bytes in a byte wide



this memory is byte wide. This is very important to mention here byte wide memory. That is

each location can store one byte byte wide memory.

Given that each locations can store only 1 byte and | have to store 2 byte bites because this is 1
word | have as you can see | have two options. | can store LSB at some address and next address
| can store MSB. When | do the following that at a lower address | store the LSB and at the next
address which is a higher address | store MSB, this is called little endian.

On the other hand, if let us say at a subsequent address, maybe 10 and next address is 11. If |
store MSB first and then | store at the next address the LSB value of the word. This is called Big-
Endian. So, as a computer engineer as a electronics engineer who is into embedded system
design. It is very important to know the architecture that you are using. What kind of endianness

this is the term, | would call endianness is not Endian.

We are Indians but we are talking of endianness how all the endings of the bytes being stored.
This is referred to as endianness. So, there are two methods one is the little endian the other is
the big endian. For MSP430 they have the designers have chosen to use little endian format of

data storage. Let us go back.
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see XxxAh
190114 Bits 9 8a] xx8h
L 6 Bits 1 .‘-‘ xxx8h
Byte XXx7h
Byte xxx6h

Word (High Byte) == xxx5h

Word (Low Byte) 4-—' xxx4h

Now, If you see here, let me zoom this up for you. You see the low byte is stored at a lower

address. So, the way to remember is little endian means low byte, low address. High bite high
address. This is the safest way to remember, what is the meaning of low-endian and anything
else is the opposite of this is high endian. So in low address, this is the lower address. | am
storing the low byte and at the higher address | am storing the high byte and this refers to the

little endian format.

Within the within each location I can store 8 bits as you see here from 0 to 7. And since | have, if
| am storing words, the number of bits will be 16. So, it will go from 0 to 7 and then from 8 to 15
in the higher memory locations because of the little endian format that MSP430 microcontroller

follows.

This is the MSP430 G-series memory map, meaning the entire 64 kilobyte memory space. How
is it occupied? It is very important to know that and although there are 1 to 5 columns, which
means it is referring to 5 different microcontrollers. I am going to concentrate on this column
here, which is MSP430G2553 because that is the microcontroller that we are using in our course

here. Now, you see the address goes from 0 here if you can see this address.
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MSP430 G Series Memory Map 4,
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This is address 0 and at the top it goes to FFFF in a 16-bit address range. This is the numbers you
are going to have. You are going to go from 0000 x to the maximum value is FFFF x and this is
equal to 65536 memory locations. So, the way these locations these addresses are utilized is that
the lower 16 locations. If you see here lower 16 locations are used to store 8-bit special function

registers. These special function registers deal with the input output ports.

The next again, next lot more locations from 10 x that is 16 to FF that is 256. They are reserved
for storing 8-bit peripherals and thereafter from 100x to 1 FF. Let us see how the how much that
is this is further 256 locations are used to store 16-bit information about 16-bit peripherals. That
is such peripherals which require 16 bit of data. They are access in this range. The next memory
addresses are used to store the RAM which is the data memory. In this case the address starts
from 0200 to 03FF and this let me explain.
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F)Err FFFF E Reset

This is if I go from 0100 to O1FF these are 256 memory locations. In our case, we are going from
0200 to 03FF and these are 512 bytes of 512 locations. That means in this range. We are we have
mapped the MSP430 microcontroller mapped RAM in this memory location. And so this is what

we have.

Thereafter there is some gap and you come at here, which is 01000 that is 1000 to 10FF and this
is called as information memory. Now information memory is also flash memory except this
information memory is used to store user data that you would not want to be lost if the power is

switched off.



So, this is basically a flash memory and in the G 2553 microcontroller you have 256 bytes of
flash memory defined as information memory and at the top we have the main program memory.
In this case, we have 16 kilobytes and this is the address range actually of which there are the 16
kilobytes are utilized in two way. So, the starting address is C2 C3000 to four FFFF’s. Let me
mention what it is. So, our address are CO00h to FFFF we have already seen that the lower two

digits refer to 256 bytes of memory.

And here we have FF minus CO, so it will go from CO to CF, then DO to DF, then EO to EF and
FO to FF and each of these pages is to like 16 locations. So, we have total of 256 bytes into CO to
CF is 4 segments and like that we have total of into 4. So, this into this is 1 kilobyte and so this is
a total of from 00 to 40 and 40 here means 64 pages.

So, 64 into 256 bytes will give you 16 kilobytes of memory. So, the difference between these
two numbers is 16 kilobytes of memory and these 16 kilobytes of memory is what is available on
2553 microcontroller of this the top locations FFCO to FFFF are stored to store vector locations
and these are 32 locations each having the storage of 2 bytes. That means a total of 64 locations
and |1 am able to store 32 interrupt vectors and the top of the address that is that is FFFE and

FFFF these are two memory locations. This is the Reset vector.

So, what happens when you reset this microcontroller or this microcontroller is reset in any
which way whether it is the user reset or whether it is a brownout reset or watchdog reset. It goes
to this memory location. At this memory location it reads the value and it jumps to that memory
location, which has to be in the in this code memory region and from there, it will fetch the first
instruction interpreted executed increment the program counter and get go to the next location

and so on and so forth.

So, this is the way the entire memory map of G2553 microcontroller 16 64 kilobyte memory map
is utilized for storing the peripherals the RAM the information memory and the main code
memory as well as storing the interrupt vectors. So, we stop our lecture here, and we will resume

in the next session and will continue this discussion about MSP430. Thank you.



