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The Microcontroller



ECE 3567 Microcontrollers
Embedded Hardware

Microprocessor (μP) Micro-Controller (MCU)



The MSP430FR6989  Microcontroller - Overview





MCU Statistics

• Number of Bits
• Processor Speed

• Clock Speed
• MIPs

• Instruction Set
• RISC
• ARM

• Intended Application

• Peripheral Included
• ADC
• DAC
• UART/I2C/SCI/SPI/CAN
• Analog Comparators
• Incorporated Sensors
• RAM
• DMA
• Watchdog Timer
• Low Power Module
• ALU/DSP
• Timers
• Clock Module
• I/O Ports
• CRC
• Encryption



Instruction Sets



Instruction Set Architecture
(ISA)

ARM Processor (Advanced RISC Machine)

• A 32-bit Processor Core that incorporates
• Reduced Instruction Set Computing
• Instruction Set Architecture



Register Types



Registers
• Control Registers (xxxCTLx)– Module level. Use to configure functions.

• Count Registers (xxxR) – Up or down counter

• Capture/Compare Registers (xxxCCR) – Work in conjunction with 
Counters to take action at a certain count. 

• Capture/Compare Control Registers (xxxCCTLx)– Used to configure 
what happens when the CCR matches R (counter).

• I/O Registers (Ports) – Input/Output ports can have 1 of 4 functions.



Control Registers

• Every MODULE in a Microcontroller has one or more CONTROL REGISTERS to configure 
the functions of the module.

• Each CONTROL REGISTER is divided into FIELDS 

• Each FIELD sets one PARAMETER of the MODULE to a specific function

• The number of options for the PARAMETER determines the number of BITS in the FIELD

• Each BIT has a Power-up DEFAULT value, usually 0.



Control Registers



Microcontroller Registers
Count Registers



Microcontroller Registers
Capture / Compare Registers



Capture / Compare Control Registers



Timer A Example:

OUT1



I/O Ports
Section 12.4 in the Users Manual



I/O Ports  Port Number and Bit Number
TI Conventions

P3.6   - Bit 6  of Port3

This is the number of the PORT
This is the number of the BIT in the PORT



Registers  Associated with each I/O Port

• Input Registers (PxIN)  - Read from this one

• Output Registers (PxOUT) – Write to this one

• Direction Registers (PxDIR) – Control direction of individual bits.

• Pullup or Pulldown Resistor Enable Registers (PxREN) – Also bit by bit

• Function Select Registers (PxSEL0, PxSEL1)

• Interrupt Settings (PxIFG, PxIES, PxIE)

NOTE:  x – substitute the number of the PORT 
• 1-10 and J, (8 bit)
• A,B,C,D, and E (16 bit)



I/O Ports



I/O Ports



I/O Ports



I/O Ports



I/O Ports



I/O Ports

(and possibly P3 and P4)



I/O Ports – Putting It All Together

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

X X X X X OUT X X

X X X X X 1 X X

X X X X X 1 X X

X X X X X 0 X X

X X X X X X X X
P2SEL0

P2SEL1

P2DIR

P2OUT

P2REN

Suppose that you wanted to configure BIT 2 of PORT 2 as a Timer B0.4  
output for a PWM application



The Microcontroller



Code Composer Studio v 9.1.0
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Project Set-up

Before doing ANYTHING, make a folder on the 
U: Drive that will be your Workspace. 

Never place more than one project in the 
same workspace.



Project Set-up

Invoke the Code Composer Studio version 9.1.0 
software by double clicking on the CCS ICON 



Project Set-up
If you are beginning with the Getting Started screen, select New Project:

If only Project Explorer is open, select View  Getting Started



Project Set-up

In the CCS Project window, configure the following fields:
1. Target: MSP430FRxxx Family
2. MSP430FR6989
3. Connection: Leave at Default
4. Project Name (e.g. Lab 2)
5. Uncheck use default location and browse to your workspace

(e.g. U:\ECE3567\Lab2)

6. Leave Compiler at Default

7. In Project templates and examples, you must SCROLL DOWN
to MSP430 Driverlib, select the down arrow ∨ and
SCROLL DOWN AGAIN. Highlight:

Empty Project with DriverLib Source

8. Select Finish



Project Set-up
"Voilà"



Project Set-up
ALTERNATIVELY: If you are beginning with another project already open in Project Explorer:

1.  Select File  Switch Workspace and navigate to your new workspace

2. Select File  New  Project  Code Composer Studio  CCS Project



Project Set-up
3.  This should open the New  CSS Project window.  Proceed as previously described.

Don’t Forget to select this template.



Project Set-up

The FIRST time you use the workspace, CCS MAY open the Eclipse Launcher.

Browse to the workspace that you have created, then select OK 



Code Composer Studio – Adding Code
1. Select File  New  Source File
2. Enter Code
3. Save the File 
4. Select Project  Rebuild Project

5. You may also COPY files into your project folder then add them to the project with a Right-Click on 
your Project Name [Active-Debug] . Then select Add Files . . .

NOTE: It’s better to copy in 
the standard file header 
and edit it than starting 
with the default main.c



Code Composer Studio – Running the Project Code
1. At this point it is essential to connect the hardware
2. Make sure that the Project is selected as [Active – Debug]
3. You can check to see if the code compiles by selecting the hammer ICON 
4. Select the Debug ICON            (NOTE: This will also recompile the project)
5. Once the GREEN ARROW comes up you can run the code
6. Halt execution with the RED SQUARE



Code Composer Studio – To Open an Existing Project
(Automatic Method)

• This doesn’t always work

• Make sure that the Workspace is set to your project location. To 
change it, select File  Switch Workspace, and navigate to the 
project location

• Double-click the .ccsproject ICON  in the project folder

• If it doesn’t work, try the Manual Method



Code Composer Studio – To Open an Existing Project
(Manual Method)

If your project does not appear
• Select View  Project Explorer



Code Composer Studio – To Open an Existing Project
If you still don’t see anything in Project Explorer
• Select File  Switch Workspace, and navigate to the project location



Code Composer Studio – To Open an Existing Project
If you STILL don’t see your project in Project Explorer, re-open the file:
• File  Open Project Files from File System . . . 



Change Workspace

1. Select File  Switch Workspace  Other

2. Enter the new workspace.  Always select the file ABOVE your Project file that CCS created.

When you select OK, Code Composer will restart

44



Code Composer Studio
Common Error Messages

ERROR:  Unable to Launch. The selection cannot be launched, and there are no recent launches

Solution:  Switch Workspace : File => Switch Workspace => Other
Always select the folder that is ONE LEVEL ABOVE your project folder as the workspace.

ERROR:  Cannot open source file “driverlib.h”

Solution:  Re-create the project with the correct Template

IF ALL ELSE FAILS:
1. Right click the project set as [Active-Debug] and open Properties
2. Under MSP430 Compiler options, select Include Options
3. Delete old paths to driverlib
Add ALL THREE new paths:

…/  driverlib
…/ driverlib/MSP430FR5xx_6xx
…/ driverlib/MSP430FR5xx_6xx/inc
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Code Composer Studio - Watch Window

1. Select View  Expressions

2. Right click to add registers or variable names.

3. Set breakpoints

4. Run the Debugger

Note that, unlike the TI C2000 series there is not a dynamic debugger 
for the TI MPS430 LaunchPads.  Expressions and Variables are only 
updated after a Breakpoint is reached, and NOT available of the 
Debugger is halted.  



Troubleshooting - Breakpoints

1. Double click the line number to set a breakpoint

2. You must re-compile to incorporate the breakpoint

3. Click twice more to clear a breakpoint
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