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Module 7. Intro to Clocks and Timers
Clocks
A microcontroller and its peripherals are just sequential logic circuits. Remember that sequential
logic circuits need a clock signal. Before a CPU can operate, it must have power, a clock signal,
and ground.
— V.
What does a clock signal look like? \"L
Lk CPV
£
X |
rROVIDES  1im i N 3
- - Wi * Clock Prreo
~ JCtFeran & 3 .

'ﬁ/?m;; CAOE Lpeeyrsoy

ov
A e cpy [NSTRYCT LY ¢ ?ﬁlflué epee Lo )

EXeeore |0 Some  pympen

FALLIMG Eoge
OF elock Crfeoes 2 U-M)

Céom hté‘wéwcy

e J,




ECE2049-E20 7-2

Clocks on the MSP430: The Unified Clock System (UCS)

Microprocessors usually allow you to configure the clocks used by the system. On the MSP43 0,
this tasks is handled by the Unified Clock System (UCS), which is billed as "fiyll featured and
capable” (read: complex and confusing)!

D

Like most microcontrollers, the MSP430 has a variety of configurable clock sources and clock

signals:
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There are two types of clock sources:
o External sources:
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Why is all of this configurability important?
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The MSP430F5529 has 5 possible clock sources:

M Lo VENCY  GseiLl AT (LF g7AL)
| CRATAL |
XT2CLK 3276[/",/1/ " (52 7{(/1,\,?/)
) [ GN R o

/\} GN /;/ CQULMC/ OSctLLATHR (ﬂ/’)(];dL)

DCOCLK 7 /'L/;(/}/ CrySTAL
Ls

Dicrraecy CoNTROLLED OS¢/ LUATOR
"REFOCLK
VLOCLK

&) //(/fé}'q/v,dL OSC(LLATORS

These provide 3 clock signals to the CPU and peripherals:
ACLK - Auxiliary Clock:
— = Usep For PemmibrAs (X77eex)

- (/_SUALLf 3/&7([/’“3/
MCLK - Main or Master Clock:
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SMCLK - Sub“‘main Clock:
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The three clock signals are sofiware selectable, meaning that the user can configure the clock
sources and speeds for the CPU and peripherals at runtime.
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Configuring the UCS: The Gist

In general, configuring the UCS boils down to connecting the various clock sources (XT1, XT2,
DCO, etc.) to the 3 clock signals (ACLK, MCLK, SMCLK):
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In addition, you also need to configure some parameters for the sources (like the DCO), and the
signals (like clock dividers).
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Configuration notes

Configuring XT1 and XT2

The low frequency and high frequency crystals XT1 and XT2 are connected via pins on the
MSP430. On the MSP430F5529, these pins are multiplexed with 1154___:§ (for XT1) and P5.2-3
(for XT2).

If you want to use XT1 or XT2, you need to configure these pins for function mode (as opposed
to digital I/O mode) by setting their corresponding bits in PSSEL to 1:
| P5SEL |= (BIT5|BIT4|BIT3|BIT2); ]
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In our lab, this'is already done for us in the template in the configDisplay function.

The DCO (Digitally-controlled oscillator)

The DCO is a digitally-controlled oscillator, which means that you can configure its frequency
— in software. The UCS module provides a frequency-locked loop (FLL) to stabilize the DCO.
The frequency for the DCO is defined by the following formula:
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Module 8. Timers: Theory and Practice
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Most microcontrollers have timers in some form. Timers can be used to generate interrupts at

particular intervals, generate PWM signals, measure frequency of input signals, and more! In

this course, we will focus on the generation of timer interrupts, which tell the CPU that a certain
~ amount of time has passed.
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Fundamental timer counting modes

ey

Most timers have a number of counting modes:
Unldlrectlonal mode (called "Up mode" on the MSP430)
Count from 0 to a programmer set maximum count value (which we call MAX_CNT).
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Continuous mode
Count from 0 to full count of timer (8, 12, 16 bits, etc.) For a 16 bit timer, this means:
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In each mode, most timers (like those on the MSP43 0) will trigger an interrupt when the count
transitions back to 0.

Most timer peripherals have two "operating modes", which control how they use the counter:
o Capture mode: Récords the counter value when a certain input changes _fv

. Ly Frequamcey COUNTING.

 Compare mode: Performs an operation when the counter value reaches a certain value
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