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Elements in Basic MCU Interface ‘@

Fig. 6.1 Components in a

basic CPU interface: power Voo RST éReset:---g
source, clock generator, H OR \ :

power-on-reset, and boot

sequence Power-on CPU Code
Reset PP —

Central Processing
Unit
/1=

» Power Source
% Feeds CPU and peripherals | CLK
» Clock Oscillators
% System synchronization
»» Power-on Reset
% Physical reset hardware
» Booting Function
% System configuration and initialization

Clock
Source
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PROCESSORS’ POWER SOURCES W&

Main Function
="Provide Power to CPU and Surrounding Electronics
=Establish reference levels for internal device operation
mBasic Requirements
=Steady voltage source
sSufficient current capability
=| oad regulation
=Power quality
mimplications
=System functionality and integrity
sSignal compatibility

Fig. 6.2 Structure of a typical
MCU power supply Unregulated

VNF!
T —
S
Voltage
Regulator 2




mAbsolute Maximum Ratings

= evels of stress that if exceeded will cause permanent
damage to the device

=|f used for extended periods will affect device

reliability

=DO NOT design for operating devices

at these levels

Absolute Maximum Ratings

Ta=25+/-2°C
Parameter Symbol Min. Max. Unit Remarks
Power Supply Voltage Voo 03 4.0 v
Absolute Maximum Ratings Logic Supply Voltage Vi | 03 | vgpros | v
Lamp Current IL 3.0 7.0 mArms (1)
T'.' = 2FC VALUE UNIT Lamp frequency FL 45 80 kHz
Vg Drair-io-Source Vollage B0 W Operating Temperature Tor 0 +50 < @)
Operating Humidity RHor 80 %
Weg | Gale-lo-Sowce Vallage 230 W P— - = = -
SP. "
Coninuous Drain Curment (Package limiled) 200 Storage Humidity RHsp 90 %
Conbnuosus Drain Cumant [_Sjlr_‘,ﬂn |Hﬁﬂ:|, Note (1) Permanent damage to the device may occur if maximum values are exceeded
unctional operation shoul e restricted to the condition described under normal
ID TC = 251: ‘“B 'ﬁ Zperattlng ‘COndiﬂ:HS. hould® rictedton o d bed ¢ ‘
Note (2) Temperature and relative humidity range are shown in the figure below.
Conbinuous Drain Current (Silicon limiled), 24T 95 % RH Max. (40°C = Ta)
Te= 100°C Maximum wet - bulb temperature at 39 °C or less. (Ta > 40 °C) No condensation.
Ratinac* Relative Humidity ( %RH)
Absolute Maximum Ratings* 1,-xc lpas | Pulsed Drain Current ' 400 A w
Symbol Parameter Value Units Pa Poveer Dissipation a7s W 0
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007 b
Viset Feak Repetiiive Reverse Volage 50 | 100 | 200 | 400 | 600 | 800 | 1000 T, Operaling Junclion and 55 1 175 o € T operating Range
o ‘Average Rectified Forward Current, [
S 575" lead length @ T = 75°C 10 A Tayg Storape Termperabure Range 40
Irsm Non-repetitive Peak Forward Surge Awalanche E i
Current 30 A neqgy. single pulse 20
8.3 ms Single Half-Sine-Wave Eps =128 A, L= 0.1 mH, Ry = 25 0 a1 1) Storage Range
Tup Storage Temperature Range 5510 +175 C e ' r °
£ 7 Operating Junction Temperature 5510 +175 °C o . 40 20 o 20 40 60 80
= m=w {1} Max Rgye = 0.4°CAN, pulsa duration £100 ps, duty cycle 1%
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Recommended Operating Conditions

"Manufacturer's recommended levels for reliable operation
=Conditions the application circuit should provide to device for

it to function as intended
sShall be used for design calculations

7.3 Recommended Operating Conditions
over operating free-air lemperature range (unless otherwise noted)

PARAMETER | MIN MAX| uwNIT
SUPPLIES
RX_AMA_SUP  AFE analog supply 20 36 v
RX_DIG_SUP _ AFE digital supply 20 6w
TX_CTRL_SUPF __ Transmit controlker supply 3.0 535 W

LED_DRV_SUP  Transmit LED driver supply 7.3 Recommended Operating Conditions

%3

Deflerence bietwesn LED_DR  over operating free-air temperature range (unless otherwise noted)
TH_CTRL_SUP
= MIN MAX UNIT
PERATURE VM Power supply voltage range" 4 18 A
e — RIS g VREF Reference rms voltage range'® 1 33 A
lmpkrabung rangs
Ll v Applied STEP signal n PPTY
(1) Vipp relers 1o the maximum wollage drop ac 6.3 Recommended Operating Conditions
) {Tﬂl—?ﬂgﬁmn:jam] a;ggm mm“;:::;d ':L :::T :;:re::::z:::f p::rlrir;:.idge(aj over operating free-air temperature range (unless otherwise noted)
Ta Operating ambient temperature MIN MAX UNIT
Voo Supply voltage 23 55 v
(1) Note that Rpgow) increases and maximum outpr |y,
(2) Operational at VREF between 0 to 1V, but accL | vy, Signal path voltage Voo —55 Vee \Y%
(3) Power dissipation and thermal limits must be ob | Vaom
Vin Digital control GND Voo v
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Sample Abs. Max. Ratings Specs

A Voltage Levels

d Maximum and minimum supply values
d Applied to any pin

d Diode Current

d ESD clamping diode current
 Storage Temperature

Table 6.1: Absolute maximum ratings for MSP430G2231

Parameter

Voltage applied at V. to Vg -0.3Vto 4.1V
Voltage applied to any pin 0.3Vto V.. + 0.3V
Diode current at any device pin +2mA

Storage temperature range, T,  Unprogrammed device —-55°Cto 150-C
Programmed device -40t085<C
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VCC

Vss
TA

fclk

Recommendation
« Stay below absolute maximum ratings
 Ground level specified independent of the Vcc

Table 6.2: Recommended operating conditions for MSP430G2231

T e Y [T

Supply voltage  Program execution

Flash programming 2.2
Supply voltage 0
Operating temp.  Free air -40
Clock frequency V.= 1.8V, dc

Duty cycle =50% + 10%

Ve =27V, dc

Duty cycle =50% + 10%

Ve =3.3Y, dc

Duty cycle = 50% £ 10%

3.6

0 vV
85 °C
415 MHz
12

16
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Power vs frequency ‘@

=®Minimum Power Dissipation

=Obtained at minimum Vbp f(MHz) ﬂfsl;lpggr;g'rt;%erggpag; nfg;g
=Power varies with Vbb2 800 ooV
sMaximum fe Limit i M

*fcik max is usually limited by the

chosen Vop level difg=reass \
=Direct relationship \
#Choose Wisely ' x »
=Use the minimum frequency and 1.8 27 30 36 ValV)
voltage necessary for proper Fig. 6.3: Frequency versus supply

. . voltage plot for an MSP430F149
functionality
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Power Supply Capacity

= Regulator Capacity (Ig) = Non-regulated
,~ on-regulated power:

]R = ]L B Z_;‘IU @) P =Valyg +]g}.rd) (4)
where |, = current from = Power to the load:
loadi=1,2,....n P, =V,-1, (5)

- 'nput voltage (Vyg) = Power Efficiency:
Vigz (Vg +V5) @ Eff =(P,/ Py)x100% ©
where
Vi = regulated voltage and
V, = dropout voltage P Vo - .
= Non- regulated capacity | "o Reguia ﬂmad

LywzUp+1,,) ® saree [ le
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Example 6.1 : Consider using a standard 9V alkaline battery for feeding a 3.3V,
120mA load via a linear voltage regqulator uA78M33C. Estimate the approximated
battery life and usage efficiency assuming a constant load current.

aoo

400

T [ B e

200

_.5 P

UA78M33C
Yoltage
Regulator | oad
_J._ 3.3V
120mA

Milliamp-Hours Capacity

Continuous discharge to 4.8 volts at 21°C

800 -+

] . I . I | l E
25 100 300 500 ﬁ

Discharge (mA)

Regulator data:
V,=33V V,=20V I,,=500mA
fbfas = "gnd = 6mA

Solution: Total load seen by battery (I z)
Ing =1 + 1gng = 126MA < |,

From battery datasheet: Q.. = 480mAh at a
100mA discharge rate. At 300mA, Q,_; drops to
380mAh. Interpolating we get Q. 1o6ma = 447MAhD

Opat 447 mAh

thar = = —355h
S A 126 mA
Ve x I 33V x 120mA
_ R X R % 100 % — < T 34929
Vivg x (Ig + Igna) OV x (120 + 6)mA
+V, -

Via Ve Vi
DC-to-DC LDO |—
Converter I Load
ll |55 ll Ig'u:l =

ower supply integrating a DC-to-DC converter and LDO



POWER SUPPLY NOISE CONTROL ”

d Coping with Power Supply Noise
= Reducing the effect of noise in the power distribution lines
d Common Methods o
= Bypassing Techniques
= Source Decoupling

Noise/Power Filtered

= Wise Power Distribution (D) B
0 Combine ALL of them "
= Plan the power distribution network <~

= Power lines noise increases with:
e Clock frequency
e Power distribution loop length
e Dirty power supplies
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Bypassing Capacitors

& Z[0Ohms)
Vo . Bypassing refers to the act of

hononon J reducing a high frequency current
moedance “ flow in a circuit path by adding a
foes due fo ESL OOU OO OO . shunting component that reacts to
- e — the target frequency. The most

commonly used shunting devices in
microprocessor-based designs are
bypassing capacitors.

Impedance
falls due o C

[}
=
=

Common Board

GND Point \

Chassis

VDD Point A bypass capacitor reduces the rate
of change of the current circulating
in the power line by providing a
high-frequency, low impedance path
to the varying load current. Two

mgit;;”“ factors determine the effectiveness
(Circuitry of a_bypassmg capacitor: size and
- location.
Analcg Side Digita Side
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Clock Issues

Clock Frequency

» Clock Duty Cycle
The clock duty cycle defines the ratio of the high to the period of the clock signal

» Clock Stability

Example 6.2 Consider a 12MHz clock signal that exhibits a +10% deviation from its nominal value. Two
applications employing such a clock signal are analyzed: a dynamic display that sets a 60Hz refresh ratio
from this clock and areal-time clock slated to run uninterruptedly for weeks. Evaluate the impact of
the clock accuracy on each system.

Solution: The impact of the clock deviation will be analyzed independently for each system.

Impact on the display system: A 10% frequency deviation would translate into an equally proportional
deviation in the refresh rate, implying that the actual rate could be 6Hz off the target value. In the worst
case, assuming a 10% frequency loss, the refresh ratio would be 54Hz. Considering that for persistence of
vision, the human eye only requires 24Hz of refresh ratio to perceive motion, this 10% change

of frequency can be deemed as negligible.

Impact on the RTC: A 10% deviation in frequency would cause the RTC to drift from the actual time at a
rate of 6s each minute or 2h and 24min per day. At the end of only one week, assuming a negative 6 fCLK,
the error would accumulate to 16.8h, which would be totally unacceptable.

Copyright 2009 Texas Instruments
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Clock Issues

Clock Jitter Clock Jitter refers to the uncertainty in the periodicity of a clock signal
Example 6.3 Consider a microprocessor with a total system clock jitter specified at 150ps under
the JESD65B standard.

This specification establishes that the total time deviation in the signal period resulting from the sum
of all deterministic and random sources in the clock frequency over a minimum of 10~ cycles cannot
exceed 150ps. For some devices, the number of cycles specified in the JESD65B standard
establishes a bare minimum. A commonly used number is 1075 cycles, but for some devices it can
reach as much as 10~2cycles.

Clock Drift FrequencyDirift refers to the linear component of a systematic change in the

frequency of an oscillator over time. For example, a 4MHz oscillator with an age induced drift of
20PPM (parts per million) per year will deviate its frequency by 80Hz every year.

Copyright 2009 Texas Instruments
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Choosing the Clock

 What is the fastest event the system will need to handle?

* Has the value of VDD been assigned?

» What peripherals will share the same clock frequency?
 How precise does the clock need to be?

« What are the capabilities of the Clock System in my MCU?

Table 6.3 Common frequencies for embedded systems applications

Freq. (MHz) Typical application
0032768 Real-time clocks. Allows binary division to 1.0000Hz (213 %1 Hz)
1.843200 UART clock. (16 = 115, 200 baud or 96 = 16 = 1, 200 baud)
2457600 UART clock. (64 = 38, 400 baud or 2, 048 = 1, 200 baud)
3276800 Allows binary division to 100Hz (32, 768 = 100 Hz, or 25 100 Hz)
3.579545 NTSC M color subcarrier and DTMF generators
3686400 UART clock (2 = 1.8432 MHz)

4.096000 Allows binary division to 1kHz (2'? x 1kHz)

4.194304 Real-time clocks, divides to 1 Hz signal (222 x 1 Hz)
6. 144000 UART baud rates up to 38, 400.
6553600 Allows binary division to 100 Hz (2”’ = 100Hz)
7.372800) UART clock (4 = 1.8432 MHz)
9.216000 Allows integer division to 1,024 kHz (2'7)

11.059200 UART clock (6 = 1.8432 MHz)

Copyright 2009 Texas Instruments
All Rights Reserved 1 5




JTAG

CLOCK ON MSP430

F
|
Clock [ ACLK Flash/ . , .
RAM Peripheral | Peripheral—| Peripheral

} System | e c| FOM [ -
I MCLE A /\ /\ A /\ 4 ./\\ 1 A %
1 v
| I n
| | Risc cPU @
|| 16-Bit S
| < .

-3 - . - .
: <_ | MDB 16-Bit ) > C,Eulﬁsu. <, MDE 8-Bit
| |
I NAVEAVAY Wt BV TR |

ACLK — — ]

: SMCLK —™ywatch dog || Peripheral Peripheral[ | Peripheral| | Peripheral
|
L

-—_-—-——-———-———-—-—-—————J
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Choosing Clock

|
32.TEEKH1$_
Hout

Crystal

Oscillatar

Iy

i2
4

Digitally Confrolled
Qacillator (DCO)
and FLL

=

CBE

XBUF

- MCLK

The earliest generation of the MSP430 device
family, the MSP430x3xx uses a Frequency-Locked
Loop (FLL) clock module as system clock
generator. This clocking system consists of two
oscillators:

a crystal oscillator and a frequency stabilized & RC-
based, Digitally Controlled Oscillator (DCO). The
DCO is locked to a multiple of the crystal frequency,
forming a frequency-locked loop (FLL). frequency
stability and quick startup.

This clocking system fundamentally provides two

clock signals:

d Main Clock (MCLK), taken from the DCO
output

O Auxiliary Clock signal (ACLK), taken out from
the crystal oscillator.

A buffered, software selectable output XBUF is also
available, that provides as output either MCLK,
ACLK, ACLK/2, or ACLK/4. The XBUF clock can
also be turned off via software.

The MCLK signal is used to drive the CPU, while
ACLK and XBUF can be software selected to
drive peripherals.

Copyright 2009 Texas Instruments
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Choosing Clock

i MSP430x4xx The second generation of MSP430, the
1 MSP430x4xx, features an improved clock
xin | LEXT1 Oscllator  [———L/1/2/4/8 »- ACLKin generator designated the FLL+ Clock
Module.
= W W s P ACLK
Xout s SELMx LFXT1, DCO and now an XT2!
OSCOFF  XTS_FLL . )
i C The FLL+ module can provide four clock
! MCLK signals to the system:
I SCFQCTL 0 ACLK,
i Q I GPUOFF Q ACLK/n(n=1,2, 4, or8),
i oo 0 MCLK,
] DCO&FLL 0 SMCLK.
|
xT2in 1
I SMCLK
= . :H ;’ L
SMCLKOFF
XT2out -

XT20FF

Fig. 6.17 Simplified block diagram of FLL+ clock module in MSP430x4xx devices
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LFXT1 Oscillator

Choosing Clock

DIvAx

W W I LEXTCLEK,
I |

Q3COFF XTS5
XT2 Oscillator E
W XT2CLK
XT20FF
DCOCTL &
o BCSCTLx
% L
beo DCOCLE

P2.5/Rosc $

SELS

1121418

— ACLK

D2

1121418

- MCLK

CPUOFF

DIVEx

1121418

—» SMCLK

SCG1

Fig. 6,18 Simplified block diagram of basic clock module in MSP430x 1xx devices
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Generations x1xx and x2xx featured a
modified clock module with respect to the
design included in earlier generations. This
new clock generator is designated as
Basic Clock Module.

DCO is now redesigned to operate in open
loop (no FLL), while offering a better
frequency stability without the need of an
external crystal.

In addition, only three

clock signals are made available:
O ACLK,

U MCLK, and

O SMCLK.

19



Basic Clock Module

DIV
LFEXTI1CLK
> ' i >
OSCOFF XTS5 - ACLK
[
T Auxillary Clock
XIN ov _|
- 12pF ]
L — L e W
:I—l— — 120F LFOff XT10ff
XOUT ov —|
SELMx
LEXT1 Oscillator - DIV Mx
CPUOFF
o) L1
T T e 1 E 01 Divider
| N XT2CLK o |10 1172/418
I XT20FF o T MCLK
|
: XT2IN T | Main System Clock
| _|_—|: |
| — |
| [ [— I
| XT20UT  x12 Oscillator |
——————————— 4 MODx
vce Modulator <]
DCOR SCG0D RSELx DCOx
r - SELS  DIVSx
r 11T It ww  sco
off n .
DC DCOCLK o
= Generator | 1°°° .| Divider
n+1 1112/4/8
P2 5/Rosc SMCLK

Sub System Clock




MSP430 Basic Clock Module {9

d ACLK: Auxiliary clock. The signal is sourced from LFXT1CLK
with a divider of 1, 2, 4, or 8. ACLK can be used as the
clock signal for Timer A and Timer B.

d MCLK: Master clock. The signal can be sourced from
LFXT1CLK, XT2CLK (if available), or DCOCLK with a divider
of 1, 2, 4, or 8. MCLK is used by the CPU and system.

d SMCLK: Sub-main clock. The signal is sourced from either
XT2CLK (if available), or DCOCLK with a divider of 1, 2, 4,
or 8. SMCLK can be used as the clock signal for Timer A
and Timer B.
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DCO Control Register

%3

MOD=
It
VGG Mzdulaior <]
SCG0 RSELx DCOx SELS OV
%T 11 i o
commer 1120 17 H re® E,C,xu( Dividr
SMCLK
DCOCTL, DCO Control Register Sub System Clock
7 6 5 4 3 2 1 0
DCOx MODx
rw=0 rw=1 rw=1 rw=0 rw=0 rw=0 rw=0 rw=0
DCOx Bits DCO frequency select. These bits select which of the eight discrete DCO
7-5 frequencies of the RSELXx setting is selected.
MODx Bits Modulator selection. These bits define how often the fpco+1 frequency is
4-0 used within a period of 32 DCOCLK cycles. During the remaining clock

cycles (32-MOD) the fpco frequency is used. Not useable when DCOx=7.
Example: DCOCTL = 0xD3; // C code to set DCOCTL.

Copyright 2009 Texas Instruments
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After a PUC, RSELx = 7 and DCOx = 3, allowing the DCO to start at a mid-range frequency. MCLK and
SMCLK are sourced from DCOCLK. Because the CPU executes code from MCLK, which is sourced from

the fast-starting DCO, code execution typically begins from PUC in less than 2 ps. The typical DCOx and
RSELx ranges and steps are shown in Figure 5-6.

The frequency of DCOCLK is set by the following functions:

« The four RSELx bits select one of sixteen nominal frequency ranges for the DCO. These ranges are
defined for an individual device in the device-specific data sheet.

« The three DCOx bits divide the DCO range selected by the RSELx bits into 8 frequency steps,
separated by approximately 10%.

« The five MODx bits, switch between the frequency selected by the DCOx bits and the next higher
frequency set by DCOx+1. When DCOx = 07h, the MODx bits have no effect because the DCO is
already at the highest setting for the selected RSELx range.

fbeo
L]
L]
]
4,_'_'_,'_!_'_'7
!

RSEL=15

RSEL=T
1000 kHz =

! RSEL=0

100 kHz ——4,_,_1—'_,_'_'7

DCO=0 DCO=1 DCO=2 DCO=3 DCO=4 DCO=5 DCO=6 DCO=7
Figure 5-6. Typical DCOx Range and RSELx Steps

Copyright 2009 Texas Instruments
All Rights Reserved

%3

23



DCO Registers

Basic Clock Module+ Registers

The basic clock module+ registers are listed in Table 5-1.

Table 5-1. Basic Clock Module+ Registers

Register Short Form Register Type Address Initial State
DCO control register DCOCTL Readiwrite 056h 060h with PUC
Basic clock system control 1 BCSCTL1 Read/write 057h 087h with POR'™
Basic clock system control 2 BLCSGTLZ Headhwrile 058h Reset with PUC
Basic clock system control 3 BCSCTL3 Readhwrile 053h 005h with PUC®
aF R intemupt enable register 1 IE1 Readhwrite 000N Reset with PUC
SFR interrupt flag register 1 IFGA Readhwrite D02Zh Reset with PUC

Copyright 2009 Texas Instruments
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BCSTL1 Basic Clock System Control

Register 1

D LFXT1CLE A2
OSCOFF XTS
T n

SELMx
[ ]

00

DIvAX

It

Divider
11720418 >
ACLK

Auxillary Clock

DIVMx

T T CPUOFF

o1
0

ov -
12pF
120F Lron ;2 XT10ff
ov
LFXT1 Oscillator
7 6 5 4 3 2 1 7 ~ | o
L
|
XT20FF XTS DIVAX XTS5V I :
; ; |
|
|

rw—(1)

___________ — MODx

XT20FF

. This bit turns o € XT2 oscillator

Modulator <
-0 RSELx DCOx

Divider
Mniziam
MCLK

SELS

Main System Clock

DIVSx

TT SCG1

XT2is on
XT2is

P2.5/Rosc

if it is not used for MCLK or SMCLK.

XTS ode select.
Low frequency mode
1 High frequency mode
DIVAx Divider for ACLK
5-4 00 n
01 /2
10 /4
11
XT5V Unused. XT5V should always be reset.
RSELx Bits Resistor Select. The internal resistor is selected in eight different steps.

2-0 The value of the resistor defines the nominal frequency. The lowest
nominal frequency is selected by setting RSELx=0.

Copyright 2009 Texas Instruments
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T T2t 71T -
°: oc | doeo " )oeoek |
Generator n+1 1

5

Divider
/21418
SMCLK

Sub System Clock




BCSTL2 Basic Clock System Control

Register 2

DIvAX

Tt
T 6 5 4 3 2 I D OSCOFF XTS D T * ‘?I\;:eé ACtK
SELMx DIVMx SELS DIVSx DCOR i - T 1 Actery Clock
w-(0) rw-(0) mw—(0) rw—(0) w0 w-0 rw-0 rw-0 %_;7 TS? L;Eﬁvmon
___________ 00- DITV;K CPUOFF
. Jp— - I N : xrzcik | O] Duiaer
SELMx Bits Select MCLK. These bits select the MCLK source. i — HRE by )
7-6 00 DCOCLK : mmg_L T ! Main System Clock
01 DCOCLK Enn iR
10 XT2CLK when XT2 oscillator present on-chip. LFXT1CLK when XT2 | i b— |
oscillater ot present on-chip.  TTTTTTTTTTTT
B S IDI d LFfXT:'ch;tKK V%C DCOR SCGO RSELx DCOx I | - £ 9
DIVMx it ivider for L ITT I I‘L > =2s Ty scor
54 00 /1 s = I N P S sl ﬁ
D‘I I|f2 P2 f;;;u—L ] v ‘ it B SMCLK
1 O ||r4 Sub System Clock
11 /8
SELS Bit3 Select SMCLK. This bit selects the SMCLK source.
0 DCOCLK

1 XT2CLK-when XT2 oscillator present on-chip. LFXT1CLK when XT2
oscillator not present on-chip.

DIVSx BitS Divider for SMCLK
2-1 oo N
01 12
10 /4
11 /8
DCOR Bit0 DCO resistor select

0 Internal resistor
1 External resistor
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Summary of Clocks in MSP ‘ly

Table 6.4 Summary of clock configurations for MSP430 generations x1xx through x6xx

MSP4300 Name  Oscillators Clock signals Max freq. (MHz) DCO type
X3xx FLL XTAL, DCO MCLK, (0.032 FLL
ACLK.XBUF
x4xx FLL+ LEXTI, DCO, MCLEK, SMCLEK, 8.000 FLL
XT2 ACLK, ACLK/n
x1xx BCM LEXTI, DCO, MCLEK, ACLK, 8.000 DCO
XT2 SMCLK
x2xx BCM+ LEXTI, DCO, MCLEK, ACLK, 16.000 DCO
XT2, VLO SMCLK
X3XX UCS LEXTI, DCO, MCLE, ACLK 32.000 FLL/DCO
Xbxx XT2, REFO, VLO, SMCLK
MODOSC
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Use Predefined Constants in code {9

#define SELMO (0x40) /* MCLK Source Select 0 */

#define SELM1 (0x80) /* MCLK Source Select 1 */

#define DIVS_0 (0x00) /* SMCLK Divider 0: /1 */

#define DIVS_1 (0x02) /* SMCLK Divider 1: /2 */

#define DIVS_2 (0x04) /* SMCLK Divider 2: /4 */

#define DIVS_3 (0x06) /* SMCLK Divider 3: /8 */

#define DIVM_0 (0x00) /* MCLK Divider 0: /1 */

#define DIVM_1 (0x10) /* MCLK Divider 1: /2 */

#define DIVM_2 (0x20) /* MCLK Divider 2: /4 */

#define DIVM_3 (0x30) /* MCLK Divider 3: /8 */

#define SELM_0 (0x00) /* MCLK Source Select 0: DCOCLK */
#define SELM_1 (0x40) /* MCLK Source Select 1: DCOCLK */
#define SELM_2 (0x80) /* MCLK Source Select 2: XT2CLK/LFXTCLK */
#define SELM_3 (0xC0) /* MCLK Source Select 3: LFXTCLK */

/* Basic Clock System Control 2

* SELM_0 -- DCOCLK

* DIVM_O -- Divide by 1

* ~SELS -- DCOCLK

*DIVS_O -- Divide by 1

* ~DCOR -- DCO uses internal resistor */
BCSCTL2 = SELM_0 + DIVM_0 + DIVS_0;

Copyright 2009 Texas Instruments
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/* Follow recommended flow. First, clear all DCOx and MODx bits. Then

* apply new RSELXx values. Finally, apply hew DCOx and MODx bit values. */
DCOCTL = 0x00;

BCSCTL1 = CALBC1_16MHZ; /* Set DCO to 16MHz */

DCOCTL = CALDCO_16MHZ;

/* Basic Clock System Control 1

* XT20FF -- Disable XT2CLK

* ~XTS -- Low Frequency

* DIVA_O -- Divide by 1 */

BCSCTL1 |= XT20FF + DIVA_O;

/* Basic Clock System Control 3

*XT2S_0--0.4 -1 MHz

* LFXT1S_2 -- If XTS = 0, XT1 = VLOCLK ; If XTS = 1, XT1 = 3 - 16-MHz crystal or resonator
* XCAP_1 -- ~6 pF */

BCSCTL3 = XT2S_0 + LFXT1S_2 + XCAP_1;
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Power-On Reset

e Loads the program counter register (PC) with the address of the first instruction to
be executed. This causes execution of the first instruction in the booting sequence.

e Disables the reception of maskable interrupts by the CPU.

e Clears the status register (SR). The specific value loaded into the SR changes from
one processor or MCU to another.

¢ Initializes some or all system peripherals (list changes for specific devices). For
example many MCUs set all their I/O pins to input mode, timers are initialized to
zero, and the default CPU operating mode is selected.

e Cancels any bus transaction in progress and returning control to the default bus
master

The RESET signal in an embedded system is generated through a specialized circuit
called a power-on reset circuit or POR for short.

by, ostable
cLock _ S S W Y WU
1I|Ir|:|:l
Supply Voltage __ !
———tgeger —————
RESET /
Bus Activity | D
tooweran Fetch from RESET address

Fig. 6.24 Typical CPU RESET timing
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Power-On Reset

Vop
treser = RC - In (W Fig. 6.25 A POR circuit v,
DD — Vr based on a one-shot topology
RESET
4 Voo >
D1 R
?Ux
AT
, > ij_ C ;‘*_\ 74LS14a 74L514b
' t
N -
JI. I
E Power-onBW ———»
' | RST/NMI —P» Logic POR
i i SVS POR ———p»f
4 VReser |
i | |
E WDOTNM| ———| PUC » PUC
! WDT or FLASH KeyV ———» Logic
| > Invalid FEtCh ——
_..1: f — t

ressai !
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After a POR

After a POR, the initial conditions in an MSP430 device are the following:
 The functionality of the RST/NMI pin 1s set to RST.

» GPIO pins 1n all ports are configured as inputs.

« The processor status register (SR) 1s loaded with the reset value, which
clears the V, N, Z, and C flags, disables all maskable interrupts (GIE = 0),
and the CPU i1s set to active mode, cancelling any low-power mode
previously set.

» The watchdog timer is activated in watchdog mode.

* The program counter (PC) is loaded with the address pointed by the
reset vector (OFFFEh). Setting the reset vector contents to OFFFFh,
disables the device, entering a low power mode.

 Particular peripheral modules and registers are also affected, depending
on the specific device being used.
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The MSP430 System Clock i3

d Loops are OK up to a point but timers are more precise and leave the CPU free
for more productive activities. Alternatively, the device can be put into a low-
power mode if there is nothing else to be done

= Watchdog timer: Included in all devices (newer ones have the enhanced
watchdog timer+). Its main function is to protect the system against
malfunctions but it can instead be used as an interval timer if this
protection is not needed.

= Basic timerl: Present in the MSP430x4xx family only. It provides the
clock for the LCD and acts as an interval timer. Newer devices have the
LCD_A controller, which contains its own clock generator and frees the
basic timer from this task.

= Timer_A: Provided in all devices. It typically has three channels and is
much more versatile than the simpler timers just listed. Timer_A can
handle external inputs and outputs directly to measure frequency, time-
stamp inputs, and drive outputs at precisely specified times, either once or
periodically. There are internal connections to other modules so that it can
measure the duration of a signal from the comparator, for instance. It can
also generate interrupts.

= Timer_B: Included in larger devices of all families. It is similar to Timer_A
with some extensions that make it more suitable for driving outputs such
as pulse-width modulation. Against this, it lacks a feature of sampling
inputs in Timer_A that is useful in communication.

= Real-time clock: In which the basic timer has been extended to provide a
real-time clock in the most recent MSP430x4xx devices.
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Watchdog Timer

0 The main purpose of the watchdog timer is to protect the
system against failure of the software, such as the
program becoming trapped in an unintended, infinite loop.

d Left to itself, the watchdog counts up and resets the
MSP430 when it reaches its limit. The code must therefore
keep clearing the counter before the limit is reached to
prevent a reset.
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Watchdog Timer

d The operation of the watchdog is controlled by the 16-bit
register WDTCTL. It is guarded against accidental writes by
requiring the password WDTPW = Ox5A in the upper byte.

d A reset will occur if a value with an incorrect password is
written to WDTCTL. This can be done deliberately if you
need to reset the chip from software.

d Reading WDTCTL returns 0x69 in the upper byte, so reading
WDTCTL and writing the value back violates the password
and causes a reset.
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d The watchdog counter is a 16-bit register WDTCNT, which is
not visible to the user.

Q It is clocked from either SMCLK (default) or ACLK,
according to the WDTSSEL bit in the WDTCTL.

d The period is 64, 512, 8192, or 32,768 (default) times the
period of the clock. This is controlled by the WDTISx bits in
WDTCTL. The intervals are roughly 2ms, 16ms, 250ms, and
1000 ms if the watchdog runs from ACLK at 32 KHz.

QO WDTHOLD = 1 when the WDT+ is not in use conserves
power.
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d The lower byte of WDTCTL contains the bits that
control the operation of the watchdog timer,

’ 6 > 4 3 2 1 0
WDT- | WDT- WDT- | WDT-
Hoo | nmies | WPTNMUT rviser | ental | WPTRSE WDTISx
rw—(0) rw—(0) rw-(0) rw—(0) rO(w) rw—(0) rw—(0) rw-(0)

The watchdog is always active after the MSP430 has been reset. By default
the clock is SMCLK, which is in turn derived from the DCO at about 1 MHz.
The default period of the watchdog is the maximum value of 32,768 counts,
which is therefore around 32 ms. You must clear, stop, or reconfigure the
watchdog before this time has elapsed. Stopping the watchdog, means
setting the WDTHOLD bhit.
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WDTISx (Bits 1-0) Watchdog timer interval select. These bits select the
watchdog

timer interval to set the WDTIFG flag and/or generate a PUC. The alternatives
are

e WDTISO for 00: Watchdog clock source / 32768 (Default)

e WDTIS1 for 01: Watchdog clock source / 8192

e WDTIS2 for 10: Watchdog clock source / 512

e WDTIS3 for 11: Watchdog clock source / 64

Some useful examples of instructions associated to the WDT configuration are
the following.

mov #WDTPW+WDTHOLD,&WDTCTL ; To stop WDT

mov #WDTPW+WDTCNTCL,&WDTCTL ;Reset WDT

mov #WDTPW+WDTCNTCL+WDTSSEL,&WDTCTL ; select ACLK clock
WDT interval timer mode with ACLK, and interval clock/512

mov #WDTPW+WDTCNTCL+WDTMSEL+WDTIS2,&WDTCTL

Copyright 2009 Texas Instruments
All Rights Reserved

%3

38



d If the watchdog is left running, the counter must be
repeatedly cleared to prevent it counting up as far as its
limit. This is done by setting the WDTCNTCL (count clear)
bit in WDTCTL.

A As a result of reaching the limit, the watchdog timer sets
the WDTIFG flag in the special function register IFG1
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Example watchdog application

The clock is selected from ACLK (WDTSSEL = 1) and the
longest period (WDTISx = 00), which gives 1s with a 32
KHz crystal for ACLK.

It is wise to restart any timer whenever its configuration is
changed so the counter is cleared by setting the WDTCNTCL
bit. LED1 shows the state of button B1 and LED2 shows
WDTIFG.

The watchdog is serviced by rewriting the configuration
value in a loop while button B1 is held down. If the button
is left up for more than 1s the watchdog times out, raises
the flag WDTIFG, and resets the device with a PUC.

This is shown by LED2 lighting.
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Listing 8.1: Program wdtestl.c to demonstrate the watchdog { wor

// wdtestl.c - trival program to demonstrate watchdog timer
// Olimex 1121 STK board , 32KHz ACLK

#include <io430x11x1.h> // Specific device

e T

// Pins for LEDs and button
#define LED1 P20UT_bit.P20UT_3
#define LED2 P20UT_bit.P20UT_4
#define B1 P2IN_bit.P2IN_1

// Watchdog config: active , ACLK /32768 -> 1s interval; clear counter
#define WDTCONFIG (WDTCNTCL|WDTSSEL) // Include settings for _RST/NMI pin here as well

// Setting WDTCNTCL = 1 clears the count value to 0000h.
void main (void)

{ //WDTPW = 0x5A00 or 01011010 00000000
//WDTSSEL Bit 2 Watchdog timer+ clock source select

WDTCTL = WDTPW | WDTCONFIG; // Configure and clear watchdog

P2DIR = BIT3 | BIT4,; // Set pins with LEDs to output
P20UT = BIT3 | BIT4; // LEDs off (active low)
for (;;) { // Loop forever

LED2 = "IFG1_bit.WDTIFG; // LED2 shows state of WDTIFG

if (B1 == 1) { // Button up
LED1 = 1; // LED1 off
} else { // Button down

WDTCTL = WDTPW | WDTCONFIG; // Feed/pet/kick/clear watchdog

LED1 = 0; // LED1 on
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Watchdog as an Interval Timer

The watchdog can be used as an interval timer if its
protective function is not desired.

Set the WDTTMSEL bit in WDTCTL for interval timer mode.
The periods are the same as before and again WDTIFG is
set when the timer reaches its limit, but no reset occurs!

The counter rolls over and restarts from 0. An interrupt is
requested if the WDTIE bit in the special function register
IE1 is set. This interrupt is maskable and as usual takes
effect only if GIE is also set.

The watchdog timer has its own interrupt vector, which is
fairly high in priority but not at the top. It is not the same
as the reset vector, which is taken if the counter times out
in watchdog mode.

The WDTIFG flag is automatically cleared when the
interrupt is serviced.
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TIMERS

The MSP430 family supports three timers.

d Timer_A, present in all models;

d Timer_B included in all but the legacy 3xx series; and
d Timer_D, appearing in the 5xx/6xx series.

Any timer can be used for applications such as real-time clock, pulse width
modulation, or baud rate generation, among others
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Timer_A

d This is the most versatile, general-purpose timer in the MSP430 and
is included in all devices.

d There are two main parts to the hardware:

= Timer block: The core, based on the 16-bit register TAR. There
is a choice of sources for the clock, whose frequency can be
divided down (prescaled). The timer block has no output but a
flag TAIFG is raised when the counter returns to O.

= Capture/compare channels: In which most events occur,

each of which is based on a register TACCRn. They all work in

the same way with the important exception of TACCRO. Each
channel can

e Record the “time” (the value in TAR) at which the input changes in

TACCRnN; the inPut can be either external or internal from another
peripheral or software.

e Compare the current value of TAR with the value stored in TACCRNn
and update an output when they match; the output can again be
either external or internal.

e Request an interrupt by setting its flag TACCRn CCIFG on either of
these events; this can be done even if no output signal is produced.

e Sample an input at a compare event; this special feature is
particularly useful if Timer_A is used for serial communication in a
device that lacks a dedicated interface.
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Configuring the Timer

d TACTL - Timer A Control Register

This register used to configure how the timer
runs

d TACCTLO - Capture/Compare Control
Register

For enabling and disabling TimerAO interrupt
d TACCRO - Capture/Compare Register

This register holds the value YOU define to
configure the timing
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Timer A Block Diagram

TASSELx
TACLE IDx
‘ ‘ Timenclack FCT Tahle 7.4 Timer_A implemeniation features
AGLK TIMERE_A xiax xdxx xlxx xlxx SaniEhE
MUX Divider et Timer [y 1 &-hit timen/counter
SMCLK Clear TAR ] :
w/d operating modes Yes Yes Yas Yes Yes
\—i ¢ Set TAIFG Asynchronos Mo Yes Yes Yes Yes
INCLE TACLR Selectable and
configerable clock
SCHIrCE Yes Yes Yas Yes Yes
OUTMODx CMx Independently
||| | | configurable CCRs 5 Jocs 3 Zor3 upto7
Output Capture TACCRI | PWM output capability Mo Yes Yes Yes Yis
Unio Mode { { Asynchronoas
_ ; L latching Mo Yes Yes Yes Yes
Affects OUTD signal 505 I Comparator 0 | Interrupt vector register No Yes Yes Yes Yes
Second Timer_A Mo Yes Mo Mo Mo

Timer clock '

Sync

Fig. 7.22 Simplified M3P430 Timer_A block diagram
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clocks selector divider counter overflow flag
TACLE B TAIFG
ACLK —
SMCLK — /1/2/4/8 TAR
INCLK — IDx
_____ _TE*EEE_L_I_______________ﬁ_______________
comparator clear
Active In {}
ek TACCRO
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Timer_A Registers

e TACTL, Timer_A Control Register (PART 1)

15 14 13 12 11 10 9 8
Unused TASSELXx
rw—(0) rw—(0) rw—(0) rw—(0) rw—(0) rw—(0) rw—(0) rw—(0)
Unused Bits Unused
15-10
TASSELXx Bits Timer_A clock source select
9-8 00 TACLK
01 ACLK
10 SMCLK
11 INCLK
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TACTL, Timer_A Control Register

(PART 2)

7 5] 5 4 3 2 1 0
IDx MCx Unused TACLR TAIE TAIFG
rw—(0) rw=(0) rw=(0) rw—(0) rw—(0) w=(0) rw—(0) rw=(0)
IDx Bits Input divider. These bits select the divider for the input clock.
7-6 00 N

01 12

10 /4

11 /8
MCx Bits Mode control. Setting MCx = 00h when Timer_A is not in use conserves

5-4 power.

00 Stop mode: the timer is halted

01 Up mode: the timer counts up to TACCRO

10 Continuous mode: the timer counts up to OFFFFh

11 Up/down mode: the timer counts up to TACCRO then down to 0000h
Unused Bit 3 Unused
TACLR Bit 2 Timer_A clear. Setting this bit resets TAR, the TACLK divider, and the count

direction. The TACLR bit is automatically reset and is always read as zero.
TAIE Bit 1 Timer_A interrupt enable. This bit enables the TAIFG interrupt request.

0 Interrupt disabled

1 Interrupt enabled
TAIFG Bit O Timer_A interrupt flag

0 No interrupt pending
1 Interrupt pending
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d Three items are given for each bit:

= Jts position in the word, which should not be needed (use
symbolic names instead).

= Jts name, which is defined in the header file and should
be known to the debugger; some bits are not used, which
we show by a gray fill.

= The accessibility and initial condition of the bit; here they
can all be read and written with the exception of TACLR,
where the missing r indicates that there is no meaningful
value to read. The (0) shows that each bit is cleared after
a power-on reset (POR).
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Ihe user's guide goes on to describe the

function of each bit or group of bits: @

O Timer_A clock source select, TASSELX: There are four options for the
clock: the internal SMCLK or ACLK or two external sources. TACLK (00),
ACLK (01), SMCLK (10), or INCLK (11)

d Input divider, IDx: The frequency of the clock can be divided before it is
applied to the timer, which extends the period of the counter. IDx bits
determine the frequency division factor in the prescaler: 1 (00), 2 (01), 4
(10), and 8 (11)

d Mode control, MCx: The timer has four modes. By default it is off to save
power. MCx bits set the operation mode: Halt (00), up mode (01),
continuous mode (10), and up/down mode (11).

O Timer_A clear, TACLR: Setting this bit clears the counter, the divider, and
the direction of the count (it can go both up and down in up/down mode).
The bit is automatically cleared by the timer after use. It is usually a good
idea to clear the counter whenever the timer is reconfigured to ensure that
the first period has the expected duration.

0 Timer_A interrupt enable, TAIE: Setting this bit enables interrupts when
TAIFG becomes set.We do not use this here.

O Timer_A interrupt flag, TAIFG: This bit can be modified by the timer
itself or by a program. It is raised (set) by the timer when the counter
becomes 0. In continuous mode this happens when the value in TAR rolls
over from OXFFFF to Ox0000. An interrupt is also requested if TAIE has been
set. The program must clear TAIFG so that the next overflow can be
(] alels [ C ()

Copyright 2009 Texas Instruments

All Rights Reserved




Continuous Mode {9

0 Timer counts from 0 to OxXFFFF

d Fewer timing errors because timer never
stops - keeps counting up until it reaches
OxXFFFF and rolls over to 0 and keeps going.
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Modes of Operation:

Continuous Mode

OFFFFh

Oh

Timer X FFFEh X FFFFh X oh X 1h )C::’ X FFFER X FFFFh X Oh
| ) |
Set TAIFG I 3 |
J) i
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Continuous Mode

d If we have a period value in TACCRO

= The ACTUAL VALUE of the timer does not
matter — only the RELOAD VALUE matters -
this controls the period of the interrupt.

» Interrupt DOES NOT OCCUR AT 0 OR OxFFFF!

= Occurs when timer reaches current TACCRO
value!
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Continuous Mode

Continuous Timer Mode 2:

OxFFFF -

Say that reload value is 0x6000

0x0000

-

/

1) Timer reaches 0x6000,

fires interrupt, inside ISR we ADD
the period to the CURRENT
VALUE of the timer:

TACCRO += 0x6000

Therefore TACCRO = 0xC000, and
next interrupt will fire when timer
reaches this value.

S

3) Timer rolls over OxFF and now
reaches 0x2000. Cycle repeats.

2) Timer now reaches 0xC000,
fires interrupt, inside interrupt
TACCRO += 0x6000

New TACCRO = 0x2000 (rolls over
OxFFFF)
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Cont. Mode example

d The sub-main clock SMCLK runs at the same
speed as MCLK by default, which is 800 KHz for
example.

A If this were used to clock the timer directly, the
period would be=2716/800KHz =~ 0.08 s.

d We want about 0.5 s and therefore divide the
frequency of the clock by 8 using IDx. IDx = 8
(11) This gives a delay of about 0.64 s, close
enough.

d We use the simplest Continuous mode, in which
TAR simply counts up through its full range of
Ox0000-0xFFFF and repeats. This needs MCx =
10.
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Cont. Mode example

// timrled1.c - toggles LEDs with period of about 1.3s
// Poll free -running timer A with period of about 0.65s
// Timer clock is SMCLK divided by 8, continuous mode
// Olimex 1121STK , LED1 ,2 active low on P2.3,4
#include <io430x11x1.h> // Specific device
// Pins for LEDs
#define LED1 BIT3
#define LED2 BIT4
void main (void)
{
WDTCTL = WDTPW|WDTHOLD; // Stop watchdog timer
P20UT = "LED1; // Preload LED1 on , LED2 off
P2DIR = LED1|LEDZ2; // Set pins for LED1 ,2 to output
TACTL = MC_2|ID_3|TASSEL_2|TACLR; // Set up and start Timer A
// Continuous up mode , divide clock by 8, clock from SMCLK , clear timer
for (;;) { // Loop forever
while (TACTL_bit. TAIFG == 0) { // Wait for overflow
Y // doing nothing
TACTL_bit. TAIFG = 0; // Clear overflow flag
P20OUT "= LED1|LEDZ2; // Toggle LEDs
Y // Back around infinite loop
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Cont. Mode example {:';

 More tasks could be added here, provided that
they do not take longer than the period of the
timer. The result is a paced loop, a
straightforward structure for a program that
carries out a sequence of tasks at regular
intervals.

d Nowadays it would be unusual to pace the loop
by polling the timer; instead the MCU would save
energy by entering a low-power mode after it had
completed the tasks and wait for the timer to
wake it again.
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Modes of Operation: Up Mode {9

0 Timer counts UP from zero to TACCRO

d Interrupt occurs when timer goes back to
zero

0 Useful for periods other than OXFFFF
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Modes of Operation: Up Mode ‘ly

OFFFFh
TAGCRD UL LT

Oh

Timer )(c:c:m-ﬂ( CCROK oh X 1h x:z:’ )(ccmqi ccmi( Oh
| : )

Set TAIFG |
Set TACCRO CCIFG I | y | |

13
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Timer_A in Up Mode {9

d Finer control over the delay is obtained by using the timer
in Up mode rather than continuous mode. The maximum
desired value of the count is programmed into another
register, TACCRO. In this mode TAR starts from 0 and
counts up to the value in TACCRO, after which it returns to
0 and sets TAIFG.

d Thus the period is TACCRO+1 counts

d Here the clock has been divided down to 100 KHz so we
need 50,000 counts for a delay of 0.5 s and should
therefore store 49,999 in TACCRO.

TACCRO = 49999; // Upper limit of count for TAR
TACTL = MC_1|ID_3|TASSEL_2|TACLR;
// Set up and start Timer A

// "Up to CCRO" mode , divide clock by 8, clock from SMCLK ,
clear timer
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Random Light Display

d A pretty application of the delay is a random light
show on the LEDs. Of course this is rather limited
with only two LEDs but the principle can be
applied to bigger displays. This again uses a
delay set by the timer but requires a calculation
for the next pattern to display

<LQD*-I O D*—Q D*—Q D+

output

bit: 3 2 1 0 < clock

Figure 4.10: A shift register with feedback through an exclusive-OR gate from the
last two staces. used to generate a pseudorandom stream of bits.
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The circuit without the exclusive-OR gate and its
connections is a plain shift register. A D flip-flop simply
reads the value on its D input at a clock transition and
transfers it to its Q output. Thus the value in flip-flop O is
transferred to flip-flop 1 after a clock transition.

At the same time the value in flip-flop 1 is transferred to
flip-flop 2 and so on. The pattern of bits simply shifts one
place to the left in each clock cycle. An input is applied to
the first flip-flop, O.

A pseudorandom sequence requires more complicated
feedback. The simplest method, shown in the figure, is to
take the feedback from an exclusive-OR gate connected to
the outputs of the last two stages.

The counter must therefore be “seeded” with a nonzero
value. The counter in

Figure with N = 4 gives the sequence 0001, 0010, 0100,
1001, 0011, 0110, 1101, 1010, 0101, 1011, 0111, 1111,
1110, 1100, 1000 and repeat
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Program to produce a pseudorandom bit
sequence by simulating a shift
register with feedback.

// random1.c - pseudorandom sequence on LEDs Poll timer A in Up mode with period of about 0.5s
// Timer clock is SMCLK divided by 8, up mode , p eriod 50000 Olimex 1121STK, LED1 ,2 active low on P2.3,4
[ =

#include <io430x11x1.h> // Specific device

#include <stdint.h> // For uintli6_t

#define LED1 BIT3// Pins for LEDs

#define LED2 BIT4

// Parameters for shift register; length <= 15 (4 is good for testing)

#define REGLENGTH 15

#define LASTMASK (( uint16_t) (BITO << REGLENGTH ))

#define NEXTMASK (( uint16_t) (BITO << (REGLENGTH -1)))

void main (void)

{

WDTCTL = WDTPW|WDTHOLD; // Stop watchdog timer
P20OUT = LED1|LEDZ2; // Preload LEDs off
P2DIR = LED1|LED2; // Set pins with LEDs to output
TACCRO = 49999; // Upper limit of count for TAR
TACTL = MC_1|ID_3|TASSEL_2|TACLR; // Set up and start Timer A
// "Up to CCRO" mode , divide clock by 8, clock from SMCLK , clear timer
pattern = 1;
for (;;) {// Loop forever
while (TACTL_bit.TAIFG == 0) { // Wait for timer to overflow
} // doing nothing
TACTL_bit.TAIFG = 0; // Clear overflow flag
P20UT = pattern; // Update pattern (lower byte)
pattern <<= 1; // Shift for next pattern
// Mask two most significant bits , simulate XOR using switch , feed back
switch (pattern & (LASTMASK|NEXTMASK )) {
case LASTMASK:
case NEXTMASK:
pattern |= BITO; // XOR gives 1
break;
default:
pattern &= "BITO; // XOR gives 0
break;

b
. Y // Back around infinite loop
1




Modes of operation: Up Down mode {9

d Timer counts from 0 to TACCRO, then back down to O

d Used when timer period must be different from
OxFFFF and when pulse needs to be symmetric

d Good for driving motors (ON pulse to control speed)
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Modes of operation: Up Down mode ‘ly

OFFFFh
7YoL 1 S —

Oh

Timer XCCF{D—1X CCRO XCCRD-1XCCRD-2X:::] X 1h X oh X

J
\
Up/Down '\
Set TAIFG i |
; 1))
Set TACCRO CCIFG I c
! 1))
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Timer_A Interrupt Vectors

CCRO CCIFGO
CCR2 CCIFGE
(TAR Dwerlluw)

CCIED

%3

TAIE
TAIFG

CCIE1

TACCRO

Interrupt Vector

CCIEZ2

—  TAIV

TACCRO

Interrupt Vector
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TACCTLx, Capture/Compare Control

Register
15 14 13 12 11 10 g 8
CMx CClSx sCs sccl Unused CAP

rw=(0) rw=(0) rw=(0) rw=(0) rw=(0) r=(0) r=(0) rw=(0)

7 6 5 4 3 2 1 0
OUTMODx CCIE ccl ouT cov CCIFG
rw=(0) rw=(0) rw=(0) rw=(0) r rw=(0) rw=(0) rw=(0)

CAP Bit 8 Capture mode

0 Compare mode
1 Capture mode

CCIE Bit 4 Capture/compare interrupt enable. This bit enables the interrupt request of
the corresponding CCIFG flag.
0 Interrupt disabled
1 Interrupt enabled

CCIFG Bit0 Capture/compare interrupt flag
0 No interrupt pending
1 Interrupt pending
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Example 1

Continuous Mode
Output pin P6.0 with toggle rate = 32768/(2*50) = 328Hz

#include "include/include.h”
#include "include/hardware.h"
void main ( void )

{
WDTCTL = WDTPW + WDTHOLD; // Stop WDT
P6DIR |= 0x01; // P6.0 output
CCTLO = CCIE; // CCRO interrupt enabled
CCRO = 50;
TACTL = TASSEL_1 + MC_2; // ACLK, contmode
eint(); // Enable the global interrupt
//or _BIS_SR(LPMO_bits + GIE);
LPMO; // Enter low power mode or wait in a loop
bs

// Timer_A TACCRO interrupt vector handler

interrupt (TIMERAO_VECTOR) TimerA_procedure(void){
P6OUT ~= 0x01; // Toggle P6.0
CCRO += 50; // Add offset to CCRO
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Example 2

0 Up Mode
O Output pin P6.0 with toggle rate = 32768/(2*50) = 328Hz

#include "include/include.h"
#include "include/hardware.h"
void main ( void )
{
WDTCTL = WDTPW + WDTHOLD:; // Stop WDT
P6DIR |= 0x01; // P6.0 output
CCTLO = CCIE; /l CCRO interrupt enabled
CCRO =50-1;
TACTL = TASSEL 1 + MC_1; // ACLK, upmode
_BIS_SR(LPMO_bits + GIE); // Enable the global interrupt and enter LPMO
}
I/ Timer_A TACCRO interrupt vector handler
interrupt (TIMERAO_VECTOR) TimerA_procedure ( void ){
P60OUT "= 0x01,; // Toggle P6.0

}
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