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Technika cyfrowa 2

wyktad 11

Redukcja mocy
Niezawodnos¢ dziatania programéw uzytkowych

Katedra Metrologii Elektronicznej i Fotonicznej
Andrzej Stepien
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Wewnetrzne generatory )

dzielnik
wewnetrzny N=12,6, 3,1 foso
generator || powielacz >k = Y
procesora czestotliwoscil M fosc

M

C1* R1* powielacz MC68CK3381 Motorola
" H wewnetrzny czestotliwosci
] generator L Phase | f =4f Y+1) 22W+X
aH procesora Locked o =4 foso (Y*1)
c2*  R2* Loop

filtr dolnoprzepustowy

*)components must be based on crystal type;
contact crystal vendor for exact circuit
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Redukcja mocy

Czynniki sprzyjajace redukcji mocy:

« technologia, maty pobor pradu w trakcie standardowej pracy
« zmniejszenie czestotliwosci sygnatu taktujgcego

« krétka faza migdzy koricem trybu redukcji mocy i standardowym
dziataniem

« podtrzymanie zawartosci wewnetrznych pamieci i rejestrow
« wylacznie zbednych, nieuzywanych uktadéw wewnetrznych
« brak zewnetrznych uktadéw, np. pamigci programu, danych, peryferii

« sprzetowe / programowe tryby redukcji mocy

Prlitachniba Wenctacla

DIVAX

Ny LFXTCLK Oivider
oo x5 VP | IEGLOrY  MSP430x1xx
| — LFXT1CLK - Low/high-frequency oscillator:

« low-frequency 32,768-Hz watch crystals

+standard crystals, resonators

«external clock in the 450k .. 8MHz range

XOUT

XT20LK

XT2CLK - Optional high-frequency oscillator:
standard crystals

resonators

«external clock in the 450k .. 8MHz range

XT2007

[ AR, N

XT2 Oscllator

L-DCOCLK - Internal digitally controlled
oscillator (DCO) with RC-type characteristics.

\

sl owex

P25Rose
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Internal RC Oscillator

V
« AVRO051: Set-up and Use the External RC Oscillator.
AVR A Application Note, Atmel Corporation 2002
Xtal1 1 Short start-up time of RC
Le f~ 3RC oscillator:
min 22 pF
max. 4 ps + 10 clock cycles

= GND
Frequency and Power Consumption for C=22pF() / C=100pF(®), simulated values

Resistor Value (kQ) Frequency (MHz) Typical Consumption Current

1.2 11.9/4.54 1.0/0.57
22 7.36/2.32 1.0/0.18
3.9 4.40/1.41 0.57/0.18
8.2 1.98 0.18
18.0 0.99 0.18

) C =22 pF, and 12 pF stray capacitance (package, pad, pin, and PCB)
2) C =100 pF, and 12 pF stray capacitance (package, pad, pin, and PCB), 5V
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Internal Calibrated RC
Vo sev Oscillator Frequency vs.
.« Temperature
V.= a0V (the devices are calibrated to
e 8 MHz at Ve = 5V, T=25°C)

Internal Calibrated RC
Oscillator Frequency vs. 74
Operating Voltage 72
(the devices are calibrated to
8 MHz at V. = 5V, T=25°C)

Fy(z)
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TOM WILLIAMSON: Oscillators for Microcontrollers
APPLICATION NOTE AP-155, June 1983, Intel Corp.

so Tg, us

Cx = Cx1 = Cxz

W .
SyisE R EEn
% A

-

40 60 80 100
Oscillator Start-Up
(3.58 MHz Ceramic Resonator
from NTK Technical Ceramics)

120

140
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PCB - Ceramic Resonators

Microcontroller Connection to Peter Mariutti:

system ground
[;,ecoupzn capacitance C; Crystal Oscillator
Cotisatioh i syt Vog on the back side of the PCB Z’;;’T: €500 and
Via to ground island and
Via to system Vpp system ground Microcontroller
Vpp. Vss Families.
] ApNote AP242005,
e XTAL2 Infineon

Technologies, 1999

2 terminal type  —

ceramic resonator Vias to ground island
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Rezonator kwarcowy ()

Uktad zastgpczy rezonatora kwarcowego z obudowg i mocowaniem

Co-

Ly C, R

Co

= Caw T Ca Cay T Cen 5

L,, Ry, C, - indukcyjnos¢, rezystaridja i pojemno$¢ dynamiczna

C, - pojemnos¢ statyczna miedzy elektrodami

Ly, Ry i Ly, Ry - indukeyjnosé i rezystancja obu doprowadzen

Ca» Cayy - POjemnoscei statyczne miedzy doprowadzeniami i obudowg
A Cer - POjemnosci statyczne migdzy doprowadzeniami i obudowa

C,. - pojemnos¢ doprowadzen
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Quartz Crystals & Ceramic Resonators

Peter Mariutti: Ceramic Resonator Oscillators and the C500 and C166 Microcontroller Families.
ApNote AP242401, Infineon Technologies, 1999

Principal technical Differences between Quartz Crystals and Ceramic
Resonators

Ceramic Resonator Quartz Crystal

Price Factor (depends on quality) 1 2
Mechanical Shock Resistance very good good
Integrated Caps available yes no

Aging (for 10 years at room temperature) + 3000 ppm + 10 ppm
Initial Frequency Tolerance + 2000 ... 5000 ppm + 20 ppm
Temperature Characteristics +20 ... 50 ppm/°C + 0.5 ppm/°C
Load Capacitance Characteristics + 100 ... 350 ppm/pF + 15 ppm/pF
Oscillation Rise Time 0.01... 0.5 msec 1...10 msec
Quality Factor (Qm) 100 ... 5000 10 000 ... 500 000
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Rezonator kwarcowy ()

B. C. Klimek: yi y . WKit, 1980
Uktad zastgpczy .
rezonatora kwarcowego Reaktancja ,
bez obudowy i mocowania }
X, i
Ly C, R I
‘ f
T >
fg } f,
x 3
Co |
Czestotliwos$¢ rezonansu Czestotliwo$¢ rezonansu
szeregowego: réwnolegtego:
1 1 1 1 \/ [
fo= —— = At = 1+
s oTvie, B7om Voo *he, Tf S
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Rezonator kwarcowy (s

Czestotliwos$¢ rezonansu

réwnolegtego:
fomfs 1+ =2
a” s C_+C,
H gdzie:
c co s SxCe
b €= Cxi* Cxo
Ly

ot 0,01..05%
S




|
'y [ —

Quartz Crystals

SG3030JC/JF 32kHz CRYSTAL OSCILLATOR. The Crystalmaster Product Catalog.
Epson November 2002
R IC - equivalent to TC74HCUO04 (unbuffer)
equivalent to TC74VHCUO04 (unbuffer) 30..50 MHz
Toshiba Corp.
IC Ro
D Symbol
Frequency range R (MQ) | R (kQ) |Cg (pF) Cp (pF)
Xtal 20 kHz to 60 kHz 20 500 10
c c 60 kHz to 165 kHz 10 300 10
G D
5.5 MHz to 30 MHz 1 0.5 5t0 15
(Fundamental)
30 MHz to 50 MHz 1 0.5 5to 10
(Fundamental)
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Startup Time

Clay Turner: Use of the TMS320C5x Internal Oscillator With External Crystals or
Ceramic Resonators. SPRA054, October 1995, Texas Instruments

,Startup time is dependent on the external components used, but
generally requires at last 100 ms after power-up for the oscillator to
stabilize. For this reason, a reset delay of 150-200 ms is recommended
following power-up.”

COP8CBR9/COP8CCRI/COP8CDRY. 8-Bit CMOS Flash Microcontroller
with 32k Memory, Virtual EEPROM, 10-Bit A/D and Brownout.
DS101374, April 2002, National Semiconductor

CKI Frequency Startup Time

10 MHz 1-10ms
3.33 MHz 3-10ms
1 MHz 3-20ms
455 kHz 10-30ms
32 kHz 2 — 5 sec (low speed oscillator)

|
'y [ —

Parametry rezonatorow kwarcowych

Nominal frequency range f 32.768 kHz

Temperature  storage Tsre  -55°C to +125°C

range operating Topr -40°C to +85°C

Maximum drive level GL 1,0 tWiyax

Soldering condition Tsou  Twice at under 260°C within 10 sec.
or under 230°C within 3 min.

Frequency tolerance (standard) Afff +20ppm or £50ppm
(Ta=25C, DL=0.1,W)

Peak temperature (frequency) 0T 25°C +5°C

Temperature coefficient (frequency) a -0.04ppm/°Cyyax

Load capacitance C, 6pF

Series resistance R, 50kQpyax

Motional capacitance C, 1.8pFyax

Shunt capacitance C, 0.9pFyax

Insulation resistance IR 500MQyn

Aging fa +3ppm/Yyax
(Ta=25C £3C, first year)

Shock resistance S.R. +5ppmyy (test with:
3000G x 1/2 sine wave x 3 directions)
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Quartz Crystals - supply current

External Abdul Aleaf: A Study of the
Crystal [Squarewave gz’g?_’co;;g’a“’" for
Vcc fCLK tcy |CC ICC Natiqnal. Semiconductor.
\%] [Hz] [us] [wA] [wA] ;:pgllift;(;ns g/ote 400,
ugu:
24 32k 125 85 4,4
50 32k 125 83 10
Igc - total power supply
gg 1 m i ;gg ;2; current drain for COP410C
Crystal Crystal
= MSP430x43x, MSP430x44x.
fACLK = 32,768 kHz ON OFF Mixed Signal Microcontroller.
LPM3 | LPM4 SLAS344C, January 2002-
Vee =22V loc [WA] < 1,2 uA | <0,5pA ﬁz\;;s,ey::%arch 2003, Texas
Vee=3.0V lec [MA] <1,5pA | <0,5pA u
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Crystal Oscillator Start-s%JD

TOM WILLIAMSON: Oscillators for
Microcontrollers
APPLICATION NOTE AP-155, June 1983, Intel Corp.

Ts, ms

Cx = Cx1 = Cxz

Cx, 0F

10 30 50 70 90 110

Oscillator Start-Up (4.608 MHz Crystal
from Standard Crystal Corp.)

|
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Crystal Specifications

Crystal Considerations with Parameter Symbol| Min | Typ | Max | Units
Dallas Real Time Clocks. APP58, | Nominal Frequency Fy 32,768 kHz
Dallas Semiconductor, 1995 Load Capacitance L 3 oF
Temperature Turnover Point T | 20 25 30 | °c
Parabolic Curvature Constant | k 0,042 [ppm/°C]
Quality Factor Q |40.000|70.000
Daiwa DS-26S Crystal | Series Resistance R1 45 | kQ
Specifications | shunt Capacitance [N 1| 18| pF
Capacitance Ratio Cy/Cy 430 | 600
Drive Level D 1| W
0 1
20
40 DS1485 (25°C):
Delta -0 _
frequency 50 +30 seconds / month (C_= 6 pF)
e +4 minutes / month (C_ = 12 pF)
[ppm] i
<160
‘180
40 30 20 10 0 10 20 30 40 50 60 70 80
Temperature [°C]
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PCB - Crystal Oscillator

Peter Mariutti: Crystal Oscillator of the C500 and C166 Microcontroller Families.
ApNote AP242005, Infineon Technologies, 1999

Microcontroller Decoupling capacitance Cg

on the back side of the PCB

Connection to.

Connection to
ground layer (©

ground layer

Quartz
Crystal

Quartz Crystal package
has to be grounded

Connection to
ground layer
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COPBCBR National Semiconductor (1/2)

HS Osc on
LS Osc off
TO clked by HS Osc

HS Osc off

LS Osc on
HS Osc off 32 kHz
LS Osc on Low

l«—— Reset

HS Osc off
LS Osc on

Speed
HS Osc off /' Mode HS Osc off
LS Oscon HS Osc off HS Osc on LS Oscon
LS Osc on LS Osc on

TO clked by LS Osc  TO clked by LS Osc

The low speed oscillator is left on in HALT mode, because the low speed oscillator|
draws very little operating current.
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Power Management Mode (PMM) ()

External Interrupt or RESET

PMM1 Idle Mode
XTAL/64 (only CPU OFF)
Active Mode
software hardware

Cristal Oscillator XTAL/4
IRing Oscillator

Stop Mode

A XTAL OFF

XTAL/1024

Stop Mode
All OFF +

Kevin Self - Microcontrollers Applications Cristal Ampl. OFF

Engineer, Dallas Semiconductor Corporation
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MSP430 Low Power Mode (Texas Instruments)

RST/NMI

Reset Active 4,
WDT Active
Time Expired, Overflow
WDT Active
Security Key Violatiol

Low Power Mode 0
CPU Off, MCLK Off, SMCLK On
DCO On, DC Gen On

ACLK On

RST/NMI is Reset Pin
WDT is Active

Active Mode
CPU is Active
Various Modules are Active

ow Power Mode 4
CPU Off, MCLK Off, SMCLK Off
DCO Off, DC Gen Off
ACLK Off

Low Power Mode 3 lcc=0,1pA
CPU Off, MCLK Off, SMCLK Off Vcc=2,2
DCO Off, DC Gen Off
ACLK On

Low Power Mode 1
CPU Off, MCLK Off, SMCLK On
DCO Off, DC Gen On

ACLK On

6w Power Mode 2
CPU Off, MCLK Off, SMCLK Off
DCO Off, DC Gen On
ACLK On

lcc=65pA
@Vce=2,2V

Icc=1pA
@Vcee=2,2V

lec=11uA (@Vce=2.2V)
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COPBCBR National Semiconductor (2/2)

Operating Voltage 27.. 55V Supply Current fccimax
Power Supply Rise Time <50 x 108 ns
Power Supply Ripple
Peak-to-Peak

Normal Mode
High Speed Mode 13,2 mA
Dual Clock Mode 13,2 mA
Low Speed Mode 103 pA

Idle Mode
High Speed Mode 2,5 mA
Dual Clock Mode 2,5 mA
Low Speed Mode 30 pA

<0.1Vce

CKl =10 MHz, Vcc = 5,5V
Low Speed OSC = 32 kHz

CKI Frequency Startup Time

10 MHz 1-10ms Supply Current for BOR Feature
3.33 MHz 3-10ms 45 pA
1MHz 3-20ms
455 kHz 10 -30 ms HALT Current with BOR Disabled
32 kHz 2-5sec High Speed Mode 10 pA

Dual Clock Mode 17 pA

(low speed oscillator)
Low Speed Mode 17 pA

|57
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Technology

Ice [mA]

25 - 80C32

2 / (12 clocks)
e 003

(12 clocks)

clocks per machine cycle:

=+ DS80C320
(4 clocks)
performance 2,5

12 4 6 8 10 12 14 16 18 20
Performance relative to 1 MHz 8051
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Power Management Mode (PMM) () Exit from Stop Mode

) C operatin I 4-10ms ¢ operatin
Tce [mA] Cristal HC op! g } uC ops g
Type of mode: Oscillator !
T s s N + T
XTAL/4 (active mode A
0 full speed) Power 4
t t 4
o5 nC enters Ext. Interrupt Clock uC enters
Stop Mode Clock starts stabile Stop Mode
20 .
C operatin:
Cristal e 9 )
15 (backward software Oscillator uC operating
compatibility)
/XTAL/64 (PMMI with NOP) Oscillator ~——————————————————— NN
5 XTAL/1024 (PMM2 with NOP
/ Power Power saved
Stop Mode (I mA) 4 4
12 4 6 8 10 12 14 16 18 20 22 24 26 28 30 uC enters Ext. Interrupt  uC enters
Frequency [MHz] Stop Mode Clock starts ~ Stop Mode
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Power Management Mode (PMM) @5 External Memory

Type of memory:

External DSs7s20, Internal or External
27C256 (70ns) Program Memor

Burst Mode Operation

i i Internal DSS7C520
Energy consumed vs. processor speed for a 500 machine cycle task, active mode {

16KB of EPROM)

12 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Frequency [MHz]

Clock Machine Total Current

Frequency | Cycle Time lec -Time Tee [mA] Type of memory:
Period Product . External pSt7cs20
A DS2064
10 MHz ‘ 400 ns ‘ 200ms | 12,41 mA ‘ 248 mAs Internal or External 30 / (SRt Static RAM
30MHz | 133ns 166,5ms | 34,66 mA |230 mAs (-6%) Data Memory BRI | ey
10
5

12 4 6 8 10 12 14 16 18 20 22 24 26 28 30
IMiz)

3]
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Problemy z zasilaniem

Dynamic Voltage Scaling: = niewtasciwe zasilanie:

« dynamiczne przetgczanie napiec¢ zasilajacych w uktadach, ktére nie * niedostateczna filtracja napig¢ zasilajacych

pracuja z petng moca (np. odtwarzacz MP3, internetowe audio, kamera * przepigcia w uktadach zasilania
cyfrowa itp.) « duze spadki napigé na doprowadzeniach, $ciezkach drukowanych ptytki
« obnizenie napigcia zasilania rdzenia (U.c), zmniejszenie czestotliwosci + zaniki zasilania
taktujagej (fou) w mikroprocesorach, procesorach sygnatowych (DSP) = zmniejszenie wrazliwo$ci na zaktdcenia przedostajace si¢ przez zasilanie:
* pobor energii proporcjonalny do (Ugc)? * fo k. zmiana czestotliwosci - wlasciwa filtracja napieé zasilajacych, dodatkowe kondensatory filtrujace,
taktujacej dtawiki ferromagnetyczne
» wydtuzenie czasu zycia baterii 0 ok. 15-25% przy oszczednym « stosowanie uktadow zabezpieczajacych przed przepigciami
gospodarowaniu energig « skrocenie diugosci potaczen migdzy mikroprocesorem, a zewnetrznymi

- wlasciwe zaprojektowanie struktury mikroprocesora, DSP sterujacej uldadami i zasilaczem

stabilizatorem napigcia + wiasciwe prowadzenie $ciezek na ptytce drukowanej

« zewnetrzne / wewnetrzne kontrolery napie¢ zasilajacych
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One question system designers may ask themselves is:

“Why do | need one of these things anyway ?”

There are 3 situations that you must consider when answer-ing this

question:

» what would happen to the microcontroller (or other devices in the
system) if there was noise on the supply voltage as it powers up ?

« what would happen if there is a glitch on the power supply while the

system is running ?

» what does the microcontroller do when the system power is turned

off ?

Politechnika Wroclawska

Bro 9 Dete
SymbolParameter Condition Min  Typ Max | Units
Vgor  Brown-out Reset BODLEVEL =1 25 27 32 \
Threshold Voltage BODLEVEL =0 3.7 40 45 Vv
tsgop  Minimum low voltage BODLEVEL =1 2 us
period for Brown-out BODLEVEL =0 2 us
Detection
Viuyst  Brown-out Detector 130 mV
hysteresis i :

Vee
Vior - Vayst/2 = Veor!
|

- Vior+ = Veor + Vaysr/2

RESET

TIME-OUT

1
|

i

|

1

1

I

i

|

J

~— trout

INTERNAL
RESET

e
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External Voltage Supervisor

TPS31xxExx, TPS31xxH20, TPS31xxK33.
ULTRALOW SUPPLY-CURRENT/SUPPLY-VOLTAGE SUPERVISORY CIRCUITS
SLVS363 — AUGUST 2001, Texas Instruments

* Precision Supply Voltage

Supervision 3V
15V
+ Range: 0.9V, 12V, 15V, 1 |
16V,2V,33V Vbp Veore  Vio
* High Trip Point Accuracy: Tps3toeet1soay | DSP
0.75% Melm = N
RSTVDD RESET
 Supply Current of $—| SENSE J
1.2 pA (Typ) w2 RSTSENSE
* RESET Defined With Input GND GND
Voltages as Low as 0.4 V l
GND

« SOT23-6 Package
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DATA BUS

Brown

MCU Control and Status
Register (MCUGSR)

-Out Detect (112

]
Power-On BERE
Reset
Brown-Out
BODEN —
BODLEVEL —] Reset
Pull-up Resistor
SPIKE I
] L[ | e

Watchdog
Timer

INTERNAL RESET.

COUNTER RESEI'tj

ATmega8. 8-bit with 8K
Bytes In-System
Programmable Flash.
Atmel Corporation 2002. ok

Generator

CKSEL[30] M

IOl

Watchdog
Oscillator

cK Delay Counters
TIMEOUT

Politechnika Wroclawska

—
Glitch ‘
inpower ((y ¥
supply \ g

Low end of operating range

Vees
Vir @ Microcontroller ‘loses control' here
min 41,
200ns Danger Other components
Zone
sy in system
: imay work down to hier
~0,7 .. LIV ¢
Manualf{ |
Reset |1 |
1 1
1 1
RESET} ! ! AN686, Microchip
H 1
SLVAOS6A
ty 1 | nome Texas Instruments
T Qutput Undefined T
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Zaktocenia elektromagnetyczne (2

= oddziatywanie zewngtrznego pola elektromagnetycznego:

« przepiecia indukowane w zewnetrznych doprowadzeniach,
$ciezkach drukowanych

* przepiecia indukowane w wewnetrznych doprowadzeniach
(indukcyjnosci i pojemnosci potaczen struktury wewnetrznej z
wyprowadzeniami)

= emisja wtasnego pola elektromagnetycznego:
« btedne wykonanie potaczen dla duzych pradéw obcigzen
» nadmiarowe, bezzasadne generowanie dodatkowych sygnatéw

= wytadowania elektrostatyczne
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Zaktocenia elektromagnetyczne () Zabezpieczenia sprzetowe

= wiadciwa konfiguracja systemu = zmiana trybu pracy, redukcja mocy pobieranej przez mikrokontroler,
« eliminacja dodatkowych uktadow towarzyszacych, np. 8-bitowy wiaczenie zasilania rezerwowego, bateryjnego zewnetrznych pamieci
bufor linii adresowych w C51 . . .
+ eliminacja wszystkich, zbednych zewnetrznych ukladéw, np. = czasowe wylgczenie procesora we wszystkich mozliwych przypadkach
zewngtrznych pamigci w C51 = wywotanie procedury zerowania mikrokontrolera wskutek przepetnienia
« test sumy kontrolnej (CRC) catej pamieci kodu wewnetrznego licznika
« stosowanie pamiegci kodu programu programowanej maska = dodatkowy licznik o nastepujacych cechach:
* wytaczenie wszystkich nie uzywanych sygnatéw sterujacych, np. — programowe lub sprzetowe uruchamianie licznika
ALE, RD# i WR# w C51 — tylko sprzetowe zatrzymanie licznika zewnetrznym sygnatem RESET
. i . . . . — periodyczne, programowe reprogramowanie (zerowanie) zawartosci
= wiasciwy doboér mikrokontrolera, mechanizméw kontrolujacych dziatanie licznika w $cisle okreslonych warunkach (okreslona kombinacja
programu: sekwencji)
* programowe — sygnalizacja stanu licznika bliskiego przepetnienia, np. przez
+ sprzetowe przerwanie

e
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Watchdog w C320/530 Dallas/Maxim (2/3)

kasowanie programowe

Watchdog w C320/530 Dallas/Maxim (1/3)

A WD1,WD0
kasowanie programowe o—0
WD1,WD0 wewnetrzne
o—o zerowanie
) wewngtrzne gtowny
” EWT zerowanie generator .
growny | | przerwanie
generator . (adr=63h)
5 /. przerwanie SETB RWT
SETB RWT EWDI  EA (adr=63h) strat/ kasowanie programowe
= Jod$wiezanie Watchdog
stra .
PP kasowanie programowe
lodswiezanie Bod Watchdog Okres wewnetrznych zerowan przez licznik Watchdoga w ps:

dzielnik
CKCON (8eh) [ wot [ woo [ 72m [ 7am ][ Tom [ mp2 [ mp1 [ mpo | wstepny @1,832 MHz | @11,059 MHz | @12 MHz @33 MHz
WDCON (0Dsh) [SMOD1] POR [ EPF1 [ PF1_|[ WDIF [WTRF| EWT | RWT | 27+512 | 71825 11.898 10.965 3.987
2204+512 | 572646 94.863 87.424 31.791
- - 2234512 | 4.579.214 758.579 699.093 245216
TA (0C7h) l Timed Access Register: 0AAh, 55h, POR/WDIF/EWT/RWT ] 226 4 512 36.631.755 6.068.304 5.502.448 2.033.617

\%7? pottechnika vl -HOLD [NMIEST NMI_ [TMSEL][CNTCL] SSEL [ 1s1 [ IS0 ]

WDTCTL (120h)
read access = 69h

WatChdog = MS P430 write access = 5Ah
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Watchdog w c320530 pallasiMaxim (3/3)

Uruchomienie Watchdoga: Write to WDTCTL PUC
CK_CON EQU 1000 0000b ; 22% stopieri podziatu dzielnika wstepnego CNTCL s (achdog
TA_AA EQU O0AAh ; dostep do bitow w rejestrze WDCON Restart Watchdog at 0000 £ (OFFFEh)
TA_55 EQU 55h ; chronionych zapisem czasowym - priority 15
% HoLD 2 (highest)
Reset WD: a | £
ORL CKCON, #CK_CON ; programowanie stopnia (3#%(). 1 EN Clear POR ©
; podziatu dzielnika CLK 16-Bit Counter =
MOV TA, #TA_AA ; start Watchdoga 0 26 29 213 215 IRQA 1 g;ﬁem Tnterrupt
MOV TA, #TA_55 1] [Timer Mode  |¢ | Flag
SETB RWT =
1S1,I1S0 Reset 0
MOV TA, #TA_AA ; odblokowanie wewnetrznego zerowania Interrupt
MOV TA, #TA_55 ; przez Watchdog 11 10 01 00 Timer Mode
SETB EWT Watchdog Interrupt Enable Flag WDTIE L?,E)flf;?())




