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C51: Timers - Overview

= two 16-bit timers/counters (Timer 0 and 1) which are useful in many
applications for timing and counting.

= Timer/counter 0 and 1 of the C51 and can be used in the same four
operating modes:

—Mode 0: 8-bit timer/counter with a divide-by-32 prescaler

—Mode 1: 16-bit timer/counter

—Mode 2: 8-bit timer/counter with 8-bit auto-reload

—Mode 3: Timer/counter 0 is configured as one 8-bit timer/counter
and one 8-bit timer; Timer/counter 1 in this mode holds its
count.

= External inputs INTO and INT1 can be programmed to function as a
gate for timer/ counters 0 and 1 to facilitate pulse width
measurements.
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Zliczanie impulsow

S4|S5| 6| S1|S2|S3|S4|S5]86]|St|s2]|S3]|s4]
P1P2P1 P2 P1P2P1P2P1P2 P1P2P1P2P1 P2 P1P2P1P2P1 P2 P1P2P1P2

T bl
T¢ 1 cykl maszynowy -

_-” rejestru licznika

1 e
zewnetrzne 0.~
wejscie licznika
TOlub T1 i
Zliczenie zewngtrznego ©>Tg

impulsu na wejsciu i
licznika TO lub T1: fy < foe /24
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Jak w mikrokontrolerach

= Zlicza¢ pojedyncze impulsy N i paczki impulsow ?

= mierzy¢ czas t, czestotliwosc¢ f i przesuniecie fazy ¢ ?

= wygenerowac¢ pojedynczy sygnat prostokatny o zadanym okresie T i
wspotczynniku wypetnienia t = 2 ?

= wygenerowac¢ pojedynczy sygnat prostokatny o programowalnym
okresie T i wspotczynniku wypetnienia t ?

= wygenerowac kilka synchronicznych sygnatéw prostokatnych o
programowalnych okresach T; i wspotczynnikach wypetnienia t; ?

= uzyskac sygnat statopradowy o programowalnej wartosci sredniej Ug, ?

= stworzy¢é zmienny sygnat o zatozonych parametrach: ksztatcie,
amplitudzie i okresie ?
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Licznik TO, T1

- tryb 1
EA ET1
EAL 4 1 _INTR

1
TL1 | TH1 o—ox 001Bh
of’"{. 8 bitow|8 bitow > TF1 0

0, 0

TL1 (addr=8Bh)
TR1 \ |

TH1 (addr=8Dh)
GATE \ \

TMOD (addr = 89h)
[GATE] c/T# [M1=0] M0=1 | [ GATE] C/T# | M1=0] M0=1]

IE/IENO (addr = 0A8h) TCON (addr = 88h)

[ [ Jem] _Jerol ] [tri[tRi]TFo[TRO | [ ]
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SFR
0BOh P3
0A8h | IE/IENO
0AOh P2
098h | SCON | SBUF
090h P1
088h | TCON |TMOD | TLO T THO TH1
080h PO SP DPL | DPH PCON

rejestry licznika TO

rejestry licznika T

Brak mozliwosci zapisu zmiennych typu integer
do rejestréw licznikéw T0 lub T1
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Licznik 32-bitowy Liczniki w 89LPC93x Pniiips

Toggle
q
83C154D (Temic / Atmel W&C) o
T +—o~g | ENTn
0 -
CQT# Er, 15
P1.2 (T0) 1 e EA 1 o> E
ﬁ P0.7 (T1 e
() OT of’ol ’{8 bitow|8 bitow D °g 0 =
TLO | THO TL1 | TH1 '
Mode 1
"‘8 bitow|8 bitow [”8 bitow|8 bitow SELK (@ (@ndo0,2,3)
TRn

fosz:illatc)r
PCLK =2 DIVM

M, -S5P2: testTO INTn# T—’_I L GATEn
M., - S3P1:

: ‘”Cre_me”‘ counter AUXR1 (addr = 0A2h, Reset: 0000 00x0b)
M - S5P1:  TF1=1 [cikpL[EBRR[ENT1[ENT1][sRsT] 0 | - [DPS]|
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C515C: Timer 2 - overview C517A: Taktowanie licznika T2 (3

= The timer 2 with additional compare/capture/reload features is one of the

most powerful peripheral units of the C515C. It can be used for all kinds P1.5 Ll—cﬂ EAL 4 ET2 1 _INTR
of digital signal generation and event capturing like pulse generation, T2EX o—o0 002Bh
pulse width modulation, pulse width measuring etc. 0° o 0
= Timer 2 is designed to support various automotive control applications EXEN2
(ignition/injectioncontrol, anti-lock-brake ) as well as industrial
applications (DC-, three-phase AC- and stepper-motor control, frequency P1.7 w2, VA Licznik T2
generation, digital-to-analog conversion, process control 4). Please note T2 L 0 =
that this timer is not equivalent to timer 2 of the C501.

8 bitéw 8 bitow
= The C515C timer 2 in combination with the compare/capture/reload
registers allows the following operating modes:
—Compare: up to 4 PWM signals with 65535 steps at maximum, and 12
600 ns resolution
— Capture: up to 4 high speed capture inputs with 600 ns resolution
— Reload: modulation of timer 2 cycle time

Reload

T2PS1, T2PS
00
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C517A: Taktowanie licznika T2 (3 C517A: Taktowanie licznika T

p7l ® T2 T20 Licznik T2 pi7l v T2 T2 Licznik T2
T2 TL2  TH2 T2 TL2  TH2
8 bitow 8 bitow 8 bitow 8 bitow
Jose
12

Loo
T2PS1, T2PS
P1.7/T2 | 1 [ 1 I_WIC T2
N PLme ) ] —
<—*—*—*—*—ﬁ“’(')1 “’(')2 "13 Ng‘ “’:5 T2 |T2=o T2= M T2= T2=11
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A: Reje nika Pojecia
P5
OFOh B CML6 | CMH6 | CML7 [CMH7 |CMEN [CMSEL
0E8h P4
0EOh Acc  |CTCON| CML3 |CMH3 | CML4 | CMH4 | CML5 | CMH5
0D8sh = Pulse Width Modulation - modulacja szerokosci impulsu
S 0DOh PSW CMLO |CMHO | CML1|CMH1 | CML2 | CMH2 . L, . .
F = Reload — programowy/sprzetowy wpis warto$ci poczatkowej
R 0Ch | T2CON |CCAEN] GRCL | CRCH | TL2 | TH2 | CCL4 | CCH4 licznika
ocoh | IRCON | CCEN | CCL1 | CCH1 | CCL2 | CCH2 | CCL3 | CCH3
0B8h IEN1 = Compare - sprzgtowe poréwnanie wartosci chwilowej licznika z
0BOh P3 zadanym stanem
0A8h IENO . . -
= Capture — programowy/sprzetowy wpis (przechwycenie) wartosci
0AOh P2 ICOMSETL [COMSETH/COMCLRL{COMCLRH SETMSK | CLRMSK chwilowej licznika
ossh | Tcon [Tmop [ 1o | TL1 [ THO | TH1 | | |
Mozliwos¢ zapisu zmiennych typu integer do rejestréow licznika T2
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Pulse Width Modulation n) Pulse Width Modulation ()

U u(t)
® Ved ————- .
Vee p———~ - t
= modulacja szerokosci I t T T
impulsu © T
T
= warto$¢ $rednia napigcia: Uy, =V *xt/T
= warto$¢ $rednia napiecia: Uy, =V *xt/T Voo
cc

= generator sygnatu u(t)

u(t u(t) — \v
Vol2 t

)
Vee |- u 1 - po Vee-
l[ﬂ |-| " usrednieniu
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Changing the AmplitUde without using any

Multiplication — Instruction (2/2)

Changing the AmplitUde without using any

Multiplication — Instruction (1/2)

www.infineon.com

AP08022 Generating sinusoidal 3-Phase-Currents for Induction Maschines with a N
U=A=xsinB N +
= B corresponds to the angle variable high byte TN N
= sin B corresponds to the value in the sine table to be multiplied with the f X VAl y, ‘ e
amplitude A | NS NN
= U corresponds to the value moved to the compare register . = sin X + sin X = 2#sin X 4 = sin X +sin(X+180°) = 0
= To avoid the multiplication, following equation shows a solution: )

U = A = sin B = cos(arccos A) * sin B = / \
=cos A' # sin B =" * [sin(B - A) + sin(B + A")] F ad —_—

= The multiplication of A and sinB is now transfered with an addition \
theorem into the operations B-A’ and B+A’ and two sine table accesses. 2 -
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Three'Phase Sine Wave Currents for Induction

Motors (1/4)

1/t Diagram

Period Time (1/)

High
Side

Low 1. X
side 77 \
V,

—0  Output

[ V3T (120°)

————— PhaseU — —  PhaseV — - — PhaseW
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Three'Phase Sine Wave Currents for Induction

Motors (3/4)
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Three'Phase Sine Wave Currents for Induction

Motors (2/4)

Programmable Period Value

Programmable /\ /\

Programmable

Compare Value ’} Offset Value
“X (for Dead-Time)
Zero
Programmable
_+-Dead-Time
High Side
*CCx Pin [ Gating Signal
*COUTxPin | Low Side
Gating Signal
*(x=0,1,2)
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Three'Phase Sine Wave Currents for Induction
Motors (4/4)

16-Bit Compare Timer

Programmable Period Value
Channel 0 Compare Value ~-----/--

Open Three
User Loop Motor Phase
Interface Control Interface Motor
Async.
Serial Digital Three
C504/ g
e 4 P csos ) Phase
Link Signals Inverter
Phase C High Side  ¢cc2
Phase C Low Side COUT2

Interrupt
- Request
EXEN2
» Timer 2

TL2  TH2

[

Compare

| 1L 1l ‘ 11
-, z PPy P11
| 16 Bit | 16 Bit | 16 Bit i I 16 Bit I le— IN74

Comparator Comparator Comparator Comparator

Input/ cot
Output

<

» P12

[« INTE

I CCL3/CCH3 I | 'CCH2 l | COL1/CCH1 | |CFCL‘CF€CH | cc3

The host PC sends the desired amplitude A and frequency to the MCU

Open Three
User Loop Motor Phase
Interface Control Interface Motor
Async.
bc 4 Serial N c504/ Digital \ ‘Pl'r;‘ree Three \
L P| csos " 4 ase v
Link Signals Inverter Phases

The compare values cannot be computed by the microcontroller in a
reasonable time, therefore the values are periodically read out from a
sine table in memory which means, that the compare values are 8-bit.
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16'bit Timer - Overview

= The timer consists of a 16-bit free-running counter driven by a
programmable prescaler. It may be used for a variety of purposes,
including measuring the pulse lengths of up to two input signals (input
capture) or generating up to two output waveforms (output compare
and PWM). Pulse lengths and waveform periods can be modulated
from a few microseconds to several milliseconds using the timer
prescaler and the CPU clock prescaler.

Some ST7 devices have two on-chip 16-bit timers. They are
completely independent, and do not share any resources. They are
synchronized after a MCU reset as long as the timer clock frequencies
are not modified.

This description covers one or two 16-bit timers. In ST7 devices with
two timers, register names are prefixed with TA (Timer A) or TB
(Timer B).
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16-bit Timer - main Features

= Programmable prescaler: f.p, divided by 2, 4 or 8.
= Overflow status flag and maskable interrupt
= External clock input (must be at least 4 times slower than the CPU clock
speed) with the choice of active edge
= Output compare functions with:
—2 dedicated 16-bit registers
—2 dedicated status flags

= Input capture functions with:
—2 dedicated 16-bit registers
—2 dedicated active edge selection signals
—2 dedicated status flags — 1 dedicated maskable interrupt
= Pulse Width Modulation mode (PWM)
= One Pulse mode
= alternate functions on 1/O ports: ICAP1, ICAP2, OCMP1, OCMP2, EXTCLK

— 2 dedicated programmable signals
—1 dedicated maskable interrupt

5%
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C51: Licznik TO, T1

- tryb 2

TLO (addr=8Ah)

THO (addr=8Ch)

TMOD (addr = 89h)
[GATE] c/T# [ M1=1] M0=0] [GATE] C/T# [ M1=1] M0=0 |

IE /IENO (addr = 0A8h) TCON (addr = 88h)

EA |
EALl [ [ J[em[_Tero[ ] [rralrralTrolTrRo] [ [ T ]
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C517A: Tryb Compare

Licznik T2

Komparator Komparator
CC3 CC2

Rejestr CC2

INTR (002Bh)

Komparator Komparator
Cc4 CRC

Rejestr CC4

Komparator
cc1

Rejestr CC1

IEX5 (0063h)"  IEX4 (0058h)

IEX2
(004Bh)

IEX3
(0053h)
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16-bit Timer - Block Diagram

ST TERNAL

¥ 4
{Tovr [ooe] tor [ e [oors] o | 5] o

Bt
Jeoatoivea

SR RERSER | OO SRR

i
TR (STERNAL AUTERAVAT |
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C517A: Tryb Reload

przepetnienie

TF2

Mode 0
A -7 P1.5

[ u
Mode 1 T2EX
Rejestr CRC

CRC - warto$¢ poczatkowa licznika T2

Politechnika Wroclawska

A D ( ompare
L TF2 INTR (002Bh)
przepetnienie licznika|T2 czytaj przerzutnik
Vce
Licznik T2 >R

magistrala 2 _ — P1.0/CCO
Q I>_| P1.1/CC1
Komparator =~ HE 4w P1.2/CC2
i ] 4@7 P1.3/CC3
stan rownosci czytaj pin P1.4/CC4

Rejestr CCn| wybranego

rejestru CCn ze stanem licznika T2
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C517A: Tryb 0 Compare @3

St_?; 0 =0FFFFh + 1 przepetnienie licznika T2

I - np. -500 = OFEOCh
cet _,-rr wspotczynnik wypetnienia
|
|
CRC e e I ____ | np.-1000 =0FC18h
! ! ! ¢ okres
| | |
P1.1/CC1 T—‘ '—‘
t
| | =500 |
| N |
| T =1000 | PWM
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C517A: Tryb 0 Compare - przykiad (22)

Wypelnienie EQU 500
Okres EQU 1000

; wspotczynnik wypetnienia = 1/2

; okres sygnatu = 1000 us = 1 ms

Stan_T2 EQU —Okres ; = OFC18h, warto$¢ poczatkowa T2
Stan_CRC EQU Stan_T2 ; warto$¢ poczatkowa T2 po autotadowaniu
Stan_CC1 EQU  —Wypelnienie ;=0FEOCh, stan poréwnania w CC1
Stan_CCEN EQU 0000 1000b ; odblokowany tryb poréwnania dla CC1
StanT2CON EQU 0001 0001b ; tryb taktowania licznika T2 + autotadowanie

Generator_1kHz:
MOV TH2, #High Stan_T2
MOV  TL2, #Low Stan_T2
MOV CRCH, #High Stan_CRC ; wartosc rejestru CRC, poczatek zliczania
MOV CRCL, #Low Stan_CRC
MOV CCH1, #High Stan_CC1
MOV CCL1, #Low Stan_CC1
MOV CCEN, #Stan_CCEN
MOV T2CON,#Stan_T2CON

Koniec_programowania: ; licznik generuje sygnat az do ponownego|
: programowania lub zerowania procesora

; warto$¢ poczatkowa licznika T2

; warto$é rejestru poréwnania CC1

; tryb 0 poréwnania licznika T2
; start licznika T2
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C517A: Tryb 1 Compare -iinme

Timer T2 read latch Vce
D Q D only
Internal bus CLK Q P1.4/CC4
g Q
Shadow Latch | oLk I)J
’-I GND
4 ' read pin
read latch Vce
- D Q D All Port P5
Register CC4 LI CLK Q P5 x/CMx
Q
. e Shadow Latch ,| oLk IDJG
oncurrent Compare 1 ND
Function 4 |
of Register CC4 ' read pin
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C517A: Tryb 0 Compare - przykiad (1/2)

Generowanie
t

sygnatu /|
sinusoidalnego: §
\ okres do
0

wartosci

3‘0 QP 15‘0 21‘0 27;0 33‘0 chwilowe
Lo / do CC2

U(ti)=128+127*sin(é360°+30°) i=0,1,..,5
port P1, np. P1.2/CC2: r t +iltr
ue): 192125511921 65 1 1 | g5  doinoprzepusiow
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C517A: Tryb 1 Compare

read latch

Timer T2 Vce
D Q P1.0/CCO
D P1.1/CC1
Internal bus
CLK S P1.2/CC2
e 3 || Shadow Lateh | T I>J P1.3/CC3
omparator -
Sy ]-I GND ..iinne ..
Register CC3 - 0 q i

read pin
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A amnare _Moqae o d
Synchroniczne generowanie kilku sygnatéw z wykorzystaniem rejestru CC4, np.:
« wzorcowych sygnatéw binarnych
« sterowanie wielofazowych silnikéw skokowych
« sterowanie ‘cewek uktadéw zaptonowych

P5.7
P5.6

P5.5
P5.4

sl L[ L L[ LI L_|
ps2l | | [ ||

[

P5.1
P5.0
1ms 4ms 6ms 8ms Oms
stan portu P5  pgp 65h 9 5@3} Aih}
po kolejnej ms: 6Ah 99h 5Ah| AAh 69h
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S-Bitowa tablica wzoArccT)v‘v ) _1 6-bitom;a {ab_lica czasow - stanu
| A8 | stanu portu P5 wpisywanych rejestru CC4; komparator CC4 1000
6Ah | do przerzutnika pomocniczego przepisuje stan przerzutnika 2000
65h | (Shadow Latch) portu P5 pomocniczego do przerzutnika
wyjsciowego portu P5 3000
9%h P5.7 ] ‘ 4000
L R | | ' 5000
all 6000
P5.5
56h 7000
AAN P5.4 o0
ey Ny N e e T
sl L [ L 1L
P5.1
P5.0 ¢
1ms 4ms 6ms 8ms
stan - Agh { 65h 95h 5@3} Ath
portu P5: 8Ah 99h 5Ah AAh
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16-bit TIMER PWM mode ()
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C517A:

Tryb Compare 2

czytaj przerzutnik

CLRMSK L Veo
Komparator R
ik T2 ) bo“—> p

e, | .
JLls Q I)_'

Komparator >

SETMSK = GND
COMSET <] 2yt pin

P5.7/CCMT7]

P5.0/CCM(
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16-bit TIMER PWM mode @

= Automatic generation of a Pulse Width Modulated signal

= Period &pulse lenght set by software:

—The first Output Compare Register OC1R contains the length of the
pulse

—The second Output Compare Register OCR2 contains the period of
the pulse

= Resolution up to 100 steps at 20 KHz (fCPU =4 MHz): 1% of accuracy
on the duty cycle

Politechnika Wroclawska

MOV addr, #dana

; 2 cykle maszynowe

FREE RUNNING
COUNTER VALUE

FFFFh

Tmax = Ttimer x 65535

FEFCh
Cumpars 8

Compars 1
Q000h
Hive
OCMP1 OLVi2= 1
Ouput Gompars r‘
Timer outpul
OLVL1=0 time
— - i |
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Wpis/odczyt synchroniczny ()

* programowy wpis synchroniczny:
— zatrzymanie licznika na czas wpisu

« wpisywana warto$¢ do licznika : 0x0100
« czas trwania instrukgji:
CLR TRO ; 1 cykl maszynowy
MOV TMOD, #1 ; tryb 1 (16-bitowy) obu licznikéw
MOV  TLO, #L.OW StanPoczTO ; StanPoczTO0:
MOV  THO,#HIGH StanPoczT0 ; 00FDh || 00FEh
SETB TRO
MOV  TLO, #00
MOV  THO,#01
CLR TRO ; stan
Stop1: ; licznika TO: | 0103h || 0103h
MOV  TLO, #LOW StanPoczT0
MOV  THO,#HIGH StanPoczT0
SETB TRO
MOV  THO,#01
MOV  TLO, #00
CLR TRO ; stan
Stop2: ; licznika TO: | 0201h ||0101h

Write:

wpis czesci mniej znaczacej

wpis czesci bardziej znaczacej
ponowne uruchomienie licznika
korekta wpisywanej wartosci o czas wpisu, zatrzymania,
uruchomienia licznika

LDI
LDI

R17, 0x01
R16, OxFF

OUT TCNT1H, R17
OUT TCNT1L, R16
; TC

« sprzetowy wpis synchroniczny, np. Atmega8L:

; TempReg « R17, high byte first
; TCNTIL <« R16, low byte second

NT1H < TempReg
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ST7: wpis/odczyt synchroniczny ()

Write 16-bit Timer Register:
— Writing the counter LSB resets the timer at FFFCh

Read 16-bit Timer Register:
— Read MSB first and then the LSB

— The counter LSB is buffered during the MSB read, byte value is
buffered automatically.

Beginning of the sequence

— This buffered value remains
unchanged until the 16-bit
read sequence is
completed, even if the user
reads the MS Byte several
times.

Read
Atto  [MSByte

LS Byte
is buffered

T Other
Linstructions;

Read

+ 10
tic

Returns the buffered

+At|iSByte | = |LSBytevalueatto |

Sequence completed
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16-bit TIMER: Capture - Block Diagram

= Select the edge of the active transition on the ICAPn pin with the
IEDGn bit (the ICAPN pin must be configured as a floating input or
input with pull-up without interrupt if this configuration is available).

[ (Control Registar 1) CR1

() T 1T T e |

! (Status Register) SR
IC2R Register » | o ‘

18-BIT (Control Register 2) CR2

16-BIT FREE RUNNING | | | | L:r:||r*::ﬂi£[::2] |
COUNTER ]._,[ T

= CC[1:0] Select the timer clock
= Set the ICIE bit to generate an interrupt after an input capture coming
from either the ICAPnN pin

ICAP1

EDGE DETECT
CIRCUIT1

ICAP2 |

IC1R Register
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C517A: Capture

Intr

write to CRCL

‘ Register CC4 I ‘ Register CRC I

L F] gy
P14 P1.1-3 P1.0

CC4 CC1-3 CCo
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16-bit TIMER: Capture

= Captures the counter value upon input signal edge detection
= Allows an external pulse length measurement

= Internal safety process in case of critical interrupts timing

= The ICFi bit is set.

= The ICiR register contains the value of the free running counter on
the active transition on the ICAPI pin.

= A timer interrupt is generated if the ICIE bit is set and the | bit is
cleared in the CC register. Otherwise, the interrupt remains pending
until both conditions become true.
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16-bit TIMER: Capture - Timing Diagram

TIMERCLOCK [ 1 1
COUNTER REGISTER Fror X FF02 X FF03 X
ICAPi PIN
ICAPi FLAG —
ICAPi REGISTER X FF03

Note: Active edge is rising edge.
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Capture - example

Timer T2
INT4 INT3# INT4
'y

'y

u(t)

Clear
Interrupt T
History

INT4
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PCA - Features (1/2)

= The PCA consists of a :
+ dedicated 16-bit counter/timer
« five 16-bit capture/compare modules
« each capture/compare module has its own associated /O line (CEXn)
« 1/O lines are routed through the Crossbar to Port I/O when enabled.

= Each capture/compare module may be configured to operate independently
in one of six modes:
« Edge-Triggered Capture
« Software Timer, High-Speed Output,
 Frequency Output,
- 8-Bit PWM
« 16-Bit PWM

= The PCA is configured and controlled through the system controller's Special
Function Registers (SFR).

|57
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Sygnat dzwiekowy - procramowo (113)
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PCA - Features (2/2)

SYSCLK/12
SYSCLK/4
SYsok ]
Ext Clock/8
—_—

16-Bit Counter/Timer

T

max rate

SYSCLK/4

Capture
Compare
Module 4
WDT

Capture
Compare
Module 0

Capture
Compare
Module 1

Capture
Compare
Module 2

Capture
Compare
Module 3

ICEXZ ICEXS ICEX4
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Sygnat dzwiekowy . sprzetowo (213)

; generowanie sygnatu dzwiekowego o czestotliwosci 2 kHz:
; - czas trwania zera i jedynki logicznej: T = 0,25 ms = 250 ps,
; - czestotliwos$¢ oscylatora kwarcowego mikrokontrolera: fogc = 12 MHz

Buzzer EQU P11 ;

BuzSoft: = CPL  Buzzer ;1 cykl maszynowy, negacija linii sterujacej
[LCALL Czas ; 2 wywotanie podprogramu opéznienia
SJMP BuzSoft ;2 powtdrzenie programu

adres przetwornika piezoelektrycznego

Czas: MOV A, #242/2 ;1 podprog. op6znienia czasowego
; 250-8=242
w akumulatorze A liczba powtdrzen petli

DINZ ACC,$ ;2 zasadnicza pgtla opéznienia
RET ; 2 powr6t z podprogramu
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Sygnat dzwiekowy - przerwaniE (313)

; czasy trwania sygnatow jak poprzednio (Timer T1)

Buzzer EQU P11 ; adres przetwornika piezoelektrycznego
TMOD_T1 EQU 0010$0000b ; GATE=0, C/T#=0 (taktowanie wewn.)

; M1,M0=10 (8-bit autoreload)
T1_Pocz EQU -250 ; warto$¢ poczatkowa licznika T1 (-250=6)
IE_T1 EQU 1000$1000b ; odblokowanie przerwan: EA = ET1 =1

BuzHard: MOV TMOD, #TMOD_T1 ; programowanie trybu licznika T1
MOV TL1, #T1_Pocz ; warto$¢ poczatkowa licznika T1
MOV TH1, #T1_Pocz
SETB TR1
MOV IE, #IE_T1

ORG 1Bh
CPL Buzzer ; TL1 =9 = 6 (wart. pocz. liczn. T1) + 1 + 2
RETI ; koniec procedury obstugi przerwania

; start licznika T1
; odblokowanie przerwan
; cd programu uzytkownika

_Int_T1:

; generowanie sygnatu dzwiekowego o czestotliwosci 2 kHz (Timer T0):
; - czas trwania zera i jedynki logicznej: T = 0,25 ms = 250 ps,
; - czestotliwo$¢ oscylatora kwarcowego mikrokontrolera: fogc = 12 MHz

Buzzer EQU P1.1 ; adres przetwornika piezoelektrycznego
TMOD_TO EQU 0000$0010b ; GATE=0, C/T#=0 (taktowanie wewn.)
; M1,M0=10 (8-bit autoreload)

TO_Pocz EQU -250 ; warto$¢ poczatkowa licznika TO

BuzHard: MOV TMOD, #TMOD_TO ; programowanie trybu licznika TO
MOV TLO, #T0_Pocz ; warto$¢ poczatkowa licznika TO
MOV THO, #T0_Pocz
SETB TRO ; start licznika TO

Czekaj: JNB TFO, $ ;2 oczekiwanie na przepetnienie TO
CPL Buzzer ;1 negacja linii z przetwornikiem piezo
CLR TFO ;1 kasowanie znacznika przepetnienia
JMP__ Czekaj ;2 powtorzenie petli programu




