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sekvenca 0sc_
READ READ NEX'IF OPCODE (DISCARD) :.
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; ; - AGAIN '

st | s2|ss|se]ss]ss]

1
(&) 1-Byte, 1-Cyela Instructon, ag. INC A i
'
'

READ ;
OPCODE READ 2ND

BYTE i rnean NEXT OPCODE
st [s2[s3[sass[se| B

8] 2-Byte, 1-Cycle Instruction, a.g. ADD A #Data

RAEAD NEXT OPCODE AGAIN =

READ
OPCODE READ NEXT OPCODE (DISCARD)

' :
['st ['s2 s3] s+ [ss |6 | st [s2]sase]ss|s

{C) 1-Byta, 2-Cycle Insruction, &.g. INC DPTR H
READ NEXT OPCODE READ NEXT OPCODE AGAIN =

DISCARD)

D e ; ' —noreToH NOFETCH |

(MOVX) f [~ NOALE l— H
="

st [s2]s3]se s5 | s8 st |s2|s3 sa | 55| 86

ADDR | DATA i
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(D) MOVX (1-Byta, 2-Cycle)
H ACCESS EXTERNAL MEMORY

Adresni prostor

Address space Locations Addressing mode

Lower 128 bytes of RAM 00H to 7FH direct/indirect

Upper 128 bytes of RAM 80H to OFFH indirect

Special function registers 80H to OFFH direct
Adresni prostor ) EFFF
programske memorije

External
2000
1FFF 1FFF
Internal External

(EA#=1) (EA#=0)




Podatkovna memorija/
Adresni prostor SFR’s

Doniji dio unutarnje
podatkovne memorije

127

Scratch Pad Area

! : . 4 30H
Shared Addrass Location a7 |7¢ |7e [0 [7c |78 [7a |79 [78 |oFm
a6 |77 |76 |75 [ra [73 [72 |71 [70 |oEn
FF FF “ ‘ FFFF | 45 |6F |6€ |6D |6C |68 [6A 69 |68 |2DH
44 |67 |66 (65 |64 |63 |62 |61 6O |2CH
E 43 |sF [se [s0 [sc |58 [sa [sa [sa |zeu
E  Upper Special 42 57 |56 |55 |54 |53 [s2 |51 |50 |eam
E 128 Byte Function av [aF [a€ [0 [ac [a8 [4a [a9 [a8 |2am
E  Internal Register 40 |47 |46 |45 |44 [43 |42 |41 |20 |28m
ERAM E 39 [aF |36 [30[ac [a8 [aa [33 [aa |om
= = 38 |37 |36 35 |34 |33 |32 |31 |30 |26H
= 37 |2F |2€ |20 [2c |28 [2a |20 |28 |2sW
80 80 “”m = 36 [27 |26 25 |24 |23 [22 [21 o0 |aan
— 35 |1F 1€ 1D [oc |18 [1A [19 |18 |23H
34§17 16 |15 J14 (13 [12 [ |10 |22H
33 |oF JoE (0D jOC J0B |0A |09 0B |21H
a2 |07 Jo6 Jos |04 (03 (02 |01 {00 |20H
B Lower .
H 128 Bytes 24
Internal 2
RAM -
15
0000 8
Data Memory 7
Register Direct
Indirect Byte
Ad ing —— Addressing
o
3
SFR’s
Block Symbol Name Address Contents
after Reset
CPU ACC Accumulator 0EOH ') 00H
B B -Register OF0H 1) 00H
DPH Data Pointer, High Byte B83H
DPL Data Pointer, Low Byte a2H
DPSEL Data Pointer Select Register 92H
PSW Program Status Word Register ODOH 1) 0OH
SP Stack Pointer 81H o7H
AD- ADCONO A/D Converter Control Register 0 0DBH 1) 00H
Converter ADCOMN1 AD Converter Control Register 1 0DCH 0004000083
ADDAT AD Converter Data Register oD9H 0oH
DAFR VA Converter Program Register 0DAH 00H
Interrupt IEND Interrupt Enable Register 0 DABH ) 00H
System CTCON 2) Com. Timer Control Register 0E1H 0XX0X.00008 3)
IEN1 Interrupt Enable Register 1 0BBH ') 00H
IEN2 Interrupt Enable Register 2 9aH HOO0XX0B 3)
PO Interrupt Priority Register 0 0ASH 00H
IP1 Interrupt Priorty Register 1 0BSH XX00.00008 3)
IRCON Interrupt Request Control Register OCOH 1) 00H
TCON 2) Timer Control Register B8H ") 00H
T2CON 2) Timer 2 Control Register OCEH 1) 00H
MULDIV ARCON Arithmetic Control Register 0EFH DHOCCIO0MEB 3)
Unit MDO Multiplication/Division Register 0 DESH HHKH )
MD1 Multiplication/Division Register 1 OEAH WKH Y
MD2 Multiplication/Division Register 2 QEBH MH 3)
MD3 Multiplication/Division Register 3 QECH WOUH )
MD4 Multiplication/Division Register 4 QEDH YO(H 3) 12
MD5 Multiplication/Division Register 5 0EEH XHH 3




SFR’s

Block Symbal Name Address Contents
after Reset
Compane/ CCEN Compare/Captura Enabla Register acIH ooH
Capture CC4EN Compare/Capture 4 Enable Register OCaH X000.00008 3)
LUnit CCH1 Compara/Capture Register 1, High Byte | 0C3H 00H
(cCup CCH2 Compare/Cagture Register 2, High Byte | 0C5H 0o+
CCHI Compare/Capture Register 3, High Byte oCTH [ ]
CCH4 Compare/Capture Register 4, High Byte | 0CFH 00H
ccL Compara/Caplure Register 1, Low Byte oCaH 00H
CCL2 Compara/Capture Register 2, Low Byte oCaH 00H
cCLa Compara/Capture Register 3, Low Byte DCEH 00H
CCL4 Compara/Capture Ragister 4. Low Byte OCEH 00H
CMEN Compare Enable Register OFEH 0OoH
CMHD Compara Register 0. High Byte obaH ooH
CMH1 Compare Register 1, High Byte 0DSH 00H
CMH2 Cempare Register 2, High Byte oDTH ook
CMH3 Compare Register 3, High Byte OE3H 00H
CMH4 Compare Register 4, High Byte DESH [ ]
CMHS Compare Register 5, High Byte 0ETH 00H
CMHE Compare Register 6, High Byte OF3H 00H
CMHT Compare Regster 7, High Byte OFEH 00H
CMLD Compara Register 0, Low Byl oD2H 00H
CML1 Compara Regster 1, Low Byte 004H 0o0H
cmL2 Compare Register 2, Low Byte oDeH ooH
CML3 Compare Register 3. Low Byte DE2H 00H
CmLa Compare Ragister 4, Low Byte DE4H 00H
CMLS Compara Register 5, Low Byta OEEH 00H
CMLE Compare Ragister §, Low Byte OF2H 00+
cMmLY Compare Register 7, Low Byte OFdH 00+
CMSEL Compare Input Select OFTH 00H
CRCH Com./Rel /Capt. Register, High Byte 0CBH 00H
CRCL Com.Red /Capt. Register, Low Byte 0CAH 00H
CTCOMN Com. Timer Control Ragister 0ETH 00H
CTRELH Com. Timer Rel. Register, High Byte ODFH 00H
CTRELL Corn. Tumas Rel. Ragister, Low Byte ODEH 00H
TH2 Timer 2, High Byt OCDH 00H
TL2 Timer 2, Low Byte DCCH 00H 13
T2CON Timer 2 Control Register OCBH 1) 00H
)
SFR’s
Block Symbol Name Address Contents
after Reset
Ports PO Port 0 80H 1) FFH
P1 Port 1 90H 1) FFH
P2 Port 2 0ADH 1) FFH
P3 Port 3 0BOH ') FFH
P4 Port 4 0EBH ') FFH
P5 Port 5 OF8H 1) FFH
PB Port 6 OFAH FFH
P7 Port 7, Analog/Digital Input 0DBH WHH 3)
P8 Port 8, Analog/Digital Input, 4-bit 0DDH HXH ¥
Pow. Sav. M | PCON Power Control Register 87TH 00H
Serial ADCONO 2) A/D Converter Control Register 0D8H 1) 00H
Channels PCON 2) Power Control Register 87H 0OH
S0BUF Serial Channel 0 Buffer Register 93H WHH 3y
SOCON Serial Channel 0 Control Register 98H 1) 00H
S1BUF Serial Channel 1 Buffer Ragister 9CH HXH )
S1C0ON Serial Channel 1 Control Register 9BH 0X00.00008 3)
S1REL Serial Channel 1 Reload Register SDH 00H
Timer OV TCON Timer Control Register 88H 1) 0OH
Timer 1 THO Timer 0, High Byta 8CH 0o
TH1 Timer 1, High Byte 80H 00H
TLO Timer 0, Low Byte BAH 00H
TLY Timer 1, Low Byte BBH 00H
T™MOD Timer Mode Register 8aH 00H
Watchdog IEND 2) Interrupt Enable Register 0 0ABH ) 00H
IENT 2) Interrupt Enable Register 1 0B8H ) 00H
IPO 2) Interrupt Priority Register 0 0ATH DOH 14
WDTREL Watchdog Timer Reload Register B6H 0oH




Akumulator, B, SP, DPTR, P0-P8

Program Status Word Register (PSW), SFR Address 0DOH

OD7H OD6H OD5H OD4H OD3H OD2H OD1H ODOH
ODOH[CY |AC | Fo [Rs1 | Rso {ov [ F1 | P | Psw

The PSW register contains program status information.

Bit Function
cY Carry flag
AC Auxiliary carry flag (for BCD operations)
FO General purpose user flag 0
RS1 RS0 | Register bank select control bits
0 0 Bank 0 selected, data address 00H-07H
0 1 Bank 1 selected, data address 08H-0FH
1 0 Bank 2 selected, data address 10H-17H
1 1 Bank 3 selected, data address 18H-1FH
ov Overflow flag
F1 General purpose user flag
P Parity flag. Set/cleared by hardware each

instruction cycle to indicate an odd/even number
of "one" bits in the accumulator, i.e. even parity.

Vanjsko sucelje prema sabirnici i pokazivaci podataka
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Uporaba jednog pokazivaéa

Action

Code

Initialize shadow__variables with
source__pointer

MOV LOW(SRC__PTR),#0FFH
MOV HIGH(SRC__PTR)#1FH

Initialize shadow__variables with
destination__pointer

MOV LOW(DES_ PTR)#0A0H
MOV HIGH(DES_ PTR)#2FH

17
Primjer rutine Action Code

Initialize shadow_ variables with MOV LOW(SRC_PTR)#0FFH

source__pointer MOV HIGH(SRC__PTR)#1FH

Initialize shadow__ variables with MOV LOW(DES_ PTR)#0A0H

destination__pointer MOV HIGH(DES__PT R).#2FH

Table look-up routine under real time conditions

Action Code Machine

cycles

Save old datapointer PUSH DPL 2
PUSH DPH 2

Load Source Pointer MOV DPLLOW(SRC__PTR) 2
MOV DPH,HIGH(SRC__PTR) 2

Increment and check for end of INC DPTR

table (execution time not relevant GJNE...

for this consideration)

Fetch source data byte from MOVC A@DPTR 2

ROM table

Save source__pointer and load MOV LOW(SRC__PTR),DPL 2

destination__pointer MOV HIGH:SRC__PTR}.DPH 2
MOV DPL,LOW(DES_PTR) 2
MOV DPH HIGH(DES__PTR) 2

Increment destination__pointer INC DPTR

(ex. time not relevant)

Transfer byte to destination address MOVX @DPTR.A 2

Save destination__pointer MOV LOW(DES__PTR),DPL 2
MOV HIGH(DES__PTR),OPH 2

Restore old datapointer POP DPH 2
POP DPL 2

Total execution time (machine cycles) 28




Uporaba dva pokazivaca

Action

Code

Initiglize DPTRE with
source pointer

MOV DPSEL#06H
MOV DPTR#1FFFH

Initialize DPTR7 with destination pointer

MOV DPSEL #07H
MOV DPTR.#2FAO0H

Primjer rutine

Action Code Machine
cycles

Save old source pointer PUSH DPSEL 2

Load source pointer MOV DPSEL,#06H 2

Increment and check for end of INC DPTR

table (execution time not relevant CJNE...

for this consideration)

Fetch source data byte from MOVC A,@DPTR 2

ROM table

Save source__pointer and load MQV DPSEL #07H 2

destination__pointer

Transfer byte to destination address MOVX @DPTR,A 2

Save destination pointer and POP DPSEL 2

restore old datapointer

Total execution time (machine cycles) 12

Izvodenje programa iz
vanjske memorije

a) Ona Machine Cycle

DneMaclmeOucla__.l
1| s |sa|se|ss|ss|st|s2]sa]se|ss]se

ALE —[_I [_l

M

—
el 1L L L L

P2 PCH ourx PCH QUT PCH OUT X PCH OUT

PCL OUT PCL OUT PCL OUT
— wvalid = vahd —— valid
b) One Machine Cycle

s1]s2|s3|se|ss|ss|st[s2]|ss|se]|ss]se

ALE

One Maching Cycle

L

[ I

p—_— L |

R0 —
‘, ,__] MOV

[

By

P2 PCH OUT PCH OUT X DPFH QUT OR P2 OUT

PCH OUT )

B EXE—) 9

PCL OUT ADDR OUT
— valid . valid

L ror
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Pristupi

Read
Latch .
© Ports 1-6 output driver
Int.Bus o] Q
Port
Port Port
_ Lach |3 g'_"““ Pin
Wrt:e CLK ircuit
Latch 3
Read
Pin
\ sS4 S5 s6 s1 s2 s3 ‘ Vremenski dijagram
Pt P2| Pt P2| Pt P2| Pt P2|P1 P2| =1 P2 pristupa
XTAL2
Input sampled: i_.i :
.g..MOV AP1 ;o
or —
Output: : 3
e.g..MOV P1,A
Oid Data X New Data
i 21
Serijsko sucelje
Serijsko sucelje 0
SMo SM1 Mode Description Baud rate
0 0 Shift register fosc/12
1 1 8-bit UART Variable
1 0 2 9-bit UART fosc/64 or fse/32
1 1 3 9-bit UART Variable
Special Function Register SOBUF (Address 99H)
T T T T T T T
99H Serial interface 0 buffer register SOBUF
22
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Serijsko sucelje 0

Sﬁeclal Function Register SOCON (Address 98H)

OFH 9EH 9DH 9CH 9BH 9AH 99H  98H
98H [ SMo | sM1 | sm20 [ReNo [TBso | RB8O [ 10 | mio | SoCON

Bit Function
SMO SM1
1] ] Serial mode 0: Shift register mode, fixed baud rate
1] 1 Serial mode 1: 8-bit UART, variable baud rate
1 0 | Serial mode 2: 9-bit UART, fixed baud rate
1 1 Sarial mode 3: 9-bit UART, variable baud rate

SM20 Enables the multiprocessor communication feature in modes 2
and 3. In moda 2 or 3 and SM20 being set to 1, RID will not be
aclivated if the received 9th data bit (RB80) is 0. In mode 1 and
SM20 = 1, RIO will not be activated if a valid stop bit has not been
received. In mode 0, SM20 should be 0.

REND Receiver enable. Enables serial ption. Set by soft to
enable recaption, Cleared by software 1o disable reception.

TBBO Transmitter bit 8. Is the Sth data bit that will be transmitted in
meodes 2 and 3. Set or cleared by software as desired.

RB&0 Receiver bit 8. In modes 2 and 3 it is the Sth bit that was received.

In mode 1, it SM20 = 0, RBBO is the stop bit that was received. In
mode 0, RBBO is not used.

TIo Transmitter interrupt. s the transmit interrupt flag. Set by hardware
at the end of the Bth bit time in mode 0, or at the beginning of the
stop bit in the other modes, in any serial transmission. Must be
cleared by software.

RID Receiver interrupt. |s the receive interrupt flag. Set by hardware at

the end of the 8th bit time in mode 0, or during the stop bit time in

the other modes, in any serial reception. Must be cleared by 23
software.

Mode 0

The baud rate in mode 0 is fixed:
oscillator frequency

Mode 0 baud rate =
12

Mode 2

The baud rate in mode 2 depends on the value of bit SMOD in special function register
PCON (see figure 7-9). If SMOD = 0 (which is the value after reset), the baud rate is
1/64 of the oscillator frequency. If SMOD =1, the baud rate is 1/32 of the oscillator
frequency.
25MOD
Mode 2 baud rate = = oscillator frequency
64

24
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Modes 1 and 3

In these modes the baud rate is variable and can be generated alternatively by
a dedicated baud rate generator or by timer 1.

Using the baud rate generator:

In modes 1 and 3, the SAB 80C517 can use the internal baud rate generator for serial
interface 0. To enable this feature, bit BD (bit 7 of special function register ADCONO)
must be set (see figure 7-10). This baud rate generator divides the oscillator frequency
by 2500. Bit SMOD (PCON.7) also can be used to enable a multiply-by-two prescaler
(see figure 7-9). At 12 MHz oscillator frequency, the commonly used baud rates 4800
baud (SMOD = 0) and 9600 baud (SMOD = 1) are available. The baud rate is determined
by SMOD and the oscillator frequency as follows:

2SMOD
ulode 1, 3 baud rate = = oscillator frequency
2496

25

Special Function Register ADCONO (Address 0DBH)

ODFH ODEH ODDH ODCH ODBH ODAH OD9H 0OD8H
G000 0 0% 00
These bits are not used in controlling serial interface 0.

208H

Bit Function

BD Baud rate enable.

When set, the baud rate in modes 1 and 3 of serial interface 0 is
taken from a dedicated prescaler. Standard baud rates 4800 and
9600 baud at 12 MHz oscillator frequency can be achieved.

26

13



Using timer 1 to generate baud rates:
In mode 1 and 3 of serial channel 0 timer 1 can be used for generating baud rates. Then
the baud rate is determined by the timer 1 overflow rate and the value of SMOD as
follows:

25MOD

Mode 1, 3 baud rate = = (Timer 1 OV-rate)

32

The timer 1 interrupt is usually disabled in this application. The timer itself can be
configured for either "timer™ or “counter" operation, and in any of its operating modes.
in the mast typical applications, it is configured for "timer" operation in the auto-reload
mode (high nibble of TMOD =0010B). In that case, the baud rate is given by the formula:

2SMOD « oscillator frequency

Mode 1, 3 baud rate =
32~ 12 - (256 - (TH1))

One can achieve very low baud rates with timer 1 by leaving the timer 1 interrupt

enabled, configuring the timer to run as 16-bit timer (high nibble of TMOD = 0001B),

and using the timer 1 interrupt for a 16-bit software reload.

Table 7-4 lists various commonly used baud rates and shows how they can be
obtained from timer 1.

27
Timer 1 Generated Commonly Used Baud Rates
Baud rate fosc (MHz) | SMOD Timer 1
cT Mode |Reload
Value

Mode 1,3: 62.5 Kbaud | 12.0 1 0 2 FFH

19.2 Kbaud | 11.059 1 0 2 FDH

9.6 Kbaud | 11.059 0 0 2 FDOH

4.8 Kbaud | 11.059 4] 0 2 FAH

2.4 Kbaud | 11.059 4] 0 2 F4H

1.2 Kbaud | 11.059 0 0 2 EBH

110 Baud |6.0 0 0 2 72H

110 Baud 12.0 0 V] 1 FEEBH

Generiranje brzine serijskog sucelja 0
Phase 2 CLK Timer 1
(=fasc'2) Overflow
ADCON.7 (BD) SMo
:ggs ; SM1 SMOD
.,
""Ill-.__. P iy
. U "\, |_8aud Rate
Mode 2
. ~ Clock

14



2zud rate derived Interface | Baud rate

from mode

“mer 1 in mode 1 1,3 2SMOD 1

z=e table 7-4) . — - (timer 1 overflow rate)
2 16

“mer 1 in mode 2 1,3 28MOD 1 fosc

see table 7-4) S —
2 16 12 - (256 - (TH1))

Dscillator 2 25MOD 1 fosc
2 16 2

8D 1,3 2SMOD fosc
2 1250

29
Serijsko sucelje 1
LOOP: MOV A,S1CON
JNB ACC.0,LOOP ;Testing of RI1
ANL S1CON#0FEH ;Resetting of RI1
30

15



Special Function Register SICON (Address 9BH)

g

38H [ M [ - |SM21 [ RENT | TB81 | RBS1 | T | AN IS1CON
Bit Function
M SM = 0: serial mode A; 9-bit UART

SM = 1: serial mode B; 8-bit UART

EM21 Enables the multiprocessor communication feature in mode A. If
SM21 is set to 1, RI1 will not be activated if the received 9th data
bit (RB&1) is 0. In mode B, if SM21 = 1, RI1 will not be activated if
a valid stop bit was not received.

REN1 Receiver enable of interface 1. Enables serial reception.
Set by software to enable reception. Cleared by software to disable
reception.

TB81 Transmitter bit 8 of interface 1. Is the 9th data bit that will be
transmitted in mode A. Set or cleared by software as desired.

RB81 Receiver bit 8 of interface 1. Is the 9th data bit that was received in
mode A. In mode B, if SM21 = 0, RB&1 is the stop bit that was
received.

™ Transmitter interrupt of interface 1. Is the transmit interrupt flag.
Set by hardware at the beginning of the stop bit in any serial
transmission. Must be cleared by software.

R Receiver interrupt of interface 1. Is the receive interrupt flag.
Set by hardware at the halfway through the stop bit time in any
serial reception. Must be cleared by software.

Sp-ecial Function Register SICON (Address 9BH)

9BH [ sM | - |sm21 ] REN1 | TB81 | rest [ Tt | At |S1cow
Bit Function
SM SM = 0: serial mode A; 9-bit UART

SM = 1: serial mode B; 8-bit UART

SM21 Enables the multiprocessor communication feature in mode A. If
SM21 is set to 1, RI1 will not be activated if the received 9th data
bit (RB&1) is 0. In mode B, if SM21 = 1, RI1 will not be activated if
a valid stop bit was not received.

REN1 Receiver enable of interface 1. Enables serial reception.
Set by software to enable reception. Cleared by software to disable
reception.

TB&1 Transmitter bit 8 of interface 1. Is the 9th data bit that will be
transmitted in mode A. Set or cleared by software as desired.

RB81 Receiver bit 8 of interface 1. |s the Sth data bit that was received in
made A. In mode B, if SM21 = 0, RB81 is the stop bit that was
received.

™ Transmitter interrupt of interface 1. Is the transmit interrupt flag.
Set by hardware at the beginning of the stop bit in any serial
transmission. Must be cleared by software.

R Receiver interrupt of interface 1. Is the receive interrupt flag.
Set by hardware at the halfway through the stop bit time in any
serial reception. Must be cleared by software.




Sp;ecial Function Register S1BUF (Address 9CH)

T T T T T T

T
9CH Serial interface 1 buffer register S1BUF

oscillator frequency

Mode A, B baud rate =
32 - (256 - S1REL)

Generiranje brzine serijskog sucelja 1

S1REL
Phase 2 CLK
=f 2
(=fasc/2) Baud Rate Clock
8-Bit Timer
Overflow

Sr;ecial Function Register S1REL (Address 9DH)

T T T T T T
3DH Serial interface 1 reload register —j S1REL 33

Vremenski sklopovi

.-

Special Function Register TCON (Address 88H)

8FH 8EH 8DH 8CH 8BH 8AH  89H  88H
:8H | TF1 ]Tm lTFO | TRO VY W) %///////7// TCON

These bits are not used in controlling timer/counter 0 and 1.

Bit Function

TRO Timer 0 run control bit.
Set/cleared by software to turn timer/counter 0 on/off.

TFO Timer 0 overflow flag. Set by hardware on timer/counter overflow.
Cleared by hardware when processor vectors to interrupt routine.

TR1 Timer 1 run control bit.
Set/cleared by software to turn timer/counter 1 on/off.

TF1 Timer 1 overflow flag. Set by hardware on timer/counter overflow.
Cleared by hardware when processor vectors to interrupt routine.

34
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Special Function Register TMOD (Address 83H)

8oH [GATE | oT# [ M1 | Mo GATE | cT# [ m lf«MTMOD

Timer 1 Timer 0

Timer/counter 0/1 mode control register.

Bit Function
Gate Gating control,
When set, timer/counter "x” is enabled only while “INTx#" pin is
high and "TRx" control bit is set.
When cleared timer "x" is enabled whenever "TRx" control bit is
set.
CT# Counter or timer select bit.
Set for counter operation {input from "Tx" input pin}.
Cleared for timer operation (input from internal system clock).
M1 MO
0 | 8-bit timer/counter.
"THx" operates as 8-bit timer/counter
"TLx" serves as 5-bit prescaler.
0 1 | 16-bit timer/counter.
"THx" and "TLx" are cascaded; there is no prescaler.
1 0 | 8-bit auto-relead timer/counter.
"THx" holds a value which is to be reloaded into "TLx" each time
it overflows.
1 1 Timer 0:
TLO is an 8-bit timer/counter controlled by the standard timer 0
contral bits. THOO is an B-bit timer only controlled by timer 1
control bits.
1 1 | Timer 1: 35
Timer/counter 1 stops
Nacinirada O i 1
] ™o | THe upr
05 Buts) 8 Busp
Control
o H
CT=0
~— || T | THO - Interrupt
N : @By | o8 men
ToPin ——dJ CT="
Control
Gate
[0 Y — 36
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Nacéinirada2i3

0sC #12
CT=0
| TLo 0 Interrupt
: (8 Bits)
i CT=1 T
T Pin
Control
A
Reload
THOD
Gate
(8 Bits)

INTO Pin

08¢ +12 T fose 12
CT=0 I
ST e [T
1 (8 Bas)

rCT=| T
T4 Pin

Coatrol

Gate
INTQ Pin
Inteerupt
. i THO TRy e
fosc 12 H 8 Bits)

L — Control 37

A/D pretvorba

Block Diagram of the A/D Converter Internal
g P 8 (DOH) Bus
—
P 7 (DBH)
El;] P1.6 I P75 | PT4 | P7.3 I P7.2 l P7.1 l PT.0
ADCON1 (DCH)
M 3 M 2 [mx 1 [ mx o
[ Lo [s [ o ™[] Mo —=—
T
l [ ADCOMNO (D8H)
BD | CLK | aoex | BSY [ ADM [mMx 2w 1 [Mx 0
7 6 5 4 3 2 1 0
T [ |
i
ADDAT (D3H)
| —— o
Port 7 ]
=] MU saH [ o AD 2
8 3
Converter 4
Start s
6
- 7
, [
P 6.0/ ADST# E
VinAREF Vimaguo
Varer
Vagno D/A Converter
—I 7!&15141312|1|0 [~
Write to DAPR DAPR (DAH) Internal 38
Bus
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Special Function Register ADCONO (Address 0D8H)

ODFH ODEH ODDH ODCH O0DBH ODAH 0DSH OD8H
208+ B8))J(fFR]) AOEX | BSY | ADM | Mx2 [ MXi | MXO |ADCONO

These bits are not used in controlling A/D converter functions.

Bit Function

MX0 Select 12 input channels of the A/D converter,

MX1

MX2

MX3

ADM A/D conversion mode. When set, a continuous conversion is
selected. If ADM = 0, the converter stops after one conversion.

BSY Busy flag. This flag indicates whether a conversion is in progress
(BSY = 1). The flag is cleared by hardware when the conversion is
completed.

ADEX Internal/external start of conversion. When set, the external start of

conversion by P6.0/ADST# is enabled.

39
Special Function Register ADCON1 (Address 0DCH)
oocH [ - | - | - [ - [wmxa | mx2 [ MX1 [MX0 | ADCONT
Selection of the Analog Input Channels
MX3 MXx2 MX1 MX0 Selected channel Pin
0 0 0 0 Analog input 0 P7.0
0 0 1 Analog input 1 P71
0 ] 1 0 Analog input 2 P7.2
0 ] 1 1 Analog input 3 P7.3
0 1 0 0 Analog input 4 P7.4
0 1 0 1 Analog input 5 P7.5
0 1 1 0 Analog input 6 P7.6
0 1 1 1 Analog input 7 P7.7
1 X"y 0 0 Analog input 8 P8.0
1 X ] 1 Analog input 8 P8.1
1 X 1 0 Analog input 10 Pa.2
1 X 1 1 Analog input 11 P8.3
"} X means that the value may be 1 or 0.
40
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Special Function Register ADDAT (Address 0D9H)

0DSH Conversion result ADDAT
DAPR (.3-.0)
VintagND = Vagnp + ————  (Varer - VaGgnD)
16
with DAPR (.3-.0) < CH;
DAPR (.7-.4)
VinaRer = VagnD + —————  (Vager - VagnD)
16

with DAPR (.7-.4) > 3H;

41

Special Function Register DAPR (Address DAH)

0DAH Programming of VimtaREF Programming of VimaGND DAPR

D/A converter program register. Each 4-bit nibble is used to program the internal
reference voltages. Write-access to DAPR starts conversion.

DAPR (.3-.0)

VinaGND = VaghD + ———————  (Varer - Vagno)
16
with DAPR (.3-.0)<13;

DAPR (.7-.4)

VintARer = VagnD + ———————  (VaRer - VaGnD)
16
with DAPR (.7-.4)>3;

42
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Step DAPR (.3-.0) VintaGND VintAREF
DAPR (.7-.4)
0 0000 0.0 5.0
1 0001 0.3125 -
2 0010 0.625 -
3 0011 0.9375 -
4 0100 1.25 1.25
5 o101 1.5625 1.5625
] 0110 1.875 1.875
7 0111 2.1875 2.1875
8 1000 25 25
9 1001 2.8125 2.8125
10 1010 3125 3.125
11 1011 3.4375 3.4375
12 1100 3.75 3.75
13 1101 - 4.0625
14 1110 - 4.375
15 1111 - 4.68754
43
5.00V ANO AN1 AN..
v, v .
e Py Podesavanje referentnog
napona i povecanje
I razlugivosti drugom
Viuraner pretvorbom
—— 25V —1— 25V
VNIAGND
—L— 1.25V
= D.B25V
ov
Vacno
First Conversion ?9'33"& C‘;“‘:?’Siﬂ"
i m esolution
5.00V 20 mV Resolution
Vaner
e 3125V
VINTAB;EF
/—— 1.875 V
VDNTAGND
ov
Vagno

Sample Sample
Time Time

44
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Vremenski dijagram A/D pretvorbe

One
Machine Cycle

—]
) ) 1 1 1 | I 1 1 1 1 1 I ! ! !
1 1 T T T * r ] 1 I
BSHIIT wiLBU0IAEURER 0GRt 0GR (RTR SRR SRR I A LTS
SRR EL-SERNEE | | 1 1 ] l | I 1 | 1
| ,c |
et ]
F Interrupt Request  Result is written
et o] Flag IADC is set  info ADDAT
wCT01568
MOV DAPR, xxH
(Internal Start)
or T

P6.0,/ADST =0
(External Start)

45

Sigurnosni nacini rada (idle)

Special Function Register PCON (Address 87H)

iy
Ve

87H PEYBB] PDS [ IDLS [ ) | GF1 | GFo | PDE | IDLE | PCON

These bits are not used in controlling the power saving modes.

Bit Function

PDS Power-down start bit. The instruction that sets the PDS flag bit is
the last instruction before entering the power-down mode.

IDLS IDLE start bit. The instruction that sets the IDLS flag bit is the last
instruction before entering the idle mode.

sSD When set, the slow-down mode is enabled.

GF1 General purpose flag

GFO General purpose flag

PDE Power-down enable bit. When set, starting the power-down

mode is enabled.

IDLE Idle mode enable bit. When set, starting the idle mode is enabled.

Sigurnosni nacini rada (power down i slow down) 46
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Sigurnosni nacini rada (budilni¢ki sklop)

WDTREL = Time-out period Comments

00H 65.535 ms This is the default value and
coincides with the watchdog
period of the SAB 80515

BOH 11s Maximum time period

7FH 512 ps Minimum time period

WODT Reset Request

I IPO (0ASH
0 O B

External HW Reset

IS PE#SWD
Control Logic

Teor] T T T T T lenos oaer
wol | | [ [ [ ]Entsosen

WDTREL

Special Function Register WDTREL

T T T T T T I
086H Watchdog timer reload register WDTREL
Bit Function
WDTREL.7 Prescaler select bit.

When set, the watchdog is clocked through an additional
divide-by-16 prescaler (see figure 7-58).

WDTREL.6 Seven bit reload value for the high-byte of the watchdog
to timer. This value is loaded to the WDT when a refresh is
WDTREL.O triggered by a consecutive setting of bits WDT and SWDT.




S;:;ecial Function Register IENO
OAFH OAEH O0ADH O0ACH 0ABH 0AAH  0ASH  0A8H
[ Y edady ET A £10 2
onsr 87 wot 1 e e e i

These bits are not used in controlling the fail-safe mechanisms.

IENO

Bit Function

WDT Watchdog timer refresh flag.
Set to initiate a refresh of the watchdog timer. Must be set directly
before SWDT is set to prevent an unintentional refresh of the

watchdog timer.

Zahtjev za resetiranje

OWD Reset Request

WDT Reset Request

SET .ISET IPO (0ASH) z1 | | Synchro- Internal Reset
|—°““’5|"‘°'5] | | | [ [ ] nisaton
[]®e
CLEAR
o External HW Reset Request
Internal Bus 49
- -

Special Function Register IEN1
0BFH 0BEH 0BDH 0BCH 0BBH 0BAH 0BaH 0B8H
57 R e e e e
///’i//lf/%%ﬂ?ﬂ%%ﬂﬁ%%/f/!/%%/f%%//f%g}/ﬂﬂﬂ IEN1

These bits are not used in controlling the fail-safe mechanisms.

0B8H

Bit Function

SWDT Watchdog timer start flag.
Set to activate the watchdog timer. When directly set after setting
WDT, a watchdog timer refresh is performed.

Special Function Register IP0O

These bits are not used in controlling the fail-safe mechanisms.

0ASH PO

Bit Function

owDs Oscillator watchdog timer status flag.
Set by hardware when an oscillator watchdog reset occurred.

Can be cleared or set by software.

WDTS Watchdog timer status flag.
Set by hardware when a watchdog timer reset occurred.

Can be cleared or set by software. 50
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Budilnic¢ki oscilator

_ XTALA1

—J On-Chip
XTAL 2

bwos

[ T T [ 1

&

Oscillator

I

Watchdog

Frequency
Comparator

IPO (0ASH)

OWD Reset Request

L

. Internal
T
o Clock

— OWE | Oscillator
[ —

51
Instrukcijski skup
Nacini adresiranja
Addressing modes Associated memory spaces
Register addressing RO through R7 of selected register bank,
ACC, B, CY (Bit), DPTR
Direct addressing Lower 128 bytes of internal RAM, special
function registers
Immediate addressing Program memory
Register indirect addressing Internal RAM (@R1, @RO0, SP), external
data memory (@R1, @R0, @DPTR)
Base register plus index register addressing | Program memory (@DPTR + A, @PC +A)
52

26



Instrukcijski skup

Djelovanje instrukcija na zastavice

Instruction Flag Instruction Flag
CY |ov |AC CY |ov |AC

ADD X X X SETBC 1

ADDC X X X CLRC 0

SueB X X X CPLC X

MUL 0 X ANL C it X

DIV 0 X ANL C,/bit X

DA X ORL C,bit X

RRC X ORL C,/bit X

RLC X MOV C,bit X

CJNE X

53
Notes on Data Addressing Modes
Rn - Working register RO-R7
direct - 128 internal RAM locations, any /O port,
control or status register
@Ri - Indirect internal or external RAM location
addressed by register RO or R1
#data - 8-bit constant included in instruction
#data 16 - 16-bit constant included as bytes 2 and 3 of
instruction
bit - 128 software flags, any bitaddressable /O
pin, control or status bit
A - Accumulator
54
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Notes on Program Addressing Modes

Destination address for LCALL and LIMP may be

addr 16 -
anywhere within the 64-Kbyte program memory
address space.
addri1 - Destination address for ACALL and AJMP will
be within the same 2-Kbyte page of program
memory as the first byte of the following
instruction.
rel - SJMP and all conditional jumps include an 8
bit offset byte. Range is + 127/-128 bytes
relative to the first byte of the following
instruction.
55
Mnemonic Description | Byte l Cycle
Arithmetic operations
ADD  ARn Add register to accumulator 1 1
ADD  Adirect Add direct byte to accurnulator 2 1
ADD A, @Ri Add indirect RAM to accumulator 1 1
ADD  Ag#data Add immediate data to accumulator 2 1
ADDC ARn Add register to accumulator with carry flag 1 1
ADDC A direct Add direct byte to A with carry flag 2 1
ADDC A, @RI Add indirect RAM to A with carry flag 1 1
ADDC A, #data Add immediate data to A with carry flag 2 1
SUBB ARn Subtract register from A with borrow 1 1
SUBB A direct Subtract direct byte from A with borrow 2 1
SUBB A@Ri Subtract indirect RAM from A with borrow 1 1
SUBB A#data Subtract i jiate data from A with borrow 2 1
INC A Increment accumulator 1 1
INC  Rn Increment register 1 1
NC  direct Increment direct byte 2 1
NC  @Ri Increment indirect RAM 1 1
JEC A Decrement accumulator 1 1
JEC Rn Decrement register 1 1
OEC  direct Decrement direct byte 2 1
CEC @Ri Decrement indirect RAM 1 1
NG  DPTR Increment data pointer 1 2
MUL  AB Multiply A and B 1 4
oV AB Divide A by B 1 4 56
DA A Decimal adjust accumulator 1 1

28
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Mnemonic Description

Logic operations

ANL  ARn AND register to ac lator 1 1
ANL A direct AND direct byte to accumulator 2 1
ANL A @Ri AND indirect RAM to ac I 1 1
ANL A #data AND immediate data to accumulator 2 1
ANL  direct A AND accumulator to direct byte 2 1
ANL  direct#data | AND immediate data to direct byte 3 2
ORL  AAn OR register to accumulator 1 1
ORL  Adirect OR direct byte to accumulator 2 1
ORL  A,@Ri OR indirect RAM to accumulator 1 1
ORL  A#data OR immediate data to 2 1
ORL  direct,A OR accumulator to direct byte 2 1
ORL direct#data | OR immediate data to direct byte 3 2
XAL ARn Exclusive OR register to accumulator 1 i
XAL  Adirect Exclusive OR direct byte to accu | 2 1
XAL  A@Ri Exclusive OR indirect RAM to accumulator 1 1
XAL  A#data Exclusive OR i diate data to | 2 1
XAL direct,A Exclusive OR accumulator to direct byte 2 1
XAL direct,#data | Exclusive OR i diate data to direct byte 3 2
CLR A Clear I 1 1
CPL A Complement accumulator 1 1
AL A Rotate accumulator left 1 1
RLC A Rotate accumulator left through carry 1 1
RR A Rotate accurmulator right 1 1
RRC A Rotate accumulator right through carry 1 1
SWAP A Swap nibbles within the accumulator 1 1 57
Mnemonic Description | Byte l Cycle
Data transfer

WOV ARN Move register to accumulator 1 1

MOV Adirect Move direct byte to i 2 1

MOV A@RI Move indirect RAM to L 1 1

MOV A#data Move i diate data to accumulator 2 1

MOV RnA Maove i to register 1 1

MOV Rn,direct Move direct byte to register 2 2

MOV Rn#data Move immediate data to register 2 1

MOV direct A Move accumulator to direct byte 2 1

MOV direct,An Move register to direct byte 2 2

MOV direct.direct Move direct byte to direct byle 3 2

MOV direct,@Ri Move indirect RAM to direct byte 2 2

MOV direct.#data Move i iate data to direct byte 3 2

MOV @RiA Move accumulator to indirect RAM 1 1

MOV @Ridirect Move direct byte to indirect RAM 2 2

MOV @RI, #data Move i diate data to indirect RAM 2 1

MOV DPTR, #datal6 | Load data pointer with a 16-bit 3 2
MOVC A@A+DPTR | Move code byte relative to DPTR to 1 2
MOVC A@A+PC Move code byte relative to PC to accumulator | 1 2
MOVX A @RI Move external RAM (8-bit addr.) 1o A 1 2
MOVX A@DPTR Move extarnal RAM (16-bit addr.) 1o A 1 2
MOVX @Fi,A Move A to external RAM (8-bit addr.) 1 2
MOVX @DPTR.A Move A to external RAM (16-bit addr.) 1 2
PUSH direct Push direct byte onto stack 2 2

POP  direct Pop direct byte from stack 2 2

XCH ARn E register with or 1 1

XCH  Adirect diract byte with 2 1

XCH  A.@Ri Exchange indirect RAM with accumulator 1 1
XCHD A @Ri E: [ der nibble indir. RAM with A | 1 1 58
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Mnemonic Description | Byte | Cycle

CLR C Clear carry flag 1 1
CLR  bit Clear direct bit 2 1
SETB C Set carry flag 1 1
SETB bit Set direct bit 2 1
CPL C Complement carry flag 1 1
CPL  bit Comp direct bit 2 1
ANL  Cbit AND direct bit to carry flag 2 2
AML  C/bit AND comph of direct bit to carry 2 2
ORL  Cbit OR direct bit to carry flag 2 2
ORL  C,/bit OR it of direct bit to carry 2 2
MOV C,bit Maove direct bit 1o carry flag 2 1
MOV bit.C Move earry flag to direct bit 2 2
Program and machine control

ACALL addr11 Absolute subroutine call 2 2
LCALL addr16 Long subroutine call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP  addr11 Absolute jump 2 2
LJMP  addr16 Lang jump 3 2
SIMP rel Short jump (relative addr.) 2 2
JMP @A +DPTR | Jump indirect relative to the DPTR 1 2
JZ ral Jump if is zero 2 2
JNZ  rel Jump it is not zero 2 2
JC rel Jump if carry flag is set 2 2
JNC el Jump if carry flag is not set 2 2
JB it,rel Jump if direct bit is set 3 2
JNB  bit,rel Jump if direct bit is not set 3 2
JBC  bitrel Jump if direct bit is set and clear bit 3 2

Mnemonic Description | Byte ‘ Cycle

Program and machine control (cont'd)

CJNE A direct,rel Compare direct byte to-A and jump if not equal 3 2
CJNE A #data,rel Compare immediate to A and jump if not equal |3 2
CJINE Rn #datarel | Compare immed. to reg. and jump if not equal |3 2
CJNE @Ri,#data,rel | Compare immed. to ind. and jump if not equal |3 2
DJNZ Rn,rel Decrement register and jump if not zero 2 2
DJNZ direct,rel Decrement direct byte and jump if not zero 3 2

1 1

NOP No operation




Primjeri programiranja

: A/D pretvorba

ORG 8000H
ADPR: MOV ADCON, #80H ;0.kanal, pojedinacno, za kont. je #18H
MoV DAPR, #00H ;ref. napon je od 0-5 V
WTBSY: JB BSY,WTBSY ;je 1li pretvorba obavljena
MOV A,ADDAT suzmi rezultat
CPL A jnapravi obradu rezultata
MOV P1,A ;prikazi rezultat na izl. prilazu
JMP ADPR rnastavi pretvorbu
END

61

Primjeri programiranja

odnosno sa sa prvog kanala A/D pretvornika ( port P5 ).

Prema postojecem programu za A/D pretvorbu napisati program koji ovisno o
postavljenoj preklopkici na ulaznom portu uzorkuje analogni signal sa nultog

ORG 8000H ; ako program pocinje iznad 8000H mozemo ga izvesti na PC

ADDPR: MOV ADCON, #80H; definiramo nulti kanal pojedinacno
MOV BRDCON,#81H; def. 1 kanal
MOV DAPR,#40H ; ref. napon 0-5V

PROV: MOV A,P1
JNZ ACC.0,WTBSY

JZ ACC.1,WTBSYY
WTBSY: JB BSY,WTBSY ; Jje l1li pretvorba gotova

MoV A, ADDAT ; uzmi mi rezultat

MOV P5,A

JMP ADDPR ; nastavi
WTBSYY:JB BSY ,WTBSYY

MoV A, ADDAT

MoV P5,A

JMP ADDFR

END

62
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Primjeri programiranja

;Program podrzava serijsku vezu po standardu RS-232

S1CON EQU 09BH ;osobine prijenosa
S1BUF EQU 09CH ;spremnik podataka veze
S1REL EQU 09DH ;reguliranje brzine prijenosa
KON1 EQU 041H ;znak po volji
KON2  EQU 042H  ;znak po volji
ORG 8000H
MOV KON1, #0FOH
CALL PREDAJA
CALL PRIJEM
MOV P1l,KONZ2
PRIJEM: MOV A,S51CON
JNB ACC.0,PRIJEM ;cekanje na prijem znaka
ANL S1CON, #0FEH ireset RI1
MOV A, S1BUF
MOV KON2, A
RET

PREDAJA:PUSH ACC
CEK: MoV A,S1CON

JNB ACC.1,PRIJEM ;cekanje na slanje znaka
ANL S1CON,#0FDH  ;reset TI1
POP ACC
MOV A,KON1
MOV S1BUF, A
RET
D
=i 63
Prlmjerl programiranja
; Postaviti zeljenu rijec na P1 poslati je na drugi mikre-upravljac sa drugog
; mikro-upravljaca odgovoriti slanjem te komplementirane rijeci na prvi mikro-
; Ma kraju prijema neka svijetli jedna dioda po izboru, a na kraju slanja neka
; druga LED. Komunikacija je po RS485 (Sucelje 1).
; Program je za MASTER sudionika a SLAVE ima obrnut redoslijed
S1CON  EQU 09BH
S1BUF EQU 09CH
S1REL EQU 09DH
KON1 EQU 041H
KON2 EQU 042H
ORG B8000H
SERINI:MOV S1REL, #0FEH ;programirame brzinu ed 100 kbita u sekundi
MoV S1CON, #092H
ANL S1CON, #0FEH
SLANJE: MOV A,S1CON
JNB ACC.1,SLANJE
ANL S1CON, #0FDH
ANL 51CON, #0FEH
SETB  P1.0
CLR P1.0
MOV S1BUF, KON1
ANL S1CON, #0FDH
MOV RO, #064H
SETBE  P1.7
ODBR: DJNZ  RO,ODBR
TST2: MOV A, S1CON
CLR P1.0
PRIJEM:SETB  P5.1
CLR P5.0
ANL 51CON, #0FEH
SETB Pl.6
REI2: MOV A, S1CON
JB ACC.0,REIOK
S5IMP REI2
REIOK: MOV A, S1BUF
MoV KONZ, A
ANL S1CON, #0FEH
CLR Pl.1
END 64
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Primjeri programiranja

:DSMCWDT .ASM
Aktiviranje budilnika
osvjelavanje se obavlja pozivanjem ovog potprograma nakon odrelenog
: vremena izvoAenja
7DTREL EQU 086H iregistar upravljanja budilnikom
ORG 8000H
MoV WDTREL, #080H ;vrijednost za 1.1 s

SETB  WDT ;josvjelavanije
SETB SWDT ipokretanije
END

65
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