Microcontroller Interfacing
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Figure 1-19: Active and passive states of a tri-state buffer.



Interpretation of Timing
Diagrams
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Figure 1-20: Timing diagram notation examples.



Analog to Digital Converters

Sampling rate (MHZ)

Sampling resolution (bits)

Interface type (parallel or serial)

Reference voltage (volt)

Input range (unipolar or bipolar)
Sample-and-hold circuit usually 1nside chip

Note: Analog antialiasing filter must be 1n place




ADC Technologies
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Parallel Interface Example
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Serial Interface Example
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Memory

External interface possible in most cases
Nonvolatile EPROM

Voltile RAM (SRAM, DRAM, etc.)
Nonvolatile EEPROM

Nonvolatile FLASH

Refer to timing diagram for each to know how
to interface with microcontroller



Temperature Sensors

e Thermistors (PTC, NTC)
Typical NTC Thermistor Data

Temp °C R/Rzs Temp °C R/R.s
—50 39.03 30 8976
—40 21.47 40 6406
-30 12.28 50 5758
—20 7.28 60 4086
-10 4.46 70 2954
0 2.81 80 2172
10 1.82 90 1622
20 1.21 100 1229

25 1.00 110 .09446




e Switches

e [solators
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Magnetic Sensors

e LVDT
e Hall effect
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Mechanical Switch
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Motor Interfacing

e Stepper motor

WAVEFORM
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Motors
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Motors

 Brushless DC

HIGH (SOURGING)

COIL A . OFF

LOW (SINKING)

HIGH (SOURCING)
- OFF

COoIL B

LOW (SINKING)
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COIL C - OFF

LOW (SINKING)

i L COIL B OFF, COIL B VOLTAGE SENSED
COIL C OFF, COIL C VOLTAGE SENSED

COIL A OFF, COIL A VOLTAGE SENSED
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Microcontrollers

e Which microcontroller to use?




8051 Summary

Selection of microcontroller
Definition of pins

Block diagram

Instruction set

Memory map

I/O ports

Timers

Interrupts

UART
Practical development



Microcontroller Architecture

The Real
World
Figure 1-2: Typical bus-oriented
microcomputer.
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Microcontroller Selection

Table 1.1. Product Selection Guide
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Pin Diagram

o _/
Port bit0 41 P1.0(T2) Vec 408 +3 or 5V Power

Port bit1 &§2 P1.1 (T2EX)  (ADO) P0.0 393 Port 0.0 (Address/Data bit 0)

Port bit2 B3 P1.2 (AD0) P0.1 38R Port 0.1 (Address/Data bit 1)

Port bit 3 B§4 P1.3 N (AD0) P0.2 37 Port 0.2 (Address/Data bit 2)

Port bit4 &5 P1.4 (AD0) P0.3 36 R Port 0.3 (Address/Data bit 3)

Port bit5 B§6 P1.5 JR, (AD0) P0.4 353 Port 0.4 (Address/Data bit 4)

Port bit6 &7 P1.6 - (AD0) P0.5 34 A Port 0.5 (Address/Data bit 5)

Port bit 7 8 P1.7 O0 (ADO0) P0.633 Port 0.6 (Address/Data bit 6)

Reset Input 9 RST (ADO) P0.7 32R Port 0.7 (Address/Data bit 7)

Port 3.0 (Receive Data) 0 P3.0 (RXD) /EQ 3T External Access Enable
Port 3.1 (Transmit Data) 11 P3.1 (TXD) ALE 30 Address Latch Enable
Port 3.2 (Interrupt 0) 812 P3.2 (/INTO) /PSEN 298 Program Store Enable
Port 3.3 (Interrupt 1) B§13 P3.3 (/INT1) (A15) P2.7 288 P2.7 (Address bit 15)
Port 3.4 (Timer 0 In) E314 P3.4 (T0) (A14) P2.6 273 P2.6 (Address bit 14)
Port 3.5 (Timer 1 In) 315 P3.5 (T1 (A13) P2.526R P2.5 (Address bit 13)
Port 3.6 (Data Write) §16 P3.6 (/WR)  (A12) P2.4 25 P2.4 (Address bit 12)
Port 3.7 (Data Read) 417 P3.7 (/RD)  (A11) P2.324R P2.3 (Address bit 11)
Crystal Pin 2 B§18 XTAL 2 (A10) P2.223R P2.2 (Address bit 10)
Crystal Pin 1T 319 XTAL 1 (A9) P2.1 223 P2.1 (Address bit 9)
Ground E420 Vss (A8) P2.0 21 P2.0 (Address bit 8)




Table 4.1. Pin Definitions

VDD 37.64, | 24,41, Digital Supply Voltage. Must be tied to +2.7 to +3.6 V.
90 57
DGND 38,63, | 25,40, Digital Ground. Must be tied to Ground.
89 56
AV+ 11,14 6 Analog Supply Voltage. Must be tied to +2.7 to +3.6 V.
AGND 10, 13 5 Analog Ground. Must be tied to Ground.
TMS 1 58 DIn |JTAG Test Mode Select with internal pull-up.
TCK 2 59 DIn [JTAG Test Clock with mnternal pull-up.
TDI 3 60 DIn [JTAG Test Data Input with mternal pull-up. TDI 1s latched on the

rising edge of TCEL
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Table 12.1. CIP-51 Instruction Set Summary

Mnemaonic Description Bytes 8 ':;:
ARITHMETIC OPERATIONS

ADDA.Rn Add register to A

ADD A, direct Add direct byte to A

ADD A, @Rs Add indirect RAM to A

ADD A, #data Add immediate to A

ADDC A, Rn Add register to A with carry

ADDC A, direct Add direct byte to A with carry

ADDC A. @Ri

Add mndirect RAM to A with carrv

ADDC A, #data

Add immediate to A with carry

SUBB A.Rn

Subtract register from A with borrow

SUBB A, direct

Subtract direct byte from A with borrow

SUBB A. @R1

Subtract mdirect RAM from A with borrow

SUBB A, #data

Subtract immediate from A with borrow

Ll Bl Bl Bt Mt R Ml Bl IRl Y 1 I Il S Il B S It B S ) B SN I S By I Sl

o BT B = it B B 1 Il Sl (N 1 RS (e (G e S ) (R (N I e Y () SN I ) (O )

XRL A, direct

Exclusive-OR direct byte to A

INC A Increment A

INC Rn Increment register

INC direct Increment direct byte

INC @R Increment indirect RAM

DECA Decrement A

DECRn Decrement register

DEC direct Decrement direct byte

DEC @Ra Decrement indirect RAM

INC DPTR Increment Data Pointer

MUL AB Multiply A and B

DIV AB Divide A by B

DAA Decimal adjust A

LOGICAL OPERATIONS

ANL A Rn AND Register to A 1 1

ANL A, direct AND direct byte to A 2 2

ANL A, @Ra AND indirect RAM to A 1 2

ANL A #data AND immediate to A 2 2

ANL direct, A AND A to direct byte 2 2

ANL direct. #data AND immediate to direct byte 3 3

ORL A Rn OR Register to A 1 1

ORL A direct OR direct byte to A 2 2

ORL A. @Ra OR indirect RAM to A 1 2

ORL A #data OR immediate to A 2 2

ORL direct, & OR A to direct byte 2 2

ORL direct. #data OR immediate to direct byte 3 3

XRLA.Rn Exclusive-OR Register to A 1 1
2 2
1 2

XRL A. @Ri

Exclusive-OR indirect RAM to A




Table 12.1. CIP-51 Instruction Set Summary

Mnemaonic Description Bytes g:::::;

XRL A, #data Exclusive-OR immediate to A 2 2

XRL direct. A Exclusive-OR A to direct byte 2 2

XRL direct, #data Exclusive-OR. immediate to direct byte 3 3

CLR A Clear A 1 1

CPL A Complement A 1 1

RL A Rotate A left 1 1

RICA Rotate A left through Carry 1 1

RR A Rotate A right 1 1

RRC A Rotate A night through Carry 1 1

SWAP A Swap nibbles of A 1 1
DATA TRANSFER

MOV A Rn Move Register to A

MOV A, direct Move direct byte to A

MOV A, @Ri Move indirect RAM to A

MOV A, #data Move immediate to A

MOV Rn, A Move A to Register

MOV BEn, direct

Move direct byte to Register

MOV Rn, #data

Move immediate to Register

MOV direct, A Mowve A to diurect byte

MOV direct, Rn Move Register to direct byte
MOV direct, direct Mowe direct byte to direct byte
MOV direct, @R4 Movwe mdirect RAM to direct byte
MOV direct, #data Move immediate to direct byte
MOV @R1 A Move A to mndirect RAM

MOV @Ru. direct

Move direct byte to indirect RAM

MOV @R, #data

Move immediate to mdirect RAM

MOV DPTR. #datal6

Load DPTR with 16-bit constant

MOVC A, @A+DPTR

Move code byte relative DPTR to A

MOVC A, @A+PC

Move code byte relative PC to A

MOVX A, @R1

Move external data (8-bit address) to A

MOVX @Ri. A

Move A to external data (8-bit address)

MOVX A, @DPTR

Move external data (16-bit address) to A

MOVX @DPIR. A

Move A to external data (16-bit address)

PUSH direct

Push direct byte onto stack

POP direct Pop direct byte from stack
XCHA Rn Exchange Register with A
XCH A, direct Exchange direct byte with A
XCHA. @R Exchange mndirect RAM with A

Lol il B 1 M I S W] B Bl Bl Bl W] Bt LW (SN I S Bt ELWEY B S VY SR I S B S I SS] Bl I S Bt B ]

| ) I SN Y I ] SR SN ] S W) B B ] S U OR[N N W (W) Y N B SN I SN [ N I R (SN ]

XCHD A. @R

Exchange low nibble of indirect RAM with A

BOOLEAN MANIPULATION

CLRC Clear Carry 1 1
CLR bit Clear direct bit 2 2
SETBC Set Carry 1 1
SETB bat Set direct bat 2 2
CPLC Complement Carry 1 1




Table 12.1. CIP-51 Instruction Set Summary

Mnemonic Description Bytes g:::;:;
CPL bat Complement direct bat 2 2
ANL C, bat AND direct bat to Carry 2 2
ANL C, /bat AND complement of direct bit to Carry 2 2
ORL C. bat OF. direct bit to carry 2 2
ORL C, /b1t OF. complement of direct bit to Carry 2 2
MOV C, bat Mowe direct bit to Carry 2 2
MOV bat, C Mowve Carry to direct bit 2 2
JC rel Jump if Carry 1s set 2 2/3
JNC rel Jump if Carry 1s not set 2 2/3
IB bt rel Jump if direct bat 1s set 3 3/4
JNE but, rel Jump if direct bit 1s not set 3 3/4
JBC bat, rel Jump 1f direct bit 1s set and clear bat 3 3/4
PROGERAM BRANCHING

ACALL addrll Absolute subroutine call 2 3
LCALL addrlé6 Long subroutine call 3 4
EET Return from subroutine 1 3
RETI Return from interrupt 1 3
ATMP addrll Absolute jump 2 3
LIMP addrl6 Long jump 3 4
SIMP rel Short jump (relative address) 2 3
JMP @ A+DPTR Jump indirect relative to DPTR 1 3
JZ el Jump if A equals zero 2 2/3
JNZ rel Jump if A does not equal zero 2 2/3
CINE A. direct, rel Compare direct byte to A and jump 1f not equal 3 3/4
CINE A, #data, rel Compare immediate to A and jump if not equal 3 3/4
CINE Exn, #data, rel Compare immediate to Eegister and jumyp if not equal 3 3/4
CINE @R, #data. rel Compare immediate to mdirect and jump if not equal 3 4/3
DINZ Ba, rel Decrement Register and jump 1f not zero 2 2/3
DINZ direct. 12l Decrement direct byte and jump if not zero 3 3/4
NOP No operation 1 |




Notes on Registers, Operands and Addressing Modes:

Rn - Register R0O-R7 of the currently selected register bank.
(@R1 - Data RAM location addressed indirectly through RO or R1.

rel - 8-bit, signed (two’s complement) offset relative to the first byte of the following instruction. Used by STMP
and all conditional jumps.

direct - 8-bit internal data location’s address. This could be a direct-access Data RAM location (0x00-0x7F) or an
SFR (0x80-0xFF).

Hdata - 8-bit constant
#datalé - 16-bit constant
bit - Direct-accessed bit in Data RAM or SFR

addrll - 11-bit destination address used by ACALL and AJMP. The destination must be within the same 2K-byte
page of program memory as the first byte of the following instruction.

addrl6 - 16-bit destination address used by LCALL and LIMP. The destination may be anywhere within the 64K-
byte program memory space.

There is one unused opcode (0xAS5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.




PROGRAM/DATA MEMORY
(FLASH)
0x1007F |  Scrachpad Memory
0x10000 (DATA only)
0xFFFF
X RESERVED
OxFEODO
OxFDFF
FLASH
(In-System
Frogrammable in 512
Byte Sectors)
0x0000

OxFF

Ox80
O0x7F

Ox30
Ox2F

O0x20
Ox1F

Ox00

OxFFFF

0x1000
OxOFFF

0x0000

Figure 12.2. Memory Map

DATA MEMORY (RAM)
INTERNAL DATA ADDRESS SPACE

Upper 128 RAM
(Indirect Addressing
Only)

Special Function
Register's
(Direct Addressing Only)

(Direct and Indirect
Addressing)

‘\

Lower 128 RAM
(Direct and Indirect
Addressing)

EXTERNAL DATA ADDRESS SPACE

Off-chip XRAM space

XRAM - 4096 Bytes

(accessable using MOVX
instruction)




F&
FO
E8
EO
D38
DO
C8
Co
BS
BO
AS
A0
98
90
58
80

Table 12.2. Special Function Register (SFR) Memory Map

SPIOCN | PCAOH |PCAOCPHO|PCAOCPHI|PCAOCPH? | PCAOCPH3 |PCAOCPH4| WDTCN
B SCONI SBUF1 | SADDRI TL4 TH4 EIP1 EIP?
ADCOCN | PCAOL |PCAOCPLO|PCAOCPLI | PCAOCPL? | PCAOCPL3 |PCAOCPL4| RSTSRC
ACC XBRO XBR1 XBR2 RCAP4L | RCAP4H EIEI EIE2

PCAOCN | PCAOMD |PCAOCPMO|PCAOCPMI |PCAOCPM2 |PCAOCPM3 [PCAOCPM4

PSW REFOCN | DACOL | DACOH | DACOCN | DACIL DACIH | DACICN
TOCON | T4CON | RCAP2L | RCAPXH TL? TH? SMBOCR

SMBOCN | SMBOSTA | SMBODAT | SMBOADR | ADCOGTL | ADCOGTH | ADCOLTL | ADCOLTH
P SADENO | AMXOCE | AMX0SL | ADCOCF | PIMDIN | ADCOL | ADCOH
P3 OSCXCN | OSCICN P740UTT | FLSCL FLACL
IE SADDRO | ADCICN | ADCICF | AMXISL P3IF SADEN1 | EMIOCN
P2 EMIOTC EMIOCF | POMDOUT | PIMDOUT | P2MDOUT | P3MDOUT
SCONO SBUF0 | SPIOCEG | SPIODAT | ADCI SPIOCKR | CPTOCN | CPTICN
Pl TMR3CN | TMR3RLL | TMR3RLH | TMR3L TMR3H P71

TCON TMOD TLO TL1 THO THI CKCON | PSCTL
PO SP DPL DPH P4t P5t P6T PCON
0(8) 1(9) 2(A) 3(B) 4C) 5(D) 6(E) 7(F)

(bt addrazsable])




Table 12.3. Special Function Registers

SFRs are listed 1n alphabetical order. All undefined SFR locations are reserved.

Register Address Description Page No.

ACC O0xEO Accumulator page 115

ADCOCF 0xBC ADCO Configuration page 49% page 65%%
ADCOCN 0xES8 ADCO Control page 50% page 66%*
ADCOGTH 0xC5 ADCO Greater-Than High page 53% page 69%*
ADCOGTIL oxC4 ADCO Greater-Than Low page 53% page 69%%
ADCOH 0xBF ADCO Data Word High page 51% page 67%%
ADCOL 0xBE ADCO Data Word Low page 51% page 67%*

Figure 12.7. ACC: Accumulator

W BW RW W BW RW RW BW Beset Value
Acc7 | acce | Accs | Acc4 | Aaccs | Acc2 | Aacct | Acco | 00000000
Bit7 Bitd Bit3 Bit4 Bit3 Bit2 Bitl Bitl SFE Address:

(bit addressable)  OxED

Bits7-0:  ACC: Accumulator.
This register 1s the accumulator for arithmetic operations.




Addressing Modes

Table 2-1:
Implied addressing.

Table 2-2:
Immediate addressing.

Instruction Operand
CPL A
complement accumulator
E4 A
(op code) (implied)
Instruction Operand
MOV A, #35H
load accumulator | with 35 hex
74 35
(op code) (constant)




Addressing Modes

Instruction Operand
MOV A, 34H
load accumulator with the contents
of location 34
74 35
Table 2-3: (op code) (constant)
Direct addressing.
Instruction Operand
MOVX A, @DPTR
load accumulator contains the address of
the byte to be accessed
Table 2-3: EO DPTR=1234h
Indirect (op code) (address of the operand)
addressing.




Table 12.4. Interrupt Summary

-
| =
Interrupt | Priority . Z Z |Enable Priority
Interrupt Source Vector Order Pending Flag = = |Fiag Control
% | 3
= e
2 | O

j - . a | Always Always
Reset 0x0000 Top None N/A | NA Enabled Highest
External Interrupt 0 (/INTO) 0x0003 0 IEO (TCON.1) Y Y |EXO0(IE.0) |PXO0 (IP.0)
Timer 0 Overflow 0x000B 1 TEO (TCON.5) Y Y |ETO(IE.1) |PTO(IP.1)
External Interrupt 1 (/INT1) 0x0013 2 IE1 (TCON.3) Y Y |EX1(IE.2) |PX1 (IP2)
Timer 1 Overflow 0x001B 3 TF1 (TCON.7) Y Y |ET1(IE3) |PTI(IP3)

- RI0 (SCONOD.0) . \

; 17 ) , , ;
UARTO 0x0023 4 TI0 (SCONO.1) Y ESO (IE4) |PSO(IP4)
Timer 2 Overflow (or EXF2) | 0x002B 5 TF2 (T2CON.7) Y ET2(IE.5) |PT2(IPS5)

. . . ESPIO PSPIO
. . . - 12 .
Senal Peripheral Interface 0x0033 6 SPIF (SPIOCN.7) Y (EIEL0) (EIP1.0)
< Trbarf: ) - - SR, ESMBO PSMBO
SMBus Interface 0x003B ] SI(SMBOCN.3) Y (EIE1.1) (EIP1.1)
JRp— L o . ADOWINT EWADCO |PWADCO
ADC0 Window Comparator 0x0043 8 (ADCOCN .2) Y (EIE1.2) (EIP1.2)
CF (PCAOCN.T) "y Y
Programmable Counter Array | 0x004B 9 CCFn Y EEEF;.CE?EJ (P];(;?g)
(PCAOCN.0) Y :
. CPOFIF ECPOF PCPOF

. ator a2
Comparator O Falling Edge 0x0053 10 (CPTOCN 4) (EIE14) (EIP1.4)

. - .. e CPORIF ECPOR PCPOR
Comparator 0 Rising Edge 0x005B 11 (CPTOCN.5) (EIEL5) (EIP1.5)
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Figure 12.9. IE: Interrupt Enable

W BW BW B BW BW BW BW Reset Valne
EA TEGFO | ET2 | ESO | ETI | EX1 | ETO EX0 00000000
Bit7 Bits Bit3 Bit4 Bit3 Bit? Bitl Bitd SFE. Address:

{bit addressable) OxAl

Bit7: EA: Enable All Interrupts.
This bit globally enables/disables all interrupts. When set to ‘07, individual interrupt mask settings are
overridden.
0: Drsable all interrupt sources.
1: Enable each mterrupt according to its individual mask setting.

Bit6: IEGF0: General Purpose Flag 0.
This 1s a general purpose flag for use under software control.
Bit3: ET2: Enabler Timer 2 Interrupt.

This bt sets the masking of the Timer 2 mterrupt.

0: Disable Timer 2 interrupt.

1: Enable mterrupt requests generated by the TF2 flag (T2CON.7).
Bit4: ESO: Enable UARTO Interrupt.

This bit sets the masking of the UARTO mterrupt.

0: Drsable UARTO interrupt.

1: Enable UARTO mterrupt.
Bit3: ET1: Enable Timer 1 Interrupt.

This bit sets the masking of the Timer 1 mterrupt.

0: Disable all Timer 1 interrupt.

1: Enable mterrupt requests generated by the TF1 flag (TCON.7).
Bit2: EX1: Enable External Interrupt 1.

Thus bit sets the masking of external interrupt 1.

0: Disable external interrupt 1.

1: Enable mterrupt requests generated by the /INT1 pin.
Bitl: ET0: Enable Tumer 0 Interrupt.

This bt sets the masking of the Timer 0 mterrupt.

0: Disable all Timer O interrupt.

1: Enable mterrupt requests generated by the TFO flag (TCON.5).
Bit0: EXO0: Enable External Interrupt 0.

This bit sets the masking of external interrupt 0.

0: Disable external interrupt 0.

1: Enable mterrupt requests generated by the /IINTO pin.




Figure 12.10. IP: Interrupt Priority

BW B RW RW RW

BW

PT2 | Pso | PT1 | PXI | PIO

PX0

Bits7-6:
Bit5:

Bit4:

Bit3:

Bit2:

Bitl:

Bit(:

Bit3 Eitd BEit3 Bit2 Eitl

UNUSED. Read = 11b. Write = don't care.

PT2: Timer 2 Interrupt Prionty Control.

This bit sets the priority of the Timer 2 interrupt.

0: Tumer 2 mterrupt priority determuned by default priority order.
1: Timer 2 mterrupts set to high priority level

PSO: UARTO Interrupt Priority Control.

This bt sets the priority of the UARTO interrupt.

0: UARTO mterrupt priority determined by default priority order.
1: UARTO mterrupts set to lugh prionty level.

PT1: Timer 1 Interrupt Prionty Control.

This bt sets the priority of the Tumer 1 mterrupt.

0: Tumer 1 mterrupt priority deternuned by default priority order.
1: Timer 1 interrupts set to high priority level.

PX1: External Inferrupt 1 Prionity Control.

This bat sets the priority of the External Interrupt 1 mterrupt.

0: External Interrupt 1 prionty deternmuned by default priority order.
1: External Interrupt 1 set to high priority level.

PTO: Timer 0 Interrupt Prionty Control.

This bit sets the priority of the Timer O interrupt.

0: Tumer 0 mterrupt priority determuned by default priority order.
1: Timer O mterrupt set to high prionty level

PX(0: External Interrupt 0 Priority Control.

This bat sets the priority of the External Interrupt 0 mtermupt.

0: External Interrupt 0 prionty determuned by default priority order.
1: External Interrupt 0 set to high priority level.

BitD
(bit addressable)

Reset Value
Q0000000
SFE Address:
0xBE&




/O Ports

Figure 17.1. Port I/O Cell Block Diagram

/WEAK-FULLUP

PUSH-PULL

RS
i/
VDD VDD
/PORT-OUTENABLE L[> }: ‘ ,JI':-:V ':—::WEAK)
PORT-OUTPUT J ’73 l%

Analog Select DGND
(Port 1 Only) —I—
ANALOG INPUT U

>l )4
PORT-INPUT ﬂ-

|
Tri-State Inverting Buffer Output ENabled Output DISabled

- ?
A Y A A A OFF
Input Output HI-Z

PORT
E PAD

OE 1 0
Truth Table | |
A |OE|Y D :: 4
D—
A Output Output .
utpu utpu
11110 Switch Switch
0l0]|7?|Hi-Z ON OFF
101 7| Hiz (closed) (open)
Symbol and Function Equivalent Circuit — Active and Passive

Figure 1-19: Active and passive states of a tri-state buffer.



Figure 17.10. P0: Port0 Data Register

BW BW BW BW RW BW BW RW Reset Value
PO.7 P06 | Pos | Po4 | P03 | P02 | POl PO.0 | 11111111
Bit7 Bité Bit5 Bitd Bit3 Bit2 Bitl Bitl SFE Address:

(it addressable) 0x80

Bits7-0:  PO.[7:0]: Port0 Output Latch Bits.
(Write - Output appears on I/'O pins per XBR0. XBR1 XBR? and XBR3 Registers)
0: Logic Low Output.
1: Logic High Output (open if correspondmg POMDOUT.n bit = 0).
(Read - Regardless of XBRO, XBR1. XBR2. and XBR3 Register settings).
0: PO.n pin 1s logic low.
1: PO.n pin 15 logic hugh.

Note: PO.7 (/WR), P0.6 (/RD), and P0.5 (ALE) can be drrven by the External Data Memory Interface.
See Section “16. EXTERNAL DATA MEMORY INTERFACE AND ON-CHIP XRAM” on
page 145 for more information. See also Figure 17.9 for mformation about configuring the Crossbar
for External Memory accesses.

Figure 17.11. POMDOUT: Port0 Output Mode Register

BW BW BW BW RW BW BW BW Reset Value
| | | | | | | 00000000
Bit7 Eit6 Bit5 Bitd Bit3 Bit2 Bitl Eit0 SFE. Address:
0xA4

Bits7-0:  POMDOUT.[7:0]: Port0 Output Mode Bits.
0: Port Pin output mode 1s configured as Open-Drain.
1: Port Pin output mode 1s configured as Push-Pull.

Note: SDA, SCL, and RX0 (when UARTO 1s in Mode 0) and RX1 (when UART1 1s in Mode 0) are always
configured as Open-Dramn when they appear on Port pins.




Timer 0 and Timer 1:

Timer 2:

Timer 3:

Timer 4

13-bit counter/timer

16-bit counter/timer with
auto-reload

16-bit timer with auto-
reload

16-bit counter/timer with
auto-reload

16-bit counter/timer

16-bit counter/timer with

16-bit counter/timer with

capture capture
8-bit counter/timer with Baud rate generator for Baud rate generator for
auto-reload UARTO UART1
Two 8-bit counter/timers
(Timer 0 only)
Figure 22.7. TLO: Timer 0 Low Byte
W BW /W RW BW B/W BW BW Beset Value
| | | | 00000000
Bit7 Bit§ Bit5 Bitd Bit3 Bit2 Bitl Bit0 SFR Address:
OxBA
Bits 7-0: TLO: Timer O Low Byte.
The TLO register 1s the low byte of the 16-bit Timer 0.
Figure 22.9. THO Timer 0 High Byte
RW R/W R/W RW R/W R/W R/W R/W Reset Value
| | | | 00000000
Bit7 Bit§ Bit5 Bitd Bit3 Bit2 Bitl Bit0 SFR Address:
0x8C
Bits 7-0: THO: Timer 0 High Byte.

The THO register 1s the high byte of the 16-bit Timer 0.




UART

Table 20.1. UART0 Modes

Mode Synchronization Baud Clock Data Bits | Start/Stop Bits
0 Synchronous SYSCLE. /12 8 None
1 Asynchronous Timer 1 or 2 Overflow 8 1 Start, 1 Stop
2 Asynchronous SYSCLK /32 or SYSCLK / 64 9 1 Start, 1 Stop
3 Asynchronous Timer 1 or 2 Overflow 9 1 Start, 1 Stop

Figure 20.3. UARTO0 Mode 0 Timing Diagram

MODE 0 TRANSMIT

RX {da’[a [:]thj V' oo ’-. o ’-. o2 '-. o3 f D4 f s

TX (clk out) f { f { f } } }

MODE 0 RECEIVE
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Practical Development

Figure 1.8. Development/In-System Debug Diagram

Si¥con Labs Integrated
Ceveloprnent Environment

WINDOWS EMMEQL/ {;‘#ﬁ

Serial
Adapter




Standard Software Development
Process

. Create or edit an ASCII text file containing the human readable
source code, also known as the program instructions.

2. Translate the source code to machine-readable binary instruction
code using a language translator. This 1s accomplished using an
assembler or compiler.

3. Load the program memory with the binary instruction code into
the processor’s program memory chip. For the SDK, the program
1s downloaded 1nto program memory on the SDK.

4. Execute the program to test it and find program errors. For the
SDK, this “debugging” process is facilitated using a special
program (debugger or monitor) resident on the SDK.

5. Once the problem is located, the source code 1s corrected by
repeating this process until all errors are corrected.






