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Rm ® RISC DSP Controller R8032TT

R8032 TT 8-BIT MCU IP SPECIFICATION

1. DESIGN SPECIFICATION
® RISC Architecture

Synchronous Design

Static Design

Synthesizable

Silicon proved (0~66 MHz at 0.5um process)

RTL Code with verilog format

Application

-DSC,CF Card, CD ROM Controller, Pattern Recognition, LCD Moniter

Controller, USB Device Controller, Scanner Controller, MP3 Controller, Modem
Controller, Voice Recognition, ...etc.

2.Features

® Instruction compatible with generic 8051
® 256 byte scratchpad RAM interface
® Two external interrupts
® Memory Addressing Capability
-64K Byte external RAM & ROM
8-bit 1/O port x 4 (PO~P3)
16-bit timer/counter x3
Full duplex UART x2
Dual Data Pointer
Watch Dog Timer x1
Support Power Down and Idle Mode
Power Down waked up by Interrupt
Variable Length MOV X to access slow peripheral RAM
EMI reduction mode disable ALE
Programmable clock source for timer(1/4,1/12)
Enhance MUL instruction

RDC Semiconductor Co. Rev: 1.1
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3.GENERAL DESCRIPTION

The 8032TT is a high-performance 8051 family compatible micro-controller based on RISC
architecture & Pipeline design. This IP Specification of interface timing, external Data Memory
read / write timing and external Program Memory read timing are different from that of the standard
80C52. But instruction-set is fully compatible with standard 8051 family.

4.FUNCTIONAL DESCRIPTION

Memory

The R8032T Tmanipulates operands in four memory spaces. There are 64K-byte Program Memory
space, 64K-byte External Data Memory space, 256-byte Internal Data Memory, and with a 16-bit
Program Counter space. The Internal Data Memory address space is further divided into the 256-
byte Internal Data RAM and 128-byte Special Function Register address space. The up 128-bytes
RAM can reach by indirect addressing. Four Register Banks, 128 addressable bits, and the stack
reside in the Internal Data RAM.

1/0 ports

The R8032TThas 8-bit I/O ports. The four ports provide 32 1/O lines to interface to the

external world. All four ports are both byte and bit addressable. Port 0 is used as a Address/

Data bus and Port 2 is used as the upper 8-bits address when external memory/device is accessed.
Port 3 contains special control signals such as the read

and write strobes. Port 1 is used for both 1/0 and external interrupts.

Interrupts

In the R8032TTthere are six hardware resources that generate an interrupt request. The starting
addresses of the interrupt service program for each interrupt source are like standard 8052. The
external interrupt request inputs (INTO, INT1) can be programmed for either negative edge or low
level-activated operation.

3 Timers / Counters
The R8032TThas three 16-hit timers/counters that are same as the timers of the standard 8051
family. The R8032TThas two additional watchdog timers for system failure monitor.

RDC Semiconductor Co. Rev: 1.1
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Serial 1/0 ports
The R8032TThas 2 programmable, full-duplex serial 1/0 ports that the function is same as that of
8051 family and dependent on requirement.

Power Management

The R8032TTdefault support IDLE and POWER-DOWN modes of operation. In the IDLE mode,
the CPU core is stopped operation while the peripherals continue operating. In the POWER-DOWN
mode, all the clocks are stopped. The power-down mode can be waked up by INTO or INTL
external interrupt with level trigger. The extra power management can be found on PMR register in
SFR.

Dual Data Pointer

The R8032TThas 2 data pointers (DTPR, DTPR1). These two data pointers can help users enhance
lots of block data memory moving. Using dual data pointers to move block data almost saves half
of the time spent by original 8051 codes.

Watch Dog Timers Interrupt / Reset
The R8032T Tcreates one programmable watchdog timers to monitor system failure. That is
maximum 2% .

Hardware Multiply
R8032TTincludes a hardware multiplier to enhance calculating speed. R8032TTcan finished one
multiply instruction at 1 machine cycle.

RDC Semiconductor Co. Rev: 1.1
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5.MEMORY ORGANIZATION

In the R8032TTthe memory is organized as three address spaces and the program counter.
The memory spaces shown in memory map.

- 16-bit Program Counter

- 64k-byte Program Memory address space

- 64k-byte External Data Memory address space

- 256-byte Internal Data Memory address
The 16-bit Program Counter register provides the R8032T Twith its 64k addressing capabilities. The
program Counter allows the user to execute calls and branches to any location within the
Program Memory space. There are no instructions that permit program execution to move from the
Program Memory space to any of the data memory spaces.

The 64k-byte Program Memory address space is located by dedicate address bus. The 64k-byte
External Data Memory address space is automatically accessed when the MOV X instruction is
executed. The Internal Data Memory space is subdivided into a 256-byte Internal Data RAM
address Space and a 128-byte Special Function Resister address space as shown in the SFRs Map.
The Internal Data RAM address space is 0 to 255. Four 8-Register Banks occupy locations

0 through 31. The stack can be located anywhere in the Internal Data RAM address space.

In addition, 128 bit locations of the on-chip RAM are accessible through Direct Addressing.

RDC Semiconductor Co. Rev: 1.1
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64K 64K

64K 64K

External
Program FFh

. . Data
Memory Indirect Special
Addressing | Function Memory
Space :
RAM Register Space

80h
7Fh Direct
&
Indirect
Addressing
0 00h RAM 0

I
Internal Data Memory

Program
Counter

Memory Organization

FFh 256

Indirect RAM

80h 128
7Fh 127

(MsB) (LsB)
2Fh[ 7F [7E [7D [7C | 7B [7A [ 79 | 78 | 47
2En[77 | 76 | 75 | 74 | 73 | 72 | 71 | 70 | 46
2Dh[ 6F | 6E | 6D | 6C | 6B | 6A | 69 | 68 | 45
2Ch[ 67 | 66 | 64 | 64 | 63 | 62 | 61 | 60 | 44
2Bh| 5F | 5E | 5D | 5C | 5B | 5A | 50 | 58 | 43
2An[ 57 | 56 | 55 | 54 | 53 | 52 | 51 | 50 | 42
20h [ 4F | 4E | 4D | 4C | 4B | 4A | 49 | 48 | 41 .
28h| 47 | 46 | 45 | 44 | 43 | 42 | 41 | 40 | 40 Addressable Bits
27h| 3F | 3E | 3D | 3C | 3B | 3A | 39 | 38 | 39

26h[ 37 | 37 | 35 | 34 | 33 | 32 | 31 | 30 | 38 20h-2Fh
25h [ 2F | 2E | 2D | 2C | 2B | 2A | 29 | 28 | 37
24n[ 07 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 36
23h|[1F | 1E | 1D | IC | 1B | 1A | 19 | 18 | 35
22h[17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | 34
21h [ OF | OE | 0D | OC | 0B | 0A | 09 | 08 | 33
20h[ 07 | 06 | 05 | 04 | 03 | 02 | 01 ] 00 | 32

e e 2
o 2
olE om 5
N i

RAM Bit Addresses

Special Function Registers Description
The Special Function Register address space is 80h to FFh. All registers except the Program
Counter and the four 8-Register Banks reside here. The SFRs are accessed using direct addressing

RDC Semiconductor Co. Rev: 1.1
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only. All of the SFRs are the compatible with standard 8052 .

F8H
FOH B
E8H
EOH ACC PDCON
D8H [ WDTCON
DOH PSW
C8H T2CON T2MOD RCAP2L RCAP2H TL2 TH2
COH SCON1 SBUF1 PMR STATUS
B8H IP
BOH P3
A8H IE
ACH P2 Reserved Reserved
98H SCON SBUF
90H P1
88H TCON TMOD TLO TL1 THO TH1 CKCON
80H PO SP DPL DPH DPL1 DPH1 DPS PCON
B Address:FOh
bit 7 bit 0
' B7 | B6 | B5 | Ba | B3 | B2 | B1 | BO |

B Register. The B Register is used as both a source and destination in multiply and
divide operations.

RDC Semiconductor Co. Rev: 1.1
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ACC Address:EOh

bit 7 bit 0
| Acc7 | Acce | Accs | Acca | acca | acc2 | acci | Acco |

Accumulator. The instruction use the accumulator as both source and destination
for calculations and moves.

PSW Address:D0Oh
bit 7 bit 0
| cy | Ac | FO | RSt | RSO | ov | F1 | PARITY |

Program Status Word.
CY: Carry Flag
CY is set if the operation result in a carry out of (during addition) or a borrow into
(during subtraction) the high-order bit of the result; otherwise CY is cleared.
AC: Auxiliary-Carry Flag
AC is set if the operation results in a carry out of the low-order 4 bits of the
result (during addition) or a borrow form the high-order bits into the low-order 4
bits (during subtraction); otherwise AC is cleared.
FO: User Flag 0
General-purpose flag.
RS1,RS0: Register Bank Select Bits 1 and 0
These bits select the memory locations that comprise the active bank of the

register file.
RS1 RSO Bank Address
0 0 0 00-07h
0 1 1 08h-0Fh
1 0 2 10h-17h
1 1 3 18h-1Fh

OV: Overflow Flag
This bit is set if an addition or signed variables results in an overflow error (i.e., if
the magnitude of the sum or difference is too great for the seven LSBs in 2’s-
complement representation). The overflow flag is also set if multiplication product
overflows one byte or if a division by zero is attempted.

UD: User-definable Flag

RDC Semiconductor Co. Rev: 1.1
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This general-purpose flag is available to the user.

P: Parity Flag
This bit indicates the parity of the accumulator. It is set if an odd number of bits in
the accumulator are set Otherwise, it is cleared. Not all instructions update the parity
bit. The parity bit is set or cleared by instructions that change the contents to the
accumulator.

T2CON Address:C8h
bit 7 bit 0
| T2 | ExF2 | RCLK | TClK | ExEN2 | TR2 | cA2 | cPRIZ |

Timer 2 Control Register.
TF2: Timer2 Overflow Flag
Set by time 2 overflow. Must be cleared by software. TF2 is not set if RCLK=1or
TCLK=L1.
EXF2: Timer 2 External Flag
If EXEN2=1, capture or reload caused by a negative transition on T2EX sets
EFX2. EFX2 dose not cause an interrupt in up/down counter mode (DCEN=1)
RCLK: Receive Clock Bit
Selects timer 2 overflow pulses (RCLK=1) or timer loverfiow pulses (RCLK=0)
as the baud rate generator for port modes 1 and 3.
TCLK: Transmit Clock Bit
Select timer 2 overflow pulses (TCLK=1) or timer 1 overflow pulses (TCLK=0) as
the band rate generator for serial port modes 1 and 3.
EXEN2: Timer 2 External Enable Bit
Setting EXEN2 causes a capture or reload to occur as result of a negative
transition on T2EX unless timer 2 is being used as the baud rate generator for
the serial port. Clearing EXEN2 causes timer 2 to ignore events at T2EX.
TR2: Timer 2 Run Control Bit
Setting this bit starts the timer.
C/T2: Timer 2 Counter/Timer Select
C/T2 = 0 selects timer operation: timer 2 counts the divided-down system clock.
C/T2 =1 selects counter operation: timer 2 counts negative transitions on
external pin T2.

RDC Semiconductor Co. Rev: 1.1



Rm ® RISC DSP Controller R8032TT

CP/RL2: Capture/Reload Bit
When set, captures occur on negative transitions at T2EX if EXEN2=1.When
cleared, auto-reloads occur on timer 2 overflows or negative transitions at T2EX
if EXEN2=1. The CP/RL2 bit is ignored and timer 2 forced to auto-reload on
timer 2 overflow, if RCLK =1 or TCLK = 1.

T2MOD Address:C9h

bit 7 bit 0
-1 -7 - 1T = - — | 120 | DCEN |

Timer 2 Mode Control Register.
Bit7-Bit2 : Reserved
T20E: Timer 2 Output Enable Bit
In the timer 2 clock-out mode, connects the programmable clock output to
external pin T2.
DCEN: Down Count Enable Bit
Configures timer 2 as an up/down counter.

RCAP2L Address:CAh

bit 7 bit 0
‘ RCAP2L.7 ‘ RCAP2L.6 ‘ RCAP2L.5 | RCAP2L.4 | RCAP2L.3 | RCAP2L.2 ‘ RCAP2L.1 ‘ RCAP2L.0 ‘

Timer2 Capture LSB
Low byte of the timer2 reload/recapture register. This register stores 8-bit values to be
loaded into or captured from the timer register TL2 in timer 2

RCAP2H Address:CBh

bit 7 bit O
|RCAP2H.7| RCAP2H.6 | RCAP2H.5| RCAP2H.4| RCAP2H.3 | RCAP2H.2 | RCAP2H.1 | RCAP2H.0 |
Timer2 Capture MSB
High byte of the timer2 reload/recapture register. This register stores 8-bit values to be

loaded into or captured from the timer register TH2 in timer2

RDC Semiconductor Co. Rev: 1.1
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TL2 Address:CCh
bit 7 bit O
TL27 | Tes | T2s | TL24 | TL2s3 TL22 | T2a | TL2.0 |
Timer 2 LSB
Low byte of the timer 2 timer register
TH2 Address:CDh
bit 7 bit 0
| TH2.7 | TH2.6 | TH25 | TH2.4 | TH23 | TH22 | TH21 | TH2.0 |
Timer 2 MSB
High byte of the timer 2 timer register
IP Address:B8h
bit 7 bit O
. — | pst | pT2 | bps PT1 px1 | pPro | pPxo |
Interrupt Priority Control Register
IP.7 : Reserved bits
PS1: Serial port 1 priority control bit. 1: high priority interrupt
PT2: Timer 2 interrupt priority control bit. 1:
PSO0: Serial portO priority control bit. 1: high priority interrupt
PT1: Timer 1 interrupt priority control bit.
PX1: External interrupt 1 priority control bit. 1: high priority interrupt
PTO: Timer O interrupt priority control bit.
PXO0: External interrupt O priority control bit.1
P3 Address:BOh
bit 7 bit 0
| P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 |
Port 3. P3 is the SFR that contains data to be driven out from the port 3 pins. Read-
modify-write instructions that read port 3 read this register. Other instructions that
read port 3 read the port 3 pins.
RDC Semiconductor Co. Rev: 1.1
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IE Address:A8h
bit 7 bit 0
| EA | ES1 | ET2 ES ET1 EX1 | ETO | Ex0 |

Interrupt Enable Register.
EA: Global Interrupt Enable
Setting this bit enables all interrupts that are individually enabled by bits 0-6. Clearing
this bit disables all interrupts.
ES1: Serial port 1 Interrupt Enable
Setting this bit enables the serial port 1 interrupt.
ET2: Timer 2 Overflow Interrupt Enable
Setting this bit enables the timer 2 overflow interrupt.
ESO: Serial port0 Interrupt Enable
Setting this bit enables the serial port0 interrupt.
ET1: Timer 1 Overflow Interrupt Enable
Setting this bit enables the timer 1 overflow interrupt.
EX1: External Interrupt 1 Enable
Setting this bit enables external interrupt 1.
ETO: Timer O Overflow Interrupt Enable
Setting this bit enables the timer 0 overflow interrupt.
EXO: External Interrupt O Enable

Setting this bit enables external interrupt 0.

P2 Address:A0h
bit 7 bit 0
L P27 | P26 | P25 | P2a | P23 | P22 | P21 | P20 |

Port 2. P2 is the SFR that contains data to be driven out from the port 2 pins. Read-
modify-write instructions that read port 2 read this register. Other instructions that

RDC Semiconductor Co. Rev: 1.1
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read port 2 read the port 2 pins.

SBUF Address:99h

bit 7 bit 0
| SBUF.7 | SBUF.6 | SBUF5 | sBUF.4 | SBUF.3 | sBUF.2 | sBUF.1 | SBUF.0 |

Serial Data Buffer. Writing to SBUF loads the transmit buffer to the serial 1/0O port.

Reading SBUF reads the receive buffer of the serial port.

SBUF1 Address:C1lh

bit 7 bit 0
| SBUF1.7 | SBUF1.6 | SBUF1.5 | SBUF1.4 | SBUF1.3 | SBUF1.2 | SBUF1.1 | SBUF1.0 |

Serial Data Bufferl, writing to SBUF1 loads the transmit buffer to the serial 1 1/0 port.
Reading SBUFL1 reads the receive buffer of the serial port1.

P1 Address:90h
bit 7 bit 0
. P17 | P16 | P15 | P14 | P13 | P12 | P11 | PlO |

Port 1. P1 is the SFR that contains data to be driven out from the port 1 pins. Read-
modify-write instructions that read port 1 read this register. Other instructions that
read port 1 read the port 1 pins.

TCON Address:88h
bit 7 bit 0
12 | TRt | TFO | TRO IE1 m. | o | im0 |

Timer/Counter Control Register..
TF1: Timer 1 Overflow Flag.
Set by hardware when the timer 1 register overflows. Cleared by hardware

when the processor vectors to the interrupt routine.

RDC Semiconductor Co.
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TR1:Timer 1 Run Control Bit.

Set/cleared by software to turn timer 1 on/off.
TFO: Timer 0 Overflow Flag.
Set by hard ware when the timer 0 register overflows. Cleared by hardware
when the processor vectors to the interrupt routine.
TRO: Timer 0 Run Control Bit.
Set/cleared by software to turn timer 1 on/off.
IE1: Interrupt 1 Edge Detect
Set by hard ware when an external interrupt is detected on the INTL pin edge-
or level-triggered (see IT1). Cleared when interrupt is processed if edge- triggered.
IT1: Interrupt 1 Type Select Bit.
Set this bit select edge-triggered (high-to-low) for external interrupt 1. Clear
this bit to select level-triggered (active low).
IEQ: Interrupt O Edge Detect
Set by hardware when an external interrupt is detected on the INTO pin edge-
or level-triggered (see ITO). Cleared when interrupt is processed if edge- triggered.

ITO: Interrupt O Type Select Bit.
Set this bit to select edge-triggered (high-to-low) for external interrupt 0. Clear

this bit to select level-triggered (active low).

TMOD Address:89h
bit 7 bit O
| GATE | cCfT M1 MO GATE ct | M1 | wmo |
TIMER1 TIMERO

Timer/Counter Mode Control Register.

GATE (TMOD.7): Timer 1 Gate. Control: enables/disables the ability of timer 1 to increment
0: Timer 1 will clock when TR1=1, regardless of the state of InT1
1: Timer 1 will clock only when TR1=1 and InT1=1

C/T (TMOD.6): Timer 1 Counter/Timer Select

RDC Semiconductor Co. Rev: 1.1
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C/T =0 selects timer operation: timer 1 counts the divided-down system clock.
C/T =1 selects counter operation: timer 1 counts negative transitions on external pin
T1.
M1 (TMOD.5), MO (TMOD.4) :Timer 1 mode select
M1 MO MODE

0 0 0 : 8-bit timer/counter (THZ1) with 5-bit prescalar (TL1)

0 1 1 : 16-bit timer/counter

1 0 2 : 8-bit auto-reload timer/counter (TL1). Reload from TH1
at overflow.

1 1 3 : timer 1 halted. Retains count.

GATE (TMOD.3) : Timer 0 Gate.
When GATE = 0, run control bit TRO gates the input signal to the timer register. When
GATE =1 and TRO = 1,external signal INTO gates the timer input.
C/T (TMOD.2): Timer 0 Counter/Timer Select
C/T =0 selects timer operation: timer 0 counts the divided-down system clock.

C/T =1 selects counter operation: timer 0 counts negative transitions on external pin
TO.

M1 (TMOD.1), MO (TMOD.0) : Timer 0 Mode Select.
M1 MO MODE

0 0 0 : 8-bit timer/counter (THO) with 5-bit prescalar (TLO)

0 1 1 : 16-bit timer/counter

1 0 2 : 8-bit auto-reload timer/counter (TLO). Reload from THO
at overflow.

1 1 3 : TLO is an 8-bit timer/counter. THO is an 8 bit timer using

timer 1’s TR1 and TF1 bits.

TLO Address:8Ah

bit 7 bit 0
| T0.7 | TLos | TLO5 | To4 | TL03 | To2 | TLoa | TLO.O |

Low Byte of the timer O timer register.

RDC Semiconductor Co. Rev: 1.1
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TL1 Address:8Bh
bit 7 bit O

| TL17 | TL16 | TLL5 | TL14 | TL13 | TL1.2 | TLL1 | TL10 |

Time 1 LSB

This register contains the lease significant byte Timerl

THO Address:8Ch
bit 7 bit O

| TH0.7 | TH0.6 | THO.5 | TH0.4 | TH0.3 | TH0.2 | THO. | THO.O |

High Byte of the timer O timer register.

TH1 Address:8Dh
bit 7 bit 0

| TH17 | TH16 | TH15 | TH14 | TH1.3 | TH12 | TH1L1 | TH1.0 |

High Byte of the timer 1 timer register.

PO Address:80h
bit 7 bit O

. P07 | P06 | P05 | P04 | P03 | P02 | POL | POO |

Port 0. PO is the SFR that contains data to be driven out from the port 0 pins. Read-

modify-write instructions that read port 0 read this register. Other instructions that

read port 1 read the port 0 pins.

RDC Semiconductor Co. Rev: 1.1
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SP Address:81h
bit 7 bit 0
| sp7 | sp6 | sp5 | spa | sp3 | sp2 | sp1 | spo |

Stack Pointer. The 8-bit SP contains the address at which the last byte was push onto the stack. This
is also the address of the next byte that will be stopped. The SP is incremented before very PUSH
operation.. SP can be read or written to under software control.

DPL Address:82h

bit 7 bit 0
| DPL7 | DPL6 | DPL5 | DPL4 | DPL3 | DPL2 | DPL1 | DPLO |

Data Pointer Low. DPL is the low byte of the 16-bit data pointer, DPTR.

DPH Address:83h

bit 7 bit 0
| DPH7 | DPH6 | DPH5 | DPH.4 | DPH.3 | DPH2 | DPH.1 | DPH.O |

Data Pointer High. DPH is the high byte of the 16-bit data pointer, DPTR.

DPL1 Address:84h

bit 7 bit 0
| ppL17 | prLie | pPLis | ppia | ppis | ppi2 | b1 | pPL1O |

Data Pointer 1 Low. DPL1 is the low byte of the 16-bit data pointer, DPTR.

DPH1 Address:85h

bit 7 bit 0
| DPH1.7 | DPH1.6 | DPH1.5 | DPH1.4 | DPH1.3 | DPH1.2 | DPH1.1 | DPH1.0 |

Data Pointer 1 High. DPHL1 is the high byte of the 16-bit data pointer, DPTR.

RDC Semiconductor Co. Rev: 1.1
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PCON Address:87h
bit 7 bit 0
. — [ swmopi| - — — — [ o | DL |

Power Control Register.
SMOD1: Double Baud Rate Bit.
When set, Doubles the baud rate when timer 1 is used and mode 1, 2, or
3 is selected in the SCON register.
PD: Power- Down Mode Bit.
When set, activates power-down mode. Clear by hardware when an interrupt
or reset occurs.
IDL: Idle Mode Bit.
When set, activates Idle mode. Clear by hardware when an interrupt or reset occurs.

PDCON Address:E1H
bit 7 bit 0
| O | O | O D 0| O | [ Jwp | PDC |

Power Down Controller register

PDCON register

address E1H

-, =, == -, -, -, JWP, PDC

PDC : for power down control
0 :orginal (pull-high)
1 :SFR value (default)

JWP : Just Wake up
0 : Execute Int after wake up (default)
1 :Don't execute Int after wake up

WDTCON Address:0D8H
bit 7 bit 0
[sMoD_1] O [ O | O O il | WDTEN | WDTRST |

Watch Dog Timer Controller register

RDC Semiconductor Co. Rev: 1.1
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Address 0D8H
SMOD _1 : Serial Modification, This bit controls the doubling of the serial port 1
buad rate in modes 1,2,3
WDTEN : Watchdog Timer Reset Enable
WDTRST : Watchdog Timer Reset
SCON1 Address:0COH
bit 7 bit 0

| SMO1/FE 1| SM11 | Sm21 | REN.1 [ TB81 | RB8 1] TIL1 | RL1 ]

SCON _1 register
Address 0COH
SMO0_1/FE_1,SM1_1,SM2_1,REN_1,TB8 1,RB8 1,TI_1,RI 1
FE_1 Framing Error Bit.
This bit is set by the receiver when an invalid stop bit is detected.
The FE bit is not cleared by valid frames but should be cleared by software.
The "SMODO" bit must be set to enable access to the FE bit.
SMO_1:1 Serial port mode control Set/cleared by software
SM2_1 Set by software to disable reception of frames for which bit8 zero
REN_1 Receiver ENable bit.Set/cleared by software to enable/ disable serial data
reception
TB8 1 Transmit Bit8 Set/Cleared by hardware to determine state of ninth data bit
transmitd in 9-bit UART mode
RB8 1 Receive Bit8 Set/cleared by hardware to indicate state of ninth data bit
received
T 1 Transmit Interrupt flag.Set by hardware when byte transmitted. Cleared by
software after serving.
RI 1 Received Interrupt flag.Set by hardware when byte received. Cleared by software
after serving.
SM1 1:SM2_1  SELECT

00 Shift reg. 1/0 expansion
01 8 bit UART ,variable data rate
10 9 bit UART ,fixed data rate
11 9 bit UART ,variable data rate
RDC Semiconductor Co. Rev: 1.1
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SCON Address:098H
bit 7 bit 0
| SMO/FE | sSM1 0 | sM20 | REN | TB8 | RB8 | TI | RI |

SCON register
Address 098H
SMO/FE,SM1,SM2,REN,TB8,RB8, TI,RI
FE Framing Error Bit.
This bit is set by the receiver when an invalid stop bit is detected.
The FE bit is not cleared by valid frames but should be cleared by software.
The "SMODO" bit must be set to enable access to the FE bit.
SMO0:1 Serial port mode control Set/cleared by software
SM2 Set by software to disable reception of frames for which bit8 zero
REN Receiver ENable bit.Set/cleared by software to enable/ disable serial data
reception
TB8 Transmit Bit8 Set/Cleared by hardware to determine state of ninth data bit
transmitd in 9-bit UART mode
RB8 Receive Bit8 Set/cleared by hardware to indicate state of ninth data bit received

TI Transmit Interrupt flag.Set by hardware when byte transmitted. Cleared by software
after serving.
RI Received Interrupt flag.Set by hardware when byte received. Cleared by software

after serving.
SM1 0:SM2 0 SELECT
00 Shift reg. 1/0 expansion
01 8 bit UART variable data rate
10 9 bit UART fixed data rate
11 9 bit UART variable data rate

PMR Address:C4H
bit 7 bit O
[ cba [ cpo [ swB [ O O [ALEOFF[ O [ O |
RDC Semiconductor Co. Rev: 1.1
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Power Manager Register

address C4H

CD1, CDO, SWB, --, ALEOFF, --, --

CD1, CDO : (0, 0) => Reserve
: (0, 1) => Normal / Default
:(1,0)=>1/16
(1, 1) =>1/256

SWB : Switchback Enable

This bit allows an enabled external interrupt or serial port activity to force the Clock Divide
Control bits to the divide by 4 state (01). Upon internal acknowledgement of an external interrupt,
the device will switch modes at the start of the jump to the interrupt service routine. Note that
this means that an external interrupt must actually be recognized (i.e. be enabled and not
masked by higher priority interrupts) for the switchback to occur.  For serial port reception, the
switch occurs at the start of the struction following the falling edge of the start bit.

ALEOFF :0=> ALE express is enabled
: 1 => ALE express is disabled

Status Address:C5h
bit 7 bit 0
| o | HP LIP O | SPTAL | SPRAL | SPTAO | SPRAO |

Status Register
address : C5h
--, HIP, LIP, --, SPTA1, SPRA1, SPTAO, SPRAO

HIP  : High Priority Interrupt Status

LIP  : Low Priority Interrupt Status

SPTAL: Serial Portl Transmit Activity Monitor
SPRAL1 : Serial Portl Receive Activity Monitor
SPTAQO : Serial Port0 Transmit Activity Monitor
SPRAO : Serial Port0 Receive Activity Monitor

CKCON Address:08Eh
bit 7 bit 0
| wbTt | wpoto | T2M | TaM | ToOM | MD2 | MD1 | WMDO |
RDC Semiconductor Co. Rev: 1.1
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Clock Control register

address : 08Eh

WDT1, WDTO, T2M, T1M, TOM, MD2, MD1, MDO

WDT1, WDTO : WDT time-out counter select
0,0 - 17 bit counter / 0,1 - 20 bit counter
1,0 - 23 bit counter / 1,1 - 26 bit counter

T2M : Timer2 clock = system clock /4 or 12 (1/0)

T1IM : Timerl clock = system clock /4 or 12 (1/0)

TOM : TimerO clock = system clock /4 or 12 (1/0)

MD2, MD1, MDO : Insert Wait-state for Movx
(0, 0, 0) : No Wait-State /(0, 0, 1) : Orginal + 4T
(0,1,0): Orginal + 8T  /(0,1,1): Orginal + 12T
(1,0,0) : Orginal + 16T / (1, 0, 1) : Orginal + 20T
(1,1,0): Orginal + 24T / (1, 1, 1) : Orginal + 28T

DPS Address:86H
bit 7 bit O
| O | O | O D O O o | | Dps |
Data Point Select
address 86H
- Reserve
Dps :  0=>Dph, Dpl will be selected

1 =>Dph_1, Dpl_1 wiil be selected
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7.ON-CHIP PERIPHERALS

Interrupt Source Request Flag Priority Flag | Enable Flag Vector Priority- Flog Cleared by
Address | Within-Level Hardware?
External Request IEO/TCON.1 PX0/IP.0 EXO/IE.O 0003h 1 Edge-Yes
Level-No
Internal TimerO/CounterQ TFO/TCON.5 PTO/IP.1 ETO/IE.1 000Bh 2 Yes
External Request IE1/TCON.3 PX1/IP.2 EX1/IE.2 0013h 3 Edge-Yes
Level-No
Internal Timer1/Counterl TF1/TCON.7 PT1/IP.3 ET1/IE.3 001Bh 4 Yes
Internal Serial Port Xmit | Ti/ISCON.1 PS/IP.4 ES/IE.4 0023h 5 No
Rcvr | RI/'SCON.O
Internal Timer2/Counter2 TF2/T2CON.7 PT2/IP.5 ET2/IE.5 002Bh 6 No
EXF2/TSCON.6
Interrupt System Table
RDC Semiconductor Co. Rev: 1.1
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Interrupt Enable
- Priority Enable
H Highest
Power Fail Detector PFI % P > ooy
EPFI Interrupt
0 >0
PX0
INTO ITO IE0 > = o >
' I \
PTO
ETO \ >
Timer 0 »[ TFO |—>la— T
I—I —t—ip|
0 >0
PX1
EX1 > >
INT1 IT1 IEL —>ta—e -7
1 ] \ P
PT1 _ D
ET1 P » =
Timer 1 :E'—)- <
—1— I
n
) PS o ol
Receive » Rl | ‘)_\ 'E_ A " -
Transmit > T1 | 1_/ —t—b £
al
Timer 2 >|' TF2 II ‘)_\ ET2 PTE,— =
st [J]
2ex [ ] >[Exrz} 1~ -
y
L
Interrupt Control System Configuration
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External Interrupt

External Interrupt INTO and INTL pins may each be programmed to be level-triggered or edge
triggered, depend upon bits ITO and 1T1 in the TCON register. If ITO or ITL =0, INTO or INT1 is
triggered by detected low at the pin. If ITOor IT1 =1, INTO or INTL is negative-edge triggered.
External interrupts are enabled with bits EX0 and EX1in the IE register. Evens on the external
interrupt pins set the interrupt flags IEQ or IE1 in TCON. These request bits are cleared by hardware
vectors to service routines only if the interrupt is negative-edge triggered. If the interrupt is level-
triggered, the interrupt service routine must clear the request bit. External hardware must release
INTO or INT1 before the service routine completes, or an additional interrupt is requested.

External interrupt pins are sampled once every oscillator clock’s rising edge. A level-triggered
interrupt pin held low or high for at least three clocks guarantees detection. Edge-triggered external
interrupts only the request pin for one clock time. This ensures edge recognition and sets interrupt
request bit EXO0 or EX1. The R8032TTclears EXO0 or EX1 automatically during service routine
fetch cycles for edge-triggered interrupts.

Timer Interrupts

Three timer-interrupt request bits TFO ,TF1 and TF2 are set by timer O ,timer 1 and timer 2
overflow. When timer 0 and timer 1 interrupts are generated, the bits TFO and TF1 are cleared by an
on-chip hardware vector to an interrupt service routine. Timer 2 is different from timer O or timer 1.
Timer 2 has to clear TF2 bit by software writing when timer 2 interrupt is generated. Timer
interrupts are enabled by bits ETO, ET1, and ET2 in the IE register.

Timer 2 interrupts are generated by a logical OR of bits TF2 and EXF2 in register T2CON. Neither
flag is cleared by a hardware vector to a service routine. In fact, the interrupt service routine must
determine if TF2 or EXEF2 generated the interrupt, and then clear the bit. Timer 2 interrupt is
enabled by ET2 in register IE.

Serial Port Interrupt

Serial port interrupts are generated by the logical OR of bits Rl and T1 in the SCON register.
Neither flag is cleared by a hardware vector to the service routine. The service routine resolves Rl
and Tl interrupt generation and clears the serial port request flag. The serial port interrupt is enabled
by bit ES in the IE register. In the same way by using serial port 1. Serial port 1 control register is
SCONL1, and the buffer is SBUFL1. Here is one thing to be noticed that serial port 1 only uses timer 1
to generate baud rate.
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Interrupt Priority

R8032TThas 2 level priorities. Setting / clearing a bit in the Interrupt Priority register (IP) or Extent
Interrupt Priority register (EIP) established its associated interrupt request as a high / low priority. If
a low-priority level interrupt is being serviced, a high-priority level interrupt will interrupt it.
However, an interrupt source cannot interrupt a service program of the same or higher level. The
interrupt priority is shown on Interrupt Control System Configuration.

Interrupt Response Time

The Figure of Interrupt Response Time shows the response time is between the interrupt request
being active and the interrupt service routing being executed. The minimum interrupt response time
is eight clocks that when an interrupt request asserts after the ending instruction execution
completes. The maximum interrupt response time is 24 clocks when an interrupt request asserts
during the ending instruction, DIJNZ direct, rel or others instruction sets which operation period is
16 clocks, is decoded ok. However a high priority interrupt asserts during a low priority interrupt
service program is executing, both the minimum and the maximum interrupt response times are 8
clocks and 24 clocks.

| |
| |
| |
osC

| |

INTO orTNT1 | ;
| |
| |
| 1
| Ending Instructions H Push PC H Call ISR I Interrupt Vector address /
T T
| |
} Interrupt Response Time V}

Interrupt Response Time
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7.TIMER/COUNTERS

Timer 0

Timer 0 functions as either a timer or event counter in four modes of operation. Timer O is
controlled by the four low-order bits of the TMOD register and bits 5, 4, 1, and 0 of the TCON
register. The TMOD register selects the method of timer gating (GATE), timer or

counter operation (C/T ), and mode of operation (M1, M0). The TCON register provides
timer O control functions: overflag (TFO), run control (TRO), interrupt flag (IE0), and

interrupt type control (ITO). For normal timer operation (GATE = 0), setting TRO allows

TLO to be incremented by the selected input. Setting GATE and TRO allows INTO to control
timer operation.

Timer0/Mode 0 (13-bit Timer)

Mode 0 configures timer 0 as a 13-bit timer which is set up as an 8-bit timer (THO register) with a
modulo 32 prescalar implemented with the lower five bits of the TLO register. The upper three bits
of TLO register are indeterminate and should be ignored. Prescalar overflow increments the THO
register.

Timer 0/ Mode 1 (16-bit Timer)
Mode 1 configures timer 0 as a 16-bit timer with THO and TLO connected in cascade.
The selected input increments TLO.

.
xtat [ +122

T Interrupt
0 THx | TLx Overflow Request
(8 Bits) } (8 Bits) T pP—>
1
N |

Mode 0: 13-bit Time/Counter

TRx Mode 1: 16-bit Time/Counter
>_ x=0orl
GATEx DC

INTx

CITx

Timer 0/1in Mode 0 and Mode 1
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Timer 0/ Mode 2 (8-bit Timer With Auto-reload)

Mode 2 configures timer 0 as an 8-bit timer (TLO register) that automatically reloads from the THO
register. TLO overflow sets the timer overflow flag (TFO) in the TCON register and reloads TLO
with the contents of THO, which is preset by software. When the interrupt request is serviced,
hardware clears TF0. The reload leaves THO unchanged.

.
xtat [F—» +12

Overflow

j Interrupt

0 TLX Request
> s

(8 Bits) TFx

CITx

TRx
THx
(8 Bits)
GATEX Dc x=0orl

INTx

Reload

Timer 0/1 in Mode 2,Auto-Reload

Timer 0/ Mode 3(Two 8-bit Timers)

Mode 3 configures timer 0 such that registers TLO and THO operate as separate 8-bit timers. This
mode is provided for application requiring an additional 8-bit timer or counter. TLO uses the timer 0
control bits C/T and GATE in TMOD, and TRO in TCON in the normal manner. THO is locked into
a timer function (counting Fosc/12) and takes over use of the timer 1 interrupt (TF1) and run control
(TR1) bits. Thus, operation of timer 1 is restricted when timer 0 is in mode 3.
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xtatr [ <12 » 1/12 Fosc
Interrupt
}I N TLO Overflow Request
g (8 Bits) TFO |—
1
o<
7o [J

TRO )
overfl Interrupt
verflow
THO Request
GATEO DC 1/12 Fosc ; TFL  [f———>
(8 Bits)
INTO
TR1

Timer 0in Mode 3 Two 8-bit Timers

Timer 1

Timer 1 functions as either a timer or event counter in three modes of operation. The logical
configuration for modes 0,1,and 2 are the same as that of Timer 0. Timer 1°s mode 3 is a hold-count
mode.

Timer 1 is controlled by the four high-order bits of the TMOD register and bits 7,6,3,and 2 of the
TCON register. The TMOD register selects the method of timer gating (GATE),timer or counter
operation (C/T ), and mode of operation (M1 and M0). The TCON register provides timer 1 control
functions: overflow flag (TF1),run control (TR1),interrupt flag(IE1), and interrupt type control
(IT2).

For normal timer operation (GATE = 0), setting TR1 allows timer register TL1 to be incremented
by the selected input. Setting GATE and TR1 allows external pin INT1 to control timer operation.
This setup can be used to make pulse width measurements.

Timer 1/ Mode 0 (13-bit Timer)
Mode 0 configures timer 0 as a 13-bit timer, which is set up as an 8-bit timer (TH1 register) with a

modulo-32 prescalar implemented with the lower 5 bits of the TL1 register. The upper 3 bits of the
TL1 register are ignored. Prescalar overflow increment the TH1 register.

Timerl/ Mode 1 (16-bit Timer)
Mode 1 configures timer 1 as al6-bit timer with TH1 and TL1 connected in cascade. The selected

input increments TL1.

Timer 1/ Mode 2 (8-bit Timer)
Mode 2 configures timer 1 as an 8-bit timer (TL1 register) with automatic reload from the TH1

register on overflow. Overflow from TL1 sets overflow flag TF1 in the TCON register and reloads
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TL1 with the contents of TH1, which is preset by software. The reload leaves TH1 unchanged.

Timer 1/ Mode3 (Halt)
Placing timer in mode 3 causes it to halt and its count. This can be used to halt timer 1 when the

TR1 run control bit is not available, i.e., when timer 0 is in mode 3.

TIMER 2
Timer 2 is a 16-bt timer/count is maintained by two eight-bit timer register, TH2 and TL2,

connected in cascade. The timer/counter 2 mode control register T2MOD and the timer /counter
control register T2CON control the operation of timer 2.

Timer 2 provides the following operating modes: capture mode, auto-reload mode, baud rate
generator mode, and programmable clock-out mode. Select the operating mode with T2MOD and
TCON register bits as shown in table of Timer 2 Modes of Operation. Auto-reload is the default
mode. Setting RCLK and/or TCLK selects the baud rate generator mode.

Timer 2 operation is similar to timer 0 and timer 1. C/ T2 selects Fosc/12 (timer operation) or
external pin T2 (counter operation) as the timer register input. Setting TF2 to be incremented by the
selected input.

Timer 2/ Capture Mode
In the capture mode, timer 2 function as a 16-bit timer or counter. An overflow condition sets bit

TF2,which you can use to request an interrupt. Setting the external enable bit EXEN2 allows the
RCAP2Hand RCAP2L registers to capture the current value in timer registers TH2 and TL2 in
response to a I-to-0 transition at external input T2EX. The transition at T2EX also sets bit EXF2 on
T2CON. The EXF2 bit, like TF2, can generate an interrupt. TR2 must be enabled when running this
mode.

L4
XTALL D—) - 12

N TH2 | TL2 Overflow
(8 Bits) } (8 Bits) »| TF2
|
T2 TR2
C/T2 A 7
» »
Interrupt
Capture Request
<.~ N~
RCAP2H RCAP2L
T2ex [ }—> —R—o

EXF2 |—

Y

EXEN2

Timer 2:Capture Mode
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Timer 2/ Auto-reload Mode
The auto-reload mode configures timer 2 as a 16-bit timer or event counter with automatic reload.

The timer operates an as an up counter or as an up/down counter, as determined by the down
counter enable bit (DCEN). At device reset, DCEN is cleared, so in the auto-reload mode, timer 2
defaults to operation as an up counter. TR2 must be enabled when running this mode.

Up Counter Operation

When DCEN = 0, timer 2 operates as an up counter. If EXEN = 0, timer 2 counts up to FFFFH and
sets the TF2 overflow flag. The overflow condition loads the 16-bit value in the reload/capture
registers (RCAP2H, RCAP2L) into the timer registers (TH2, TL2). The values in RCAP2H and
RCAP2L are preset by software.

If EXEN2 =1, the timer registers are reloaded by either a timer overflow or a high-to-low transition
at external input T2EX. This transition also sets the EXF2 bit in the T2CON register. Either TF2 or
EXF2 bit can generate a timer 2 interrupt request. TR2 must be enabled when  running this mode.

Up/Down Counter Operation

When DCEN =1, timer 2 operates as an up/down counter. External pin T2EX controls the direction
of the count. When T2EX is high, timer 2 counts up. The timer overflow occurs at FFFFH which
sets the timer 2 overflow flag (TF2) and generates an interrupt request. The overflow also causes
the 16-bit value in RCAP2H and RCAP2L to be loaded into the timer registers TH2 and TL2.

When T2EX is low, timer 2 counts down. Timer underflow occurs when the count in the timer
registers (TH2, TL2) equals the value stored in RCAP2H and RCAP2L. The underflow sets the TF2
bit and reloads FFFFH into the timer registers.

The EXF2 bit toggles when timer 2 overflows or underflows changing the direction of the count.
When timer 2 operates as an up/down counter, EXF2 does not generate an interrupt. This bit can be
used to provide 17-bit resolution. TR2 must be enabled when running this mode.
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1
xtact [F—» + 122 N TH2 | TL2 | overflow

(8 Bits) } (8 Bits)

L
T <Z N Z N

- TR2
cITZ
;

Reload y4 4 \

RCAP2H } RCAP2L

L TF2 Interrupt
T2EX D—) Request
EXF2

EXEN2

Timer 2: Auto Reload Mode (DECN = 0)

(Down Counting Reload
VaTae]
FFH | FFH

\ — Exr2
xtats [ F—» + 12

T Interrupt
ﬁ } TH2 } TL2 Overflow Request

|

|

AN
N

Y
[

(8 Bits) (8 Bits) TF2 >

T2 D TR2 P Count
Direction

ciT2

»
>

1=Up
0 =Down

RCAP2H RCAP2L T2EX

(Up Counting Reload Value)

Timer 2:Auto Reload Mode (DECN = 1)

Timer 2/ Baud Rate Generator Mode
This mode configures timer 2 as a baud rate generator for use with the serial port. Select this mode
by setting the RCLK and/ or TCLK bits in T2CON.

Timer 2/ Clock-out Mode
In the clock-out mode, timer 2 functions as a 50%-duty-cycle, variable-frequency clock. The input

RDC Semiconductor Co. Rev: 1.1

- 32-



Rm ® RISC DSP Controller R8032TT

clock increments TLO at frequency Fosc/2. The timer repeatedly counts to overflow from a
preloaded value. At overflow, the contents of the RCAP2H and RCAP2L registers are loaded into
TH2/TL2. In this mode, timer 2 overflows do not generates interrupts. The formula gives the clock-
out frequency as a function of the system oscillator frequency and the value in the RCAP2H and
RCAP2L registers:

Fosc
Clock-out Frequency = 735536 - RCAP2H, RCAP2L)

Timer 2 Modes of Operation

Mode RCLK OR TCLK| CP/RL2# T20E
(in T2COON) | (in T2MOD) | (in T2MOD)
Auto-reload Mode 0 0 0
Capture Mode 0 1 0
Baud Rate Generator Mode 1 X X
Programmable Clock-Out X 0 1

</

TH2 TL2 Overflow

xtar [F—» + 2 N ;
]J T (8 Bits) } (8 Bits)
1

TZG TR2
Z Z P

RCAP2H RCAP2L

T20E Interrupt

T2EX D—\ ? ExFy  [—oQuest

EXEN2

Timer 2: Clock Out Mode

Watchdog Timer

The watchdog timer has system reset functions. User can set WD1-1, WD1-0 (in register CKCON,
8Eh) to choose 27,2, 2% or2” counter for Watchdog Timer. After the Watchdog Timer counting
the specific counter and occurring an overflow, sets WDTRSTFg (in register WDCON, D8h) and
finally resets the RISC 52. If R8032TThas been reset by Watchdog Timer , WDTRSTFg remains
one and POR (in register WDCON, D8h) is zero. On the other hand, if R8032TThas been power-on
reset, WDTRSTFg is zero and POR one.
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EWT WD1-1|WD1-0 Counting
0 0 2 17
CTAL 1 5 T 5 20 overflow Reset
1 0 2 23
1 1 2 26
Counter
Z N
RWT -—————f7lﬂ\\

| 0000000h |
Watchdog Timer 1

SERIAL 1/0 PORT

The serial 1/0O port provides both synchronous and asynchronous communication modes. It operates
as a universal asynchronous receiver and transmitter (UART) in three full-duplex modes (modes 1,

2, and 3). Asynchronous transmission and reception can occur simultaneously and at different baud
rates. The serial port also operates in a single synchronous mode (mode 0).

The synchronous mode (mode 0) operates at a single baud rate. Mode 2 operates at two baud rates.
Modes 1 and 3 operate over a wide range of baud rates, which are generated by timer 1 and timer 2.

The serial port signals are defined in Table of Serial Port Signals, and the serial port special function
registers (SBUF, SCON) are described in the section of Special Function Registers.

For the three asynchronous modes, the UART transmits on the TXD pin and receives on the RXD
pin. For the synchronous mode (mode 0), the UART outputs a clock signal on the TXD pin and
sends and receives messages in the RXD pin. The SBUF register, which holds received bytes and
bytes to be transmitted, actually consists of two physically different registers. To send, software
writes a byte to SBUF; to receive, software reads SBUF. The receive shift register allows reception
of a second byte before the byte has been read from SBUF. However, if software has not read the
first byte by the time the second byte is received, the second byte will overwrite the first. the UART
sets interrupt bits Tl and RI on transmission and reception, respectively. These two bits share a
single interrupt request and interrupt vector.
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Write SBUF Read SBUF %
Transmit
TXD { 14— ; ; SUBF SUBF
shift Register (Transmit) (Receive)
Mode 0 @ Load SBUF
Transmit
Receive
RXD D | Shift Register
RN . Interrupt
—Z/ " Request
RI Tl
Serin 1/0
Control SCON
Serial Port Block Diagram
Serial Port Signals
Function I Multiplexed
Name Type Description With
TXD 0 Transmit Data. In mode 0, TXD transmits the clock signal. In modes 1, P31
2,and 3, TXD transmits serial data. '
Receive Data. In mode 0, RXD transmits and receives serial data. In

RXD /o mode 1, 2,and 3, RXD receives serial data. P3.0

Synchronous Mode (Mode 0)
Mode 0 is a half-duplex, synchronous mode, which is commonly used to expand 1/O capabilities of

device with shift registers. The transmit data (TXD) pin outputs a set of eight clock pulses which

the receive data (RXD) pin transmits or receives a byte of data. The eight data bits are transmitted

and received least-significant bit (LSB) first. shifts occur in the last phase (S6P2) of every
peripheral cycle, which corresponds to a baud rate of Fosc/12.

Trans mission (Mode 0)

Follow these steps to begin a transmission:
1.  Write to the SCON register, clearing bits SM0,SM1, and REN.
2. Write the byte to be transmitted to the SBUF register. This write starts the transmission .
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Transmit
TXD
L LT L, LT L
S3P1 S6P1
Write to
SBUF _!_l Ss
S6P2

Shift [ [ $5 [1 [1
S6P2 S6P2 S6P2 S6P2
RXD \ DO D1 D2 -2D6 D7
IR SN G 2 -
£C |

TI
47
S1P1
XD Receive
L L 1l L I L
S3P1 S6P1
Write to
I |SetREN,CIearRI
SBUF | SS
S6P2
Shift |_| | | £5 I | |_|
S6P2 S6P2 S6P2 S6P2
DO D1 D6 D7
M D 5 M
RXD ‘ ‘ L S'I] L
S6P2 S6P2 <epy Do
RI
1 " [

P24 ‘

S1P1

Mode 0 Timing

Hardware executes the write to SBUF in the last phase (S6P2) of a peripheral cycle. At S6P2 of the
following cycle, hardware shifts the LSB (D0) onto the RXD pin. At S3P1 of the nest cycle, the
TXD pin goes low for the first clock-signal pulse. Shifts continue every peripheral cycle. In the
ninth cycle after the write to SBUF, the MSB (D7) is on the RXD pin. At the beginning of the tenth
cycle, hardware drives the RXD pin high and assert T1 (S1P1) to indicate the end of the
transmission.

Reception (Mode 0)

To start a reception in mode 0, write to the SCON register. Clear bits SM0, SM1, and RI and set the
REN bit.

Hardware executes the write to SCON in the last phase (S6P2) of a peripheral cycle. In the second
peripheral cycle following the write to SCON, TXD goes low at S3P1 for the first clock-signal
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pulse, and the LSB (DO0) is sampled on the RXD pin at S5P2. The DO bit is then shifted into the
shift register. After eight shifts at S6P2 of every peripheral cycle, the LSB (D7) is shifted into the
shift register, and hardware asserts Rl (S1P1) to indicate a completed reception. Software can then
read the received byte from SBUF.

Asynchronous Modes (Modes 1, 2, and 3)

The serial port has three asynchronous modes of operation.

Mode 1

Mode 1 is a full-duplex, asynchronous mode. The data frame consists of 10 bits: one start bit, eight
data bits, and one stop bit. Serial data is transmitted on the TXD pin and received on the RXD pin.
When a message is received, the stop bit is read in the RB8 bit in the SCON register. The baud rate
is generated by overflow of timer 1 or timer 2.

Mode 2 and 3

Modes 2 and 3 are full-duplex, asynchronous modes. The data frame consists of 11 bits: one start bit,
eight data bits (transmitted and received LSB first), one programmable ninth data bit, and one stop
bit is read from the RB8 bit in the SCON register. On transmit, the ninth data bit is written to the
TB8 bit in the SCON register. Alternatively, you can use the ninth bit as a command/data flag.

- In mode 2, the baud rate is programmable to 1/32 or 1/64 of the oscillator frequency.

- In mode 3, the baud rate is generated by overflow of timer 1 or timer 2.

NIV €5 € € € € € €5 &4
T<— Data Byte :I: i =i< i
Start Bit Ninth Data Bit (Modes 2 and 3 only) ——

Stop Bit

v

Data Frame (Modes 1, 2, and 3)

Transmission (Modes 1, 2, 3)

Follow these steps to initiate a transmission:

1. Write to the SCON register. Select the mode with the SMO0 and SM1 bits, and clear the REN bit.
For modes 2 and 3, also write the ninth bit to the TB8 bit.

2. Write the byte to be transmitted to the SBUF register. This write stars the transmission.

Reception (Modes 1, 2, 3)
To prepare for a reception, set the REN bit in the SCON register. The actual reception is then
initiated by a detected high-to-low transition on the RXD pin.
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Baud Rates

Baud Rate for Mode 0
The baud rate for mode 0 id fixed at Fosc/12.

Baud Rtes for Mode 2
Mode 2 has two baud rates, which are selected by the SMOD bit in the PCON register. The

following expression defines the baud rate:

Sreial 110 Mode 2 Baud Rate= 20> X _ngc

Baud Rates for Modes 1 and 3
In modes 1 and 3, the baud rate is generated by overflow of timer (default) and/or timer 2. You may
select either or both timer(s) to generate the baud rate(s) for the transmitter and/or the receiver.

Timer 1 Generated Baud Rates (Mode 1 and 3)
Timer 1 is the default baud rate generator for the transmitter and the receiver in modes 1 and 3. The
baud rate is determined by the timer 1 overflow rate and the value of SMOD, as shown in the

following formula:

Sreial I/0 Mode 1 and 3 Baud Rate = 2SMOD X Timer 1 22erﬂ0w Rate

Selecting Timer 1 as the Baud Rate Generator
To select timer 1 as the baud rate generator:
» Disable the timer interrupt by clearing the IEO register.
» Configure timer 1 as a timer or an event counter (set or clear the C/T bit in the
TMOD register).

Sreial I/O Mode 1 and 3 Baud Rate = 2SMOD X X 12 XF([)235C6 ~ThD)]

» Select timer mode 0-3 by programming the M1, MO bits in the TMOD register.

In most applications, timer 1 is configured as a timer in auto-reload mode (high nibble of TMOD =
0010B). The resulting baud rate is defined by the following expression:

Timer 1 can generate very low baud rates with the following setup:
* Enable the timer 1 interrupt by setting the ET1 bit in the IE register.
» Configure timer 1 to run as a 16-bit timer (high nibble of TMOD = 0001B).

RDC Semiconductor Co. Rev: 1.1
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» Use the timer 1 interrupt to initiate a 16-bit software reload.
Timer 2 Generated Baud Rates (Modes 1 and 3)
Timer 2 may be selected as the baud rate generator for the transmitter and/or receiver. The timer 2
baud rate generator mode is similar to the auto-reload mode. A rollover in the TH2 register reloads
registers TH2 and TL2 with the 16-bit value on registers RCAP2H and RCAP2L, which are preset
by software.

The timer 2 baud rate is expressed by the following formula:

Sreial /O Mode 1 and 3 Baud Rate = —'mer 2 O;g”'ow Rate

Selecting Timer 2 as the Baud Rate Generator

To select timer 2 as the baud rate generator for the transmitter and/or receiver, program the RCLCK
and TCLCK bits in the T2CON register. Setting RCLK and/or TCLK puts timer 2 into its baud rate
generator mode. In this mode, a rollover in the TH2 register does not set the TF2 bit in the T2CON
register. Also, a high-to-low transition at the T2EX pin sets the EXF2 bit in the T2CON register but
does not cause a reload from (RCAP2H, RCAP2L) to (TH2, TL2). You can use the TT2EX pin as
an additional external interrupt by setting the EXENZ2 bit in T2CON.

NOTE : Turn the timer off (clear the TR2 bit in the T2CON register) before accessing registers TH2,
TL2, RCAP2H,and RCAP2L.

You may configure timer 2 as a timer or a counter. In most applications, it is configured for timer
operation (i.e., the C/T2 bit is clear in the T2CON register).

Selecting the Baud Rate Generator(s)

RCLK | TCLCK Receiver Transmitter
Bit Bit Baud Rate Generator| Baud Rate generator
0 0 Timer 1 Timer 1
0 1 Timer 1 Timer 2
1 0 Timer 2 Timer 1
1 1 Timer 2 Timer 2
RDC Semiconductor Co. Rev: 1.1
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. RX1
‘ 16 > Clock
}l 1

2
NOTE: Timer 1 * |
Oscillator frequency Overflow 1 0
is divided by 2, not 12. X1
.
SMOD SMoD1 16 [ ciock
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Note availability of additional external interrupt

Timer 2 in Baud Rate Generator Mode

Note that timer 2 increments every state time (2Tosc) when it is in the baud rate generator mode. In
the baud rate formula that follows, “RCAP2H,RCAP2L” denotes the contents of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer:

. _ Fosc
Sreial I/O Mode 1 and 3 Baud Rate = 32 X [65536 - (RCAP2H RACAPZL)]

NOTE : When timer 2 is configured as a timer and is in baud rate generator mode, do not read or
write the TH2 or TL2 registers. The timer is being incremented every state time, and the result of a
read or write may not be accurate. In addition, you may read, but not write to, the RCAP2 registers;
a write may overlap a reload and cause write and/or reload errors.

Serial 1/0 Port 1

Serial I/O port 1 is the same as serial I/0 port mentioned above. RXD1 is at P1.2 and TXD1 at P1.3.
The Serial I/O port 1 has its own buffer (SBUF1, C1h) and control register (SCON1, COh). All
functions and structures are the same as serial 1/0 port. But the only difference is that serial 1/0 port
1 only uses timer 1 for baud rate at mode 1 and mode 3. The double baud rate bit SMODEL1 is at
WDCON (D8h) register.

RDC Semiconductor Co. Rev: 1.1
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8.POWER-DOWN and IDLE-MODE

Idle-Mode

When set IDL bit in PCON(87h), the uP will enter idle mode. In idle mode , the pP is idle while
all the on-chip peripherals remain active. The internal RAM and SFRs registers remain
unchanged during this mode. The idle mode can be terminated by any enabled interrupt or by a
hardware reset.

Power-Down Mode

When set PD bit in PCON(87h), the puP will enter power down-mode .In the power-down mode,
the oscillator is stopped. Before entering power-down mode, the RNGEN bit in VDT(D9h)
should be clear for saving power consumption. The power down mode can be wakened up by
the hardware reset or by the external enable interrupt with level trigger activation (ITx in
register TCON is set to 0). The Program Counter, internal RAM and SFRs registers retain their
values and will not be changed after the power-down mode is terminated by external interrupt.
The reset will restart the CPU, while the SFRs with initial values and the internal RAM retain
their values.

A

Twk >

i eI PR [

R8034T in Power-Down mode /%/J}J/W/

Twk = 20-bit counter counts form 0 to overflow, whose clock source is OSC

Power-Down mode wake-up operation

Status of External Pins During Idle and Power-Down
Mode ALE PSEN Port 0- Port 3
Retain the values before

ldle 0 1 enter ldle Mode
Power-Down 0 1 FFH
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9.RESET
Processor initialization is accomplished with activation of the RESET pin. To reset the processor,
this pin should be held high for at least two oscillator periods.

VCC

} minimum 2
oscillator period

Reset Timing

RDC Semiconductor Co. Rev: 1.1
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R8032TT

10.Memory Access

1. Data Memory Read Cycle Timing—Normal Case(1T)

s ]

ALE ‘

BSEN_

RD

address[15:0] ££07

ff

mem_data[7:0]

ff

2. Data Memory Read Cycle Timing—Insert Wait State Case
CKCON [2:0]: MD2, MD1, MDO [101]

Normal + Wait State Cycle = 1 clock cycle + 5x4 clock cycle = 21 clock cycle

PSEN_

WR_

address[15:0] £E16

ffle

men_data[7:0]

16

16
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4.Data Memory Write Cycle Timing—Insert Wait State Case
CKCON [2:0]: MD2, MD1, MDO [101]
Normal + Wait State Cycle = 1 clock cycle + 5x4 clock cycle = 21 clock cycle

= JUUUUUU VU UUU VU U UUU VU U U U UL
T

BSEN_

— -

address[15:0] ££13 1 13 {

£f13

nen_data[7:0] 13 1 £9 1 h l

5. External ROM
External ROM data access timing cycle

o LA LL L LT

ROMAdr[15:0] * 1b7 1b8 1h9 | 1ha 1bb 1hc 1bd | 1be 1bf | 1lcO 1cl 1lc2
IROMData[7:0] * an 1] 1 £ an aa L 75 el 1 a3 on
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11.Application Diagram

-RISC 52TT

h" RAM
RISC 52 :

!
- E
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12. Instruction Cycle
12.1 Instruction Cycle Table(8032TT)

Logical Operations

Instruction Oscillator Period
80C32 R8032TT

ANL A, Rn 12 2
ANL A, dir 12 3
ANL A, @RI 12 4
ANL A, #data 12 2
ANL dir, A 12 3
ANL dir, #data 24 4
ORL A, Rn 12 2
ORL A, dir 12 3
ORL A, @Ri 12 4
ORL A, #data 12 2
ORL dir, A 12 3
ORL dir, #data 24 4
XRL A, Rn 12 2
XRL A, dir 12 3
XRL A, @Ri 12 4
XRL A, #data 12 2
XRL dir, A 12 3
XRL dir, #data 24 4
CLR A 12 1
CPL A 12 1
RL A 12 1
RLC A 12 1
RR A 12 1
RRC A 12 1
SWAP A 12 1
DATA Transfer

Instruction Oscillator Period

80C32 R8032TT

MOV A, Rn 12 2
MOV A, dir 12 3
MOV A, @RI 12 4
MOV A, #data 12 2
MOV Rn, A 12 1
MOV Rn, dir 24 3
MOV Rn, #data 12 2
MOV dir, A 12 2
MOV dir, Rn 24 3
MOV dir, dir 24 4
MOV dir, @RI 24 4
RDC Semiconductor Co. Rev: 1.1
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MOV, dir, #data 24 3
MOV @Ri, A 12 3
MOV @RI, dir 24 4
MOV @RI, #data 12 3
MOV  DPTR#datal6 24 3
MOVC  @A+DPRT 24 10
MOVC A, @A+PC 24 7
MOVX A, @Ri 24 10
MOVX A, @DPTR 24 11
MOV @Ri, A 24 11
MOVX @DPTR, A 24 11
PUSH dir 24 3
POP dir 24 4
XCH A, Rn 12 4
XCH A, dir 12 4
XCH A @Ri 12 6
XCHD A, @Ri 12 8
Arithmetic Operations

Instruction Oscillator Period

80C32 R8032TT

ADD A, Rn 12 2
ADD A, dir 12 3
ADD A @Ri 12 4
ADD A, #data 12 2
ADDC A Rn 12 2
ADDC A, dir 24 3
ADDC A @Ri 12 4
ADDC A, #data 12 2
SUBB A Rn 12 2
SUBB A, dir 12 3
SUBB A, @Ri 12 4
SUBB A, #data 24 2
INC A 12 1
INC RN 12 2
INC dir 12 3
INC @Ri 12 4
DEC A 12 1
DEC Rn 24 2
DEC dir 12 3
DEC @Ri 12 4
INC DPTR 12 4
MUL AB 12 1
DIV AB 12 12
DA A 12 1
RDC Semiconductor Co. Rev: 1.1
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Boolean Variable Manipulation
Instruction Oscillator Period
80C32 R8032TT
CLR ¢ 12 1
CLR bit 12 3
SETB C 12 1
SETB  bit 12 3
CPL ¢ 12 1
CPL bit 12 3
ANL C, bit 24 3
ANL C, bit 24 3
ORL C, bit 24 3
ORL C, bit 24 3
MOV  C,bit 12 3
MOV bit, C 24 3
JC Rel 24 2
INC Rel 24 3
JB Bit, rel 24 5
JNB Bit, rel 24 5
JBC Bit, rel 24 5
Programming Branching
. Oscillator Period
Instruction 80C32 | R8032TT
ACALL addril 24 4
LCALL addri6 24 6
RET 24 7
RETI 24 7
AJMP  addril 24 2
LIMP  addri6 24 3
SIMP rel 24 3
JMP @A+DPTR 24 4
JZ rel 24 3
INZ rel 24 3
CINE A, dir, rel 24 5
CINE A, #data, rel 24 4
CJINE Rn, dir, rel 24 4
CINE @RI, dir, rel 24 5
DJNZ Rn, rel 24 4
DJINZ dir, rel 24 5
NOP 12 1
RDC Semiconductor Co. Rev: 1.1
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13.Revision History

Rev.

Date

History

1.0

2001/10/17

Formal release

1.1

2002/05/02

Fix:MOV Rn,dir (from 1/0)
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