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Table 1.1. Product Selection Guide
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C8051F061 | 25 | 64 k | 4352
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C8051F066 | 25| 32k | 4352 | v | v

C8051F067 | 25 | 32k | 4352
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1.4. Programmable Digital I/O and Crossbar

Three standard 8051 Ports (0, 1, and 2) are available on the MCUs. The C8051F060/2/4/6 have 4 addi-
tional 8-bit ports (3, 5, 6, and 7), and a 3-bit port (port 4) for a total of 59 general-purpose I/O Pins. The
Ports behave like the standard 8051 with a few enhancements.

Each port pin can be configured as either a push-pull or open-drain output. Also, the "weak pull-ups" which
are normally fixed on an 8051 can be globally disabled, providing additional power saving capabilities for
low-power applications.

Perhaps the most unique enhancement is the Digital Crossbar. This is a large digital switching network that
allows mapping of internal digital system resources to Port I/O pins on PO, P1, P2, and P3.
(See Figure 1.9) Unlike microcontrollers with standard multiplexed digital /0O ports, all combinations of
functions are supported with all package options offered.

The on-chip counter/timers, serial buses, HW interrupts, comparator outputs, and other digital signals in
the controller can be configured to appear on the Port I/O pins specified in the Crossbar Control registers.
This allows the user to select the exact mix of general purpose Port I/O and digital resources needed for
the particular application.

XBRO, XBR1, XBR2,

st] XBR3 PIMDIN,
Highest UARTO |g 2 POMDOUT, PIMDOUT,
jori < P2MDIN,_ P3VDIN P2MDOUT, P3VDOUT
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- 2 Decoder N2  —
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.
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g >
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Figure 1.9. Digital Crossbar Diagram
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1.7. Serial Ports

The C8051F06x MCU Family includes two Enhanced Full-Duplex UARTSs, an enhanced SPI Bus, and
SMBus/I2C. Each of the serial buses is fully implemented in hardware and makes extensive use of the
CIP-51's interrupts, thus requiring very little intervention by the CPU. The serial buses do not "share"
resources such as timers, interrupts, or Port 1/0, so any or all of the serial buses may be used together with
any other.

32 Rev. 1.2
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

Name FO60 | FO61 | FO64 | FO65 | Type |Description
F062 | FO63 | FO66 | FO67
P7.2/AD2m/| 70 70 D I/O |Port 7.2. See Port Input/Output section for complete
D2 description.
P7.3/AD3m/| 69 69 D I/O |Port 7.3. See Port Input/Output section for complete
D3 description.
P7.4/AD4m/| 68 68 D I/O |Port 7.4. See Port Input/Output section for complete
D4 description.
P7.5/AD5m/| 67 67 D I/0 |Port 7.5. See Port Input/Output section for complete
D5 description.
P7.6/AD6m/| 66 66 D I/O |Port 7.6. See Port Input/Output section for complete
D6 description.
P7.7/AD7m/| 65 65 D I/O |Port7.7. See Port Input/Output section for complete
D7 description.
NC 1,2,3,|17,59, No Connection.
25,94, (60,62,
95 64
44 Rev. 1.2 )
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Figure 5.15. ADCO Data Word Example

16-bit ADCO Data Word appears in the ADCO Data Word Registers as follows:

Example: ADCO Data Word Conversion Map, AINO Input in Single-Ended Mode
(AMXOSL = 0x00)

AINO-AINOG (Volts) ADCOH:ADCOL
VREF * (65535/65536) OXFFFF
VREF /2 0x8000
VREF * (32767/65536) OX7FFF
0 0x0000

Example: ADCO Data Word Conversion Map, AINO-AIN1 Differential Input Pair
(AMXOSL = 0x40)

AINO-AIN1 (Volts) ADCOH:ADCOL
VREF * (32767/32768) OX7FFF
VREF /2 0x4000
VREF * (1/32768) 0x0001
0 0x0000
-VREF * (1/32768) OXFFFF
-VREF /2 0xC000
-VREF 0x8000
o Gain . . .
Code = Vinx x 2" ;‘'n’ =16 for Single-Ended; ‘n’=15 for Differential.
VREF
64 Rev. 1.2 )
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Figure 5.29. 16-Bit ADCO Window Interrupt Example: Differential Data

Input Voltage ADCO Data
(AINO - AIN1) Word
REF x (32767/32768) OX7FFF
ADOWINT
not affected
0x1001
REF x (4096/32768) 0x1000 ADCOLTH:ADCOLTL

REF x (-1/32768) OXFFFF ADCOGTH:ADCOGTL
OxFFFE
ADOWINT
not affected
REF 0x8000
Given:

AMXOSL = 0x40,

ADCOLTH:ADCOLTL = 0x1000,
ADCOGTH:ADCOGTL = OxFFFF.

An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT
‘1’) if the resulting ADCO Data Word is

< 0x1000 and > OxFFFF. (In two’'s-complement
math, OXFFFF = -1.)

Input Voltage
(AINO - AIN1)

ADCO Data
Word

REF x (32767/32768)

ADOWINT=1
REF x (4096/32768) 0x1000 ADCOGTH:ADCOGTL
OXOFFF ADOWINT
0OX0000 not affected
REF x (-1/32768) OxFFFF ADCOLTH:ADCOLTL

ADOWINT=1

-REF

Given:

AMXOSL = 0x40,

ADCOLTH:ADCOLTL = OxFFFF,
ADCOGTH:ADCOGTL = 0x1000.

An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT
‘1’) if the resulting ADCO Data Word is

< OxFFFF or > 0x1000. (In two's-complement
math, OXFFFF = -1.)

72
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Figure 6.5. DMAOCF: DMAO Configuration Register

SFR Page: 3

SFR Address: OXF8 (bit addressable)
R/W R R/W R/W R/W R/W R/W R/W Reset Value
DMAOHLT [DMAOXBY| - | - | DMAOCIE | DMAOCI |DMAOEOE | DMAOEO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bit 7: DMAOHLT: Halt DMAOQ Off-Chip XRAM Access (C8051F060/2/4/6 Only).
0: DMAO has complete access to off-chip XRAM.
1: Processor core has complete access to off-chip XRAM. DMAO will wait until this bit is ‘0’
before writing to off-chip XRAM locations.
Bit 6: DMAOXBY: Off-chip XRAM Busy Flag (C8051F060/2/4/6 Only).
0: DMAQO is not accessing off-chip XRAM.
1: DMAQ is accessing off-chip XRAM.
Bits 5-4: RESERVED. Write to 00b.
Bit 3: DMAOCIE: Repeat Counter Overflow Interrupt Enable.
0: Disable Repeat Counter Overflow Interrupt.
1: Enable Repeat Counter Overflow Interrupt.
Bit 2: DMAOCI: Repeat Counter Overflow Flag.
0: Repeat Counter Overflow has not occured.
1: Repeat Counter Overflow has occured. This bit must be cleared by software.
Bit 1: DMAOEOE: End-Of-Operation Interrupt Enable.
0: Disable End-Of-Operation Interrupt.
1: Enable End-Of-Operation Interrupt.
Bit O: DMAOEO: End-Of-Operation Flag.
0: End-Of-Operation Instruction has not been received.
1: End-Of-Operation Instruction has been received. This bit must be cleared by software.

Rev. 1.2 81
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Figure 6.14. DMAOCTH: DMAO Repeat Counter Limit MSB Register

SFR Page: 3
SFR Address: OxFA

RIW R/W RIW RIW R/W RIW RIW R/W Reset Value
| | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
Bits 7-0: DMAO Repeat Counter Limit High-Order Bits.
Figure 6.15. DMAOCTL: DMAO Repeat Counter Limit LSB Register
SFR Page: 3
SFR Address: OxF9
RIW RIW RIW RIW R/W RIW RIW R/W Reset Value
| | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
Bits 7-0: DMAO Repeat Counter Limit Low-Order Bits.
Figure 6.16. DMAOCSH: DMAO Repeat Counter MSB Register
SFR Page: 3
SFR Address: OxFC
RIW R/W RIW RIW R/W RIW RIW R/W Reset Value
| | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
Bits 7-0: DMAO Repeat Counter High-Order Bits.
Figure 6.17. DMAOCSL: DMAO Repeat Counter LSB Register
SFR Page: 3
SFR Address: OXFB
RIW RIW RIW RIW R/W RIW RIW R/W Reset Value
| | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
Bits 7-0: DMAO Repeat Counter Low-Order Bits.
) Rev. 1.2 85
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13.2. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are
two separate memory spaces: program memory and data memory. Program and data memory share the
same address space but are accessed via different instruction types. There are 256 bytes of internal data
memory and 64 k bytes (C8051F060/1/2/3/4/5) or 32 k bytes (C8051F066/7) of internal program memory
address space implemented within the CIP-51. The CIP-51 memory organization is shown in Figure 13.2.

Figure 13.2. Memory Map

PROGRAM/DATA MEMORY DATA MEMORY (RAM)
(FLASH)
"805”"%”’ Lizisral OXFF INTERNAL DATA ADDRESS SPACE
0x1007F Scrachpad Memory Upper 128 RAM Special Function
0x10000 (data only) 0x80 | (jngirect Addressing Only) | . Registers
OX7F (Direct Addressing Only)
OXFFFF 0
RESERVED T 1 ( ]
OXFCO0 — T %,
irect and Indirect
OFBFF 0x30 Addressing) Up To
Ox2F
FLASH 0x20 Lower 128 RAM 256 SFR Pages
X Bit Addressable (Direct and Indirect
(In-System Programmable 2)%2 Addressing)
in 512 Byte Sectors) X General Purpose
Registers
0x0000
C8051F066/7 EXTERNAL DATA ADDRESS SPACE
O0x1007F | Scrachpad Memory OXFFFE
0x10000 (data only)
OXFFFF
RESERVED Off-chipXRAMspace
(C8051F060/2/4/60nly)
0x8000
OX7FFF
FLASH 0X1000
(In-System Programmable RO XRAM - 4096 Bytes
in 512 Byte Sectors) (accessableusingMOVX
0x0000 0x0000 instruction)

13.2.1. Program Memory

The CIP-51 has a 64 k byte program memory space. The C8051F060/1/2/3/4/5 devices implement 64 k
bytes of this program memory space as in-system re-programmable Flash memory, organized in a contig-
uous block from addresses 0x0000 to OXFFFF. Note: 1024 bytes (OXFCO0O0 to OxFFFF) of this memory are
reserved, and are not available for user program storage. The C8051F066/7 implement 32 k bytes of this
program memory space as in-system re-programmable Flash memory, organized in a contiguous block
from addresses 0x0000 to Ox7FFF.

Program memory is normally assumed to be read-only (using the MOVC instruction). However, the CIP-51
can write to program memory by enabling Flash writes, and using the MOVX instruction. This feature pro-
vides a mechanism for the CIP-51 to update program code and use the program memory space for non-
volatile data storage. Refer to Section “16. Flash Memory” on page 177 for further details.

130 Rev. 1.2
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Figure 13.16. PSW: Program Status Word

R/W R/IW R/W R/W R/W R/W R/W R/W Reset Value

cY AC | FO | RS1 | RSO | ov | F1 | PARITY | 00000000
. . . . . . . . Bit

Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: 0xD0O
SFR Page: All Pages

Bit7: CY: Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a borrow
(subtraction). It is cleared to O by all other arithmetic operations.

Bit6: AC: Auxiliary Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a bor-
row from (subtraction) the high order nibble. It is cleared to 0 by all other arithmetic opera-
tions.

Bit5: FO: User Flag 0.
This is a bit-addressable, general purpose flag for use under software control.

Bits4-3: RS1-RSO0: Register Bank Select.
These bits select which register bank is used during register accesses.

RS1 RSO Register Bank Address
0 0 0 0x00 - 0x07
0 1 1 0x08 - OxOF
1 0 2 0x10 - Ox17
1 1 3 0x18 - Ox1F
Bit2: QV: Overflow Flag.

This bit is set to 1 under the following circumstances:
» An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
» A MUL instruction results in an overflow (result is greater than 255).
» A DIV instruction causes a divide-by-zero condition.
The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all other
cases.
Bitl: F1: User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.
BitO: PARITY: Parity Flag.
This bit is set to 1 if the sum of the eight bits in the accumulator is odd and cleared if the sum
is even.

Rev. 1.2 149
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Step 8. Clear the PSWE bit to redirect MOV X write commands to the XRAM data space.
Step 9. Re-enable interrupts.

Write/Erase timing is automatically controlled by hardware. Note that code execution in the 8051 is stalled
while the Flash is being programmed or erased.

Table 16.1. Flash Electrical Characteristics

Parameter Conditions Min | Typ | Max Units
Flash Size * C8051F060/1/2/3/4/5 65664 t Bytes
Flash Size * C8051F066/7 32896 Bytes
Endurance 20 k 100 k Erase/Write
Erase Cycle Time 10 12 14 ms
Write Cycle Time 40 50 60 ps

* Includes 128-byte Scratch Pad Area
T 1024 Bytes at location OxFCO0O to OxFFFF are reserved.

16.2. Non-volatile Data Storage

The Flash memory can be used for non-volatile data storage as well as program code. This allows data
such as calibration coefficients to be calculated and stored at run time. Data is written using the MOVX
write instruction (as described in the previous section) and read using the MOVC instruction.

An additional 128-byte sector of Flash memory is included for non-volatile data storage. Its smaller sector
size makes it particularly well suited as general purpose, non-volatile scratchpad memory. Even though
Flash memory can be written a single byte at a time, an entire sector must be erased first. In order to
change a single byte of a multi-byte data set, the data must be moved to temporary storage. The 128-byte
sector size facilitates updating data without wasting program memory or RAM space. The 128-byte sector
is double-mapped over the normal Flash memory area; its address ranges from 0x00 to Ox7F (see
Figure 16.1 and Figure 16.2). To access this 128-byte sector, the SFLE bit in PSCTL must be set to logic 1.
Code execution from this 128-byte scratchpad sector is not supported.

178 Rev. 1.2
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20. System Management BUS /I12C BUS (SMBUSO)

The SMBusO 1/O interface is a two-wire, bi-directional serial bus. SMBusO0 is compliant with the System
Management Bus Specification, version 1.1, and compatible with the 12C serial bus. Reads and writes to
the interface by the system controller are byte oriented with the SMBusO interface autonomously con-
trolling the serial transfer of the data. A method of extending the clock-low duration is available to accom-
modate devices with different speed capabilities on the same bus.

SMBus0 may operate as a master and/or slave, and may function on a bus with multiple masters. SMBusO

provides control of SDA (serial data), SCL (serial clock) generation and synchronization, arbitration logic,
and START/STOP control and generation.

Figure 20.1. SMBusO0 Block Diagram

! SFR Bus
SMBOCN SMBOSTA SMBOCR
B/E|[S|S|S|A[F|T S|S|S|S|S|S|S|S c|c|c|c|c|c|c|cC
U|IN[T|T[I|A|T|O T|T|T|T|T|T|T|T R|R|R|R|R[R|R|R
S|S|A|O E|E AlA|A|A|A[AAIA 7|6|5|4(3[2|1|0
Y M 7|/6(5(4|3|2|1|0
B

T I deeadd

Clock Divide
Logic

A A A\ A i:t scL |1

4— SYSCLK

|
I
FILTER | ‘\—‘E
SMBUS CONTROL LOGIC | !
- I
® Arbitrati |
SMBUS Interrupt . Séilgylr?(r:‘hronizanun SCL } !
IRQ Request = Status Generation Control ! |
» SCL Generation (Master Mode) | }
= |RQ Generation | |
Data Path SDA } |
Control Control = ‘
A ' C
e
2
1S !
| ‘ Port 1/0
1S
I ; B
B A B A FA !
I
IR
0000000b | |
| I
7 MSBs 8 | |
| I
I
; ] o
A SMBODAT soa |
I (7[6[5]a[3[2[1[0] « - =X
L
1111141 : : v
s|s|s|s|s|s|s >
Llefefefefe|e »lo
vVIv|v|v|v|v|V|c g
6/5/4|3|2]|1]0]|C
Read i —
SMS(EDR oo /8 suatom -
SFR Bus %
®
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Table 20.1. SMBOSTA Status Codes and States

Status . .
Mode SMBus State Typical Action
Code
0x60 Own slave address + W received. ACK trans- | Wait for data.
mitted.
0x68 Arbitration lost in sending SLA + R/W as mas- | Save current data for retry when bus is
ter. Own address + W received. ACK transmit- | free. Wait for data.
ted.
0x70 General call address received. ACK transmit- Wait for data.
ted.
)
= 0x78 Arbitration lost in sending SLA + R/W as mas- | Save current data for retry when bus is
8 ter. General call address received. ACK trans- | free.
&J mitted.
°>-’ 0x80 Data byte received. ACK transmitted. Read SMBODAT. Wait for next byte or
© STOP.
wn
0x88 Data byte received. NACK transmitted. Set STO to reset SMBus.
0x90 Data byte received after general call address. Read SMBODAT. Wait for next byte or
ACK transmitted. STOP.
0x98 Data byte received after general call address. Set STO to reset SMBuUSs.
NACK transmitted.
0xA0 STOP or repeated START received. No action necessary.
OxA8 Own address + R received. ACK transmitted. Load SMBODAT with data to transmit.
LS.
g 0xBO Arbitration lost in transmitting SLA + R/W as Save current data for retry when bus is
E master. Own address + R received. ACK free. Load SMBODAT with data to trans-
2 transmitted. mit.
g 0xB8 Data byte transmitted. ACK received. Load SMBODAT with data to transmit.
q>" 0xCO0 Data byte transmitted. NACK received. Wait for STOP.
©
wn 0xC8 Last data byte transmitted (AA=0). ACK Set STO to reset SMBuSs.
received.
()
% 0xDO SCL Clock High Timer per SMBOCR timed out | Set STO to reset SMBus.
(0p)
_ 0x00 Bus Error (illegal START or STOP) Set STO to reset SMBuUSs.
< O0xF8 Idle State does not set Sl.

SILICON LABS
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21. Enhanced Serial Peripheral Interface (SPI0)

The Enhanced Serial Peripheral Interface (SPI0) provides access to a flexible, full-duplex synchronous
serial bus. SPI0 can operate as a master or slave device in both 3-wire or 4-wire modes, and supports mul-
tiple masters and slaves on a single SPI bus. The slave-select (NSS) signal can be configured as an input
to select SPI0 in slave mode, or to disable Master Mode operation in a multi-master environment, avoiding
contention on the SPI bus when more than one master attempts simultaneous data transfers. NSS can
also be configured as a chip-select output in master mode, or disabled for 3-wire operation. Additional gen-
eral purpose port I/O pins can be used to select multiple slave devices in master mode.

Figure 21.1. SPI Block Diagram

% SFR Bus %
SPIOCKR SPIOCFG SPIOCN
i = E 8 8 [
wi= (= i zZz
T|E|r|T 2|e x| 2735a L3S d@@EE
O|0|0[0|0|0|0|O 2| X a|Q|9X|0|0|x|z
0n|n|D|n|n|n|n|n 0nZ|n 023 xZ|Z|Fn
i L i L i L i L AAAA AAAA AA
SYSCLK Clock Divide
Logic
@ Yy |v
SPI CONTROL LOGIC SPIIRQ
Data Path Pin Interface
Control Control
1 4
I |
I I
| |
‘ v
| Txpam MOSI r*"\%
l o
|
| v ' C
<L spiopaT sck | R |
‘ Transmit Data Buffer ‘ 1 0 1
@ Control } S | Port 110
: |
Shift Register Logic | |
Rx Data MISO
« {7543 2 [1[0 B
! A
@ 'R
N |
‘ Receive Data Buffer ‘ NSS ! I
[
i Read
SI\DIY(;:;QAT 4 spiopaT
% SFR Bus
®
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21.6. SPI Special Function Registers

SPI0 is accessed and controlled through four special function registers in the system controller: SPIOCN
Control Register, SPIODAT Data Register, SPIOCFG Configuration Register, and SPIOCKR Clock Rate
Register. The four special function registers related to the operation of the SPI0 Bus are described in the
following figures.

Figure 21.8. SPIOCFG: SPIO Configuration Register

Bit 7:

Bit 6:

Bit 5:

Bit 4:

Bit 3:

Bit 2:

Bit 1:

Bit O:

R R/W R/W R/W R R R R Reset Value
SPIBSY | MSTEN | CKPHA | CKPOL | SLVSEL | NSSIN | SRMT | RXBMT | 00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
SFR Address: 0x9A
SFR Page: 0

TIn slave mode, data on MOSI is sampled in the center of each data bit. In master mode, data on MISO is
sampled one SYSCLK before the end of each data bit, to provide maximum settling time for the slave
device. See Table 21.1 for timing parameters.

SPIBSY: SPI Busy (read only).

This bit is set to logic 1 when a SPI transfer is in progress (Master or slave Mode).
MSTEN: Master Mode Enable.

0: Disable master mode. Operate in slave mode.

1: Enable master mode. Operate as a master.

CKPHA: SPIO Clock Phase.

This bit controls the SPIO clock phase.

0: Data centered on first edge of SCK period.T

1. Data centered on second edge of SCK |oeriod.Jr

CKPOL: SPIO Clock Polarity.

This bit controls the SPI0 clock polarity.

0: SCK line low in idle state.

1. SCK line high in idle state.

SLVSEL: Slave Selected Flag (read only).

This bit is set to logic 1 whenever the NSS pin is low indicating SPIO0 is the selected slave. It
is cleared to logic 0 when NSS is high (slave not selected). This bit does not indicate the
instantaneous value at the NSS pin, but rather a de-glitched version of the pin input.
NSSIN: NSS Instantaneous Pin Input (read only).

This bit mimics the instantaneous value that is present on the NSS port pin at the time that
the register is read. This input is not de-glitched.

SRMT: Shift Register Empty (Valid in Slave Mode, read only).

This bit will be set to logic 1 when all data has been transferred in/out of the shift register,
and there is no new information available to read from the transmit buffer or write to the
receive buffer. It returns to logic 0 when a data byte is transferred to the shift register from
the transmit buffer or by a transition on SCK.

NOTE: SRMT = 1 when in Master Mode.

RXBMT: Receive Buffer Empty (Valid in Slave Mode, read only).

This bit will be set to logic 1 when the receive buffer has been read and contains no new
information. If there is new information available in the receive buffer that has not been read,
this bit will return to logic 0.

NOTE: RXBMT = 1 when in Master Mode.
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Figure 21.14. SPI Slave Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 21.15. SPI Slave Timing (CKPHA =1)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.
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23. UART1

UARTL1 is an asynchronous, full duplex serial port offering modes 1 and 3 of the standard 8051 UART.
Enhanced baud rate support allows a wide range of clock sources to generate standard baud rates (details
in Section “23.1. Enhanced Baud Rate Generation” on page 278). Received data buffering allows UART1
to start reception of a second incoming data byte before software has finished reading the previous data
byte.

UART1 has two associated SFRs: Serial Control Register 1 (SCON1) and Serial Data Buffer 1 (SBUF1).
The single SBUF1 location provides access to both transmit and receive registers. Reading SBUF1
accesses the buffered Receive register; writing SBUF1 accesses the Transmit register.

With UART1 interrupts enabled, an interrupt is generated each time a transmit is completed (TI1 is set in
SCONL1), or a data byte has been received (RI1 is set in SCON1). The UARTL1 interrupt flags are not
cleared by hardware when the CPU vectors to the interrupt service routine. They must be cleared manually
by software, allowing software to determine the cause of the UART1 interrupt (transmit complete or receive
complete).

Figure 23.1. UART1 Block Diagram
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Table 23.1. Timer Settings for Standard Baud Rates Using the Internal Oscillator

Frequency: 24.5 MHz
Target Baud Rate | Oscilla- | Timer Clock | SCAL-SCAO | Tim' | Timer 1
Baud Rate % Error |tor Divide Source (pre-scale Reload
(bps) Factor select)’ Value
(hex)
230400 -0.32% 106 SYSCLK XX T OxCB |
115200 -0.32% 212 SYSCLK XX 1 0x96
57600 0.15% 426 SYSCLK XX 1 0x2B
g G 28800 -0.32% 848 SYSCLK /4 01 0 0x96
i 3 14400 0.15% 1704 SYSCLK /12 00 0 0xB9
o 9600 -0.32% 2544 SYSCLK /12 00 0 0x96
N5 2400 -0.32% 10176 |SYSCLK/ 48 10 0 0x96
5 = 1200 0.15% 20448 | SYSCLK/ 48 10 0 0x2B
X = Don't care
TSCA1-SCAO and T1M bit definitions can be found in Section 24.1.
Table 23.2. Timer Settings for Standard Baud Rates Using an External Oscillator
Frequency: 25.0 MHz
[~ Target | Baud Rate | Oscilla- | Timer Clock | SCA1-SCAO | TimT | Timer 1
Baud Rate % Error |tor Divide Source (pre-scale Reload
(bps) Factor select)’ Value
(hex)
230400 ~0.47% 108 SYSCLK XX 1 OXCA
115200 0.45% 218 SYSCLK XX 1 0x93
57600 -0.01% 434 SYSCLK XX 1 0x27
g J 28800 0.45% 872 SYSCLK /4 01 0 0x93
i o 14400 -0.01% 1736 SYSCLK /4 01 0 0x27
- g 9600 0.15% 2608 EXTCLK/ 8 11 0 0x5D
n D 2400 0.45% 10464 | SYSCLK /48 10 0 0x93
5) i 1200 -0.01% 20832 | SYSCLK/ 48 10 0 ox27
= 57600 -0.47% 432 EXTCLK/ 8 11 0 OXE5 |
= 28800 -0.47% 864 EXTCLK /8 11 0 OxCA
¢ % 14400 0.45% 1744 EXTCLK/ 8 11 0 0x93
O c
& E 9600 0.15% 2608 | EXTCLK/8 11 0 0x5D
n E
X = Don't care
TSCA1-SCAO and T1M bit definitions can be found in Section 24.1.
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24.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The
counter/timers are enabled and configured in Mode 1 in the same manner as for Mode 0.

24.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload

Mode 2 configures Timer O or Timer 1 to operate as 8-bit counter/timers with automatic reload of the start
value. TLO holds the count and THO holds the reload value. When the counter in TLO overflows from OxFF
to 0x00, the timer overflow flag TFO (TCON.5) is set and the counter in TLO is reloaded from THO. If Timer
0 interrupts are enabled, an interrupt will occur when the TFO flag is set. The reload value in THO is not
changed. TLO must be initialized to the desired value before enabling the timer for the first count to be cor-
rect. When in Mode 2, Timer 1 operates identically to Timer O.

Both counter/timers are enabled and configured in Mode 2 in the same manner as Mode 0. Setting the
TRO bit (TCON.4) enables the timer when either GATEO (TMOD.3) is logic 0 or when the input signal /INTO
is low.

Figure 24.2. TO Mode 2 Block Diagram
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24.2. Timer 2, Timer 3, and Timer 4

Timers 2, 3, and 4 are 16-bit counter/timers, each formed by two 8-bit SFRs: TMRnL (low byte) and
TMRnH (high byte) where n = 2, 3, and 4 for timers 2, 3, and 4 respectively. These timers feature auto-
reload, capture, and toggle output modes with the ability to count up or down. Capture Mode and Auto-
reload mode are selected using bits in the Timer 2, 3, and 4 Control registers (TMRnCN). Toggle output
mode is selected using the Timer 2, 3, and 4 Configuration registers (TMRNCF). These timers may also be
used to generate a square-wave at an external pin. Timers 2, 3, and 4 can use either the system clock
(divided by one, two, or twelve), external clock (divided by eight) or transitions on an external input pin as
its clock source. Timer 2 and 3 can be used to start an ADC Data Conversion and Timers 2, 3, and 4 can
schedule DAC outputs. Timers 1, 2, 3, or 4 may be used to generate baud rates for UART 0. Only Timer 1
can be used to generate baud rates for UART 1.

The Counter/Timer Select bit C/Tn bit (TMRnCN.1) configures the peripheral as a counter or timer. Clear-
ing C/Tn configures the Timer to be in a timer mode (i.e., the selected timer clock source as the input for
the timer). When C/Tn is set to 1, the timer is configured as a counter (i.e., high-to-low transitions at the Tn
input pin increment (or decrement) the counter/timer register. Refer to Section “18.1. Ports 0 through 3 and
the Priority Crossbar Decoder” on page 205 for information on selecting and configuring external 1/0O pins
for digital peripherals, such as the Tn pin.

Timer 2, 3, and 4 can use either SYSCLK, SYSCLK divided by 2, SYSCLK divided by 12, an external clock
divided by 8, or high-to-low transitions on the Tn input pin as its clock source when operating in Counter/
Timer with Capture mode. Clearing the C/Tn bit (TNCON.1) selects the system clock/external clock as the
input for the timer. The Timer Clock Select bits TnMO and TnM1 in TMRNCF can be used to select the sys-
tem clock undivided, system clock divided by two, system clock divided by 12, or an external clock pro-
vided at the XTAL1/XTAL2 pins divided by 8 (see Figure 24.14). When C/Tn is set to logic 1, a high-to-low
transition at the Tn input pin increments the counter/timer register (i.e., configured as a counter).

24.2.1. Configuring Timer 2, 3, and 4 to Count Down

Timers 2, 3, and 4 have the ability to count down. When the timer’s respective Decrement Enable Bit
(DCENN) in the Timer Configuration Register (See Figure 24.14) is set to ‘1’, the timer can then count up or
down. When DCENnR = 1, the direction of the timer’s count is controlled by the ThEX pin’s logic level. When
TnEX = 1, the counter/timer will count up; when TnEX = 0, the counter/timer will count down. To use this
feature, TNEX must be enabled in the digital crossbar and configured as a digital input.

Note: When DCENn = 1, other functions of the TnEX input (i.e., capture and auto-reload) are not
available. TnEX will only control the direction of the timer when DCENn = 1.
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