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C8051F040/1/2/3/41516/7

1. System Overview

The C8051F04x family of devices are fully integrated mixed-signal System-on-a-Chip MCUs with 64 digital
I/0O pins (C8051F040/2/4/6) or 32 digital 1/0 pins (C8051F041/3/5/7), and an integrated CAN 2.0B control-
ler. Highlighted features are listed below; refer to Table 1.1 for specific product feature selection.

* High-Speed pipelined 8051-compatible CIP-51 microcontroller core (up to 25 MIPS)

»  Controller Area Network (CAN 2.0B) Controller with 32 message objects, each with its own indentifier
mask.

* In-system, full-speed, non-intrusive debug interface (on-chip)

*  True 12-bit (C8051F040/1) or 10-bit (C8051F042/3/4/5/6/7) 100 ksps 8-channel ADC with PGA and
analog multiplexer

* High Voltage Difference Amplifier input to the 12/10-bit ADC (60 V Peak-to-Peak) with programmable
gain.

*  True 8-bit 500 ksps 8-channel ADC with PGA and analog multiplexer (C8051F040/1/2/3)

*  Two 12-bit DACs with programmable update scheduling (C8051F040/1/2/3)

* 64 kB (C8051F040/1/2/3/4/5) or 32 kB (C8051F046/7) of in-system programmable Flash memory

* 4352 (4096 + 256) bytes of on-chip RAM

+ External Data Memory Interface with 64 kB address space

«  SPI, SMBus/I?C, and (2) UART serial interfaces implemented in hardware
» Five general purpose 16-bit Timers

*  Programmable Counter/Timer Array with six capture/compare modules

*  On-chip Watchdog Timer, Vpp Monitor, and Temperature Sensor

With on-chip Vpp monitor, Watchdog Timer, and clock oscillator, the C8051F04x family of devices are truly

stand-alone System-on-a-Chip solutions. All analog and digital peripherals are enabled/disabled and con-
figured by user firmware. The Flash memory can be reprogrammed even in-circuit, providing non-volatile
data storage, and also allowing field upgrades of the 8051 firmware.

On-board JTAG debug circuitry allows non-intrusive (uses no on-chip resources), full speed, in-circuit pro-
gramming and debugging using the production MCU installed in the final application. This debug system
supports inspection and modification of memory and registers, setting breakpoints, watchpoints, single
stepping, Run, and Halt commands. All analog and digital peripherals are fully functional while debugging
using JTAG.

Each MCU is specified for 2.7 V to 3.6 V operation over the industrial temperature range (—45 to +85 °C).
The Port I/Os, /RST, and JTAG pins are tolerant for input signals up to 5 V. The C8051F040/2/4/6 are avail-
able in a 100-pin TQFP and the C8051F041/3/5/7 are available in a 64-pin TQFP.
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Table 1.1. Product Selection Guide
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1.3. JTAG Debug and Boundary Scan

The C8051F04x family has on-chip JTAG boundary scan and debug circuitry that provides non-intrusive,
full speed, in-circuit debugging using the production part installed in the end application, via the four-pin
JTAG interface. The JTAG port is fully compliant to IEEE 1149.1, providing full boundary scan for test and
manufacturing purposes.

Silicon Labs' debugging system supports inspection and modification of memory and registers, break-
points, watchpoints, a stack monitor, and single stepping. No additional target RAM, program memory, tim-
ers, or communications channels are required. All the digital and analog peripherals are functional and
work correctly while debugging. All the peripherals (except for the ADC and SMBus) are stalled when the
MCU is halted, during single stepping, or at a breakpoint in order to keep them synchronized with instruc-
tion execution.

The C8051F040DK development kit provides all the hardware and software necessary to develop applica-
tion code and perform in-circuit debugging with the C8051F04x MCUs. The development kit includes two
target boards and a cable to facilitate evaluating a simple CAN communication network. The kit also
includes software with a developer's studio and debugger, a target application board with the associated
MCU installed, and the required cables and wall-mount power supply. The Serial Adapter takes its power
from the application board; it requires roughly 20 mA at 2.7-3.6 V. For applications where there is not suffi-
cient power available from the target system, the provided power supply can be connected directly to the
Serial Adapter.

Silicon Labs’ debug environment is a vastly superior configuration for developing and debugging embed-
ded applications compared to standard MCU emulators, which use on-board "ICE Chips" and target cables
and require the MCU in the application board to be socketed. Silicon Labs' debug environment both
increases ease of use and preserves the performance of the precision, on-chip analog peripherals.

Integrated Development
Environment

3
WINDOWS 95 or later .

Serial
Adapter

JTAG (x4), VDD, GND

A

Figure 1.8. Development/In-System Debug Diagram
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1.10. Comparators and DACs

Each C8051F040/1/2/3 MCU has two 12-bit DACs, and all C8051F04x devices have three comparators on
chip. The MCU data and control interface to each comparator and DAC is via the Special Function Regis-
ters. The MCU can place any DAC or comparator in low power shutdown mode.

The comparators have software programmable hysteresis and response time. Each comparator can gen-
erate an interrupt on its rising edge, falling edge, or both; these interrupts are capable of waking up the
MCU from sleep mode. The comparators' output state can also be polled in software. The comparator out-
puts can be programmed to appear on the Port I/O pins via the Crossbar.

The DACs are voltage output mode and include a flexible output scheduling mechanism. This scheduling
mechanism allows DAC output updates to be forced by a software write or a Timer 2, 3, or 4 overflow. The
DAC voltage reference is supplied via the dedicated VREFD input pin on C8051F040/2 devices or via the
internal voltage reference on C8051F041/3 devices. The DACs are especially useful as references for the
comparators or offsets for the differential inputs of the ADC.

-l

CPn Output

| |
Port I/O < | CROSSBAR |
(Por )} X} I I
| |
Comparator inputs
Port 2.[7:2] 3 Comparators
cpne —>h
CPn

=== |
- SFR's
CPn- Xp——— | . : cip-s1 |
(Data and !
and I Interrupt :
|

Cntrl) | Handler

DACO

(C8051F040/1/2/3 only)

A

VREF

DACA1 DACH1

A

(C8051F040/1/2/3 only)

Figure 1.14. Comparator and DAC Diagram
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Figure 4.1. TQFP-100 Pinout Diagram
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6.1.1. Analog Input Configuration

The analog multiplexer routes signals from external analog input pins, Port 3 1/O pins (programmed to be
analog inputs), a High Voltage Difference Amplifier, and an on-chip temperature sensor as shown in
Figure 6.2.
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Figure 6.2. Analog Input Diagram

Analog signals may be input from four external analog input pins (AINO.O through AINO.3) as differential or
single-ended measurements. Additionally, Port 3 I/O Port Pins may be configured to input analog signals.
Port 3 pins configured as analog inputs are selected using the Port Pin Selection register (AMXOPRT). Any
number of Port 3 pins may be selected simultaneously as inputs to the AMUX. Even numbered Port 3 pins
and odd numbered Port 3 pins are routed to separate AMUX inputs. (Note: Even port pins and odd port
pins that are simultaneously selected will be shorted together as “wired-OR”.) In this way, differential mea-
surements may be made when using the Port 3 pins (voltage difference between selected even and odd
Port 3 pins) as shown in Figure 6.2.

The High-Voltage Difference Amplifier (HVDA) will accept analog input signals and reject up to 60 volts
common-mode for differential measurement of up to the reference voltage to the ADC (0 to VREF volts).
The output of the HVDA can be selected as an input to the ADC using the AMUX as any other channel is
selected for measurement.
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SFR Definition 6.3. AMXOPRT: Port 3 Pin Selection

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
PAIN7EN | PAINGEN | PAINSEN | PAIN4EN | PAIN3EN | PAIN2EN | PAINTEN | PAINOEN | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: 0xBA
SFR Page: 0

Bit7: PAIN7EN: Pin 7 Analog Input Enable Bit

0: P3.7 is not selected as an analog input to the AMUX.

1: P3.7 is selected as an analog input to the AMUX.
Bit6: PAINGEN: Pin 6 Analog Input Enable Bit

0: P3.6 is not selected as an analog input to the AMUX.

1: P3.6 is selected as an analog input to the AMUX.
Bit5: PAINSEN: Pin 5 Analog Input Enable Bit

0: P3.5 is not selected as an analog input to the AMUX.

1: P3.5 is selected as an analog input to the AMUX.
Bit4: PAIN4EN: Pin 4 Analog Input Enable Bit

0: P3.4 is not selected as an analog input to the AMUX.

1: P3.4 is selected as an analog input to the AMUX.
Bit3: PAIN3EN: Pin 3 Analog Input Enable Bit

0: P3.3 is not selected as an analog input to the AMUX.

1: P3.3 is enabled as an analog input to the AMUX.
Bit2: PAIN2EN: Pin 2 Analog Input Enable Bit

0: P3.2 is not selected as an analog input to the AMUX.

1: P3.2 is enabled as an analog input to the AMUX.
Bit1: PAIN1EN: Pin 1 Analog Input Enable Bit

0: P3.1 is not selected as an analog input to the AMUX.

1: P3.1 is enabled as an analog input to the AMUX.
Bit0: PAINOEN: Pin 0 Analog Input Enable Bit

0: P3.0 is not selected as an analog input to the AMUX.

1: P3.0 is enabled as an analog input to the AMUX.

NOTE: Any number of Port 3 pins may be selected simultaneously inputs to the AMUX. Odd num-
bered and even numbered pins that are selected simultaneously are shorted together as
“‘wired-OR”.
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A. ADC Timing for External Trigger Source

CNVSTR
(ADOCM[1:0]=10)
11 1 1 1 1 1
SAR 12 3 45 6 7 8 9 4 4 4, 4 4 g g
Clocks 1/ NN
ADCOTM=1 Low Power Track Convert Low Power Mode
or Convert
ADCOTM=0 Track Or Convert Convert Track

B. ADC Timing for Internal Trigger Sources
Timer 2, Timer 3 Overflow; /,_\
Wirite '"1' to ADOBUSY
(ADOCM[1:0]=00, 01, 11)

SAR o 12 3 5 6 7 8 9
Clocksmuuuuuuu|—||—||—||—||—||—||—||—||—||—||—|
ADCOTM=1 Low Power Track Convert Low Power Mode
or Convert
11 1 1 1 1 1
1 2 3 4 5 6 7 8 9
SAR 01 2 3 4 5 6
C|OCKSWUUUUUUUUUUUUUUU
ADCOTM=0| [rackor Convert Track
Convert

Figure 6.4. 10-Bit ADC Track and Conversion Example Timing
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SFR Definition 6.7. ADCOH: ADC0 Data Word MSB

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR
Address:
SFR Address: 0xBF
SFR Page: 0

Bits7-0: ADCO0 Data Word High-Order Bits.

For ADOLJST = 0: Bits 7-2 are the sign extension of Bit 1. Bits 0 and 1 are the upper 2 bits of
the 10-bit ADCO Data Word.

For ADOLJST = 1: Bits 7-0 are the most-significant bits of the 10-bit ADCO Data Word.

SFR Definition 6.8. ADCOL: ADCO Data Word LSB

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR )
Address:
SFR Address: OxBE
SFR Page: 0

Bits7-0: ADCO Data Word Low-Order Bits.

For ADOLJST = 0: Bits 7-0 are the lower 8 bits of the 10-bit ADCO Data Word.
For ADOLJST = 1: Bits 6 and 7 are the lower 2 bits of the 10-bit ADCO Data Word. Bits 5-0

82
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Table 10.1. Voltage Reference Electrical Characteristics
Vpp = 3.0V, AV+ = 3.0V, —40 to +85 °C unless otherwise specified.

Parameter | Conditions | Min | Typ | Max Units
Internal Reference (REFBE = 1)
Output Voltage 25 °C ambient 2.36 | 243 2.48 \%
VREF Short-Circuit Current — — 30 mA
VREF Temperature Coefficient — 15 — ppm/°C
Load Regulation Load = 0 to 200 yA to AGND — 0.5 — ppm/pA
4.7 yF tantalum, 0.1 pF — 2 — ms

VREF Turn-on Time 1 ;
ceramic bypass

VREF Turn-on Time 2 0.1 yF ceramic bypass — 20 — VES
VREF Turn-on Time 3 no bypass cap — 10 — [VES
Reference Buffer Power Sup- — 40 — MA
ply Current
Power Supply Rejection — 140 — ppm/V
External Reference (REFBE = 0)
Input Voltage Range 1.00 — (AV+)-0.3 V
Input Current — 0 1 MA
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SFR Definition 11.2. CPTnMD: Comparator Mode Selection

R/W R/W R/W R/W R R R/W R/W Reset Value
- | - |CPRE|CPPFE| - | - |CPnMD1[CPnMDO |00000010
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: CPTOMD: 0x89; CPT1MD: 0x89;CPT2MD: 0x89
SFR Page: CPTOMD:page 1;CPT1MD:page 2; CPT2MD:page 3

Bits7-6: UNUSED. Read = 00b, Write = don’t care.

Bit 5: CPnRIE: Comparator Rising-Edge Interrupt Enable Bit.
0: Comparator rising-edge interrupt disabled.
1: Comparator rising-edge interrupt enabled.

Bit 4: CPnFIE: Comparator Falling-Edge Interrupt Enable Bit.
0: Comparator falling-edge interrupt disabled.
1: Comparator falling-edge interrupt enabled.

Bits3-2: UNUSED. Read = 00b, Write = don’t care.

Bits1-0: CPnMD1-CPnMDO0: Comparator Mode Select
These bits select the response time for the Comparator.

Mode | CPnMD1 | CPnMDO | CPn Typical Response Time
0 0 0 Fastest Response Time
1 0 1 —
2 1 0 —
3 1 1 Lowest Power Consumption
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and a RET pops two record bits, also.) The stack record circuitry can also detect an overflow or underflow
on the 32-bit shift register, and can notify the debug software even with the MCU running at speed.

12.2.6. Special Function Registers

The direct-access data memory locations from Ox80 to OxFF constitute the special function registers
(SFR’s). The SFR’s provide control and data exchange with the CIP-51's resources and peripherals. The
CIP-51 duplicates the SFR’s found in a typical 8051 implementation as well as implementing additional
SFR’s used to configure and access the sub-systems unique to the MCU. This allows the addition of new
functionality while retaining compatibility with the MCS-51™ instruction set. Table 12.2 lists the SFR’s
implemented in the CIP-51 System Controller.

The SFR registers are accessed whenever the direct addressing mode is used to access memory loca-
tions from 0x80 to OxFF. SFR’s with addresses ending in 0x0 or 0x8 (e.g. PO, TCON, P1, SCON, IE, etc.)
are bit-addressable as well as byte-addressable. All other SFR’s are byte-addressable only. Unoccupied
addresses in the SFR space are reserved for future use. Accessing these areas will have an indeterminate
effect and should be avoided. Refer to the corresponding pages of the datasheet, as indicated in
Table 12.3, for a detailed description of each register.

12.2.6.1. SFR Paging

The CIP-51 features SFR paging, allowing the device to map many SFR’s into the 0x80 to OxFF memory
address space. The SFR memory space has 256 pages. In this way, each memory location from 0x80 to
OxFF can access up to 256 SFR’s. The C8051F04x family of devices utilizes five SFR pages: 0, 1, 2, 3,
and F. SFR pages are selected using the Special Function Register Page Selection register, SFRPAGE
(see SFR Definition 12.2). The procedure for reading and writing an SFR is as follows:

1. Select the appropriate SFR page number using the SFRPAGE register.
2. Use direct accessing mode to read or write the special function register (MOV instruction).

12.2.6.2. Interrupts and SFR Paging

When an interrupt occurs, the SFR Page Register will automatically switch to the SFR page containing the
flag bit that caused the interrupt. The automatic SFR Page switch function conveniently removes the bur-
den of switching SFR pages from the interrupt service routine. Upon execution of the RETI instruction, the
SFR page is automatically restored to the SFR Page in use prior to the interrupt. This is accomplished via
a three-byte SFR Page Stack. The top byte of the stack is SFRPAGE, the current SFR Page. The second
byte of the SFR Page Stack is SFRNEXT. The third, or bottom byte of the SFR Page Stack is SFRLAST.
On interrupt, the current SFRPAGE value is pushed to the SFRNEXT byte, and the value of SFRNEXT is
pushed to SFRLAST. Hardware then loads SFRPAGE with the SFR Page containing the flag bit associated
with the interrupt. On a return from interrupt, the SFR Page Stack is popped resulting in the value of
SFRNEXT returning to the SFRPAGE register, thereby restoring the SFR page context without software
intervention. The value in SFRLAST (0x00 if there is no SFR Page value in the bottom of the stack) of the
stack is placed in SFRNEXT register. If desired, the values stored in SFRNEXT and SFRLAST may be
modified during an interrupt, enabling the CPU to return to a different SFR Page upon execution of the
RETI instruction (on interrupt exit). Modifying registers in the SFR Page Stack does not cause a push or
pop of the stack. Only interrupt calls and returns will cause push/pop operations on the SFR Page Stack.
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Table 13.1. Reset Electrical Characteristics
—40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
RST Output Low Voltage lo,=85mA,Vpp=27Vto36V | — — 0.6 \
RST Input High Voltage 0.7 x . . Vv
\Y,
DD

RST Input Low Voltage . 1 03x

Vbp
RST Input Leakage Current RST=0.0V — 50 — MA
Vpp for /RST Output Valid 1.0 — — Y
AV+ for /RST Output Valid 1.0 — — \%
Vpp POR Threshold (VgrsT) 240 | 255 | 270 Y
Minimum /RST Low Time to 10 . . ns
Generate a System Reset
Reset Time Delay RST rising edge after Vpp crosses | g 100 120 ms

VRgst threshold
Missing Clock Detector Time frqm I.ast system clock to 100 290 500 us
Timeout reset initiation
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19.4. SMBus Special Function Registers

The SMBusO serial interface is accessed and controlled through five SFRs: SMBOCN Control Register,
SMBOCR Clock Rate Register, SMBOADR Address Register, SMBODAT Data Register and SMBOSTA Sta-
tus Register. The five special function registers related to the operation of the SMBusO interface are
described in the following sections.

19.4.1. Control Register

The SMBusO Control register SMBOCN is used to configure and control the SMBusO interface. All of the
bits in the register can be read or written by software. Two of the control bits are also affected by the
SMBus0 hardware. The Serial Interrupt flag (SI, SMBOCN.3) is set to logic 1 by the hardware when a valid
serial interrupt condition occurs. It can only be cleared by software. The Stop flag (STO, SMBOCN.4) is set
to logic 1 by software. It is cleared to logic 0 by hardware when a STOP condition is detected on the bus.

Setting the ENSMB flag to logic 1 enables the SMBusO0 interface. Clearing the ENSMB flag to logic 0 dis-
ables the SMBus0 interface and removes it from the bus. Momentarily clearing the ENSMB flag and then
resetting it to logic 1 will reset SMBus0 communication. However, ENSMB should not be used to tempo-
rarily remove a device from the bus since the bus state information will be lost. Instead, the Assert
Acknowledge (AA) flag should be used to temporarily remove the device from the bus (see description of
AA flag below).

Setting the Start flag (STA, SMBOCN.5) to logic 1 will put SMBusO in a master mode. If the bus is free,
SMBusO0 will generate a START condition. If the bus is not free, SMBus0 waits for a STOP condition to free
the bus and then generates a START condition after a 5 us delay per the SMBOCR value (In accordance
with the SMBus protocol, the SMBusO0 interface also considers the bus free if the bus is idle for 50 ys and
no STOP condition was recognized). If STA is set to logic 1 while SMBusO0 is in master mode and one or
more bytes have been transferred, a repeated START condition will be generated.

When the Stop flag (STO, SMBOCN.4) is set to logic 1 while the SMBusO0 interface is in master mode, the
interface generates a STOP condition. In a slave mode, the STO flag may be used to recover from an error
condition. In this case, a STOP condition is not generated on the bus, but the SMBus hardware behaves
as if a STOP condition has been received and enters the "not addressed" slave receiver mode. Note that
this simulated STOP will not cause the bus to appear free to SMBus0. The bus will remain occupied until a
STOP appears on the bus or a Bus Free Timeout occurs. Hardware automatically clears the STO flag to
logic 0 when a STOP condition is detected on the bus.

The Serial Interrupt flag (SI, SMBOCN.3) is set to logic 1 by hardware when the SMBusO interface enters
any one of the 28 possible states except the Idle state. If interrupts are enabled for the SMBusO interface,
an interrupt request is generated when the Sl flag is set. The Sl flag must be cleared by software.

Important Note: If Sl is set to logic 1 while the SCL line is low, the clock-low period of the serial clock will
be stretched and the serial transfer is suspended until Sl is cleared to logic 0. A high level on SCL is not
affected by the setting of the Sl flag.

The Assert Acknowledge flag (AA, SMBOCN.2) is used to set the level of the SDA line during the acknowl-
edge clock cycle on the SCL line. Setting the AA flag to logic 1 will cause an ACK (low level on SDA) to be
sent during the acknowledge cycle if the device has been addressed. Setting the AA flag to logic 0 will
cause a NACK (high level on SDA) to be sent during acknowledge cycle. After the transmission of a byte in
slave mode, the slave can be temporarily removed from the bus by clearing the AA flag. The slave's own
address and general call address will be ignored. To resume operation on the bus, the AA flag must be
reset to logic 1 to allow the slave's address to be recognized.

®
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19.4.2. Clock Rate Register
SFR Definition 19.2. SMBOCR: SMBus0 Clock Rate

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: 0xCF
SFR Page: 0

Bits7-0: SMBOCR.[7:0]: SMBusO Clock Rate Preset
The SMBOCR Clock Rate register controls the frequency of the serial clock SCL in master
mode. The 8-bit word stored in the SMBOCR Register preloads a dedicated 8-bit timer. The
timer counts up, and when it rolls over to 0x00, the SCL logic state toggles.

The SMBOCR setting should be bounded by the following equation, where SMBOCR is the
unsigned 8-bit value in register SMBOCR, and SYSCLK is the system clock frequency in Hz:

SMBOCR < ((288 — 0.85 x SYSCLK)/1.124E 6)

The resulting SCL signal high and low times are given by the following equations:
Tiow = (256 = SMBOCR)/SYSCLK

T ooy = (258 = SMBOCR)/SYSCLK + 625ns

Using the same value of SMBOCR from above, the Bus Free Timeout period is given in the
following equation:

T =10 (256 =SMBOCR)+1
BET = SYSCLK

248 Rev. 1.6
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Table 19.1. SMBOSTA Status Codes and States (Continued)

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
ter. General call address received. ACK trans- | free.
mitted.

0x80 Data byte received. ACK transmitted. Read SMBODAT. Wait for next byte or

STOP.

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 SMBus.
NACK transmitted.

0xAQ STOP or repeated START received. No action necessary.

0xA8 Own address + R received. ACK transmitted. Load SMBODAT with data to transmit.

0xB0 Arbitration lost in transmitting SLA + R/W as Save current data for retry when bus is
master. Own address + R received. ACK free. Load SMBODAT with data to trans-
transmitted. mit.

0xB8 Data byte transmitted. ACK received. Load SMBODAT with data to transmit.

0xCO Data byte transmitted. NACK received. Wait for STOP.

0xC8 Last data byte transmitted (AA=0). ACK Set STO to reset SMBus.
received.

0xDO SCL Clock High Timer per SMBOCR timed out | Set STO to reset SMBus.

0x00 Bus Error (illegal START or STOP) Set STO to reset SMBus.

OxF8 Idle State does not set SI.

SILICON LABS
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21.1.2. Mode 1: 8-Bit UART, Variable Baud Rate

Mode 1 provides standard asynchronous, full-duplex communication using a total of 10 bits per data byte:
one start bit, eight data bits (LSB first), and one stop bit. Data are transmitted from the TXO pin and
received at the RX0 pin. On receive, the eight data bits are stored in SBUFO and the stop bit goes into
RB80 (SCONO0.2).

Data transmission begins when an instruction writes a data byte to the SBUFO register. The TI0 Transmit
Interrupt Flag (SCONO.1) is set at the end of the transmission (the beginning of the stop-bit time). Data
reception can begin any time after the RENO Receive Enable bit (SCONO0.4) is set to logic 1. After the stop
bit is received, the data byte will be loaded into the SBUFO receive register if the following conditions are
met: RIO must be logic 0, and if SM20 is logic 1, the stop bit must be logic 1.

If these conditions are met, the eight bits of data is stored in SBUFO, the stop bit is stored in RB80 and the
RIO flag is set. If these conditions are not met, SBUF0 and RB80 will not be loaded and the RIO flag will not
be set. An interrupt will occur if enabled when either TIO or RIO are set.

MARK START
\' BT DO >< D1 D2 >< D3 >< D4 >< D5 >< D6 >< D7 STOP
SPACE — BIT
]
1

| | ] | | | | |
BIT TIMES | 1 T 1 1 1 1 T

0 0 0 0 0 0 0 A 0 0
| [ | | [ | | | | [
| [ | | [ | | | | [

BIT SAMPLING

Figure 21.4. UARTO Mode 1 Timing Diagram

The baud rate generated in Mode 1 is a function of timer overflow, shown in Equation 21.1 and
Equation 21.3. UARTO can use Timer 1 operating in 8-Bit Auto-Reload Mode, or Timer 2, 3, or 4 operating
in Auto-reload Mode to generate the baud rate (note that the TX and RX clocks are selected separately).
On each timer overflow event (a rollover from all ones—OxFF for Timer 1, OxFFFF for Timers 2, 3 and 4—
to zero) a clock is sent to the baud rate logic.

Timers 1, 2, 3, and 4 are selected as the baud rate source with bits in the SSTAO register (see SFR Defini-
tion 21.2). The transmit baud rate clock is selected using the SOTCLK1 and SOTCLKO bits, and the receive
baud rate clock is selected using the SORCLK1 and SORCLKO bits.

The Mode 1 baud rate equations are shown below, where T1M is bit4 of register CKCON, TH1 is the 8-bit
reload register for Timer 1, and [RCAPnH, RCAPnNL] is the 16-bit reload register for Timer 2, 3, or 4.

When SMODO = 0:
Model BaudRate

1/32 x Timerl OverflowRate

When SMODO = 1:
Model BaudRate

1/16 x Timerl OverflowRate

Equation 21.1. Mode 1 Baud Rate using Timer 1

The Timer 1 overflow rate is determined by the Timer 1 clock source (T1CLK) and reload value (TH1). The
frequency of T1CLK is selected as described in Section “23.1. Timer 0 and Timer 1” on page 289. The
Timer 1 overflow rate is calculated as shown in Equation 21.2.

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

Mode 2 configures Timer 0 and 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 0.

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.

CKCON TMOD
T|T| |S[S| |G|C|T|T|G|C|T|T
1l0| |clc| |A[/|1|{1|A|/|0]|0
MMl AJA] T[T [M[M|T|T (MM
110 E|1({1|0[E|0]|1|0
—

Pre-scaled Clock

SYSCLK — 1

TO—

| TR
TLO

| .
| (8 bits) :II:II;(()) — Interrupt
| z| IE1
| 8 IT1
: Crossbar ’ ‘ = II_IE_8
|
: THO < Reload
[ (8 bits)
|

_1

INTO—
Figure 23.2. TO Mode 2 Block Diagram
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SFR Definition 23.13. TMRnH Timer n High Byte

R/W R/W R/W R/W R/W R/W R/W R/W

Reset Value

00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: TMR2H: 0xCD; TMR3H: 0xCD; TMR4H: 0xCD
SFR Page: TMR2H: page 0; TMR3H: page 1; TMR4H: page 2

Bits 7-0: TMRnH: Timer n High Byte.
The TMRnH register contains the high byte of the 16-bit Timer n
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SFR Definition 24.4. PCAOL: PCAO Counter/Timer Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: 0xF9
SFR Page: 0

Bits 7-0: PCAOL: PCAO Counter/Timer Low Byte.
The PCAOL register holds the low byte (LSB) of the 16-bit PCAO Counter/Timer.

SFR Definition 24.5. PCAOH: PCAO Counter/Timer High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: OxFA
SFR Page: 0

Bits 7-0: PCAOQOH: PCAO Counter/Timer High Byte.
The PCAOH register holds the high byte (MSB) of the 16-bit PCAO Counter/Timer.
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