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1.9. 8-Bit Analog to Digital Converter (C8051F040/1/2/3 Only)
The C8051F040/1/2/3 devices have an on-board 8-bit SAR ADC (ADC2) with an 8-channel input multi-
plexer and programmable gain amplifier. This ADC features a 500 ksps maximum throughput and true 8-
bit performance with an INL of ±1LSB. Eight input pins are available for measurement and can be pro-
grammed as single-ended or differential inputs. The ADC is under full control of the CIP-51 microcontroller 
via the Special Function Registers. The ADC2 voltage reference is selected between the analog power 
supply (AV+) and an external VREF pin. On C8051F040/2 devices, ADC2 has its own dedicated VREF2 
input pin; on C8051F041/3 devices, ADC2 shares the VREFA input pin with the 12/10-bit ADC0. User soft-
ware may put ADC2 into shutdown mode to save power.

A programmable gain amplifier follows the analog multiplexer. The gain stage can be especially useful 
when different ADC input channels have widely varied input voltage signals, or when it is necessary to 
"zoom in" on a signal with a large dc offset (in differential mode, a DAC could be used to provide the dc off-
set). The PGA gain can be set in software to 0.5, 1, 2, or 4.

A flexible conversion scheduling system allows ADC2 conversions to be initiated by software commands, 
timer overflows, or an external input signal. ADC2 conversions may also be synchronized with ADC0 soft-
ware-commanded conversions. Conversion completions are indicated by a status bit and an interrupt (if 
enabled), and the resulting 8-bit data word is latched into an SFR upon completion.

Figure 1.13. 8-Bit ADC Diagram
Rev. 1.6 33
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Figure 4.3. TQFP-64 Pinout Diagram
Rev. 1.6 45
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5.2. High-Voltage Difference Amplifier

VOUT HVAIN+  HVAIN - –  Gain HVREF+=

Note: The output voltage of the HVDA is selected as an input to the AIN+ input of ADC0 via its analog multiplexer 
(AMUX0). HVDA output voltages outside the ADC’s input range will result in saturation of the ADC input. Allow 
for adequate settle/tracking time for proper voltage measurements.

The High Voltage Difference Amplifier (HVDA) can be used to measure high differential voltages up to 60 V 
peak-to-peak, reject high common-mode voltages up to ±60 V, and condition the signal voltage range to be 
suitable for input to ADC0. The input signal to the HVDA may be below AGND to –60 volts, and as high as 
+60 volts, making the device suitable for both single and dual supply applications. The HVDA provides a 
common-mode signal for the ADC via the High Voltage Reference Input (HVREF), allowing measurement 
of signals outside the specified ADC input range using on-chip circuitry. The HVDA has a gain of 0.05 V/V 
to 14 V/V. The first stage 20:1 difference amplifier has a gain of 0.05 V/V when the output amplifier is used 
as a unity gain buffer. When the output amplifier is set to a gain of 280 (selected using the HVGAIN bits in 
the High Voltage Control Register), an overall gain of 14 can be attained.

The HVDA uses four available external pins: +HVAIN, –HVAIN, HVCAP, and HVREF. HVAIN+ and HVAIN- 
serve as the differential inputs to the HVDA. HVREF should be used to provide a common mode reference 
for input to ADC0, and to prevent the output of the HVDA circuit from saturating. The output from the 
HVDA circuit as calculated by Equation 5.1 must remain within the “Output Voltage Range” specification 
listed in Table 5.3. The ideal value for HVREF in most applications is equal to 1/2 the supply voltage for the 
device. When the ADC is configured for differential measurement, the HVREF signal is applied to the AIN- 
input of the ADC, thereby removing HVREF from the measurement. HVCAP facilitates the use of a capac-
itor for noise filtering in conjunction with R7 (see Figure 5.3 for R7 and other approximate resistor values). 
Alternatively, the HVCAP could also be used to access amplification of the first stage of the HVDA at an 
external pin. (See Table 5.3 on page 68 for electrical specifications of the HVDA.)

Equation 5.1. Calculating HVDA Output Voltage to AIN+

Figure 5.3. High Voltage Difference Amplifier Functional Diagram
52 Rev. 1.6
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SFR Definition 5.12. ADC0LTL: ADC0 Less-Than Data Low Byte

Bits7-0: Low byte of ADC0 Less-Than Data Word.

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 Page:

0xC6
0

Given:
AMX0SL = 0x00, AMX0CF = 0x00
AD0LJST = ‘0’,
ADC0LTH:ADC0LTL = 0x0200,
ADC0GTH:ADC0GTL = 0x0100.
An ADC0 End of Conversion will cause an 
ADC0 Window Compare Interrupt (AD0WINT 
= ‘1’) if the resulting ADC0 Data Word is 
< 0x0200 and > 0x0100.

Given:
AMX0SL = 0x00, AMX0CF = 0x00, 
AD0LJST = ‘0’,
ADC0LTH:ADC0LTL = 0x0100,
ADC0GTH:ADC0GTL = 0x0200.
An ADC0 End of Conversion will cause an 
ADC0 Window Compare Interrupt (AD0WINT 
= ‘1’) if the resulting ADC0 Data Word is 
> 0x0200 or < 0x0100.

Figure 5.8. 12-Bit ADC0 Window Interrupt Example: 
Right Justified Single-Ended Data
Rev. 1.6 63
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SFR Definition 10.1. REF0CN: Reference Control

Bits7-5: UNUSED. Read = 000b; Write = don’t care.
Bit4: AD0VRS: ADC0 Voltage Reference Select

0: ADC0 voltage reference from VREFA pin.
1: ADC0 voltage reference from DAC0 output (C8051F041/3 only).

Bit3: AD2VRS: ADC2 Voltage Reference Select (C8051F041/3 only).
0: ADC2 voltage reference from VREFA pin.
1: ADC2 voltage reference from AV+.

Bit2: TEMPE: Temperature Sensor Enable Bit.
0: Internal Temperature Sensor Off.
1: Internal Temperature Sensor On.

Bit1: BIASE: ADC/DAC Bias Generator Enable Bit. (Must be ‘1’ if using ADC or DAC).
0: Internal Bias Generator Off.
1: Internal Bias Generator On.

Bit0: REFBE: Internal Reference Buffer Enable Bit.
0: Internal Reference Buffer Off.
1: Internal Reference Buffer On. Internal voltage reference is driven on the VREF pin.

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

- - - AD0VRS AD1VRS TEMPE BIASE REFBE 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address:
SFR Page:

0xD1
0

118 Rev. 1.6
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Table 14.1. Internal Oscillator Electrical Characteristics
–40 to +85 °C unless otherwise specified.

Calibrated Internal Oscillator  
Frequency

Internal Oscillator Supply Current 
(from VDD)

OSCICN.7 = 1

External Clock Frequency

TXCH (External Clock High Time)

TXCL (External Clock Low Time)

 
14.2. External Oscillator Drive Circuit
The external oscillator circuit may drive an external crystal, ceramic resonator, capacitor, or RC network. A 
CMOS clock may also provide a clock input. For a crystal or ceramic resonator configuration, the crystal/
resonator must be wired across the XTAL1 and XTAL2 pins as shown in Option 1 of Figure 14.1. In RC, 
capacitor, or CMOS clock configuration, the clock source should be wired to the XTAL2 and/or XTAL1 
pin(s) as shown in Option 2, 3, or 4 of Figure 14.1. The type of external oscillator must be selected in the 
OSCXCN register, and the frequency control bits (XFCN) must be selected appropriately (see SFR Defini-
tion 14.4).

14.3. System Clock Selection
The CLKSL bit in register CLKSEL selects which oscillator is used as the system clock. CLKSL must be 
set to ‘1’ for the system clock to run from the external oscillator; however the external oscillator may still 
clock peripherals (timers, PCA) when the internal oscillator is selected as the system clock. The system 
clock may be switched on-the-fly between the internal and external oscillator, so long as the selected oscil-
lator is enabled and has settled. The internal oscillator requires little start-up time and may be enabled and 
selected as the system clock in the same write to OSCICN. External crystals and ceramic resonators typi-
cally require a start-up time before they are settled and ready for use as the system clock. The Crystal 
Valid Flag (XTLVLD in register OSCXCN) is set to ‘1’ by hardware when the external oscillator is settled. To 
avoid reading a false XTLVLD in crystal mode, software should delay at least 1 ms between enabling the 
external oscillator and checking XTLVLD. RC and C modes typically require no startup time.

SFR Definition 14.3. CLKSEL: Oscillator Clock Selection

Bits7-1: Reserved.
Bit0: CLKSL: System Clock Source Select Bit.

0: SYSCLK derived from the Internal Oscillator, and scaled as per the IFCN bits in OSCICN.
1: SYSCLK derived from the External Oscillator circuit.

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

- - - - - - - CLKSL 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address:
SFR Page:

0x97
F

Parameter Conditions Min Typ Max Units

24 24.5 25 MHz

— 450 — μA

0 — 30 MHz

15 — — ns

15 — — ns
Rev. 1.6 175
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Table 16.1. AC Parameters for External Memory Interface
Parameter Description Min Max Units

TSYSCLK System Clock Period

TACS Address/Control Setup Time

TACW Address/Control Pulse Width

TACH Address/Control Hold Time

TALEH Address Latch Enable High Time

TALEL Address Latch Enable Low Time

TWDS Write Data Setup Time

TWDH Write Data Hold Time

TRDS Read Data Setup Time

TRDH Read Data Hold Time
 

40 — ns

0 3 x TSYSCLK ns

1 x TSYSCLK 16 x TSYSCLK ns

0 3 x TSYSCLK ns

1 x TSYSCLK 4 x TSYSCLK ns

1 x TSYSCLK 4 x TSYSCLK ns

1 x TSYSCLK 19 x TSYSCLK ns

0 3 x TSYSCLK ns

20 — ns

0 — ns
202 Rev. 1.6
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17. Port Input/Output

Table 17.1. Port I/O DC Electrical Characteristics
VDD = 2.7 to 3.6 V, –40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Output High Voltage 
(VOH)

IOH = –3 mA, Port I/O Push-Pull
IOH = –10 μA, Port I/O Push-Pull
IOH = –10 mA, Port I/O Push-Pull

Output Low Voltage 
(VOL)

IOL = 8.5 mA
IOL = 10 μA
IOL = 25 mA

Input High Voltage (VIH)

Input Low Voltage (VIL)

Input Leakage Current
DGND < Port Pin < VDD, Pin Tri-state
Weak Pullup Off
Weak Pullup On

Input Capacitance

The C8051F04x family of devices are fully integrated mixed-signal System on a Chip MCUs with 64 digital 
I/O pins (C8051F040/2/4/6) or 32 digital I/O pins (C8051F041/3/5/7), organized as 8-bit Ports. All ports are 
both bit- and byte-addressable through their corresponding Port Data registers. All Port pins are 5 V-toler-
ant, and all support configurable Open-Drain or Push-Pull output modes and weak pullups. A block dia-
gram of the Port I/O cell is shown in Figure 17.1. Complete Electrical Specifications for the Port I/O pins 
are given in Table 17.1.

Figure 17.1. Port I/O Cell Block Diagram

VDD – 0.7
VDD – 0.1

—

—
—

VDD – 0.8

—
—
—

V

—
—
—

—
—
1.0

0.6
0.1
—

V

0.7 x VDD — —

— — 0.3 x VDD

—
—
—

—
—
10

—
± 1
—

μA

— 5 — pF
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SFR Definition 17.6. P0MDOUT: Port0 Output Mode

Bits7-0: P0MDOUT.[7:0]: Port0 Output Mode Bits.
0: Port Pin output mode is configured as Open-Drain.
1: Port Pin output mode is configured as Push-Pull.

Note: SDA, SCL, and RX0 (when UART0 is in Mode 0) and RX1 (when UART1 is in Mode 0) are 
always configured as Open-Drain when they appear on Port pins.

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 Page:

0xA4
F

SFR Definition 17.7. P1: Port1 Data

Bits7-0: P1.[7:0]: Port1 Output Latch Bits.
(Write - Output appears on I/O pins per XBR0, XBR1, XBR2, and XBR3 Registers)
0: Logic Low Output.
1: Logic High Output (open if corresponding P1MDOUT.n bit = 0).
(Read - Regardless of XBR0, XBR1, XBR2, and XBR3 Register settings).
0: P1.n pin is logic low.
1: P1.n pin is logic high.

Notes:
1. P1.[7:0] can be configured as inputs to ADC1 as AIN1.[7:0], in which case they are ‘skipped’ 

by the Crossbar assignment process and their digital input paths are disabled, depending on 
P1MDIN (See SFR Definition 17.8). Note that in analog mode, the output mode of the pin is 
determined by the Port 1 latch and P1MDOUT (SFR Definition 17.9). See Section “7. 8-Bit 
ADC (ADC2, C8051F040/1/2/3 Only)” on page 91 for more information about ADC2.

2. P1.[7:0] can be driven by the External Data Memory Interface (as Address[15:8] in Non-mul-
tiplexed mode). See Section “16. External Data Memory Interface and On-Chip XRAM” 
on page 187 for more information about the External Memory Interface.

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

P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0 11111111

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Bit 
Addressable

SFR Address:
SFR Page:

0x90
All Pages
216 Rev. 1.6
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SFR Definition 17.16. P4: Port4 Data

Bits7-0: P4.[7:0]: Port4 Output Latch Bits.
Write - Output appears on I/O pins.
0: Logic Low Output.
1: Logic High Output (Open-Drain if corresponding P4MDOUT.n bit = 0). See SFR Definition 
17.17.
Read - Returns states of I/O pins.
0: P4.n pin is logic low.
1: P4.n pin is logic high.

Note: P4.7 (/WR), P4.6 (/RD), and P4.5 (ALE) can be driven by the External Data Memory 
Interface. See Section “16. External Data Memory Interface and On-Chip XRAM” on 
page 187 for more information.

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

P4.7 P4.6 P4.5 P4.4 P4.3 P4.2 P4.1 P4.0 11111111

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Bit 
Addressable

SFR Address:
SFR Page:

0xC8
F

SFR Definition 17.17. P4MDOUT: Port4 Output Mode

Bits7-0: P4MDOUT.[7:0]: Port4 Output Mode Bits.
0: Port Pin output mode is configured as Open-Drain.
1: Port Pin output mode is configured as Push-Pull.

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 Page:

0x9C
F

222 Rev. 1.6
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Table 18.1. Background System Information

Notes:
1. The CAN time quantum (tq) is the smallest unit of time recognized by the CAN contoller. Bit timing parameters 

are often specified in integer multiples of the time quantum.
2. The Baud Rate Prescaler (BRP) is defined as the value of the BRP Extension Register plus 1. The BRP 

Extension Register has a reset value of 0x0000; the Baud Rate Prescaler has a reset value of 1.
3. Based on an ISO-11898 compliant transceiver. CAN does not specify a physical layer.

 

18.1.1. CAN Controller Timing
The CAN controller’s system clock (fsys) is derived from the CIP-51 system clock (SYSCLK). Note that an 
external oscillator (such as a quartz crystal) is typically required due to the high accuracy requirements for 
CAN communication. Refer to Section “4.10.4 Oscillator Tolerance Range” in the Bosch CAN User’s Guide 
for further information regarding this topic.

18.1.2. Example Timing Calculation for 1 Mbit/Sec Communication
This example shows how to configure the CAN contoller timing parameters for a 1 Mbit/Sec bit rate. 
Table 18.1 shows timing-related system parameters needed for the calculation.

Each bit transmitted on a CAN network has 4 segments (Sync_Seg, Prop_Seg, Phase_Seg1, and 
Phase_Seg2), as shown in Figure 18.3. The sum of these segments determines the CAN bit time (1/bit 
rate). In this example, the desired bit rate is 1 Mbit/sec; therefore, the desired bit time is 1000 ns.

Figure 18.3. Four Segments of a CAN Bit Time

Parameter Value Description

CIP-51 system clock (SYSCLK) 22.1184 MHz
External oscillator in ‘Crystal Oscillator Mode’. A 

22.1184 MHz quartz crystal is connected between 
XTAL1 and XTAL2.

CAN Controller system clock 
(fsys)

22.1184 MHz Derived from SYSCLK.

CAN clock period (tsys) 45.211 ns Derived from 1/fsys.

CAN time quantum (tq) 45.211 ns Derived from tsys x BRP1,2

CAN bus length 10 m 5 ns/m signal delay between CAN nodes.

Propagation delay time3 400 ns 2 x (transceiver loop delay + bus line delay)
Rev. 1.6 229
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Table 19.1. SMB0STA Status Codes and States  

Mode Status 
Code SMBus State Typical Action

M
T/

M
R

0x08 START condition transmitted. Load SMB0DAT with Slave Address + 
R/W. Clear STA.

0x10 Repeated START condition transmitted. Load SMB0DAT with Slave Address + 
R/W. Clear STA.

M
as

te
r T

ra
ns

m
itt

er

0x18 Slave Address + W transmitted. ACK 
received.

Load SMB0DAT with data to be transmit-
ted.

0x20 Slave Address + W transmitted. NACK 
received.

Acknowledge poll to retry. Set STO + 
STA.

0x28 Data byte transmitted. ACK received.
1) Load SMB0DAT with next byte, OR
2) Set STO, OR
3) Clear STO then set STA for repeated 
START.

0x30 Data byte transmitted. NACK received. 1) Retry transfer OR
2) Set STO.

0x38 Arbitration Lost. Save current data.

M
as

te
r R

ec
ei

ve
r

0x40 Slave Address + R transmitted. ACK received. If only receiving one byte, clear AA (send 
NACK after received byte). Wait for 
received data. 

0x48 Slave Address + R transmitted. NACK 
received.

Acknowledge poll to retry. Set STO + 
STA.

0x50 Data byte received. ACK transmitted. Read SMB0DAT. Wait for next byte. If 
next byte is last byte, clear AA.

0x58 Data byte received. NACK transmitted. Set STO.
252 Rev. 1.6
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S
la

ve
 R

ec
ei

ve
r

0x60 Own slave address + W received. ACK trans-
mitted.

Wait for data.

0x68 Arbitration lost in sending SLA + R/W as mas-
ter. Own address + W received. ACK transmit-
ted.

Save current data for retry when bus is 
free. Wait for data.

0x70 General call address received. ACK transmit-
ted.

Wait for data.

0x78 Arbitration lost in sending SLA + R/W as mas-
ter. General call address received. ACK trans-
mitted.

Save current data for retry when bus is 
free.

0x80 Data byte received. ACK transmitted. Read SMB0DAT. 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. 
ACK transmitted.

Read SMB0DAT. Wait for next byte or 
STOP.

0x98 Data byte received after general call address. 
NACK transmitted.

Set STO to reset SMBus.

0xA0 STOP or repeated START received. No action necessary.

S
la

ve
 T

ra
ns

m
itt

er

0xA8 Own address + R received. ACK transmitted. Load SMB0DAT with data to transmit.

0xB0 Arbitration lost in transmitting SLA + R/W as 
master. Own address + R received. ACK 
transmitted.

Save current data for retry when bus is 
free. Load SMB0DAT with data to trans-
mit.

0xB8 Data byte transmitted. ACK received. Load SMB0DAT with data to transmit.

0xC0 Data byte transmitted. NACK received. Wait for STOP.

0xC8 Last data byte transmitted (AA=0). ACK 
received.

Set STO to reset SMBus.

S
la

ve 0xD0 SCL Clock High Timer per SMB0CR timed out Set STO to reset SMBus.

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

0xF8 Idle State does not set SI.

Table 19.1. SMB0STA Status Codes and States  (Continued)

Mode Status 
Code SMBus State Typical Action
Rev. 1.6 253
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SFR Definition 20.2. SPI0CN: SPI0 Control

Bit 7: SPIF: SPI0 Interrupt Flag.
This bit is set to logic 1 by hardware at the end of a data transfer. If interrupts are enabled, 
setting this bit causes the CPU to vector to the SPI0 interrupt service routine. This bit is not 
automatically cleared by hardware. It must be cleared by software. 

Bit 6: WCOL: Write Collision Flag. 
This bit is set to logic 1 by hardware (and generates a SPI0 interrupt) to indicate a write to 
the SPI0 data register was attempted while a data transfer was in progress. It must be 
cleared by software.

Bit 5: MODF: Mode Fault Flag.
This bit is set to logic 1 by hardware (and generates a SPI0 interrupt) when a master mode 
collision is detected (NSS is low, MSTEN = 1, and NSSMD[1:0] = 01). This bit is not auto-
matically cleared by hardware. It must be cleared by software.

Bit 4: RXOVRN: Receive Overrun Flag (Slave Mode only).
This bit is set to logic 1 by hardware (and generates a SPI0 interrupt) when the receive 
buffer still holds unread data from a previous transfer and the last bit of the current transfer 
is shifted into the SPI0 shift register. This bit is not automatically cleared by hardware. It 
must be cleared by software.

Bits 3-2: NSSMD1-NSSMD0: Slave Select Mode.
Selects between the following NSS operation modes: 
(See Section “20.2. SPI0 Master Mode Operation” on page 257 and Section “20.3. SPI0 
Slave Mode Operation” on page 259).
00: 3-Wire Slave or 3-wire Master Mode. NSS signal is not routed to a port pin.
01: 4-Wire Slave or Multi-Master Mode (Default). NSS is always an input to the device.
1x: 4-Wire Single-Master Mode. NSS signal is mapped as an output from the device and will 
assume the value of NSSMD0.

Bit 1: TXBMT: Transmit Buffer Empty.
This bit will be set to logic 0 when new data has been written to the transmit buffer. When 
data in the transmit buffer is transferred to the SPI shift register, this bit will be set to logic 1, 
indicating that it is safe to write a new byte to the transmit buffer.

Bit 0: SPIEN: SPI0 Enable. 
This bit enables/disables the SPI.
0: SPI disabled.
1: SPI enabled.

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

SPIF WCOL MODF RXOVRN NSSMD1 NSSMD0 TXBMT SPIEN 00000110

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Bit 
Addressable

SFR Address:
SFR Page:

0xF8
0

262 Rev. 1.6
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22.2. Operational Modes
UART1 provides standard asynchronous, full duplex communication. The UART mode (8-bit or 9-bit) is 
selected by the S1MODE bit (SCON1.7). Typical UART connection options are shown below.

Figure 22.3. UART Interconnect Diagram

22.2.1. 8-Bit UART
8-Bit UART mode uses a total of 10 bits per data byte: one start bit, eight data bits (LSB first), and one stop 
bit. Data are transmitted LSB first from the TX1 pin and received at the RX1 pin. On receive, the eight data 
bits are stored in SBUF1 and the stop bit goes into RB81 (SCON1.2). 

Data transmission begins when software writes a data byte to the SBUF1 register. The TI1 Transmit Inter-
rupt Flag (SCON1.1) is set at the end of the transmission (the beginning of the stop-bit time). Data recep-
tion can begin any time after the REN1 Receive Enable bit (SCON1.4) is set to logic 1. After the stop bit is 
received, the data byte will be loaded into the SBUF1 receive register if the following conditions are met: 
RI1 must be logic 0, and if MCE1 is logic 1, the stop bit must be logic 1. In the event of a receive data over-
run, the first received 8 bits are latched into the SBUF1 receive register and the following overrun data bits 
are lost.

If these conditions are met, the eight bits of data is stored in SBUF1, the stop bit is stored in RB81 and the 
RI1 flag is set. If these conditions are not met, SBUF1 and RB81 will not be loaded and the RI1 flag will not 
be set. An interrupt will occur if enabled when either TI1 or RI1 is set.

Figure 22.4. 8-Bit UART Timing Diagram
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SFR Definition 22.1. SCON1: Serial Port 1 Control

Bit7: S1MODE: Serial Port 1 Operation Mode.
This bit selects the UART1 Operation Mode.
0: Mode 0: 8-bit UART with Variable Baud Rate
1: Mode 1: 9-bit UART with Variable Baud Rate

Bit6: UNUSED. Read = 1b. Write = don’t care.
Bit5: MCE1: Multiprocessor Communication Enable.

The function of this bit is dependent on the Serial Port 0 Operation Mode.
Mode 0: Checks for valid stop bit.

0: Logic level of stop bit is ignored.
1: RI1 will only be activated if stop bit is logic level 1.

Mode 1: Multiprocessor Communications Enable.
0: Logic level of ninth bit is ignored.
1: RI1 is set and an interrupt is generated only when the ninth bit is logic 1.

Bit4: REN1: Receive Enable. 
This bit enables/disables the UART receiver.
0: UART1 reception disabled.
1: UART1 reception enabled.

Bit3: TB81: Ninth Transmission Bit. 
The logic level of this bit will be assigned to the ninth transmission bit in 9-bit UART Mode. It 
is not used in 8-bit UART Mode.   Set or cleared by software as required.

Bit2: RB81: Ninth Receive Bit. 
RB81 is assigned the value of the STOP bit in Mode 0; it is assigned the value of the 9th 
data bit in Mode 1.

Bit1: TI1: Transmit Interrupt Flag. 
Set by hardware when a byte of data has been transmitted by UART1 (after the 8th bit in 8-
bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When the UART1 
interrupt is enabled, setting this bit causes the CPU to vector to the UART1 interrupt service 
routine. This bit must be cleared manually by software.

Bit0: RI1: Receive Interrupt Flag. 
Set to ‘1’ by hardware when a byte of data has been received by UART1 (set at the STOP 
bit sampling time). When the UART1 interrupt is enabled, setting this bit to ‘1’ causes the 
CPU to vector to the UART1 interrupt service routine. This bit must be cleared manually by 
software.

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

S1MODE - MCE1 REN1 TB81 RB81 TI1 RI1 01000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Bit 
Addressable

SFR Address:
SFR Page:

0x98
1
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Table 22.4. Timer Settings for Standard Baud Rates Using an External 18.432 MHz 
Oscillator
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*Note:  SCA1-SCA0 and T1M bit definitions can be found in Section 23.1. 

 

Frequency: 18.432 MHz
Target 

Baud Rate 
(bps)

Baud Rate 
% Error

 Oscillator 
Divide 
Factor

Timer Clock 
Source

SCA1-SCA0
(pre-scale 

select)*

T1M* Timer 1 
Reload 
Value 
(hex)

230400 0.00% 80 SYSCLK XX 1 0xD8
115200 0.00% 160 SYSCLK XX 1 0xB0
57600 0.00% 320 SYSCLK XX 1 0x60
28800 0.00% 640 SYSCLK / 4 01 0 0xB0
14400 0.00% 1280 SYSCLK / 4 01 0 0x60
9600 0.00% 1920 SYSCLK / 12 00 0 0xB0
2400 0.00% 7680 SYSCLK / 48 10 0 0xB0
1200 0.00% 15360 SYSCLK / 48 10 0 0x60

230400 0.00% 80 EXTCLK / 8 11 0 0xFB
115200 0.00% 160 EXTCLK / 8 11 0 0xF6
57600 0.00% 320 EXTCLK / 8 11 0 0xEC
28800 0.00% 640 EXTCLK / 8 11 0 0xD8
14400 0.00% 1280 EXTCLK / 8 11 0 0xB0
9600 0.00% 1920 EXTCLK / 8 11 0 0x88

X = Don’t care
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Table 22.6. Timer Settings for Standard Baud Rates Using an External 3.6864 MHz 
Oscillator
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*Note:  SCA1-SCA0 and T1M bit definitions can be found in Section 23.1. 

 

Frequency: 3.6864 MHz
Target 

Baud Rate 
(bps)

Baud Rate 
% Error

 Oscillator 
Divide 
Factor

Timer Clock 
Source

SCA1-SCA0
(pre-scale 

select)*

T1M* Timer 1 
Reload 

Value (hex)
230400 0.00% 16 SYSCLK XX 1 0xF8
115200 0.00% 32 SYSCLK XX 1 0xF0
57600 0.00% 64 SYSCLK XX 1 0xE0
28800 0.00% 128 SYSCLK XX 1 0xC0
14400 0.00% 256 SYSCLK XX 1 0x80
9600 0.00% 384 SYSCLK XX 1 0x40
2400 0.00% 1536 SYSCLK / 12 00 0 0xC0
1200 0.00% 3072 SYSCLK / 12 00 0 0x80

230400 0.00% 16 EXTCLK / 8 11 0 0xFF
115200 0.00% 32 EXTCLK / 8 11 0 0xFE
57600 0.00% 64 EXTCLK / 8 11 0 0xFC
28800 0.00% 128 EXTCLK / 8 11 0 0xF8
14400 0.00% 256 EXTCLK / 8 11 0 0xF0
9600 0.00% 384 EXTCLK / 8 11 0 0xE8

X = Don’t care
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DOCUMENT CHANGE LIST

Revision 1.5 to Revision 1.6
Updated Port Input/Output Chapter (17.1.5): P2.0 and P2.1 are not skipped when configured to Analog 
Input mode.

Revision 1.4 to Revision 1.5
• High Voltage Difference Amplifier Electrical Characteristics Tables: Corrected Common Mode Rejec-

tion Ratio MIN and TYP specifications.
• Flash Memory Chapter: Corrected text reference to “C8051F12x and C8051F13x”; Changed to 

“C8051F04x”.
• 10 and 12-bit ADC0 Track and Conversion Example Timing Figures: Corrected bit name text from 

“AD0STM” to “AD0CM”.
• ADC0 Chapters (10 and 12-bit): Updated analog multiplexer figure to represent correct connection of 

HVREF to AIN- in differential HVDA configuration.
• ADC0 Chapters (10 and 12-bit): Updated HVDA section text to clarify usage of HVREF pin.
• ADC0 Chapters (10 and 12-bit): Added differential HVDA options to AMUX Selection Chart Table.
• Product Selection Guide Table: Added RoHS-compliant ordering information.
• Global DC Electrical Characteristics Table: Corrected units for “Analog Supply Current with Analog 

Subsystems Inactive” to “μA”.
• Pin Definitions Table: Corrected HVAIN- pin description to “High Voltage Difference Amplifier Negative 

Signal Input.”
• Interrupt Summary Table: Added “SFRPAGE” column and SFRPAGE value for each interrupt source.
• Interrupt Summary Table: Corrected “T4CON” to “TMR4CN”.
• Interrupt Summary Table: Corrected “T2CON” to “TMR2CN”.
• Interrupt Summary Table: Corrected “ADWINT” to “AD0WINT”.
• SFR Memory Map Table: Corrected SFR Page for ADC2CN from page 1 to page 2.
• Oscillators Chapter: Corrected steps for enabling external crystal oscillator.
• PCA0CPHn SFR Definition: Corrected SFR address of PCA0CPH1 from “0xFD” to “0xFE”.
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