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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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P0.6 44 36 28 D I/O or A In Port 0.6

P0.7 43 35 27 D I/O or A In Port 0.7

P1.0 42 34 26 D I/O or A In Port 1.0. See SFR Definition 20.17 for a 
description.

P1.1 41 33 25 D I/O or A In Port 1.1. 

P1.2 40 32 24 D I/O or A In Port 1.2. 

P1.3 39 31 23 D I/O or A In Port 1.3. 

P1.4 38 30 22 D I/O or A In Port 1.4. 

P1.5 37 29 21 D I/O or A In Port 1.5.

P1.6 36 28 20 D I/O or A In Port 1.6.

P1.7 35 27 19 D I/O or A In Port 1.7. 

P2.0 34 26 18 D I/O or A In Port 2.0. See SFR Definition 20.21 for a 
description.

P2.1 33 25 17 D I/O or A In Port 2.1. 

P2.2 32 24 16 D I/O or A In Port 2.2.

P2.3 31 23 15 D I/O or A In Port 2.3. 

P2.4 30 22 14 D I/O or A In Port 2.4. 

P2.5 29 21 13 D I/O or A In Port 2.5. 

P2.6 28 20 12 D I/O or A In Port 2.6. 

P2.7 27 19 11 D I/O or A In Port 2.7. 

P3.0 26 18 — D I/O or A In Port 3.0. See SFR Definition 20.25 for a 
description.

P3.1 25 17 — D I/O or A In Port 3.1. 

P3.2 24 16 — D I/O or A In Port 3.2. 

P3.3 23 15 — D I/O or A In Port 3.3. 

P3.4 22 14 — D I/O or A In Port 3.4. 

P3.5 21 13 — D I/O or A In Port 3.5. 

P3.6 20 12 — D I/O or A In Port 3.6. 

Table 3.1. Pin Definitions for the C8051F58x/F59x (Continued)

Name Pin

F580/1/4/5

(48-pin)

Pin

F588/9-
F590/1

(40-pin)

Pin

F582/3/6/7

(32-pin)

Type Description
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Table 5.10. ADC0 Electrical Characteristics
VDDA = 1.8 to 2.75 V, –40 to +125 °C, VREF = 1.5 V (REFSL=0) unless otherwise specified.

Parameter Conditions Min Typ Max Units

DC Accuracy

Resolution 12 bits

Integral Nonlinearity — ±0.5 ±3 LSB

Differential Nonlinearity Guaranteed Monotonic — ±0.5 ±1 LSB

Offset Error1 –10 –1.6 10 LSB

Full Scale Error –20 –4.2 20 LSB

Offset Temperature Coefficient — –2 — ppm/°C

Dynamic performance (10 kHz sine-wave single-ended input, 1 dB below Full Scale, 200 ksps)

Signal-to-Noise Plus Distortion 63 66 — dB

Total Harmonic Distortion Up to the 5th harmonic — 81 — dB

Spurious-Free Dynamic Range — –82 — dB

Conversion Rate

SAR Conversion Clock — — 3.6 MHz

Conversion Time in SAR Clocks2 13 — — clocks

Track/Hold Acquisition Time3 VDDA >2.0 V
VDDA < 2.0 V

1.5
3.5

— — µs

Throughput Rate4 VDDA >2.0 V — — 200 ksps

Analog Inputs

ADC Input Voltage Range5 gain = 1.0 (default)
gain = n

0
0

— VREF
VREF / n

V

Absolute Pin Voltage with respect 
to GND

0 — VIO V

Sampling Capacitance — 29 — pF

Input Multiplexer Impedance — 5 — kΩ
Power Specifications

Power Supply Current  
(VDDA supplied to ADC0)

Operating Mode, 200 ksps
— 1100 1500 µA

Burst Mode (Idle) — 1100 1500 µA

Power-On Time 5 — — µs

Power Supply Rejection Ratio — –60 — mV/V

Notes:
1. Represents one standard deviation from the mean. Offset and full-scale error can be removed through 

calibration.
2. An additional 2 FCLK cycles are required to start and complete a conversion
3. Additional tracking time may be required depending on the output impedance connected to the ADC input. 

See Section “6.2.1. Settling Time Requirements” on page 59
4. An increase in tracking time will decrease the ADC throughput.
5. See Section “6.3. Selectable Gain” on page 60 for more information about the setting the gain.
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For example, if ADC0GNH = 0xFC, ADC0GNL = 0x00, and GAINADD = 1, GAIN = 0xFC0 = 4032, and the 
resulting equation is as follows:

The table below equates values in the ADC0GNH, ADC0GNL, and ADC0GNA registers to the equivalent 
gain using this equation.

For any desired gain value, the GAIN registers can be calculated by the following:

Equation 6.3. Calculating the ADC0GNH and ADC0GNL Values from the Desired Gain

Where:
GAIN is the 12-bit word of ADC0GNH[7:0] and ADC0GNL[7:4]
GAINADD is the value of the GAINADD bit (ADC0GNA.0)
gain is the equivalent gain value from 0 to 1.016

When calculating the value of GAIN to load into the ADC0GNH and ADC0GNL registers, the GAINADD bit 
can be turned on or off to reach a value closer to the desired gain value.

For example, the initial example in this section requires a gain of 0.44 to convert 5 V full scale to 2.2 V full 
scale. Using Equation 6.3:

If GAINADD is set to 1, this makes the equation:

The actual gain from setting GAINADD to 1 and ADC0GNH and ADC0GNL to 0x6CA is 0.4399. A similar 
gain can be achieved if GAINADD is set to 0 with a different value for ADC0GNH and ADC0GNL.

ADC0GNH Value ADC0GNL Value GAINADD Value GAIN Value Equivalent Gain

0xFC (default) 0x00 (default) 1 (default) 4032 + 64 1.0 (default)
0x7C 0x00 1 1984 + 64 0.5
0xBC 0x00 1 3008 + 64 0.75
0x3C 0x00 1 960 + 64 0.25
0xFF 0xF0 0 4095 + 0 ~1.0
0xFF 0xF0 1 4096 + 64 1.016

GAIN
4032
4096
------------- 
  1

1
64
------ 
 ×+ 0.984 0.016+ 1.0= = =

GAIN gain GAINADD
1
64
------ 
 ×– 

  4096×=

GAIN 0.44 GAINADD
1
64
------ 
 ×– 

  4096×=

GAIN 0.44 1
1
64
------ 
 ×– 

  4096× 0.424 4096× 1738 0x06CA= = = =
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11.2.  Instruction Set
The instruction set of the CIP-51 System Controller is fully compatible with the standard MCS-51™ instruc-
tion set. Standard 8051 development tools can be used to develop software for the CIP-51. All CIP-51 
instructions are the binary and functional equivalent of their MCS-51™ counterparts, including opcodes, 
addressing modes and effect on PSW flags. However, instruction timing is different than that of the stan-
dard 8051. 

11.2.1. Instruction and CPU Timing

In many 8051 implementations, a distinction is made between machine cycles and clock cycles, with 
machine cycles varying from 2 to 12 clock cycles in length. However, the CIP-51 implementation is based 
solely on clock cycle timing. All instruction timings are specified in terms of clock cycles.

Due to the pipelined architecture of the CIP-51, most instructions execute in the same number of clock 
cycles as there are program bytes in the instruction. Conditional branch instructions take one less clock 
cycle to complete when the branch is not taken as opposed to when the branch is taken. Table 11.1 is the 
CIP-51 Instruction Set Summary, which includes the mnemonic, number of bytes, and number of clock 
cycles for each instruction.
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16.  Power Management Modes
The C8051F58x/F59x devices have three software programmable power management modes: Idle, Stop, 
and Suspend. Idle mode and Stop mode are part of the standard 8051 architecture, while Suspend mode 
is an enhanced power-saving mode implemented by the high-speed oscillator peripheral. 

Idle mode halts the CPU while leaving the peripherals and clocks active. In Stop mode, the CPU is halted, 
all interrupts and timers (except the Missing Clock Detector) are inactive, and the internal oscillator is 
stopped (analog peripherals remain in their selected states; the external oscillator is not affected). Sus-
pend mode is similar to Stop mode in that the internal oscillator and CPU are halted, but the device can 
wake on events, such as a Port Match or Comparator low output. Since clocks are running in Idle mode, 
power consumption is dependent upon the system clock frequency and the number of peripherals left in 
active mode before entering Idle. Stop mode and Suspend mode consume the least power because the 
majority of the device is shut down with no clocks active. SFR Definition 16.1 describes the Power Control 
Register (PCON) used to control the C8051F58x/F59x devices’ Stop and Idle power management modes. 
Suspend mode is controlled by the SUSPEND bit in the OSCICN register (SFR Definition 19.2).

Although the C8051F58x/F59x has Idle, Stop, and Suspend modes available, more control over the device 
power can be achieved by enabling/disabling individual peripherals as needed. Each analog peripheral 
can be disabled when not in use and placed in low power mode. Digital peripherals, such as timers or 
serial buses, draw little power when they are not in use. Turning off oscillators lowers power consumption 
considerably, at the expense of reduced functionality.

16.1.  Idle Mode
Setting the Idle Mode Select bit (PCON.0) causes the hardware to halt the CPU and enter Idle mode as 
soon as the instruction that sets the bit completes execution. All internal registers and memory maintain 
their original data. All analog and digital peripherals can remain active during Idle mode.

Idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an 
enabled interrupt will cause the Idle Mode Selection bit (PCON.0) to be cleared and the CPU to resume 
operation. The pending interrupt will be serviced and the next instruction to be executed after the return 
from interrupt (RETI) will be the instruction immediately following the one that set the Idle Mode Select bit. 
If Idle mode is terminated by an internal or external reset, the CIP-51 performs a normal reset sequence 
and begins program execution at address 0x0000.

Note: If the instruction following the write of the IDLE bit is a single-byte instruction and an interrupt occurs 
during the execution phase of the instruction that sets the IDLE bit, the CPU may not wake from Idle mode 
when a future interrupt occurs. Therefore, instructions that set the IDLE bit should be followed by an 
instruction that has two or more opcode bytes, for example:

// in ‘C’:
PCON |= 0x01;                   // set IDLE bit
PCON = PCON;                    // ... followed by a 3-cycle dummy instruction

; in assembly:
ORL PCON, #01h                  ; set IDLE bit
MOV PCON, PCON                  ; ... followed by a 3-cycle dummy instruction

If enabled, the Watchdog Timer (WDT) will eventually cause an internal watchdog reset and thereby termi-
nate the Idle mode. This feature protects the system from an unintended permanent shutdown in the event 
of an inadvertent write to the PCON register. If this behavior is not desired, the WDT may be disabled by 
software prior to entering the Idle mode if the WDT was initially configured to allow this operation. This pro-
vides the opportunity for additional power savings, allowing the system to remain in the Idle mode indefi-
nitely, waiting for an external stimulus to wake up the system. Refer to Section “17.6. PCA Watchdog Timer 
Reset” on page 156 for more information on the use and configuration of the WDT.
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SFR Address = 0xAA; SFR Page = 0x00 

SFR Definition 18.1. EMI0CN: External Memory Interface Control

Bit 7 6 5 4 3 2 1 0

Name PGSEL[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 PGSEL[7:0] XRAM Page Select Bits.
The XRAM Page Select Bits provide the high byte of the 16-bit external data memory 
address when using an 8-bit MOVX command, effectively selecting a 256-byte page of 
RAM.
0x00: 0x0000 to 0x00FF
0x01: 0x0100 to 0x01FF
...
0xFE: 0xFE00 to 0xFEFF
0xFF: 0xFF00 to 0xFFFF
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19.  Oscillators and Clock Selection

C8051F58x/F59x devices include a programmable internal high-frequency oscillator, an external oscillator 
drive circuit, and a clock multiplier. The internal oscillator can be enabled/disabled and calibrated using the 
OSCICN, OSCICRS, and OSCIFIN registers, as shown in Figure 19.1. The system clock can be sourced 
by the external oscillator circuit or the internal oscillator. The clock multiplier can produce three possible 
base outputs which can be scaled by a programmable factor of 1, 2/3, 2/4 (or 1/2), 2/5, 2/6 (or 1/3), or 2/7: 
Internal Oscillator x 2, External Oscillator x 2, or External Oscillator x 4. 

Figure 19.1. Oscillator Options

19.1.  System Clock Selection
The CLKSL[1:0] bits in register CLKSEL select which oscillator source is used as the system clock. 
CLKSL[1:0] must be set to 01b for the system clock to run from the external oscillator; however the exter-
nal oscillator may still clock certain 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 oscillator, external oscilla-
tor, and Clock Multiplier so long as the selected clock source is enabled and has settled.

The internal oscillator requires little start-up time and may be selected as the system clock immediately fol-
lowing the register write which enables the oscillator. The external RC and C modes also typically require 
no startup time. 

External crystals and ceramic resonators however, typically require a start-up time before they are settled 
and ready for use. The Crystal Valid Flag (XTLVLD in register OSCXCN) is set to 1 by hardware when the 
external crystal or ceramic resonator is settled. In crystal mode, to avoid reading a false XTLVLD, soft-
ware should delay at least 1 ms between enabling the external oscillator and checking XTLVLD.
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UART0 pin assignments are fixed for bootloading purposes: UART TX0 is always assigned to P0.4; UART 
RX0 is always assigned to P0.5. CAN0 pin assignments are fixed to P0.6 for CAN_TX and P0.7 for 
CAN_RX. Standard Port I/Os appear contiguously after the prioritized functions have been assigned.

Important Note: The SPI can be operated in either 3-wire or 4-wire modes, pending the state of the NSS-
MD1–NSSMD0 bits in register SPI0CN. According to the SPI mode, the NSS signal may or may not be 
routed to a Port pin.

As an example configuration, if CAN0, SPI0 in 4-wire mode, and PCA0 Modules 0, 1, and 2, 6, and 7 are 
enabled on the crossbar with P0.1, P0.2, and P0.5 skipped, the registers should be set as follows: XBR0 = 
0x06 (CAN0 and SPI0 enabled), XBR1 = 0x0C (PCA0 modules 0, 1, and 2 enabled), XBR2 = 0x40 (Cross-
bar enabled), XBR3 = 0x02 (PCA1 modules 6 and 7) and P0SKIP = 0x26 (P0.1, P0.2, and P0.5 skipped). 
The resulting crossbar would look as shown in Figure 20.4.

Figure 20.4. Crossbar Priority Decoder in Example Configuration
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SFR Address = 0xE2; SFR Page = 0x0F

SFR Definition 20.2. XBR1: Port I/O Crossbar Register 1

Bit 7 6 5 4 3 2 1 0

Name T1E T0E ECIE PCA0ME[2:0] SYSCKE Reserved

Type R/W R/W R/W R/W R/W R R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 T1E T1 Enable.

0: T1 unavailable at Port pin.
1: T1 routed to Port pin.

6 T0E T0 Enable.

0: T0 unavailable at Port pin.
1: T0 routed to Port pin.

5 ECIE PCA0 External Counter Input Enable.

0: ECI unavailable at Port pin.
1: ECI routed to Port pin.

4:2 PCA0ME[2:0] PCA0 Module I/O Enable Bits.

000: All PCA0 I/O unavailable at Port pins.
001: CEX0 routed to Port pin.
010: CEX0, CEX1 routed to Port pins.
011: CEX0, CEX1, CEX2 routed to Port pins.
100: CEX0, CEX1, CEX2, CEX3 routed to Port pins.
101: CEX0, CEX1, CEX2, CEX3, CEX4 routed to Port pins.
110: CEX0, CEX1, CEX2, CEX3, CEX4, CEX5 routed to Port pins.
111: RESERVED

1 SYSCKE SYSCLK Output Enable.

0: SYSCLK unavailable at Port pin.
1: SYSCLK output routed to Port pin.

0 Reserved Always Write to 0.
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SFR Address = 0xC6; SFR Page = 0x0F

SFR Definition 20.4. XBR3: Port I/O Crossbar Register 3

Bit 7 6 5 4 3 2 1 0

Name T5EXE T5E T4EXE T4E ECI1E PCA1ME[2:0]

Type R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 T5EXE T5EX Enable.

0: T5EX unavailable at Port pin.
1: T5EX routed to Port pin

6 T5EX T5E Enable.

0: T5E unavailable at Port pin.
1: T5E routed to Port pin

5 T4EXE T4EX Enable.

0: T4EX unavailable at Port pin.
1: T4EX routed to Port pin

4 T5EX T4E Enable.

0: T4E unavailable at Port pin.
1: T4E routed to Port pin

3 ECI1E PCA1 External Counter Input Enable.

0: ECI1 unavailable at Port pin.
1: ECI1 routed to Port pin.

2:0 PCA1ME[2:0] PCA1 Module I/O Enable Bits.

000: All PCA1 I/O unavailable at Port pins.
001: CEX6 routed to Port pin.
010: CEX6, CEX7 routed to Port pins.
011: CEX6, CEX7, CEX8 routed to Port pins.
100: CEX6, CEX7, CEX8, CEX9 routed to Port pins.
101: CEX6, CEX7, CEX8, CEX9, CEX10 routed to Port pins.
110: CEX6, CEX7, CEX8, CEX9, CEX10, CEX11 routed to Port pins.
111: RESERVED
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SFR Address = 0xC0; Bit-Addressable; SFR Page =0x00

SFR Definition 23.2. SMB0CN: SMBus Control

Bit 7 6 5 4 3 2 1 0

Name MASTER TXMODE STA STO ACKRQ ARBLOST ACK SI

Type R R R/W R/W R R R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Description Read Write

7 MASTER SMBus Master/Slave 
Indicator. This read-only bit 
indicates when the SMBus is 
operating as a master.

0: SMBus operating in 
slave mode.
1: SMBus operating in 
master mode.

N/A

6 TXMODE SMBus Transmit Mode 
Indicator. This read-only bit 
indicates when the SMBus is 
operating as a transmitter. 

0: SMBus in Receiver 
Mode.
1: SMBus in Transmitter 
Mode.

N/A

5 STA SMBus Start Flag. 0: No Start or repeated 
Start detected.
1: Start or repeated Start 
detected.

0: No Start generated.
1: When Configured as a 
Master, initiates a START 
or repeated START.

4 STO SMBus Stop Flag. 0: No Stop condition 
detected.
1: Stop condition detected 
(if in Slave Mode) or pend-
ing (if in Master Mode).

0: No STOP condition is 
transmitted.
1: When configured as a 
Master, causes a STOP 
condition to be transmit-
ted after the next ACK 
cycle.
Cleared by Hardware.

3 ACKRQ SMBus Acknowledge 
Request.

0: No Ack requested
1: ACK requested

N/A

2 ARBLOST SMBus Arbitration Lost 
Indicator.

0: No arbitration error.
1: Arbitration Lost

N/A

1 ACK SMBus Acknowledge. 0: NACK received.
1: ACK received.

0: Send NACK
1: Send ACK

0 SI SMBus Interrupt Flag.
This bit is set by hardware 
under the conditions listed in 
Table 15.3. SI must be cleared 
by software. While SI is set, 
SCL is held low and the 
SMBus is stalled.

0: No interrupt pending
1: Interrupt Pending

0: Clear interrupt, and initi-
ate next state machine 
event.
1: Force interrupt.
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24.2.  Data Format
UART0 has a number of available options for data formatting. Data transfers begin with a start bit (logic 
low), followed by the data bits (sent LSB-first), a parity or extra bit (if selected), and end with one or two 
stop bits (logic high). The data length is variable between 5 and 8 bits. A parity bit can be appended to the 
data, and automatically generated and detected by hardware for even, odd, mark, or space parity. The stop 
bit length is selectable between 1 and 2 bit times, and a multi-processor communication mode is available 
for implementing networked UART buses. All of the data formatting options can be configured using the 
SMOD0 register, shown in SFR Definition 24.2. Figure 24.2 shows the timing for a UART0 transaction 
without parity or an extra bit enabled. Figure 24.3 shows the timing for a UART0 transaction with parity 
enabled (PE0 = 1). Figure 24.4 is an example of a UART0 transaction when the extra bit is enabled 
(XBE0 = 1). Note that the extra bit feature is not available when parity is enabled, and the second stop bit 
is only an option for data lengths of 6, 7, or 8 bits.

Figure 24.2. UART0 Timing Without Parity or Extra Bit

Figure 24.3. UART0 Timing With Parity

Figure 24.4. UART0 Timing With Extra Bit
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SFR Address = 0xA1; SFR Page = 0x00

SFR Definition 26.1. SPI0CFG: SPI0 Configuration

Bit 7 6 5 4 3 2 1 0

Name SPIBSY MSTEN CKPHA CKPOL SLVSEL NSSIN SRMT RXBMT

Type R R/W R/W R/W R R R R

Reset 0 0 0 0 0 1 1 1

Bit Name Function

7 SPIBSY SPI Busy.

This bit is set to logic 1 when a SPI transfer is in progress (master or slave mode).

6 MSTEN Master Mode Enable. 

0: Disable master mode. Operate in slave mode.
1: Enable master mode. Operate as a master.

5 CKPHA SPI0 Clock Phase.

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

1: Data centered on second edge of SCK period.*

4 CKPOL SPI0 Clock Polarity. 

0: SCK line low in idle state.
1: SCK line high in idle state.

3 SLVSEL Slave Selected Flag. 

This bit is set to logic 1 whenever the NSS pin is low indicating SPI0 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 ver-
sion of the pin input.

2 NSSIN NSS Instantaneous Pin Input. 

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.

1 SRMT Shift Register Empty (valid in slave mode 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. SRMT = 1 when 
in Master Mode.

0 RXBMT Receive Buffer Empty (valid in slave mode 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. RXBMT = 1 when in Master Mode.

Note: In 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 26.1 for timing parameters.
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Figure 26.10. SPI Slave Timing (CKPHA = 0)

Figure 26.11. SPI Slave Timing (CKPHA = 1)
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SFR Address = 0x8E; SFR Page = All Pages

SFR Definition 27.1. CKCON: Clock Control

Bit 7 6 5 4 3 2 1 0

Name T3MH T3ML T2MH T2ML T1M T0M SCA[1:0]

Type R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 T3MH Timer 3 High Byte Clock Select.

Selects the clock supplied to the Timer 3 high byte (split 8-bit timer mode only).
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.

6 T3ML Timer 3 Low Byte Clock Select.

Selects the clock supplied to Timer 3. Selects the clock supplied to the lower 8-bit timer 
in split 8-bit timer mode.
0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 low byte uses the system clock.

5 T2MH Timer 2 High Byte Clock Select.

Selects the clock supplied to the Timer 2 high byte (split 8-bit timer mode only).
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.

4 T2ML Timer 2 Low Byte Clock Select.

Selects the clock supplied to Timer 2. If Timer 2 is configured in split 8-bit timer mode, 
this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 2 low byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 low byte uses the system clock.

3 T1 Timer 1 Clock Select.

Selects the clock source supplied to Timer 1. Ignored when C/T1 is set to 1.
0: Timer 1 uses the clock defined by the prescale bits SCA[1:0].
1: Timer 1 uses the system clock.

2 T0 Timer 0 Clock Select.

Selects the clock source supplied to Timer 0. Ignored when C/T0 is set to 1.
0: Counter/Timer 0 uses the clock defined by the prescale bits SCA[1:0].
1: Counter/Timer 0 uses the system clock.

1:0 SCA[1:0] Timer 0/1 Prescale Bits.

These bits control the Timer 0/1 Clock Prescaler:
00: System clock divided by 12
01: System clock divided by 4
10: System clock divided by 48
11: External clock divided by 8 (synchronized with the system clock)
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Figure 28.6. PCA0 High-Speed Output Mode Diagram

28.3.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated 
CEXn pin. The capture/compare module high byte holds the number of PCA0 clocks to count before the 
output is toggled. The frequency of the square wave is then defined by Equation 28.1.

Equation 28.1. Square Wave Frequency Output

Where FPCA is the frequency of the clock selected by the CPS2–0 bits in the PCA0 mode register, 
PCA0MD. The lower byte of the capture/compare module is compared to the PCA0 counter low byte; on a 
match, CEXn is toggled and the offset held in the high byte is added to the matched value in PCA0CPLn. 
Frequency Output Mode is enabled by setting the ECOMn, TOGn, and PWMn bits in the PCA0CPMn reg-
ister. Note that the MATn bit should normally be set to 0 in this mode. If the MATn bit is set to 1, the CCFn 
flag for the channel will be set when the 16-bit PCA0 counter and the 16-bit capture/compare register for 
the channel are equal.
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Note: A value of 0x00 in the PCA0CPHn register is equal to 256 for this equation.
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Figure 28.7. PCA0 Frequency Output Mode

28.3.5. 8-bit, 9-bit, 10-bit and 11-bit Pulse Width Modulator Modes

Each module can be used independently to generate a pulse width modulated (PWM) output on its associ-
ated CEXn pin. The frequency of the output is dependent on the timebase for the PCA0 counter/timer, and 
the setting of the PWM cycle length (8, 9, 10 or 11-bits). For backwards-compatibility with the 8-bit PWM 
mode available on other devices, the 8-bit PWM mode operates slightly different than 9, 10 and 11-bit 
PWM modes. It is important to note that all channels configured for 8/9/10/11-bit PWM mode will use 
the same cycle length. It is not possible to configure one channel for 8-bit PWM mode and another for 11-
bit mode (for example). However, other PCA0 channels can be configured to Pin Capture, High-Speed 
Output, Software Timer, Frequency Output, or 16-bit PWM mode independently.

28.3.5.1.  8-bit Pulse Width Modulator Mode

The duty cycle of the PWM output signal in 8-bit PWM mode is varied using the module's PCA0CPLn cap-
ture/compare register. When the value in the low byte of the PCA0 counter/timer (PCA0L) is equal to the 
value in PCA0CPLn, the output on the CEXn pin will be set. When the count value in PCA0L overflows, the 
CEXn output will be reset (see Figure 28.8). Also, when the counter/timer low byte (PCA0L) overflows from 
0xFF to 0x00, PCA0CPLn is reloaded automatically with the value stored in the module’s capture/compare 
high byte (PCA0CPHn) without software intervention. Setting the ECOMn and PWMn bits in the 
PCA0CPMn register, and setting the CLSEL bits in register PCA0PWM to 00b enables 8-Bit Pulse Width 
Modulator mode. If the MATn bit is set to 1, the CCFn flag for the module will be set each time an 8-bit 
comparator match (rising edge) occurs. The COVF flag in PCA0PWM can be used to detect the overflow 
(falling edge), which will occur every 256 PCA0 clock cycles. The duty cycle for 8-Bit PWM Mode is given 
in Equation 28.2.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCA0CPLn clears the 
ECOMn bit to 0; writing to PCA0CPHn sets ECOMn to 1.

Equation 28.2. 8-Bit PWM Duty Cycle

Using Equation 28.2, the largest duty cycle is 100% (PCA0CPHn = 0), and the smallest duty cycle is 
0.39% (PCA0CPHn = 0xFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.
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Figure 29.8. PCA1 8-Bit PWM Mode Diagram
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SFR Address = 0xD9; SFR Page = 0x10

SFR Definition 29.2. PCA1MD: PCA1 Mode

Bit 7 6 5 4 3 2 1 0

Name CIDL1 CPS12 CPS11 CPS10 ECF1

Type R/W R R/W R R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7 CIDL1 PCA1 Counter/Timer Idle Control.

Specifies PCA1 behavior when CPU is in Idle Mode.
0: PCA1 continues to function normally while the system controller is in Idle Mode.
1: PCA1 operation is suspended while the system controller is in Idle Mode.

6:4 Unused Read = 000b, Write = Don't care.

3:1 CPS1[2:0] PCA1 Counter/Timer Pulse Select. 

These bits select the timebase source for the PCA1 counter
000: System clock divided by 12
001: System clock divided by 4
010: Timer 0 overflow
011: High-to-low transitions on ECI (max rate = system clock divided by 4)
100: System clock
101: External clock divided by 8 (synchronized with the system clock)
110: Timer 4 overflow
111: Timer 5 overflow

0 EC1F PCA1 Counter/Timer Overflow Interrupt Enable. 

This bit sets the masking of the PCA1 Counter/Timer Overflow (CF1) interrupt. 
0: Disable the CF1 interrupt.
1: Enable a PCA1 Counter/Timer Overflow interrupt request when CF1 (PCA1CN.7) is 
set.
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30.  C2 Interface

C8051F58x/F59x devices include an on-chip Silicon Labs 2-Wire (C2) debug interface to allow Flash pro-
gramming and in-system debugging with the production part installed in the end application. The C2 inter-
face uses a clock signal (C2CK) and a bi-directional C2 data signal (C2D) to transfer information between 
the device and a host system. See the C2 Interface Specification for details on the C2 protocol.

30.1.  C2 Interface Registers
The following describes the C2 registers necessary to perform Flash programming through the C2 inter-
face. All C2 registers are accessed through the C2 interface as described in the C2 Interface Specification.

C2 Register Definition 30.1. C2ADD: C2 Address

Bit 7 6 5 4 3 2 1 0

Name C2ADD[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 C2ADD[7:0] C2 Address.

The C2ADD register is accessed via the C2 interface to select the target Data register 
for C2 Data Read and Data Write commands.

Address Description

0x00 Selects the Device ID register for Data Read instructions

0x01 Selects the Revision ID register for Data Read instructions

0x02 Selects the C2 Flash Programming Control register for Data 
Read/Write instructions

0xB4 Selects the C2 Flash Programming Data register for Data 
Read/Write instructions


