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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,
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range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
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consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
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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.
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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

Details

Product Status Active

Core Processor 8051

Core Size 8-Bit

Speed 50MHz

Connectivity EBI/EMI, SMBus (2-Wire/I²C), SPI, UART/USART

Peripherals POR, PWM, Temp Sensor, WDT

Number of I/O 33

Program Memory Size 128KB (128K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 8.25K x 8

Voltage - Supply (Vcc/Vdd) 1.8V ~ 5.25V

Data Converters A/D 32x12b

Oscillator Type Internal

Operating Temperature -40°C ~ 125°C (TA)

Mounting Type Surface Mount

Package / Case 40-VFQFN Exposed Pad

Supplier Device Package 40-QFN (6x6)

Purchase URL https://www.e-xfl.com/product-detail/silicon-labs/c8051f589-imr

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/c8051f589-imr-4414047
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


Rev. 1.3 14

C8051F58x/F59x

List of Registers

SFR Definition 6.4. ADC0CF: ADC0 Configuration ...................................................... 65
SFR Definition 6.5. ADC0H: ADC0 Data Word MSB .................................................... 66
SFR Definition 6.6. ADC0L: ADC0 Data Word LSB ...................................................... 66
SFR Definition 6.7. ADC0CN: ADC0 Control ................................................................ 67
SFR Definition 6.8. ADC0TK: ADC0 Tracking Mode Select ......................................... 68
SFR Definition 6.9. ADC0GTH: ADC0 Greater-Than Data High Byte .......................... 69
SFR Definition 6.10. ADC0GTL: ADC0 Greater-Than Data Low Byte .......................... 69
SFR Definition 6.11. ADC0LTH: ADC0 Less-Than Data High Byte .............................. 70
SFR Definition 6.12. ADC0LTL: ADC0 Less-Than Data Low Byte ............................... 70
SFR Definition 6.13. ADC0MX: ADC0 Channel Select ................................................. 73
SFR Definition 8.1. REF0CN: Reference Control ......................................................... 76
SFR Definition 9.1. CPT0CN: Comparator0 Control ..................................................... 79
SFR Definition 9.2. CPT0MD: Comparator0 Mode Selection ....................................... 80
SFR Definition 9.3. CPT1CN: Comparator1 Control ..................................................... 81
SFR Definition 9.4. CPT1MD: Comparator1 Mode Selection ....................................... 82
SFR Definition 9.5. CPT2CN: Comparator2 Control ..................................................... 83
SFR Definition 9.6. CPT2MD: Comparator2 Mode Selection ....................................... 84
SFR Definition 9.7. CPT0MX: Comparator0 MUX Selection ........................................ 86
SFR Definition 9.8. CPT1MX: Comparator1 MUX Selection ........................................ 87
SFR Definition 9.9. CPT2MX: Comparator2 MUX Selection ........................................ 88
SFR Definition 10.1. REG0CN: Regulator Control ........................................................ 90
SFR Definition 11.1. DPL: Data Pointer Low Byte ........................................................ 98
SFR Definition 11.2. DPH: Data Pointer High Byte ....................................................... 98
SFR Definition 11.3. SP: Stack Pointer ......................................................................... 99
SFR Definition 11.4. ACC: Accumulator ....................................................................... 99
SFR Definition 11.5. B: B Register ................................................................................ 99
SFR Definition 11.6. PSW: Program Status Word ...................................................... 100
SFR Definition 11.7. SNn: Serial Number n ................................................................ 101
SFR Definition 12.1. PSBANK: Program Space Bank Select ..................................... 104
SFR Definition 13.1. SFR0CN: SFR Page Control ..................................................... 113
SFR Definition 13.2. SFRPAGE: SFR Page ............................................................... 114
SFR Definition 13.3. SFRNEXT: SFR Next ................................................................ 115
SFR Definition 13.4. SFRLAST: SFR Last .................................................................. 116
SFR Definition 14.1. IE: Interrupt Enable .................................................................... 130
SFR Definition 14.2. IP: Interrupt Priority .................................................................... 131
SFR Definition 14.3. EIE1: Extended Interrupt Enable 1 ............................................ 132
SFR Definition 14.4. EIP1: Extended Interrupt Priority 1 ............................................ 133
SFR Definition 14.5. EIE2: Extended Interrupt Enable 2 ............................................ 134
SFR Definition 14.6. EIP2: Extended Interrupt Priority Enabled 2 .............................. 135
SFR Definition 14.7. IT01CF: INT0/INT1 Configuration .............................................. 137
SFR Definition 15.1. PSCTL: Program Store R/W Control ......................................... 143
SFR Definition 15.2. FLKEY: Flash Lock and Key ...................................................... 144
SFR Definition 15.3. FLSCL: Flash Scale ................................................................... 145



C8051F58x/F59x

25 Rev. 1.3

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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Figure 3.4. QFP-32 Pinout Diagram (Top View)
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Figure 4.6. QFN-40 Landing Diagram

Table 4.6. QFN-40 Landing Diagram Dimensions

Dimension Min Max Dimension Min Max

C1 5.80 5.90 X2 4.10 4.20

C2 5.80 5.90 Y1 0.75 0.85

e 0.50 BSC Y2 4.10 4.20

X1 0.15 0.25

Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimension and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on the IPC-SM-7351 guidelines.
4. All dimensions shown are at Maximum Material Condition (MMC). Least Material Condition (LMC) is 

calculated based on a Fabrication Allowance of 0.05 mm.

Solder Mask Design
5. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the 

metal pad is to be 60 μm minimum, all the way around the pad.

Stencil Design
6. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure 

good solder paste release.
7. The stencil thickness should be 0.125 mm (5 mils).
8. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
9. A 4x4 array of 0.80 mm square openings on a 1.05 mm pitch should be used for the center ground pad.

Card Assembly
10. A No-Clean, Type-3 solder paste is recommended.
11. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body 

Components.
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Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)

IDD
4 VDD = 2.1 V, F = 200 kHz — 130 — µA

VDD = 2.1 V, F = 1.5 MHz — 440 — µA

VDD = 2.1 V, F = 25 MHz — 5.8 8.0 mA

VDD = 2.1 V, F = 50 MHz — 11 16 mA

IDD
4 VDD = 2.6 V, F = 200 kHz — 170 — µA

VDD = 2.6 V, F = 1.5 MHz — 570 — µA

VDD = 2.6 V, F = 25 MHz — 7.3 15 mA

VDD = 2.6 V, F = 50 MHz — 15 25 mA

IDD Supply Sensitivity4 F = 25 MHz — 53 —
%/V

F = 1 MHz — 60 —

IDD Frequency Sensitivity 4.6 VDD = 2.1V, F < 12.5 MHz, T = 25 °C — 0.28 —

mA/MHz
VDD = 2.1V, F > 12.5 MHz, T = 25 °C — 0.28 —

VDD = 2.6V, F < 12.5 MHz, T = 25 °C — 0.35 —

VDD = 2.6V, F > 12.5 MHz, T = 25 °C — 0.35 —

Digital Supply Current4 
(Stop or Suspend Mode)

Oscillator not running,
VDD Monitor Disabled

µATemp = 25 °C — 230 —

Temp = 60 °C — 230 —

Temp= 125 °C — 330 —

Table 5.2. Global Electrical Characteristics  (Continued)
–40 to +125 °C, 24 MHz system clock unless otherwise specified.

Parameter Conditions Min Typ Max Units

Notes:
1. Given in Table 5.4 on page 48.
2. VIO should not be lower than the VDD voltage.
3. SYSCLK must be at least 32 kHz to enable debugging.
4. Based on device characterization data; Not production tested. Does not include oscillator supply current.
5. IDD can be estimated for frequencies < 15 MHz by simply multiplying the frequency of interest by the 

frequency sensitivity number for that range. When using these numbers to estimate IDD for >15 MHz, the 
estimate should be the current at 50 MHz minus the difference in current indicated by the frequency 
sensitivity number. For example: VDD = 2.6 V; F = 20 MHz, IDD = 21 mA - (50 MHz -
 20 MHz) * 0.46 mA/MHz = 7.2 mA.

6. Idle IDD can be estimated for frequencies < 1 MHz by simply multiplying the frequency of interest by the 
frequency sensitivity number for that range. When using these numbers to estimate Idle IDD for >1 MHz, the 
estimate should be the current at 50 MHz minus the difference in current indicated by the frequency 
sensitivity number.  
For example: VDD = 2.6 V; F = 5 MHz, Idle IDD = 19 mA – (50 MHz – 5 MHz) x 0.38 mA/MHz = 1.9 mA.
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SFR Address = 0xE8; SFR Page = 0x00; Bit-Addressable

SFR Definition 6.7. ADC0CN: ADC0 Control

Bit 7 6 5 4 3 2 1 0

Name AD0EN BURSTEN AD0INT AD0BUSY AD0WINT AD0LJST AD0CM[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 AD0EN ADC0 Enable Bit.

0: ADC0 Disabled. ADC0 is in low-power shutdown.
1: ADC0 Enabled. ADC0 is active and ready for data conversions.

6 BURSTEN ADC0 Burst Mode Enable Bit.

0: Burst Mode Disabled.
1: Burst Mode Enabled. 

5 AD0INT ADC0 Conversion Complete Interrupt Flag.

0: ADC0 has not completed a data conversion since AD0INT was last cleared.
1: ADC0 has completed a data conversion.

4 AD0BUSY ADC0 Busy Bit. Read:

0: ADC0 conversion is not 
in progress.
1: ADC0 conversion is in 
progress.

Write:

0: No Effect.
1: Initiates ADC0 Conver-
sion if AD0CM[1:0] = 00b

3 AD0WINT ADC0 Window Compare Interrupt Flag.

This bit must be cleared by software
0: ADC0 Window Comparison Data match has not occurred since this flag was last 
cleared.
1: ADC0 Window Comparison Data match has occurred.

2 AD0LJST ADC0 Left Justify Select Bit.

0: Data in ADC0H:ADC0L registers is right-justified
1: Data in ADC0H:ADC0L registers is left-justified. This option should not be used 
with a repeat count greater than 1 (when AD0RPT[1:0] is 01b, 10b, or 11b).

1:0 AD0CM[1:0] ADC0 Start of Conversion Mode Select.

00: ADC0 start-of-conversion source is write of 1 to AD0BUSY.
01: ADC0 start-of-conversion source is overflow of Timer 1.
10: ADC0 start-of-conversion source is rising edge of external CNVSTR.
11: ADC0 start-of-conversion source is overflow of Timer 2.
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SFR Address = 0x9B; SFR Page = 0x10

SFR Definition 9.6. CPT2MD: Comparator2 Mode Selection

Bit 7 6 5 4 3 2 1 0

Name CP2RIE CP2FIE CP2MD[1:0]

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

Reset 0 0 0 0 0 0 1 0

Bit Name Function

7:6 Unused Read = 00b, Write = Don’t Care.

5 CP2RIE Comparator2 Rising-Edge Interrupt Enable.

0: Comparator2 Rising-edge interrupt disabled.
1: Comparator2 Rising-edge interrupt enabled.

4 CP2FIE Comparator2 Falling-Edge Interrupt Enable.

0: Comparator2 Falling-edge interrupt disabled.
1: Comparator2 Falling-edge interrupt enabled.

3:2 Unused Read = 00b, Write = don’t care.

1:0 CP2MD[1:0] Comparator2 Mode Select.

These bits affect the response time and power consumption for Comparator2.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)
01: Mode 1
10: Mode 2
11: Mode 3 (Slowest Response Time, Lowest Power Consumption)
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12.  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. The memory organization is shown in 
Figure 12.1

Figure 12.1. C8051F58x/F59x Memory Map

12.1.  Program Memory
The C8051F580/1/2/3/8/9 devices have a 128 kB program memory space and the C8051F584/5/6/7-
F590/1 devices have 96 kB program memory space. The MCU implements this program memory space as 
in-system re-programmable Flash memory in either four or three 32 kB code banks. A common code bank 
(Bank 0) of 32 kB is always accessible from addresses 0x0000 to 0x7FFF. The three or two upper code 
banks (Bank 1, Bank 2, and Bank 3) are each mapped to addresses 0x8000 to 0xFFFF, depending on the 
selection of bits in the PSBANK register, as described in SFR Definition 12.1.
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12.2.1. Internal RAM

There are 256 bytes of internal RAM mapped into the data memory space from 0x00 through 0xFF. The 
lower 128 bytes of data memory are used for general purpose registers and scratch pad memory. Either 
direct or indirect addressing may be used to access the lower 128 bytes of data memory. Locations 0x00 
through 0x1F are addressable as four banks of general purpose registers, each bank consisting of eight 
byte-wide registers. The next 16 bytes, locations 0x20 through 0x2F, may either be addressed as bytes or 
as 128 bit locations accessible with the direct addressing mode.

The upper 128 bytes of data memory are accessible only by indirect addressing. This region occupies the 
same address space as the Special Function Registers (SFR) but is physically separate from the SFR 
space. The addressing mode used by an instruction when accessing locations above 0x7F determines 
whether the CPU accesses the upper 128 bytes of data memory space or the SFRs. Instructions that use 
direct addressing will access the SFR space. Instructions using indirect addressing above 0x7F access the 
upper 128 bytes of data memory. Figure 12.1 illustrates the data memory organization of the 
C8051F58x/F59x.

12.2.1.1.  General Purpose Registers

The lower 32 bytes of data memory, locations 0x00 through 0x1F, may be addressed as four banks of gen-
eral-purpose registers. Each bank consists of eight byte-wide registers designated R0 through R7. Only 
one of these banks may be enabled at a time. Two bits in the program status word, RS0 (PSW.3) and RS1 
(PSW.4), select the active register bank (see description of the PSW in SFR Definition 11.6). This allows 
fast context switching when entering subroutines and interrupt service routines. Indirect addressing modes 
use registers R0 and R1 as index registers.

12.2.1.2.  Bit Addressable Locations

In addition to direct access to data memory organized as bytes, the sixteen data memory locations at 0x20 
through 0x2F are also accessible as 128 individually addressable bits. Each bit has a bit address from 
0x00 to 0x7F. Bit 0 of the byte at 0x20 has bit address 0x00 while bit7 of the byte at 0x20 has bit address 
0x07. Bit 7 of the byte at 0x2F has bit address 0x7F. A bit access is distinguished from a full byte access by 
the type of instruction used (bit source or destination operands as opposed to a byte source or destina-
tion). 

The MCS-51™ assembly language allows an alternate notation for bit addressing of the form XX.B where 
XX is the byte address and B is the bit position within the byte. For example, the instruction:

MOV C, 22.3h 

moves the Boolean value at 0x13 (bit 3 of the byte at location 0x22) into the Carry flag.

12.2.1.3.  Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is desig-
nated using the Stack Pointer (SP) SFR. The SP will point to the last location used. The next value pushed 
on the stack is placed at SP+1 and then SP is incremented. A reset initializes the stack pointer to location 
0x07. Therefore, the first value pushed on the stack is placed at location 0x08, which is also the first regis-
ter (R0) of register bank 1. Thus, if more than one register bank is to be used, the SP should be initialized 
to a location in the data memory not being used for data storage. The stack depth can extend up to 
256 bytes.
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SFR Address = 0xA8; Bit-Addressable; SFR Page = All Pages

SFR Definition 14.1. IE: Interrupt Enable

Bit 7 6 5 4 3 2 1 0

Name EA ESPI0 ET2 ES0 ET1 EX1 ET0 EX0

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 EA Enable All Interrupts.

Globally enables/disables all interrupts. It overrides individual interrupt mask settings.
0: Disable all interrupt sources.
1: Enable each interrupt according to its individual mask setting.

6 ESPI0 Enable Serial Peripheral Interface (SPI0) Interrupt.

This bit sets the masking of the SPI0 interrupts.
0: Disable all SPI0 interrupts.
1: Enable interrupt requests generated by SPI0.

5 ET2 Enable Timer 2 Interrupt.

This bit sets the masking of the Timer 2 interrupt.
0: Disable Timer 2 interrupt.
1: Enable interrupt requests generated by the TF2L or TF2H flags.

4 ES0 Enable UART0 Interrupt.

This bit sets the masking of the UART0 interrupt.
0: Disable UART0 interrupt.
1: Enable UART0 interrupt.

3 ET1 Enable Timer 1 Interrupt. 

This bit sets the masking of the Timer 1 interrupt.
0: Disable all Timer 1 interrupt.
1: Enable interrupt requests generated by the TF1 flag.

2 EX1 Enable External Interrupt 1. 

This bit sets the masking of External Interrupt 1.
0: Disable external interrupt 1.
1: Enable interrupt requests generated by the INT1 input.

1 ET0 Enable Timer 0 Interrupt. 

This bit sets the masking of the Timer 0 interrupt.
0: Disable all Timer 0 interrupt.
1: Enable interrupt requests generated by the TF0 flag.

0 EX0 Enable External Interrupt 0. 

This bit sets the masking of External Interrupt 0.
0: Disable external interrupt 0.
1: Enable interrupt requests generated by the INT0 input.
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Steps 5–7 must be repeated for each byte to be written. After Flash writes are complete, PSWE should be 
cleared so that MOVX instructions do not target program memory.

15.1.5. Flash Write Optimization

The Flash write procedure includes a block write option to optimize the time to perform consecutive byte 
writes. When block write is enabled by setting the CHBLKW bit (CCH0CN.0), writes to two consecutive 
bytes in Flash require the same amount of time as a single byte write. This is performed by caching the first 
byte that is written to Flash and then committing both bytes to Flash when the second byte is written. When 
block writes are enabled, if the second write does not occur, the first data byte written is not actually written 
to Flash. Flash bytes with block write enabled are programmed by software with the following sequence:

1. Disable interrupts (recommended).

2. If writing to an address in Banks 1, 2, or 3, set the COBANK[1:0] bits (register PSBANK) for the 
appropriate bank

3. Erase the 512-byte Flash page containing the target location, as described in Section 15.1.3.

4. Set the FLEWT bit (register FLSCL).

5. Set the CHBLKW bit (register CCH0CN).

6. Set the PSWE bit (register PSCTL).

7. Clear the PSEE bit (register PSCTL).

8. Write the first key code to FLKEY: 0xA5.

9. Write the second key code to FLKEY: 0xF1.

10.Using the MOVX instruction, write the first data byte to the desired location within the 512-byte sector.

11.Write the first key code to FLKEY: 0xA5.

12.Write the second key code to FLKEY: 0xF1.

13.Using the MOVX instruction, write the second data byte to the desired location within the 512-byte 
sector. The location of the second byte must be the next higher address from the first data byte.

14.Clear the PSWE bit.

15.Clear the CHBLKW bit.



Rev. 1.3 160

C8051F58x/F59x

Table 18.1. EMIF Pinout (C8051F580/1/4/5)

Multiplexed Mode Non Multiplexed Mode

Signal Name Port Pin Signal Name Port Pin

RD P1.6 RD P1.6

WR P1.7 WR P1.7

ALE P1.5 D0 P4.0

D0/A0 P4.0 D1 P4.1

D1/A1 P4.1 D2 P4.2

D2/A2 P4.2 D3 P4.3

D3/A3 P4.3 D4 P4.4

D4/A4 P4.4 D5 P4.5

D5/A5 P4.5 D6 P4.6

D6/A6 P4.6 D7 P4.7

D7/A7 P4.7 A0 P3.0

A8 P3.0 A1 P3.1

A9 P3.1 A2 P3.2

A10 P3.2 A3 P3.3

A11 P3.3 A4 P3.4

A12 P3.4 A5 P3.5

A13 P3.5 A6 P3.6

A14 P3.6 A7 P3.7

A15 P3.7 A8 P2.0

— — A9 P2.1

— — A10 P2.2

— — A11 P2.3

— — A12 P2.4

— — A13 P2.5

— — A14 P2.6

— — A15 P2.7
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SFR Address = 0xAA; SFR Page = 0x0F 

SFR Definition 18.3. EMI0TC: External Memory Timing Control

Bit 7 6 5 4 3 2 1 0

Name EAS[1:0] EWR[3:0] EAH[1:0]

Type R/W R/W R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:6 EAS[1:0] EMIF Address Setup Time Bits.

00: Address setup time = 0 SYSCLK cycles.
01: Address setup time = 1 SYSCLK cycle.
10: Address setup time = 2 SYSCLK cycles.
11: Address setup time = 3 SYSCLK cycles.

5:2 EWR[3:0] EMIF WR and RD Pulse-Width Control Bits.
0000: WR and RD pulse width = 1 SYSCLK cycle.
0001: WR and RD pulse width = 2 SYSCLK cycles.
0010: WR and RD pulse width = 3 SYSCLK cycles.
0011: WR and RD pulse width = 4 SYSCLK cycles.
0100: WR and RD pulse width = 5 SYSCLK cycles.
0101: WR and RD pulse width = 6 SYSCLK cycles.
0110: WR and RD pulse width = 7 SYSCLK cycles.
0111: WR and RD pulse width = 8 SYSCLK cycles.
1000: WR and RD pulse width = 9 SYSCLK cycles.
1001: WR and RD pulse width = 10 SYSCLK cycles.
1010: WR and RD pulse width = 11 SYSCLK cycles.
1011: WR and RD pulse width = 12 SYSCLK cycles.
1100: WR and RD pulse width = 13 SYSCLK cycles.
1101: WR and RD pulse width = 14 SYSCLK cycles.
1110: WR and RD pulse width = 15 SYSCLK cycles.
1111: WR and RD pulse width = 16 SYSCLK cycles.

1:0 EAH[1:0] EMIF Address Hold Time Bits.

00: Address hold time = 0 SYSCLK cycles.
01: Address hold time = 1 SYSCLK cycle.
10: Address hold time = 2 SYSCLK cycles.
11: Address hold time = 3 SYSCLK cycles.
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SFR Address = 0xF4; SFR Page = 0x0F

SFR Address = 0xAE; SFR Page = 0x0F

SFR Definition 20.26. P3MDIN: Port 3 Input Mode

Bit 7 6 5 4 3 2 1 0

Name P3MDIN[7:0]

Type R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Function

7:0 P3MDIN[7:0] Analog Configuration Bits for P3.7–P3.0 (respectively).

Port pins configured for analog mode have their weak pull-up and digital receiver 
disabled. For analog mode, the pin also needs to be configured for open-drain 
mode in the P3MDOUT register.
0: Corresponding P3.n pin is configured for analog mode.
1: Corresponding P3.n pin is not configured for analog mode.

Note: Port P3.1–P3.7 are only available on the 48-pin and 40-pin packages.

SFR Definition 20.27. P3MDOUT: Port 3 Output Mode

Bit 7 6 5 4 3 2 1 0

Name P3MDOUT[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

Bit Name Function

7:0 P3MDOUT[7:0] Output Configuration Bits for P3.7–P3.0 (respectively).

These bits are ignored if the corresponding bit in register P3MDIN is logic 0.
0: Corresponding P3.n Output is open-drain.
1: Corresponding P3.n Output is push-pull.

Note: Port P3.1–P3.7 are only available on the 48-pin and 40-pin packages.
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23.  SMBus

The SMBus I/O interface is a two-wire, bi-directional serial bus. The SMBus is compliant with the System 
Management Bus Specification, version 1.1, and compatible with the I2C serial bus. Reads and writes to 
the interface by the system controller are byte oriented with the SMBus interface autonomously controlling 
the serial transfer of the data. Data can be transferred at up to 1/20th of the system clock as a master or 
slave (this can be faster than allowed by the SMBus specification, depending on the system clock used). A 
method of extending the clock-low duration is available to accommodate devices with different speed 
capabilities on the same bus.

The SMBus interface may operate as a master and/or slave, and may function on a bus with multiple mas-
ters. The SMBus provides control of SDA (serial data), SCL (serial clock) generation and synchronization, 
arbitration logic, and START/STOP control and generation. A block diagram of the SMBus peripheral and 
the associated SFRs is shown in Figure 23.1.

Figure 23.1. SMBus Block Diagram
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The SMBCS1–0 bits select the SMBus clock source, which is used only when operating as a master or 
when the Free Timeout detection is enabled. When operating as a master, overflows from the selected 
source determine the absolute minimum SCL low and high times as defined in Equation 23.1. Note that the 
selected clock source may be shared by other peripherals so long as the timer is left running at all times. 
For example, Timer 1 overflows may generate the SMBus and UART baud rates simultaneously. Timer 
configuration is covered in Section “27. Timers” on page 285.

Equation 23.1. Minimum SCL High and Low Times
The selected clock source should be configured to establish the minimum SCL High and Low times as per 
Equation 23.1. When the interface is operating as a master (and SCL is not driven or extended by any 
other devices on the bus), the typical SMBus bit rate is approximated by Equation 23.2.

Equation 23.2. Typical SMBus Bit Rate

Figure 23.4 shows the typical SCL generation described by Equation 23.2. Notice that THIGH is typically 
twice as large as TLOW. The actual SCL output may vary due to other devices on the bus (SCL may be 
extended low by slower slave devices, or driven low by contending master devices). The bit rate when 
operating as a master will never exceed the limits defined by equation Equation 23.1.

Figure 23.4. Typical SMBus SCL Generation

Table 23.1. SMBus Clock Source Selection

SMBCS1 SMBCS0 SMBus Clock Source

0 0 Timer 0 Overflow
0 1 Timer 1 Overflow
1 0 Timer 2 High Byte Overflow
1 1 Timer 2 Low Byte Overflow

THighMin TLowMin
1

fClockSourceOverflow
-------------------------------------------------= =

BitRate
fClockSourceOverflow

3
-------------------------------------------------=

SCL

Timer Source
Overflows

SCL High TimeoutTLow THigh
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29.3.4. 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 PCA1 clocks to count before the 
output is toggled. The frequency of the square wave is then defined by Equation 29.1.

Equation 29.1. Square Wave Frequency Output

Where FPCA is the frequency of the clock selected by the CPS12–0 bits in the PCA1 mode register, 
PCA1MD. The lower byte of the capture/compare module is compared to the PCA1 counter low byte; on a 
match, CEXn is toggled and the offset held in the high byte is added to the matched value in PCA1CPLn. 
Frequency Output Mode is enabled by setting the ECOM1n, TOG1n, and PWM1n bits in the PCA1CPMn 
register. Note that the MAT1n bit should normally be set to 0 in this mode. If the MAT1n bit is set to 1, the 
CCFn flag for the channel will be set when the 16-bit PCA1 counter and the 16-bit capture/compare regis-
ter for the channel are equal.

Figure 29.7. PCA1 Frequency Output Mode
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Figure 29.8. PCA1 8-Bit PWM Mode Diagram
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30.2.  C2 Pin Sharing
The C2 protocol allows the C2 pins to be shared with user functions so that in-system debugging and 
Flash programming may be performed. This is possible because C2 communication is typically performed 
when the device is in the halt state, where all on-chip peripherals and user software are stalled. In this 
halted state, the C2 interface can safely ‘borrow’ the C2CK (RST) and C2D pins. In most applications, 
external resistors are required to isolate C2 interface traffic from the user application. A typical isolation 
configuration is shown in Figure 30.1.

Figure 30.1. Typical C2 Pin Sharing

The configuration in Figure 30.1 assumes the following:

1. The user input (b) cannot change state while the target device is halted.

2. The RST pin on the target device is used as an input only. 

Additional resistors may be necessary depending on the specific application.
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