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Figure 1.13. Comparator1 Block Diagram

1.9. 10-bit Current Output DAC

The C8051F360/1/2/6/7/8/9 devices includes a 10-bit current-mode Digital-to-Analog Converter (IDA0). 
The maximum current output of the IDA0 can be adjusted for three different current settings; 0.5 mA, 
1 mA, and 2 mA. IDA0 features a flexible output update mechanism which allows for seamless full-scale 
changes and supports jitter-free updates for waveform generation. Three update modes are provided, 
allowing IDA0 output updates on a write to IDA0H, on a Timer overflow, or on an external pin edge.
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3. Global Electrical Characteristics

Table 3.1. Global Electrical Characteristics  
–40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Conditions Min Typ Max Units

Digital Supply Voltage SYSCLK = 0 to 50 MHz
SYSCLK > 50 MHz

2.7
3.0

3.0
3.3

3.6
3.6

V

Digital Supply RAM Data 
Retention Voltage

— 1.5 — V

SYSCLK (System Clock)1,2 C8051F360/1/2/3/4/5
C8051F366/7/8/9

0

0

—

—

100

50

MHz

MHz

Specified Operating  
Temperature Range

–40 — +85 °C

Digital Supply Current—CPU Active (Normal Mode, fetching instructions from Flash)

IDD
2 VDD = 3.6 V, F = 100 MHz — 68 75 mA

VDD = 3.6 V, F = 25 MHz — 21 25 mA

VDD = 3.0 V, F = 100 MHz — 54 60 mA

VDD = 3.0 V, F = 25 MHz — 16 18 mA

VDD = 3.0 V, F = 1 MHz — 0.48 — mA

VDD = 3.0 V, F = 80 kHz — 36 — µA

IDD Supply Sensitivity3 F = 25 MHz — 56 — %/V

F = 1 MHz — 57 — %/V

IDD Frequency Sensitivity3,4 VDD = 3.0 V, F <= 20 MHz, T = 25 °C — 0.45 — mA/MHz

VDD = 3.0 V, F > 20 MHz, T = 25 °C — 0.38 — mA/MHz

VDD = 3.6 V, F <= 20 MHz, T = 25 °C — 0.61 — mA/MHz

VDD = 3.6 V, F > 20 MHz, T = 25 °C — 0.51 — mA/MHz
33 Rev. 1.1



C8051F360/1/2/3/4/5/6/7/8/9
P3.1 24 7 — D I/O or
A In

Port 3.1. See Section 17 for a complete description.

P3.2 23 8 — D I/O or
A In

Port 3.2. See Section 17 for a complete description.

P3.3 22 9 — D I/O or
A In

Port 3.3. See Section 17 for a complete description.

P3.4 21 10 — D I/O or
A In

Port 3.4. See Section 17 for a complete description.

P3.5 20 — — D I/O or
A In

Port 3.5. See Section 17 for a complete description.

P3.6 17 — — D I/O or
A In

Port 3.6. See Section 17 for a complete description.

P3.7 16 — — D I/O or
A In

Port 3.7. See Section 17 for a complete description.

P4.0 15 — — D I/O or
A In

Port 4.0. See Section 17 for a complete description.

P4.1 14 — — D I/O Port 4.1. See Section 17 for a complete description.

P4.2 13 — — D I/O Port 4.2. See Section 17 for a complete description.

P4.3 12 — — D I/O Port 4.3. See Section 17 for a complete description.

P4.4 11 — — D I/O Port 4.4. See Section 17 for a complete description.

P4.5 10 — — D I/O Port 4.5. See Section 17 for a complete description.

Table 4.1. Pin Definitions for the C8051F36x (Continued)

Name
Pin

‘F360/3
(48-pin)

Pin 
‘F361/4/6/8

(32-pin)

Pin
‘F362/5/7/9

(28-pin)
Type Description
Rev. 1.1 38
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Figure 4.3. LQFP-32 Pinout Diagram (Top View)
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6. 10-Bit Current Mode DAC (IDA0, C8051F360/1/2/6/7/8/9)
The C8051F360/1/2/6/7/8/9 devices include a 10-bit current-mode Digital-to-Analog Converter (IDAC). 
The maximum current output of the IDAC can be adjusted for three different current settings; 0.5 mA, 
1 mA, and 2 mA. The IDAC is enabled or disabled with the IDA0EN bit in the IDA0 Control Register (see 
SFR Definition 6.1). When IDA0EN is set to ‘0’, the IDAC port pin (P0.4 for C8051F360, P0.1 for 
C8051F361/2/6/7/8/9) behaves as a normal GPIO pin. When IDA0EN is set to ‘1’, the digital output drivers 
and weak pullup for the IDAC pin are automatically disabled, and the pin is connected to the IDAC output. 
An internal bandgap bias generator is used to generate a reference current for the IDAC whenever it is 
enabled. When using the IDAC, the appropriate bit in the P0SKIP register should be set to ‘1’ to force the 
Crossbar to skip the IDAC pin.

6.1. IDA0 Output Scheduling

IDA0 features a flexible output update mechanism which allows for seamless full-scale changes and sup-
ports jitter-free updates for waveform generation. Three update modes are provided, allowing IDAC output 
updates on a write to IDA0H, on a Timer overflow, or on an external pin edge.

6.1.1. Update Output On-Demand

In its default mode (IDA0CN.[6:4] = ‘111’) the IDA0 output is updated “on-demand” on a write to the high-
byte of the IDA0 data register (IDA0H). It is important to note that writes to IDA0L are held in this mode, 
and have no effect on the IDA0 output until a write to IDA0H takes place. If writing a full 10-bit word to the 
IDAC data registers, the 10-bit data word is written to the low byte (IDA0L) and high byte (IDA0H) data reg-
isters. Data is latched into IDA0 after a write to the IDA0H register, so the write sequence should be 
IDA0L followed by IDA0H if the full 10-bit resolution is required. The IDAC can be used in 8-bit mode by 
initializing IDA0L to the desired value (typically 0x00), and writing data to only IDA0H (see Section 6.2 for 
information on the format of the 10-bit IDAC data word within the 16-bit SFR space).

Figure 6.1. IDA0 Functional Block Diagram
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Figure 8.3. Comparator Hysteresis Plot

The Comparator hysteresis is software-programmable via the Comparator Control registers CPT0CN and 
CPT1CN. The user can program both the amount of hysteresis voltage (referred to the input voltage) and 
the positive and negative-going symmetry of this hysteresis around the threshold voltage.

The Comparator hysteresis is programmed using Bits3–0 in the Comparator Control registers CPT0CN 
and CPT1CN (shown in SFR Definition 8.1 and SFR Definition 8.4). The amount of negative hysteresis 
voltage is determined by the settings of the CP0HYN and CP1HYN bits. As shown in Figure 8.3, settings of 
20, 10 or 5 mV of negative hysteresis can be programmed, or negative hysteresis can be disabled. In a 
similar way, the amount of positive hysteresis is determined by the setting the CP0HYP and CP1HYP bits.

Comparator interrupts can be generated on both rising-edge and falling-edge output transitions. (For Inter-
rupt enable and priority control, see Section “10. Interrupt Handler” on page 107). The CP0FIF or CP1FIF 
flag is set to logic ‘1’ upon a Comparator falling-edge occurrence, and the CP0RIF or CP1RIF flag is set to 
logic ‘1’ upon the Comparator rising-edge occurrence. Once set, these bits remain set until cleared by soft-
ware. The Comparator rising-edge interrupt mask is enabled by setting CP0RIE or CP1RIE to a logic ‘1’. 
The Comparator falling-edge interrupt mask is enabled by setting CP0FIE or CP1FIE to a logic ‘1’. 

The output state of the Comparator can be obtained at any time by reading the CP0OUT or CP1OUT bit. 
The Comparator is enabled by setting the CP0EN or CP1EN bit to logic ‘1’, and is disabled by clearing this 
bit to logic ‘0’.

Note that false rising edges and falling edges can be detected when the comparator is first powered on or 
if changes are made to the hysteresis or response time control bits. Therefore, it is recommended that the 
rising-edge and falling-edge flags be explicitly cleared to logic ‘0’ a short time after the comparator is 
enabled or its mode bits have been changed. This Power Up Time is specified in Table 8.1 on page 79.

Positive Hysteresis Voltage
(Programmed with CP0HYP Bits)

Negative Hysteresis Voltage
(Programmed by CP0HYN Bits)

VIN-

VIN+

INPUTS

CIRCUIT CONFIGURATION

+

_

CP0+

CP0-
CP0

VIN+

VIN-
OUT

VOH

Positive Hysteresis
Disabled

Maximum
Positive Hysteresis

Negative Hysteresis
Disabled

Maximum
Negative Hysteresis

OUTPUT

VOL
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Table 8.1. Comparator Electrical Characteristics
VDD = 3.0 V, –40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units

Response Time:

Mode 0, Vcm* = 1.5 V

CPx+ – CPx– = 100 mV — 100 — ns

CPx+ – CPx– = –100 mV — 250 — ns

Response Time:

Mode 1, Vcm* = 1.5 V

CPx+ – CPx– = 100 mV — 175 — ns

CPx+ – CPx– = –100 mV — 500 — ns

Response Time:

Mode 2, Vcm* = 1.5 V

CPx+ – CPx– = 100 mV — 320 — ns

CPx+ – CPx– = –100 mV — 1100 — ns

Response Time:

Mode 3, Vcm* = 1.5 V

CPx+ – CPx– = 100 mV — 1050 — ns

CPx+ – CPx– = –100 mV — 5200 — ns

Common-Mode Rejection Ratio — 1.26 5 mV/V

Positive Hysteresis 1 CPxHYP1–0 = 00 — 0 1 mV

Positive Hysteresis 2 CPxHYP1–0 = 01 1 5 10 mV

Positive Hysteresis 3 CPxHYP1–0 = 10 6 10 20 mV

Positive Hysteresis 4 CPxHYP1–0 = 11 12 20 30 mV

Negative Hysteresis 1 CPxHYN1–0 = 00 — 0 1 mV

Negative Hysteresis 2 CPxHYN1–0 = 01 1 5 10 mV

Negative Hysteresis 3 CPxHYN1–0 = 10 6 10 20 mV

Negative Hysteresis 4 CPxHYN1–0 = 11 12 20 30 mV

Inverting or Non-Inverting Input 
Voltage Range

–0.25 — VDD + 0.25 V

Input Capacitance — 4 — pF

Input Bias Current — 0.001 — nA

Input Offset Voltage –5 — +5 mV

Power Supply

Power Supply Rejection — 0.3 — mV/V

Power-up Time — 10 — µs

Supply Current at DC

Mode 0 — 11.4 20 µA

Mode 1 — 4.6 10 µA

Mode 2 — 1.9 5 µA

Mode 3 — 0.4 2.5 µA

*Note:  Vcm is the common-mode voltage on CPx+ and CPx–.
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9.3. 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. 

9.3.1. 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 9.1 is the 
CIP-51 Instruction Set Summary, which includes the mnemonic, number of bytes, and number of clock 
cycles for each instruction.

9.3.2. MOVX Instruction and Program Memory

In the CIP-51, the MOVX instruction serves three purposes: accessing on-chip XRAM, accessing off-chip 
XRAM, and accessing on-chip program Flash memory. The Flash access feature provides a mechanism 
for user software to update program code and use the program memory space for non-volatile data stor-
age (see Section “13. Flash Memory” on page 135). The External Memory Interface provides a fast access 
to off-chip XRAM (or memory-mapped peripherals) via the MOVX instruction. Refer to Section 
“15. External Data Memory Interface and On-Chip XRAM” on page 152 for details.

 

Table 9.1. CIP-51 Instruction Set Summary  

Mnemonic Description Bytes
Clock 
Cycles

Arithmetic Operations
ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @Ri Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @Ri Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @Ri Increment indirect RAM 1 2
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9.4.7. Register Descriptions

Following are descriptions of SFRs related to the operation of the CIP-51 System Controller. Reserved bits 
should not be set to logic ‘1’. Future product versions may use these bits to implement new features in 
which case the reset value of the bit will be logic ‘0’, selecting the feature's default state. Detailed descrip-
tions of the remaining SFRs are included in the sections of the data sheet associated with their corre-
sponding system function.

SFR Definition 9.5. SP: Stack Pointer

SFR Definition 9.6. DPL: Data Pointer Low Byte

SFR Definition 9.7. DPH: Data Pointer High Byte 

Bits 7–0: SP: Stack Pointer.
The Stack Pointer holds the location of the top of the stack. The stack pointer is incremented 
before every PUSH operation. The SP register defaults to 0x07 after reset.

SFR Page:
SFR Address:

all pages
0x81

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

00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Bits 7–0: DPL: Data Pointer Low.
The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indirectly 
addressed XRAM and Flash memory.

SFR Page
SFR Address:

all pages
0x82

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

Bits 7–0: DPH: Data Pointer High.
The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly 
addressed XRAM and Flash memory.

SFR Page:
SFR Address:

all pages
0x83

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
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SFR Definition 10.3. EIE1: Extended Interrupt Enable 1

Bit 7: ET3: Enable Timer 3 Interrupt.
This bit sets the masking of the Timer 3 interrupt.
0: Disable Timer 3 interrupts.
1: Enable interrupt requests generated by the TF3L or TF3H flags.

Bit 6: ECP1: Enable Comparator1 (CP1) Interrupt.
This bit sets the masking of the CP1 interrupt.
0: Disable CP1 interrupts.
1: Enable interrupt requests generated by the CP1RIF or CP1FIF flags.

Bit 5: ECP0: Enable Comparator0 (CP0) Interrupt.
This bit sets the masking of the CP0 interrupt.
0: Disable CP0 interrupts.
1: Enable interrupt requests generated by the CP0RIF or CP0FIF flags.

Bit 4: EPCA0: Enable Programmable Counter Array (PCA0) Interrupt.
This bit sets the masking of the PCA0 interrupts.
0: Disable all PCA0 interrupts.
1: Enable interrupt requests generated by PCA0.

Bit 3: EADC0: Enable ADC0 Conversion Complete Interrupt.
This bit sets the masking of the ADC0 Conversion Complete interrupt.
0: Disable ADC0 Conversion Complete interrupt.
1: Enable interrupt requests generated by the AD0INT flag.

Bit 2: EWADC0: Enable ADC0 Window Comparison Interrupt.
This bit sets the masking of the ADC0 Window Comparison interrupt.
0: Disable ADC0 Window Comparison interrupt.
1: Enable interrupt requests generated by the AD0WINT flag.

Bit 1: UNUSED. Read = 0b. Write = don’t care.
Bit 0: ESMB0: Enable SMBus (SMB0) Interrupt. 

This bit sets the masking of the SMB0 interrupt.    
0: Disable all SMB0 interrupts.
1: Enable interrupt requests generated by SMB0.

SFR Page:
SFR Address:

all pages
0xE6

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

ET3 ECP1 ECP0 EPCA0 EADC0 EWADC0 – ESMB0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
112 Rev. 1.1
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erases will be disabled until the next system reset. Flash writes and erases will also be disabled if a Flash 
write or erase is attempted before the key codes have been written properly. The Flash lock resets after 
each write or erase; the key codes must be written again before a following Flash operation can be per-
formed. The FLKEY register is detailed in SFR Definition 13.2. 

13.1.2. Erasing Flash Pages From Software

The Flash memory can be programmed by software using the MOVX write instruction with the address and 
data byte to be programmed provided as normal operands. Before writing to Flash memory using MOVX, 
Flash write operations must be enabled by: (1) the PSWE and PSEE bits must be set to ‘1’ (this directs the 
MOVX writes to target Flash memory); and (2) Writing the Flash key codes in sequence to the Flash Lock 
register (FLKEY). The PSWE bit remains set until cleared by software.

A write to Flash memory can clear bits to logic ‘0’ but cannot set them; only an erase operation can set bits 
to logic ‘1’ in Flash. A byte location to be programmed should be erased before a new value is writ-
ten. The Flash memory is organized in 1024-byte pages. The erase operation applies to an entire page 
(setting all bytes in the page to 0xFF). To erase an entire 1024-byte page, perform the following steps:

Step 1.  Disable interrupts (recommended).
Step 2.  Write the first key code to FLKEY: 0xA5.
Step 3.  Write the second key code to FLKEY: 0xF1.
Step 4.  Set PSEE (PSCTL.1) to enable Flash erases.
Step 5.  Set PSWE (PSCTL.0) to redirect MOVX commands to write to Flash.
Step 6.  Use the MOVX instruction to write a data byte to any location within the page to be 

erased.
Step 7.  Clear PSEE to disable Flash erases.
Step 8.  Clear the PSWE bit to redirect MOVX commands to the XRAM data space.
Step 9.  Re-enable interrupts.

13.1.3. Writing Flash Memory From Software

Bytes in Flash memory can be written one byte at a time, or in small blocks. The CHBLKW bit in register 
CCH0CN (SFR Definition 14.1) controls whether a single byte or a block of bytes is written to Flash during 
a write operation. When CHBLKW is cleared to ‘0’, the Flash will be written one byte at a time. When 
CHBLKW is set to ‘1’, the Flash will be written in blocks of four bytes for addresses in code space. Block 
writes are performed in the same amount of time as single byte writes, which can save time when storing 
large amounts of data to Flash memory.

For single-byte writes to Flash, bytes are written individually, and the Flash write is performed after each 
MOVX write instruction. The recommended procedure for writing Flash in single bytes is as follows:

Step 1.  Disable interrupts.
Step 2.  Clear CHBLKW (register CCH0CN) to select single-byte write mode.
Step 3.  Write the first key code to FLKEY: 0xA5.
Step 4.  Write the second key code to FLKEY: 0xF1.
Step 5.  Set PSWE (register PSCTL) to redirect MOVX commands to write to Flash.
Step 6.  Clear the PSEE bit (register PSCTL).
Step 7.  Use the MOVX instruction to write a data byte to the desired location (repeat as 

necessary).
Step 8.  Clear the PSWE bit to redirect MOVX commands to the XRAM data space.
Step 9.  Re-enable interrupts.
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13.4. Flash Read Timing

On reset, the C8051F36x Flash read timing is configured for operation with system clocks up to 25 MHz. If 
the system clock will not be increased above 25 MHz, then the Flash timing registers may be left at their 
reset value.

For every Flash read or fetch, the system provides an internal Flash read strobe to the Flash memory. The 
Flash read strobe lasts for one or two system clock cycles, based on the FLRT bits (FLSCL.4 and 
FLSCL.5). If the system clock is greater than 25 MHz, the FLRT bit must be changed to the appropri-
ate setting. Otherwise, data read or fetched from Flash may not represent the actual contents of Flash.
When the Flash read strobe is asserted, Flash memory is active. When it is de-asserted, Flash memory is 
in a low power state.

The recommended procedure for updating FLRT is:

Step 1.  Select SYSCLK to 25 MHz or less.
Step 2.  Disable the prefetch engine (CHPFEN = ‘0’ in CCH0CN register).
Step 3.  Set the FLRT bits to the appropriate setting for the SYSCLK.
Step 4.  Enable the prefetch engine (CHPFEN = ‘1’ in CCH0CN register).

SFR Definition 13.3. FLSCL: Flash Memory Control

Bits 7–6: UNUSED. Read = 00b. Write = don’t care.
Bits 5–4: FLRT: Flash Read Time.

These bits should be programmed to the smallest allowed value, according to the system 
clock speed.
00: SYSCLK < 25 MHz.
01: SYSCLK < 50 MHz.
10: SYSCLK < 75 MHz.
11: SYSCLK < 100 MHz.

Bits 3–0: RESERVED. Read = 0000b. Must Write 0000b.

Important Note: When changing the FLRT bits to a lower setting (e.g. when changing from a 
value of 11b to 00b), cache reads, cache writes, and the prefetch engine should be 
disabled using the CCH0CN register (see SFR Definition 14.1).

SFR Page:
SFR Address:

0
0xB6

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

– – FLRT Reserved Reserved Reserved Reserved 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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Figure 14.3. Cache Lock Operation
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16. Oscillators
The C8051F36x devices include a programmable internal high-frequency oscillator, a programmable inter-
nal low-frequency oscillator, and an external oscillator drive circuit. The internal high-frequency oscillator 
can be enabled, disabled, and calibrated using the OSCICN and OSCICL registers, as shown in 
Figure 16.1. The internal low-frequency oscillator can be enabled/disabled and calibrated using the 
OSCLCN register, as shown in SFR Definition 16.3. Both internal oscillators offer a selectable post-scaling 
feature. The system clock can be sourced by the external oscillator circuit, either internal oscillator, or the 
on-chip phase-locked loop (PLL). The internal oscillator's electrical specifications are given in Table 16.1 
on page 170 and Table 16.2 on page 171.

 

Figure 16.1. Oscillator Diagram

16.1. Programmable Internal High-Frequency (H-F) Oscillator

All devices include a calibrated internal high-frequency oscillator that defaults as the system clock after a 
system reset. The internal oscillator period can be adjusted via the OSCICL register as defined by SFR 
Definition 16.1. OSCICL is factory calibrated to obtain a 24.5 MHz frequency.

Electrical specifications for the precision internal oscillator are given in Table 16.1 on page 170 and 
Table 16.2 on page 171. Note that the system clock may be derived from the programmed internal oscilla-
tor divided by 1, 2, 4, or 8, as defined by the IFCN bits in register OSCICN. The divide value defaults to 8 
following a reset.
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16.2.1. Calibrating the Internal L-F Oscillator

Timers 2 and 3 include capture functions that can be used to capture the oscillator frequency, when run-
ning from a known time base. When either Timer 2 or Timer 3 is configured for L-F Oscillator Capture 
Mode, a falling edge (Timer 2) or rising edge (Timer 3) of the low-frequency oscillator’s output will cause a 
capture event on the corresponding timer. As a capture event occurs, the current timer value 
(TMRnH:TMRnL) is copied into the timer reload registers (TMRnRLH:TMRnRLL). By recording the differ-
ence between two successive timer capture values, the low-frequency oscillator’s period can be calcu-
lated. The OSCLF bits can then be adjusted to produce the desired oscillator frequency.

SFR Definition 16.3. OSCLCN: Internal L-F Oscillator Control

Table 16.2. Internal Low Frequency Oscillator Electrical Characteristics
–40°C to +85°C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Oscillator Frequency OSCLD = 11b 72 80 88 kHz

Oscillator Supply Current (from VDD)
25 °C, VDD = 3.0 V, 
OSCLCN.7 = 1

— 5.5 10 µA

Power Supply Sensitivity Constant Temperature — 2.4 — %/V
Temperature Sensitivity Constant Supply — 30 — ppm/°C

Bit 7: OSCLEN: Internal L-F Oscillator Enable.
0: Internal L-F Oscillator Disabled.
1: Internal L-F Oscillator Enabled.

Bit 6: OSCLRDY: Internal L-F Oscillator Ready.
0: Internal L-F Oscillator frequency not stabilized.
1: Internal L-F Oscillator frequency stabilized.

Bits 5–2: OSCLF[3:0]: Internal L-F Oscillator Frequency Control bits.
Fine-tune control bits for the Internal L-F oscillator frequency. When set to 0000b, the L-F 
oscillator operates at its fastest setting. When set to 1111b, the L-F oscillator operates at its 
slowest setting.

Bits 1–0: OSCLD[1:0]: Internal L-F Oscillator Divider Select.
00: Divide by 8 selected.
01: Divide by 4 selected.
10: Divide by 2 selected.
11: Divide by 1 selected.

SFR Page:
SFR Address:

F
0xAD

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

OSCLEN OSCLRDY OSCLF3 OSCLF2 OSCLF1 OSCLF0 OSCLD1 OSCLD0 00vvvv00
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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SFR Definition 17.14. P1MASK: Port1 Mask

SFR Definition 17.15. P2: Port2

Bits 7–0: P1MASK[7:0]: Port1 Mask Value.
These bits select which Port pins will be compared to the value stored in P1MAT.
0: Corresponding P1.n pin is ignored and cannot cause a Port Match event.
1: Corresponding P1.n pin is compared to the corresponding bit in P1MAT.

SFR Page:
SFR Address:

0
0xE2

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

Bits 7–0: P2.[7:0]
Write - Output appears on I/O pins per Crossbar Registers.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding P2MDOUT.n bit = 0).
Read - Always reads ‘0’ if selected as analog input in register P2MDIN. Directly reads Port 
pin when configured as digital input.
0: P2.n pin is logic low.
1: P2.n pin is logic high.

SFR Page:
SFR Address:

all pages
0xA0 (bit addressable)

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

P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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20.5. Serial Clock Timing

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the 
SPI0 Configuration Register (SPI0CFG). The CKPHA bit (SPI0CFG.5) selects one of two clock phases 
(edge used to latch the data). The CKPOL bit (SPI0CFG.4) selects between an active-high or active-low 
clock. Both master and slave devices must be configured to use the same clock phase and polarity. SPI0 
should be disabled (by clearing the SPIEN bit, SPI0CN.0) when changing the clock phase or polarity. The 
clock and data line relationships for master mode are shown in Figure 20.5. For slave mode, the clock and 
data relationships are shown in Figure 20.6 and Figure 20.7. Note that CKPHA must be set to ‘0’ on both 
the master and slave SPI when communicating between two of the following devices: C8051F04x, 
C8051F06x, C8051F12x, C8051F31x, C8051F32x, C8051F33x, and C8051F36x.

The SPI0 Clock Rate Register (SPI0CKR) as shown in SFR Definition 20.3 controls the master mode 
serial clock frequency. This register is ignored when operating in slave mode. When the SPI is configured 
as a master, the maximum data transfer rate (bits/sec) is one-half the system clock frequency or 12.5 MHz, 
whichever is slower. When the SPI is configured as a slave, the maximum data transfer rate (bits/sec) for 
full-duplex operation is 1/10 the system clock frequency, provided that the master issues SCK, NSS (in 4-
wire slave mode), and the serial input data synchronously with the slave’s system clock. If the master 
issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec) 
must be less than 1/10 the system clock frequency. In the special case where the master only wants to 
transmit data to the slave and does not need to receive data from the slave (i.e. half-duplex operation), the 
SPI slave can receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency. 
This is provided that the master issues SCK, NSS, and the serial input data synchronously with the slave’s 
system clock.

Figure 20.5. Master Mode Data/Clock Timing
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21.2. Timer 2

Timer 2 is a 16-bit timer formed by two 8-bit SFRs: TMR2L (low byte) and TMR2H (high byte). Timer 2 may 
operate in 16-bit auto-reload mode or (split) 8-bit auto-reload mode. The T2SPLIT bit (TMR2CN.3) defines 
the Timer 2 operation mode.

Timer 2 may be clocked by the system clock, the system clock divided by 12, or the external oscillator 
source divided by 8. The external clock mode is ideal for real-time clock (RTC) functionality, where the 
internal oscillator drives the system clock while Timer 2 (and/or the PCA) is clocked by an external preci-
sion oscillator. Note that the external oscillator source divided by 8 is synchronized with the system clock.

21.2.1. 16-bit Timer with Auto-Reload

When T2SPLIT (TMR2CN.3) is zero, Timer 2 operates as a 16-bit timer with auto-reload. Timer 2 can be 
clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided by 8. As the 
16-bit timer register increments and overflows from 0xFFFF to 0x0000, the 16-bit value in the Timer 2 
reload registers (TMR2RLH and TMR2RLL) is loaded into the Timer 2 register as shown in Figure 21.4, 
and the Timer 2 High Byte Overflow Flag (TMR2CN.7) is set. If Timer 2 interrupts are enabled (if IE.5 is 
set), an interrupt will be generated on each Timer 2 overflow. Additionally, if Timer 2 interrupts are enabled 
and the TF2LEN bit is set (TMR2CN.5), an interrupt will be generated each time the lower 8 bits (TMR2L) 
overflow from 0xFF to 0x00.

Figure 21.4. Timer 2 16-Bit Mode Block Diagram
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22.2.4. 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 PCA clocks to count before the out-
put is toggled. The frequency of the square wave is then defined by Equation 22.1. 

Where FPCA is the frequency of the clock selected by the CPS2–0 bits in the PCA 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.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCA0 Capture/
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’.

Figure 22.7. PCA Frequency Output Mode

Equation 22.1. Square Wave Frequency Output
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Note that the 8-bit offset held in PCA0CPH5 is compared to the upper byte of the 16-bit PCA counter. This 
offset value is the number of PCA0L overflows before a reset. Up to 256 PCA clocks may pass before the 
first PCA0L overflow occurs, depending on the value of the PCA0L when the update is performed. The 
total offset is then given (in PCA clocks) by Equation 22.4, where PCA0L is the value of the PCA0L register 
at the time of the update.

The WDT reset is generated when PCA0L overflows while there is a match between PCA0CPH5 and 
PCA0H. Software may force a WDT reset by writing a ‘1’ to the CCF5 flag (PCA0CN.5) while the WDT is 
enabled.

22.3.2. Watchdog Timer Usage

To configure the WDT, perform the following tasks:

• Disable the WDT by writing a ‘0’ to the WDTE bit.
• Select the desired PCA clock source (with the CPS2-CPS0 bits).
• Load PCA0CPL5 with the desired WDT update offset value.
• Configure the PCA Idle mode (set CIDL if the WDT should be suspended while the CPU is in Idle 

mode).
• Enable the WDT by setting the WDTE bit to ‘1’.
• Write a value to PCA0CPH5 to reload the WDT.

The PCA clock source and Idle mode select cannot be changed while the WDT is enabled. The watchdog 
timer is enabled by setting the WDTE or WDLCK bits in the PCA0MD register. When WDLCK is set, the 
WDT cannot be disabled until the next system reset. If WDLCK is not set, the WDT is disabled by clearing 
the WDTE bit. 

The WDT is enabled following any reset. The PCA0 counter clock defaults to the system clock divided by 
12, PCA0L defaults to 0x00, and PCA0CPL5 defaults to 0x00. Using Equation 22.4, this results in a WDT 
timeout interval of 3072 system clock cycles. Table 22.3 lists some example timeout intervals for typical 
system clocks.

Equation 22.4. Watchdog Timer Offset in PCA Clocks

Offset 256 PCA0CPL5×( ) 256 PCA0L–( )+=
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