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Figure 4.5. QFN-28 Pinout Diagram (Top View)
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5.4.2. Window Detector In Differential Mode

Figure 5.8 shows two example window comparisons for right-justified, differential data, with 
ADC0LTH:ADC0LTL = 0x0040 (+64d) and ADC0GTH:ADC0GTH = 0xFFFF (-1d). In differential mode, the 
measurable voltage between the input pins is between -VREF and VREF*(511/512). Output codes are rep-
resented as 10-bit 2’s complement signed integers. In the left example, an AD0WINT interrupt will be gen-
erated if the ADC0 conversion word (ADC0H:ADC0L) is within the range defined by ADC0GTH:ADC0GTL 
and ADC0LTH:ADC0LTL (if 0xFFFF (-1d) < ADC0H:ADC0L < 0x0040 (64d)). In the right example, an 
AD0WINT interrupt will be generated if the ADC0 conversion word is outside of the range defined by the 
ADC0GT and ADC0LT registers (if ADC0H:ADC0L < 0xFFFF (-1d) or ADC0H:ADC0L > 0x0040 (+64d)). 
Figure 5.9 shows an example using left-justified data with the same comparison values. 

 

Figure 5.8. ADC Window Compare Example: Right-Justified Differential Data

Figure 5.9. ADC Window Compare Example: Left-Justified Differential Data
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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.
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9.4.6.3. SFR Page Stack Example

The following is an example that shows the operation of the SFR Page Stack during interrupts.

In this example, the SFR Page Control is left in the default enabled state (i.e., SFRPGEN = 1), and the 
CIP-51 is executing in-line code that is writing values to OSCICN (SFR “OSCICN”, located at address 
0xB6 on SFR Page 0x0F). The device is also using the Programmable Counter Array (PCA) and the 10-bit 
ADC (ADC0) window comparator to monitor a voltage. The PCA is timing a critical control function in its 
interrupt service routine (ISR), so its interrupt is enabled and is set to high priority. The ADC0 is monitoring 
a voltage that is less important, but to minimize the software overhead its window comparator is being used 
with an associated ISR that is set to low priority. At this point, the SFR page is set to access the OSCICN 
SFR (SFRPAGE = 0x0F). See Figure 9.4 below.

Figure 9.4. SFR Page Stack While Using SFR Page 0x0F To Access OSCICN

While CIP-51 executes in-line code (writing values to OSCICN in this example), ADC0 Window Compara-
tor Interrupt occurs. The CIP-51 vectors to the ADC0 Window Comparator ISR and pushes the current 
SFR Page value (SFR Page 0x0F) into SFRNEXT in the SFR Page Stack. SFR page 0x00 is then auto-
matically placed in the SFRPAGE register. SFRPAGE is considered the “top” of the SFR Page Stack. Soft-
ware can now access the ADC0 SFR’s. Software may switch to any SFR Page by writing a new value to 
the SFRPAGE register at any time during the ADC0 ISR to access SFR’s that are not on SFR Page 0x00. 
See Figure 9.5 below.
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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
Rev. 1.1 102



C8051F360/1/2/3/4/5/6/7/8/9
Table 13.2. Flash Electrical Characteristics
VDD = 2.7 to 3.6 V; –40 to +85 °C.

Parameter Conditions Min Typ Max Units

Flash Size
C8051F360/1/2/3/4/5/6/7 32768*

Bytes
C8051F368/9 16384

Endurance 20 k 250 k Erase/Write

Erase Cycle Time 8 10 12 ms

Write Cycle Time 37 47 57 µs

*Note:  1024 Bytes at location 0x7C00 to 0x7FFF are reserved.
144 Rev. 1.1
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15. External Data Memory Interface and On-Chip XRAM
For C8051F36x devices, 1k Bytes of RAM are included on-chip and mapped into the external data memory 
space (XRAM). Additionally, an External Memory Interface (EMIF) is available on the C8051F360/3 
devices, which can be used to access off-chip data memories and memory-mapped devices connected to 
the GPIO ports. The external memory space may be accessed using the external move instruction 
(MOVX) and the data pointer (DPTR), or using the MOVX indirect addressing mode using R0 or R1. If the 
MOVX instruction is used with an 8-bit address operand (such as @R1), then the high byte of the 16-bit 
address is provided by the External Memory Interface Control Register (EMI0CN, shown in SFR Definition 
15.1). Note: the MOVX instruction can also be used for writing to the FLASH memory. See Section 
“13. Flash Memory” on page 135 for details. The MOVX instruction accesses XRAM by default.

15.1. Accessing XRAM

The XRAM memory space is accessed using the MOVX instruction. The MOVX instruction has two forms, 
both of which use an indirect addressing method. The first method uses the Data Pointer, DPTR, a 16-bit 
register which contains the effective address of the XRAM location to be read from or written to. The sec-
ond method uses R0 or R1 in combination with the EMI0CN register to generate the effective XRAM 
address. Examples of both of these methods are given below.

15.1.1. 16-Bit MOVX Example

The 16-bit form of the MOVX instruction accesses the memory location pointed to by the contents of the 
DPTR register. The following series of instructions reads the value of the byte at address 0x1234 into the 
accumulator A:

MOV DPTR, #1234h ; load DPTR with 16-bit address to read (0x1234)
MOVX A, @DPTR ; load contents of 0x1234 into accumulator A

 
The above example uses the 16-bit immediate MOV instruction to set the contents of DPTR. Alternately, 
the DPTR can be accessed through the SFR registers DPH, which contains the upper 8-bits of DPTR, and 
DPL, which contains the lower 8-bits of DPTR.

15.1.2. 8-Bit MOVX Example

The 8-bit form of the MOVX instruction uses the contents of the EMI0CN SFR to determine the upper 8-bits 
of the effective address to be accessed and the contents of R0 or R1 to determine the lower 8-bits of the 
effective address to be accessed. The following series of instructions read the contents of the byte at 
address 0x1234 into the accumulator A.

MOV EMI0CN, #12h ; load high byte of address into EMI0CN
MOV R0, #34h ; load low byte of address into R0 (or R1)
MOVX a, @R0 ; load contents of 0x1234 into accumulator A
Rev. 1.1 152
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15.5. Memory Mode Selection

The external data memory space can be configured in one of four modes, shown in Figure 15.3, based on 
the EMIF Mode bits in the EMI0CF register (SFR Definition 15.2). These modes are summarized below. 
More information about the different modes can be found in Section “15.6. Timing” on page 159.

Figure 15.3. EMIF Operating Modes

15.5.1. Internal XRAM Only

When EMI0CF.[3:2] are set to ‘00’, all MOVX instructions will target the internal XRAM space on the 
device. Memory accesses to addresses beyond the populated space will wrap on 1k boundaries. As an 
example, the addresses 0x0400 and 0x1000 both evaluate to address 0x0000 in on-chip XRAM space.

• 8-bit MOVX operations use the contents of EMI0CN to determine the high-byte of the effective address 
and R0 or R1 to determine the low-byte of the effective address.

• 16-bit MOVX operations use the contents of the 16-bit DPTR to determine the effective address.

15.5.2. Split Mode without Bank Select

When EMI0CF.[3:2] are set to ‘01’, the XRAM memory map is split into two areas, on-chip space and 
off-chip space.

• Effective addresses below the internal XRAM size boundary will access on-chip XRAM space.
• Effective addresses above the internal XRAM size boundary will access off-chip space.
• 8-bit MOVX operations use the contents of EMI0CN to determine whether the memory access is 

on-chip or off-chip. However, in the “No Bank Select” mode, an 8-bit MOVX operation will not drive the 
upper 8-bits A[15:8] of the Address Bus during an off-chip access. This allows the user to manipulate 
the upper address bits at will by setting the Port state directly via the port latches. This behavior is in 
contrast with “Split Mode with Bank Select” described below. The lower 8-bits of the Address Bus 
A[7:0] are driven, determined by R0 or R1.

• 16-bit MOVX operations use the contents of DPTR to determine whether the memory access is 
on-chip or off-chip, and unlike 8-bit MOVX operations, the full 16-bits of the Address Bus A[15:0] are 
driven during the off-chip transaction.
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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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16.3. External Oscillator Drive Circuit

The external oscillator circuit may drive an external crystal, ceramic resonator, capacitor, or RC network. A 
CMOS clock may also provide a clock input. For a crystal or ceramic resonator configuration, the crystal/
resonator must be wired across the XTAL1 and XTAL2 pins as shown in Option 1 of Figure 16.1. A 10 MΩ 
resistor also must be wired across the XTAL1 and XTAL2 pins for the crystal/resonator configuration. In 
RC, capacitor, or CMOS clock configuration, the clock source should be wired to the XTAL2 pin as shown 
in Option 2, 3, or 4 of Figure 16.1. The type of external oscillator must be selected in the OSCXCN register, 
and the frequency control bits (XFCN) must be selected appropriately (see SFR Definition 16.5).

Important Note on External Oscillator Usage: Port pins must be configured when using the external 
oscillator circuit. When the external oscillator drive circuit is enabled in crystal/resonator mode, Port pins 
P0.5 and P0.6 (C8051F360/3) or P0.2 and P0.3 (C8051F361/2/4/5/6/7/8/9) are used as XTAL1 and XTAL2 
respectively. When the external oscillator drive circuit is enabled in capacitor, RC, or CMOS clock mode, 
Port pin P0.6 (C8051F360/3) or P0.3 (C8051F361/2/4/5/6/7/8/9) is used as XTAL2. The Port I/O Crossbar 
should be configured to skip the Port pins used by the oscillator circuit; see Section “17.1. Priority Crossbar 
Decoder” on page 184 for Crossbar configuration. Additionally, when using the external oscillator circuit in 
crystal/resonator, capacitor, or RC mode, the associated Port pins should be configured as analog inputs. 
In CMOS clock mode, the associated pin should be configured as a digital input. See Section “17.2. Port 
I/O Initialization” on page 186 for details on Port input mode selection.

16.4. System Clock Selection

The internal oscillator requires little start-up time, and may be enabled and selected as the system clock in 
the same write to OSCICN. External crystals and ceramic resonators typically require a start-up time 
before they are settled and ready for use as the system clock. The Crystal Valid Flag (XTLVLD in register 
OSCXCN) is set to ‘1’ by hardware when the external oscillator is settled. To avoid reading a false 
XTLVLD, in crystal mode software should delay at least 1 ms between enabling the external oscillator and 
checking XTLVLD. RC and C modes typically require no startup time. The PLL also requires time to lock 
onto the desired frequency, and the PLL Lock Flag (PLLLCK in register PLL0CN) is set to ‘1’ by hardware 
once the PLL is locked on the correct frequency.

The CLKSL1-0 bits in register CLKSEL select which oscillator source generates the system clock. CLK-
SL1-0 must be set to ‘01’ for the system clock to run from the external oscillator; however the external 
oscillator may still clock certain peripherals, such as the timers and PCA, when the internal oscillator or the 
PLL is selected as the system clock. The system clock may be switched on-the-fly between the internal 
and external oscillators or the PLL, so long as the selected oscillator source is enabled and settled.
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16.8.3. Powering on and Initializing the PLL

To set up and use the PLL as the system clock after power-up of the device, the following procedure 
should be implemented:

Step 1.  Ensure that the reference clock to be used (internal or external) is running and stable.
Step 2.  Set the PLLSRC bit (PLL0CN.2) to select the desired clock source for the PLL.
Step 3.  Program the Flash read timing bits, FLRT (FLSCL.5–4) to the appropriate value for the 

new clock rate (see Section “13. Flash Memory” on page 135).
Step 4.  Enable power to the PLL by setting PLLPWR (PLL0CN.0) to ‘1’.
Step 5.  Program the PLL0DIV register to produce the divided reference frequency to the PLL.
Step 6.  Program the PLLLP3–0 bits (PLL0FLT.3–0) to the appropriate range for the divided 

reference frequency.
Step 7.  Program the PLLICO1–0 bits (PLL0FLT.5–4) to the appropriate range for the PLL output 

frequency.
Step 8.  Program the PLL0MUL register to the desired clock multiplication factor.
Step 9.  Wait at least 5 µs, to provide a fast frequency lock.
Step 10.  Enable the PLL by setting PLLEN (PLL0CN.1) to ‘1’.
Step 11.  Poll PLLLCK (PLL0CN.4) until it changes from ‘0’ to ‘1’.
Step 12.  Switch the System Clock source to the PLL using the CLKSEL register. 

If the PLL characteristics need to be changed when the PLL is already running, the following procedure 
should be implemented:

Step 1.  The system clock should first be switched to either the internal oscillator or an external 
clock source that is running and stable, using the CLKSEL register.

Step 2.  Ensure that the reference clock to be used for the new PLL setting (internal or external) is 
running and stable.

Step 3.  Set the PLLSRC bit (PLL0CN.2) to select the new clock source for the PLL.
Step 4.  If moving to a faster frequency, program the Flash read timing bits, FLRT (FLSCL.5–4) to 

the appropriate value for the new clock rate (see Section “13. Flash Memory” on 
page 135).

Step 5.  Disable the PLL by setting PLLEN (PLL0CN.1) to ‘0’.
Step 6.  Program the PLL0DIV register to produce the divided reference frequency to the PLL.
Step 7.  Program the PLLLP3–0 bits (PLL0FLT.3–0) to the appropriate range for the divided 

reference frequency.
Step 8.  Program the PLLICO1-0 bits (PLL0FLT.5–4) to the appropriate range for the PLL output 

frequency.
Step 9.  Program the PLL0MUL register to the desired clock multiplication factor.
Step 10.  Enable the PLL by setting PLLEN (PLL0CN.1) to ‘1’.
Step 11.  Poll PLLLCK (PLL0CN.4) until it changes from ‘0’ to ‘1’.
Step 12.  Switch the System Clock source to the PLL using the CLKSEL register.
Step 13.  If moving to a slower frequency, program the Flash read timing bits, FLRT (FLSCL.5–4) 

to the appropriate value for the new clock rate (see Section “13. Flash Memory” on 
page 135). Important Note: Cache reads, cache writes, and the prefetch engine 
should be disabled whenever the FLRT bits are changed to a lower setting. 
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SFR Definition 18.1. SMB0CF: SMBus Clock/Configuration

Bit 7: ENSMB: SMBus Enable.
This bit enables/disables the SMBus interface. When enabled, the interface constantly mon-
itors the SDA and SCL pins. 
0: SMBus interface disabled.
1: SMBus interface enabled.

Bit 6: INH: SMBus Slave Inhibit.
When this bit is set to logic ‘1’, the SMBus does not generate an interrupt when slave events 
occur. This effectively removes the SMBus slave from the bus. Master Mode interrupts are 
not affected.
0: SMBus Slave Mode enabled.
1: SMBus Slave Mode inhibited.

Bit 5: BUSY: SMBus Busy Indicator.
This bit is set to logic ‘1’ by hardware when a transfer is in progress. It is cleared to logic ‘0’ 
when a STOP or free-timeout is sensed.

Bit 4: EXTHOLD: SMBus Setup and Hold Time Extension Enable.
This bit controls the SDA setup and hold times according to:
0: SDA Extended Setup and Hold Times disabled.
1: SDA Extended Setup and Hold Times enabled.

Bit 3: SMBTOE: SMBus SCL Timeout Detection Enable.
This bit enables SCL low timeout detection. If set to logic ‘1’, the SMBus forces Timer 3 to 
reload while SCL is high and allows Timer 3 to count when SCL goes low. If Timer 3 is con-
figured to Split Mode, only the High Byte of the timer is held in reload while SCL is high. 
Timer 3 should be programmed to generate interrupts at 25 ms, and the Timer 3 interrupt 
service routine should reset SMBus communication.

Bit 2: SMBFTE: SMBus Free Timeout Detection Enable.
When this bit is set to logic ‘1’, the bus will be considered free if SCL and SDA remain high 
for more than 10 SMBus clock source periods.

Bits 1–0: SMBCS1–SMBCS0: SMBus Clock Source Selection.
These two bits select the SMBus clock source, which is used to generate the SMBus bit 
rate. The selected device should be configured according to Equation 18.1.

SFR Page:
SFR Address:

all pages
0xC1

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

ENSMB INH BUSY EXTHOLD SMBTOE SMBFTE SMBCS1 SMBCS0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

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
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18.5. SMBus Transfer Modes

The SMBus interface may be configured to operate as master and/or slave. At any particular time, it will be 
operating in one of the following four modes: Master Transmitter, Master Receiver, Slave Transmitter, or 
Slave Receiver. The SMBus interface enters Master Mode any time a START is generated, and remains in 
Master Mode until it loses an arbitration or generates a STOP. An SMBus interrupt is generated at the end 
of all SMBus byte frames; however, note that the interrupt is generated before the ACK cycle when operat-
ing as a receiver, and after the ACK cycle when operating as a transmitter.

18.5.1. Master Transmitter Mode

Serial data is transmitted on SDA while the serial clock is output on SCL. The SMBus interface generates 
the START condition and transmits the first byte containing the address of the target slave and the data 
direction bit. In this case the data direction bit (R/W) will be logic ‘0’ (WRITE). The master then transmits 
one or more bytes of serial data. After each byte is transmitted, an acknowledge bit is generated by the 
slave. The transfer is ended when the STO bit is set and a STOP is generated. Note that the interface will 
switch to Master Receiver Mode if SMB0DAT is not written following a Master Transmitter interrupt. 
Figure 18.5 shows a typical Master Transmitter sequence. Two transmit data bytes are shown, though any 
number of bytes may be transmitted. Notice that the ‘data byte transferred’ interrupts occur after the ACK 
cycle in this mode.

Figure 18.5. Typical Master Transmitter Sequence

A AAS W PData Byte Data ByteSLA

S = START
P = STOP
A = ACK
W = WRITE
SLA = Slave Address

Received by SMBus
Interface

Transmitted by
SMBus Interface

Interrupt Interrupt InterruptInterrupt
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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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SFR Definition 21.2. TMOD: Timer Mode

Bit 7: GATE1: Timer 1 Gate Control.
0: Timer 1 enabled when TR1 = 1 irrespective of /INT1 logic level.
1: Timer 1 enabled only when TR1 = 1 AND /INT1 is active as defined by bit IN1PL in regis-
ter IT01CF (see SFR Definition 10.7).

Bit 6: C/T1: Counter/Timer 1 Select. 
0: Timer Function: Timer 1 incremented by clock defined by T1M bit (CKCON.4).
1: Counter Function: Timer 1 incremented by high-to-low transitions on external input pin 
(T1).

Bits 5–4: T1M1–T1M0: Timer 1 Mode Select. 
These bits select the Timer 1 operation mode.

Bit 3: GATE0: Timer 0 Gate Control.
0: Timer 0 enabled when TR0 = 1 irrespective of /INT0 logic level.
1: Timer 0 enabled only when TR0 = 1 AND /INT0 is active as defined by bit IN0PL in regis-
ter IT01CF (see SFR Definition 10.7).

Bit 2: C/T0: Counter/Timer Select. 
0: Timer Function: Timer 0 incremented by clock defined by T0M bit (CKCON.3).
1: Counter Function: Timer 0 incremented by high-to-low transitions on external input pin 
(T0).

Bits 1–0: T0M1–T0M0: Timer 0 Mode Select. 
These bits select the Timer 0 operation mode.

SFR Page:
SFR Address:

all pages
0x89

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

GATE1 C/T1 T1M1 T1M0 GATE0 C/T0 T0M1 T0M0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

T1M1 T1M0 Mode
0 0 Mode 0: 13-bit counter/timer
0 1 Mode 1: 16-bit counter/timer
1 0 Mode 2: 8-bit counter/timer with auto-reload
1 1 Mode 3: Timer 1 inactive

T0M1 T0M0 Mode
0 0 Mode 0: 13-bit counter/timer
0 1 Mode 1: 16-bit counter/timer
1 0 Mode 2: 8-bit counter/timer with auto-reload
1 1 Mode 3: Two 8-bit counter/timers
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SFR Definition 21.8. TMR2CN: Timer 2 Control

Bit 7: TF2H: Timer 2 High Byte Overflow Flag.
Set by hardware when the Timer 2 high byte overflows from 0xFF to 0x00. In 16 bit mode, 
this will occur when Timer 2 overflows from 0xFFFF to 0x0000. When the Timer 2 interrupt is 
enabled, setting this bit causes the CPU to vector to the Timer 2 interrupt service routine. 
TF2H is not automatically cleared by hardware and must be cleared by software. 

Bit 6: TF2L: Timer 2 Low Byte Overflow Flag.
Set by hardware when the Timer 2 low byte overflows from 0xFF to 0x00. When this bit is 
set, an interrupt will be generated if TF2LEN is set and Timer 2 interrupts are enabled. TF2L 
will set when the low byte overflows regardless of the Timer 2 mode. This bit is not automat-
ically cleared by hardware.

Bit 5: TF2LEN: Timer 2 Low Byte Interrupt Enable.
This bit enables/disables Timer 2 Low Byte interrupts. If TF2LEN is set and Timer 2 inter-
rupts are enabled, an interrupt will be generated when the low byte of Timer 2 overflows.
0: Timer 2 Low Byte interrupts disabled.
1: Timer 2 Low Byte interrupts enabled.

Bit 4: TF2CEN: Timer 2 Low-Frequency Oscillator Capture Enable.
This bit enables/disables Timer 2 Low-Frequency Oscillator Capture Mode. If TF2CEN is set 
and Timer 2 interrupts are enabled, an interrupt will be generated on a falling edge of the 
low-frequency oscillator output, and the current 16-bit timer value in TMR2H:TMR2L will be 
copied to TMR2RLH:TMR2RLL. See Section “16. Oscillators” on page 168 for more details.
0: Timer 2 Low-Frequency Oscillator Capture disabled.
1: Timer 2 Low-Frequency Oscillator Capture enabled.

Bit 3: T2SPLIT: Timer 2 Split Mode Enable.
When this bit is set, Timer 2 operates as two 8-bit timers with auto-reload.
0: Timer 2 operates in 16-bit auto-reload mode.
1: Timer 2 operates as two 8-bit auto-reload timers.

Bit 2: TR2: Timer 2 Run Control. 
This bit enables/disables Timer 2. In 8-bit mode, this bit enables/disables TMR2H only; 
TMR2L is always enabled in this mode.
0: Timer 2 disabled.
1: Timer 2 enabled.

Bit 1: UNUSED. Read = 0b. Write = don’t care.
Bit 0: T2XCLK: Timer 2 External Clock Select.

This bit selects the external clock source for Timer 2. If Timer 2 is in 8-bit mode, this bit 
selects the external oscillator clock source for both timer bytes. However, the Timer 2 Clock 
Select bits (T2MH and T2ML in register CKCON) may still be used to select between the 
external clock and the system clock for either timer.
0: Timer 2 external clock selection is the system clock divided by 12.
1: Timer 2 external clock selection is the external clock divided by 8. Note that the external 

oscillator source divided by 8 is synchronized with the system clock.

SFR Page:
SFR Address:

all pages
0xC8 (bit addressable)

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

TF2H TF2L TF2LEN TF2CEN T2SPLIT TR2 – T2XCLK 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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SFR Definition 21.9. TMR2RLL: Timer 2 Reload Register Low Byte

SFR Definition 21.10. TMR2RLH: Timer 2 Reload Register High Byte

SFR Definition 21.11. TMR2L: Timer 2 Low Byte

SFR Definition 21.12. TMR2H Timer 2 High Byte

Bits 7–0: TMR2RLL: Timer 2 Reload Register Low Byte. 
TMR2RLL holds the low byte of the reload value for Timer 2. 

SFR Page:
SFR Address:

all pages
0xCA

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: TMR2RLH: Timer 2 Reload Register High Byte. 
The TMR2RLH holds the high byte of the reload value for Timer 2.

SFR Page:
SFR Address:

all pages
0xCB

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: TMR2L: Timer 2 Low Byte.
In 16-bit mode, the TMR2L register contains the low byte of the 16-bit Timer 2. In 8-bit mode, 
TMR2L contains the 8-bit low byte timer value.

SFR Page:
SFR Address:

all pages
0xCC

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: TMR2H: Timer 2 High Byte.
In 16-bit mode, the TMR2H register contains the high byte of the 16-bit Timer 2. In 8-bit 
mode, TMR2H contains the 8-bit high byte timer value.

SFR Page:
SFR Address:

all pages
0xCD

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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