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Table 1.1. Product Selection Guide
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C8051F310 25 | 16 | 1280 | v | v | v | v |v |v |29| v | v | 2| - |LQFP-32
C8051F310-GQ | 25 | 16 | 1280 | v | v [ v | v | v | v |29 | v | v | 2 | v | LQFP-32
C8051F311 25 | 16 | 1280 | v | v | v | v |v |v |25 | v | v | 2| - | QFN-28
C8051F311-GM | 25 | 16 | 1280 | v | v | v | v | v | v |25 | v | v | 2 | v | QFN-28
C8051F312 25 | 8 | 1280 | v | v |v |v|v|v]29|v |v ]| 2| - |LQFP-32
C8051F312-GQ | 25 | 8 | 1280 | v | v | v | v |v | v |29 | v | v | 2 | v | LQFP-32
C8051F313 25 | 8 | 1280 | v | v |v |v|v|v]|2s]|v|v]|2]|-| QFN-28
C8051F313-GM| 25 | 8 |1280 | v | v [ v | v | v | v |25 | v | v | 2 | v | QFN-28
C8051F314 25 | 8 |1280 | v | v |v |v|v|v]20]| -] -]|2]| - |LQFP-32
C8051F314-GQ | 25 | 8 | 1280 | v |v | v | v |v | v 29| - | - | 2 | v | LQFP-32
C8051F315 25 | 8 | 1280 | v |v |v |v |v|v]|2s]| -] -|2]| - | QFN-28
C8051F315-GM | 25 | 8 | 1280 | v | v | v | v |v | v |25 | - | - | 2 | v | QFN-28
C8051F316-GM | 25 | 16 | 1280 | v | v | v | v | v | v |21 | v | v | 2 | v | QFN-24
C8051F317-GM | 25 | 16 | 1280 | v | v | v | v | v | v |21 | - | - | 2 | v | QFN-24
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Figure 1.7. C8051F316 Block Diagram
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1.8. Comparators

C8051F31x devices include two on-chip voltage comparators that are enabled/disabled and configured via
user software. Port I/O pins may be configured as comparator inputs via a selection mux. Two comparator
outputs may be routed to a Port pin if desired: a latched output and/or an unlatched (asynchronous) output.
Comparator response time is programmable, allowing the user to select between high-speed and low-

power modes. Positive and negative hysteresis are also configurable.

Comparator interrupts may be generated on rising, falling, or both edges. When in IDLE mode, these inter-
rupts may be used as a “wake-up” source. Comparator0 may also be configured as a reset source.

Figure 1.16 shows he ComparatorO block diagram.
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Figure 1.16. ComparatorO Block Diagram
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Table 3.1. Global DC Electrical Characteristics (Continued)
—40°C to +85°C, 25 MHz System Clock unless otherwise specified.

Parameter | Conditions | Min | Typ ‘ Max ‘ Units
Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)
Ipp (Note 3) Vpp = 3.0V, F =25 MHz — 38 | 43 mA
Vpp=3.0V,F=1MHz — | 020 | — mA
Vpp = 3.0V, F = 80 kHz — 16 — HA
Vpp = 3.6 V, F = 25 MHz — 4.8 5.3 mA
Ipp Supply Sensitivity (Note 3, F = 25 MHz — 44 — %/
Note 4) F = 1 MHz L 56 L %V
Ipp Frequency Sensitivity (Note 3, Vpp=3.0V,F<1MHz, T=25°C — 0.21 — |mA/MHz
Note 6) Vpp=30V,F>1MHz, T=25°C| — | 015 | — |mA/MHz
Vpp=3.6V,F<1MHz, T=25°C| — | 028 | — |mA/MHz
Vpp=3.6V,F>1MHz, T=25°C| — 019 | — |mA/MHz
Digital Supply Current Oscillator not running, — | <01 ] — HA
(Stop Mode, shutdown) Vpp Monitor Disabled

Notes:

1. Givenin Table 9.1 on page 110.
2.

3.

4

SYSCLK must be at least 32 kHz to enable debugging.
Based on device characterization data, not production tested.
Active and Inactive Ipp at voltages and frequencies other than those specified can be calculated

using the Ipp Supply Sensitivity. For example, if the Vpp is 3.3 V instead of 3.0 V at 25 MHz: Ipp =
7.8 mA typical at 3.0 V and f = 25 MHz. From this, Ipp = 7.8 mA + 0.67 x (3.3V —-3.0V) =8 mA at

3.3V andf=25MHz.

Ipp can be estimated for frequencies < 15 MHz by multiplying the frequency of interest by the fre-

qguency sensitivity number for that range. When using these numbers to estimate Ipp for > 15 MHz,

the estimate should be the current at 25 MHz minus the difference in current indicated by the fre-
guency sensitivity number. For example:
Vpp =3.0V; F =20 MHz, Ipp = 7.8 mA — (25 MHz — 20 MHz) x 0.21 mA/MHz = 6.75 mA.

Idle Ipp can be estimated for frequencies < 1 MHz by multiplying the frequency of interest by the

frequency sensitivity number for that range. When using these numbers to estimate Idle Ipp for > 1
MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by the
frequency sensitivity number. For example:
Vpp =3.0V; F =5 MHz, Idle Ipp = 4.8 mA — (25 MHz — 5 MHz) x 0.15 mA/MHz = 1.8 mA.

SILICON LABS
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SFR Definition 5.6. ADCOCN: ADCO Control

RIW RIW R/W RIW RIW R/W RIW R/W Reset Value
ADOEN | ADOTM | ADOINT |[ADOBUSY|ADOWINT| ADOCM2 | ADOCM1 | ADOCMO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
(bit addressable)  OXE8
Bit7: ADOEN: ADCO Enable Bit.
0: ADCO Disabled. ADCO is in low-power shutdown.
1: ADCO Enabled. ADCO is active and ready for data conversions.
Bit6: ADOTM: ADCO Track Mode Bit.
0: Normal Track Mode: When ADCO is enabled, tracking is continuous unless a conversion is
in progress.
1: Low-power Track Mode: Tracking Defined by ADOCM2-0 bits (see below).
Bit5: ADOINT: ADCO Conversion Complete Interrupt Flag.
0: ADCO has not completed a data conversion since the last time ADOINT was cleared.
1: ADCO has completed a data conversion.
Bit4: ADOBUSY: ADCO Busy Bit.
Read:
0: ADCO conversion is complete or a conversion is not currently in progress. ADOINT is set to
logic 1 on the falling edge of ADOBUSY.
1: ADCO conversion is in progress.
Write:
0: No Effect.
1: Initiates ADCO Conversion if ADOCM2-0 = 000b
Bit3: ADOWINT: ADCO Window Compare Interrupt Flag.
0: ADCO Window Comparison Data match has not occurred since this flag was last cleared.
1: ADCO Window Comparison Data match has occurred.
Bits2—-0: ADOCM2-0: ADCO Start of Conversion Mode Select.

When ADOTM = 0:

000: ADCO conversion initiated on every write of ‘1’ to ADOBUSY.

001: ADCO conversion initiated on overflow of Timer 0.

010: ADCO conversion initiated on overflow of Timer 2.

011: ADCO conversion initiated on overflow of Timer 1.

100: ADCO conversion initiated on rising edge of external CNVSTR.

101: ADCO conversion initiated on overflow of Timer 3.

11x: Reserved.

When ADOTM = 1:

000: Tracking initiated on write of ‘1’ to ADOBUSY and lasts 3 SAR clocks, followed by con-
version.

001: Tracking initiated on overflow of Timer O and lasts 3 SAR clocks, followed by conversion.
010: Tracking initiated on overflow of Timer 2 and lasts 3 SAR clocks, followed by conversion.
011: Tracking initiated on overflow of Timer 1 and lasts 3 SAR clocks, followed by conversion.
100: ADCO tracks only when CNVSTR input is logic low; conversion starts on rising CNVSTR
edge.

101: Tracking initiated on overflow of Timer 3 and lasts 3 SAR clocks, followed by conversion.
11x: Reserved.

60
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SFR Definition 7.1. CPTOCN: ComparatorO Control

RIW R R/W RIW R/W R/W RIW R/W Reset Value
CPOEN | CPOOUT | CPORIF | CPOFIF |CPOHYP1|CPOHYPO|CPOHYN1|CPOHYNO| 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x9B
Bit7: CPOEN: ComparatorO Enable Bit.

0: Comparator0 Disabled.
1: ComparatorO Enabled.
Bit6: CPOOUT: Comparator0 Output State Flag.
0: Voltage on CP0O+ < CPO-.
1. Voltage on CP0O+ > CPO-.
Bit5: CPORIF: ComparatorO Rising-Edge Interrupt Flag.
0: No ComparatorO Rising Edge Interrupt has occurred since this flag was last cleared.
1. ComparatorO Rising Edge Interrupt has occurred.
Bit4: CPOFIF: ComparatorO Falling-Edge Interrupt Flag.
0: No Comparator0Q Falling-Edge Interrupt has occurred since this flag was last cleared.
1: ComparatorO Falling-Edge Interrupt has occurred.
Bits3—2: CPOHYP1-0: ComparatorO Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis =5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.
Bits1—-0: CPOHYNZ1-0: ComparatorO Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis =5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.

72 Rev. 1.7
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8.3.2. External Interrupts

The /INTO and /INT1 external interrupt sources are configurable as active high or low, edge or level sensi-
tive. The INOPL (/INTO Polarity) and IN1PL (/INT1 Polarity) bits in the ITOLCF register select active high or
active low; the ITO and IT1 bits in TCON (Section “17.1. Timer 0 and Timer 1” on page 187) select level
or edge sensitive. The table below lists the possible configurations.

ITO INOPL /INTO Interrupt IT1 IN1PL /INT1 Interrupt
1 0 Active low, edge sensitive 1 0 Active low, edge sensitive
1 1 Active high, edge sensitive 1 1 Active high, edge sensitive
0 0 Active low, level sensitive 0 0 Active low, level sensitive
0 1 Active high, level sensitive 0 1 Active high, level sensitive

/INTO and /INT1 are assigned to Port pins as defined in the ITOLCF register (see SFR Definition 8.11).
Note that /INTO and /INTO Port pin assignments are independent of any Crossbar assignments. /INTO and
/INT21 will monitor their assigned Port pins without disturbing the peripheral that was assigned the Port pin
via the Crossbar. To assign a Port pin only to /INTO and/or /INT1, configure the Crossbar to skip the
selected pin(s). This is accomplished by setting the associated bit in register XBRO (see Section
“13.1. Priority Crossbar Decoder” on page 131 for complete details on configuring the Crossbar).

IEO (TCON.1) and IE1 (TCON.3) serve as the interrupt-pending flags for the /INTO and /INT1 external
interrupts, respectively. If an /INTO or /INT1 external interrupt is configured as edge-sensitive, the corre-
sponding interrupt-pending flag is automatically cleared by the hardware when the CPU vectors to the ISR.
When configured as level sensitive, the interrupt-pending flag remains logic 1 while the input is active as
defined by the corresponding polarity bit (INOPL or IN1PL); the flag remains logic 0 while the input is inac-
tive. The external interrupt source must hold the input active until the interrupt request is recognized. It
must then deactivate the interrupt request before execution of the ISR completes or another interrupt
request will be generated.

8.3.3. Interrupt Priorities

Each interrupt source can be individually programmed to one of two priority levels: low or high. A low prior-
ity interrupt service routine can be preempted by a high priority interrupt. A high priority interrupt cannot be
preempted. Each interrupt has an associated interrupt priority bit in an SFR (IP or EIP1) used to configure
its priority level. Low priority is the default. If two interrupts are recognized simultaneously, the interrupt with
the higher priority is serviced first. If both interrupts have the same priority level, a fixed priority order is
used to arbitrate, given in Table 8.4.

8.3.4. Interrupt Latency

Interrupt response time depends on the state of the CPU when the interrupt occurs. Pending interrupts are
sampled and priority decoded each system clock cycle. Therefore, the fastest possible response time is 5
system clock cycles: 1 clock cycle to detect the interrupt and 4 clock cycles to complete the LCALL to the
ISR. If an interrupt is pending when a RETI is executed, a single instruction is executed before an LCALL
is made to service the pending interrupt. Therefore, the maximum response time for an interrupt (when no
other interrupt is currently being serviced or the new interrupt is of greater priority) occurs when the CPU is
performing an RETI instruction followed by a DIV as the next instruction. In this case, the response time is
18 system clock cycles: 1 clock cycle to detect the interrupt, 5 clock cycles to execute the RETI, 8 clock
cycles to complete the DIV instruction and 4 clock cycles to execute the LCALL to the ISR. If the CPU is
executing an ISR for an interrupt with equal or higher priority, the new interrupt will not be serviced until the
current ISR completes, including the RETI and following instruction.

Rev. 1.7 95
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Table 8.4. Interrupt Summary

- o
2|z
o] I
Interrupt | Priority . ? 2 |Enable Priority
Interrupt Source Vector | Order Pending Flag g 5 Flag Control
k> @
S|l
m o
Reset 0x0000 To None N/A | N/A Always Always
P Enabled Highest
External Interrupt O (/INTO)| 0x0003 0 IEO (TCON.1) Y Y |EXO (IE.0) |PXO0 (IP.0)
Timer 0 Overflow 0x000B 1 TFO (TCON.5) Y Y |ETO (IE.1) |PTO (IP.1)
External Interrupt 1 (/INT1)| 0x0013 2 IE1 (TCON.3) Y Y |EX1(IE.2) |PX1 (IP.2)
Timer 1 Overflow 0x001B 3 TF1 (TCON.7) Y Y |ET1(IE.3) |PT1 (IP.3)
RI0 (SCONO0.0)
UARTO 0x0023 4 TI0 (SCONO.1) Y N |ESO (IE.4) [PSO (IP.4)
) TF2H (TMR2CN.7)
Timer 2 Overflow 0x002B 5 TE2L (TMR2CN.6) Y N |ET2 (IE.5) [PT2 (IP.5)
SPIF (SPIOCN.7)
WCOL (SPIOCN.6)
SPIO 0x0033 6 MODF (SPIOCN.5) | Y N (EISZI)O I(Dlgz;o
RXOVRN ' '
(SPIOCN.4)
ESMBO PSMBO
SMBO 0x003B 7 S| (SMBOCN.0) Y N (EIEL0) |(EIP1.0)
RESERVED 0x0043 8 N/A N/A | N/A |N/A N/A
. ADOWINT EWADCO |PWADCO
ADCO Window Compare 0x004B 9 (ADCOCN.3) Y N (EIE1.2) (EIP1.2)
ADCO Conversion ADOINT EADCO PADCO
Complete 0x0053 | 10 1 AbcocN.5) Y I N | EL3) |EIPL3)
Programmable Counter CF (PCAOCN.7) EPCAO PPCAO
Array 0x0058 1 CCFn (PCAOCN.n) Y N (EIE1.4) |(EIP1.4)
CPOFIF
(CPTOCN.4) ECPO PCPO
ComparatorO 0x0063 12 CPORIE N N (EIEL5) (EIP1.5)
(CPTOCN.5)
CP1FIF
(CPT1CN.4) ECP1 PCP1
Comparatorl 0x006B 13 CP1RIE N N (EIEL.6) (EIP1.6)
(CPT1CN.5)
i TF3H (TMR3CN.7) ET3 PT3
Timer 3 Overflow 0x0073 14 TF3L (TMR3CN.6) N N EIELT)  |(EIPLY)

96
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SFR Definition 8.10. EIP1: Extended Interrupt Priority 1

R/W

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

PT3

| PCP1 | PCPO | PCPO | PADCO |[PWADCO |Reserved | PSMBO | 00000000

Bit7

Bit7:

Bit6:

Bit5:

Bit4:

Bit3:

Bit2:

Bitl:
Bit0:

Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO SFR Address:
OxF6

PT3: Timer 3 Interrupt Priority Control.

This bit sets the priority of the Timer 3 interrupt.

0: Timer 3 interrupts set to low priority level.

1: Timer 3 interrupts set to high priority level.

PCP1: Comparatorl (CP1) Interrupt Priority Control.

This bit sets the priority of the CP1 interrupt.

0: CP1 interrupt set to low priority level.

1: CP1 interrupt set to high priority level.

PCPO: ComparatorQ (CPO) Interrupt Priority Control.

This bit sets the priority of the CPO interrupt.

0: CPO interrupt set to low priority level.

1: CPO interrupt set to high priority level.

PPCAOQ: Programmable Counter Array (PCAO) Interrupt Priority Control.
This bit sets the priority of the PCAQ interrupt.

0: PCAQ interrupt set to low priority level.

1: PCAO interrupt set to high priority level.

PADCO ADCO Conversion Complete Interrupt Priority Control.
This bit sets the priority of the ADCO Conversion Complete interrupt.
0: ADCO Conversion Complete interrupt set to low priority level.
1: ADCO Conversion Complete interrupt set to high priority level.
PWADCO: ADCO Window Comparator Interrupt Priority Control.
This bit sets the priority of the ADCO Window interrupt.

0: ADCO Window interrupt set to low priority level.

1: ADCO Window interrupt set to high priority level.

RESERVED. Read = 0. Must Write O.

PSMBO: SMBus (SMBO) Interrupt Priority Control.

This bit sets the priority of the SMBO interrupt.

0: SMBO interrupt set to low priority level.

1: SMBO interrupt set to high priority level.
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SFR Definition 9.2. RSTSRC: Reset Source

R R R/W R/W R R/W R/W R Reset Value
- FERROR | CORSEF | SWRSF | WDTRSF | MCDRSF | PORSF | PINRSF | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXEF

Bit7: UNUSED. Read = 0. Write = don't care.
Bit6: FERROR: Flash Error Indicator.
0: Source of last reset was not a Flash read/write/erase error.
1: Source of last reset was a Flash read/write/erase error.
Bit5: CORSEF: Comparator0 Reset Enable and Flag.
0: Read: Source of last reset was not ComparatorQ. Write: ComparatorQ is not a reset
source.
1. Read: Source of last reset was Comparator0. Write: ComparatorO is a reset source
(active-low).
Bit4: SWRSF: Software Reset Force and Flag.
0: Read: Source of last reset was not a write to the SWRSF bit. Write: No Effect.
1: Read: Source of last was a write to the SWRSF bit. Write: Forces a system reset.
Bit3: WDTRSF: Watchdog Timer Reset Flag.
0: Source of last reset was not a WDT timeout.
1: Source of last reset was a WDT timeout.
Bit2: MCDRSF: Missing Clock Detector Flag.
0: Read: Source of last reset was not a Missing Clock Detector timeout. Write: Missing
Clock Detector disabled.
1: Read: Source of last reset was a Missing Clock Detector timeout. Write: Missing Clock
Detector enabled,; triggers a reset if a missing clock condition is detected.
Bit1: PORSF: Power-On Reset Force and Flag.
This bit is set anytime a power-on reset occurs. Writing this bit enables/disables the Vpp

monitor as a reset source. Note: writing ‘1’ to this bit before the Vpp monitor is enabled
and stabilized may cause a system reset. See register VDMOCN (Figure 9.1)
0: Read: Last reset was not a power-on or Vpp monitor reset. Write: Vpp monitor is not a
reset source.
1: Read: Last reset was a power-on or Vpp monitor reset; all other reset flags indeterminate.
Write: Vpp monitor is a reset source.

BitO: PINRSF: HW Pin Reset Flag.
0: Source of last reset was not RST pin.
1: Source of last reset was RST pin.

Note: For bits that act as both reset source enables (on a write) and reset indicator flags (on a read),
read-modify-write instructions read and modify the source enable only. This applies to bits:
CORSEF, SWRSF, MCDRSF, PORSF.
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SFR Definition 13.1. XBRO: Port I/0O Crossbar Register O

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
CP1AE | CP1E | CPOAE | CPOE |SYSCKE| SMBOE | SPIOE | URTOE |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OXE1
Bit7: CP1AE: Comparatorl Asynchronous Output Enable

0: Asynchronous CP1 unavailable at Port pin.
1: Asynchronous CP1 routed to Port pin.
Bit6: CP1E: Comparatorl Output Enable
0: CP1 unavailable at Port pin.
1: CP1 routed to Port pin.
Bit5: CPOAE: ComparatorO Asynchronous Output Enable
0: Asynchronous CPO unavailable at Port pin.
1: Asynchronous CPO routed to Port pin.
Bit4: CPOE: ComparatorO Output Enable
0: CPO unavailable at Port pin.
1: CPO routed to Port pin.
Bit3: SYSCKE: /SYSCLK Output Enable
0: /SYSCLK unavailable at Port pin.
1: /SYSCLK output routed to Port pin.
Bit2: SMBOE: SMBus I/O Enable
0: SMBus I/O unavailable at Port pins.
1: SMBus I/O routed to Port pins.
Bitl: SPIOE: SPI I/0O Enable
0: SPI I/0O unavailable at Port pins.
1: SPI /O routed to Port pins.
Bit0: URTOE: UART I/O Output Enable
0: UART I/O unavailable at Port pin.
1: UART TXO0, RXO0 routed to Port pins P0.4 and P0.5.
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SFR Definition 13.9. PAMDOUT: Portl Output Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ \oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO SFR Address:
OXA5

Bits7—0: Output Configuration Bits for P1.7-P1.0 (respectively): ignored if corresponding bit in regis-
ter PLMDIN is logic O.
0: Corresponding P1.n Output is open-drain.
1: Corresponding P1.n Output is push-pull.

Note: Only P1.0-P1.5 are associated with Port pins on the C8051F316/7 devices.

SFR Definition 13.10. P1SKIP: Portl Skip

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | \ \ \ | ‘F310/1/2/3/4/5:
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO 00000000
‘F316/7:
11000000
SFR Address:
0xD5

Bits7—0: P1SKIP[7:0]: Portl Crossbar Skip Enable Bits.
These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (VREF input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.
0: Corresponding P1.n pin is not skipped by the Crossbar.
1: Corresponding P1.n pin is skipped by the Crossbar.

Note: Only P1.0—P1.5 are associated with Port pins on the C8051F316/7 devices. Hence, in C8051F316/7
devices, user code writing to this SFR should always set P1SKIP[7:6] = 11b so that those two pins are
skipped by the crossbar decoder.
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SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

VVW\/V/ . . . . . . . vWWWW\WV/
MOSI QOXX ~ MsB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito  XXXXXAX
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Figure 16.6. Slave Mode Data/Clock Timing (CKPHA =0)

SCK
(CKPOL=0, CKPHA=1) | | | | | | | |

SCK
(CKPOL=1, CKPHA=1) | | | | | | | |

MOSI m MSB Bité Y Bit5 Bit 4 Bit 3 Bitz ) Bitl Bit 0 M
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NSS (4-Wire Mode) _\ —

Figure 16.7. Slave Mode Data/Clock Timing (CKPHA =1)
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16.6. SPI Special Function Registers

SPI0 is accessed and controlled through four special function registers in the system controller: SPIOCN
Control Register, SPIODAT Data Register, SPIOCFG Configuration Register, and SPIOCKR Clock Rate
Register. The four special function registers related to the operation of the SPIO Bus are described in the
following register definitions.

SFR Definition 16.1. SPIOCFG: SPI0 Configuration

R

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

SPIBSY | MSTEN | CKPHA | CKPOL | SLVSEL | NSSIN | SRMT | RXBMT |00000111

Bit7

Bit 7:

Bit 6:

Bit 5:

Bit 4:

Bit 3:

Bit 2:

Bit 1:

Bit O:

*Note:

Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OxAl

SPIBSY: SPI Busy (read only).

This bit is set to logic 1 when a SPI transfer is in progress (Master or slave Mode).
MSTEN: Master Mode Enable.

0: Disable master mode. Operate in slave mode.

1. Enable master mode. Operate as a master.

CKPHA: SPIO Clock Phase.

This bit controls the SPI0 clock phase.

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

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

CKPOL: SPIO Clock Polarity.

This bit controls the SPI0 clock polarity.

0: SCK line low in idle state.

1: SCK line high in idle state.

SLVSEL: Slave Selected Flag (read only).

This bit is set to logic 1 whenever the NSS pin is low indicating SPIO is the selected slave. It
is cleared to logic 0 when NSS is high (slave not selected). This bit does not indicate the
instantaneous value at the NSS pin, but rather a de-glitched version of the pin input.
NSSIN: NSS Instantaneous Pin Input (read only).

This bit mimics the instantaneous value that is present on the NSS port pin at the time that
the register is read. This input is not de-glitched.

SRMT: Shift Register Empty (Valid in Slave Mode, read only).

This bit will be set to logic 1 when all data has been transferred in/out of the shift register,
and there is no new information available to read from the transmit buffer or write to the
receive buffer. It returns to logic 0 when a data byte is transferred to the shift register from
the transmit buffer or by a transition on SCK.

NOTE: SRMT = 1 when in Master Mode.

RXBMT: Receive Buffer Empty (Valid in Slave Mode, read only).

This bit will be set to logic 1 when the receive buffer has been read and contains no new
information. If there is new information available in the receive buffer that has not been read,
this bit will return to logic 0.

NOTE: RXBMT = 1 when in Master Mode.

In slave mode, data on MOSI is sampled in the center of each data bit. In master mode, data on MISO is
sampled one SYSCLK before the end of each data bit, to provide maximum settling time for the slave
device. See Table 16.1 for timing parameters.
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SFR Definition 16.2. SPIOCN: SPIO Control

RIW RIW R/W RIW R/W R/W R RIW Reset Value
SPIF | WCOL | MODF |[RXOVRN|NSSMD1|NSSMDO| TXBMT | SPIEN |00000110
. . . . . . . . Bit
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: 0xF8

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

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

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

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

Bits 3—2: NSSMD1-NSSMDQO: Slave Select Mode.
Selects between the following NSS operation modes:
(See Section “16.2. SPIO Master Mode Operation” on page 175 and Section “16.3. SPIO
Slave Mode Operation” on page 177).
00: 3-Wire Slave or 3-wire Master Mode. NSS signal is not routed to a port pin.
01: 4-Wire Slave or Multi-Master Mode (Default). NSS is always an input to the device.
1x: 4-Wire Single-Master Mode. NSS signal is mapped as an output from the device and will
assume the value of NSSMDO.

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

Bit O: SPIEN: SPIO Enable.
This bit enables/disables the SPI.
0: SPI disabled.
1: SPI enabled.
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SFR Definition 17.3. CKCON: Clock Control

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

T3MH [ T3ML | T2MH | T2ML | TIM | TOM | SCA1 | SCAO | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
Ox8E

Bit7: T3MH: Timer 3 High Byte Clock Select.
This bit selects the clock supplied to the Timer 3 high byte if Timer 3 is configured in split 8-
bit timer mode. T3MH is ignored if Timer 3 is in any other mode.
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.
Bit6: T3ML: Timer 3 Low Byte Clock Select.
This bit selects the clock supplied to Timer 3. If Timer 3 is configured in split 8-bit timer
mode, this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 low byte uses the system clock.
Bit5: T2MH: Timer 2 High Byte Clock Select.
This bit selects the clock supplied to the Timer 2 high byte if Timer 2 is configured in split 8-
bit timer mode. T2MH is ignored if Timer 2 is in any other mode.
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.
Bit4: T2ML: Timer 2 Low Byte Clock Select.
This bit selects the clock supplied to Timer 2. If Timer 2 is configured in split 8-bit timer
mode, this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 2 low byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 low byte uses the system clock.
Bit3: T1M: Timer 1 Clock Select.
This select the clock source supplied to Timer 1. T1M is ignored when C/T1 is set to logic 1.
0: Timer 1 uses the clock defined by the prescale bits, SCA1-SCAO.
1: Timer 1 uses the system clock.
Bit2: TOM: Timer 0 Clock Select.
This bit selects the clock source supplied to Timer 0. TOM is ignored when C/TO is set to
logic 1.
0: Counter/Timer 0 uses the clock defined by the prescale bits, SCA1-SCAO.
1: Counter/Timer 0 uses the system clock.
Bits1-0: SCA1-SCAO: Timer 0/1 Prescale Bits.
These bits control the division of the clock supplied to Timer 0 and/or Timer 1 if configured
to use prescaled clock inputs.

SCA1l SCAO0 Prescaled Clock
0 0 System clock divided by 12
0 1 System clock divided by 4
1 0 System clock divided by 48
1 1 External clock divided by 8

Note: External clock divided by 8 is synchronized with the system clock, and the external
clock must be less than or equal to the system clock to operate in this mode.
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17.2. 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.

17.2.1. 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 OXFFFF 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 17.4,
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 OxFF to 0x00.

CKCON
T(T|T(T
2|2|1|0
M|M[M|M|
HfL

T
3
T2XCLK (M

l H
SYSCLK /12 0 l TMRZL To SMBus SMBus’
Overflow
0
TR2 TCLK
TF2H
TEoL Interrupt
TF2LEN

T2SPLIT
TR2 >

T
3
M
L

,P>00
orOoOnm

TMR2L TMR2H

External Clock /8 —— 1

e L I 1

TMR2RLL | TMR2RLH

TMR2CN ]

T2XCLK

Reload

Figure 17.4. Timer 2 16-Bit Mode Block Diagram
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19.3. PCA Counter

On “REV A” devices, if the main PCA counter (PCAOH : PCAOL) overflows during the execution phase of a
read-modify-write instruction (bit-wise SETB or CLR, ANL, ORL, XRL) that targets the PCAOCN register,
the CF (Counter Overflow) bit will not be set. An example software work-around is as follows:

Step 1. Disable global interrupts (EA = 0).

Step 2. Read PCAOQL. This will latch the value of PCAOH.

Step 3. Read PCAOH, saving the value.

Step 4. Execute the bit-wise operation on CCFn (for example, CLR CCFO, or CCF0 = 0;).

Step 5. Read PCAOL.

Step 6. Read PCAOH, saving the value.

Step 7. If the value of PCAOH read in Step 3 is OxFF and the value for PCAOH read in Step 6 is
0x00, then manually set the CF bit in software (for example, SETB CF, or CF = 1;).

Step 8. Re-enable interrupts (EA = 1).

This behavior is not present on “REV B” and later devices. Software written for “REV A” devices will run on
“REV B” and later devices without modification.
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