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4. Pinout and Package Definitions

Table 4.1. Pin Definitions for the C8051F31x

Pin Numbers

Name Type |Description
'F310/2/4['F311/3/5| 'F316/7| " P
Vpp 4 4 4 Power Supply Voltage.
GND 3 3 3 Ground.
RST/ D I/0 |Device Reset. Open-drain output of internal POR. An
external source can initiate a system reset by driving
5 5 5 this pin low for at least 10 us.
C2CK D I/0 |Clock signal for the C2 Debug Interface.
P3.0/ D I/O |Port 3.0. See Section 13 for a complete description.
6 6 6
c2D D I/O |Bi-directional data signal for the C2 Debug Interface.
PO0.0/ D I/0O |Port 0.0. See Section 13 for a complete description.
2 2 2
VREF AIn |External VREF input. (‘F310/1/2/3 only)
PO.1 1 1 1 D I/O |Port0.1. See Section 13 for a complete description.
PO0.2/ D I/O |Port0.2. See Section 13 for a complete description.
32 28 24 External Clock Input. This pin is the external oscillator
XTAL1 A In [return for a crystal or resonator.
P0.3/ D I/O |Port0.3. See Section 13 for a complete description.
31 27 23 External Clock Output. For an external crystal or reso-
A Out or |nator, this pin is the excitation driver. This pin is the
XTAL2 D In |external clock input for CMOS, capacitor, or RC oscil-
lator configurations.
P0.4 30 26 22 D I/O |Port 0.4. See Section 13 for a complete description.
PO.5 29 25 21 D I/O |Port0.5. See Section 13 for a complete description.
PO0.6/ Port 0.6. See Section 13 for a complete description.
28 24 20
CNVSTR ADCO External Convert Start Input. (‘F310/1/2/3 only)
PO0.7 27 23 19 D I/O |Port0.7. See Section 13 for a complete description.
P1.0 26 22 18 DXCI)nor Port 1.0. See Section 13 for a complete description.
D I/O or . .
P1.1 25 21 17 Aln Port 1.1. See Section 13 for a complete description.
D I/O or : .
P1.2 24 20 16 Aln Port 1.2. See Section 13 for a complete description.
D I/O or . .
P1.3 23 19 15 Aln Port 1.3. See Section 13 for a complete description.
DI/Oor : .
P1.4 22 18 14 Aln Port 1.4. See Section 13 for a complete description.

SILICON LABS
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Table 4.1. Pin Definitions for the C8051F31x (Continued)

Pin Numbers I
Name Type |Description
‘F310/2/4|'F311/3/5|‘F316/7
D I/O or . .
P1.5 21 17 13 Aln Port 1.5. See Section 13 for a complete description.
DI/Oor . .
P1.6 20 16 Aln Port 1.6. See Section 13 for a complete description.
D I/O or . .
P1.7 19 15 Aln Port 1.7. See Section 13 for a complete description.
DI/Oor . .
P2.0 18 14 12 Aln Port 2.0. See Section 13 for a complete description.
D I/Oor . .
pP2.1 17 13 11 Aln Port 2.1. See Section 13 for a complete description.
D I/O or . .
P2.2 16 12 10 Aln Port 2.2. See Section 13 for a complete description.
D I/O or . .
pP2.3 15 11 9 Aln Port 2.3. See Section 13 for a complete description.
DI/Oor . .
P2.4 14 10 8 Aln Port 2.4. See Section 13 for a complete description.
D I/O or . .
P2.5 13 9 7 Aln Port 2.5. See Section 13 for a complete description.
DI/Oor . .
P2.6 12 8 Aln Port 2.6. See Section 13 for a complete description.
pP2.7 11 7 DXCI)nor Port 2.7. See Section 13 for a complete description.
P3.1 7 DXCI)nor Port 3.1. See Section 13 for a complete description.
P3.2 8 DXCI)nor Port 3.2. See Section 13 for a complete description.
P3.3 9 DXCI)nor Port 3.3. See Section 13 for a complete description.
P3.4 10 DXCI)nor Port 3.4. See Section 13 for a complete description.
40 Rev. 1.7 )
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5.4. Programmable Window Detector

The ADC Programmable Window Detector continuously compares the ADCO output registers to user-pro-
grammed limits, and notifies the system when a desired condition is detected. This is especially effective in
an interrupt-driven system, saving code space and CPU bandwidth while delivering faster system
response times. The window detector interrupt flag (ADOWINT in register ADCOCN) can also be used in
polled mode. The ADCO Greater-Than (ADCOGTH, ADCOGTL) and Less-Than (ADCOLTH, ADCOLTL)
registers hold the comparison values. The window detector flag can be programmed to indicate when mea-
sured data is inside or outside of the user-programmed limits, depending on the contents of the ADCO
Less-Than and ADCO Greater-Than registers.

SFR Definition 5.7. ADCOGTH: ADCO Greater-Than Data High Byte

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value
| | | | | | | | | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC4

Bits7—0: High byte of ADCO Greater-Than Data Word.

SFR Definition 5.8. ADCOGTL: ADCO Greater-Than Data Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC3

Bits7—-0: Low byte of ADCO Greater-Than Data Word.

Rev. 1.7 61
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SFR Definition 6.1. REFOCN: Reference Control

RIW RIW R/W RIW R/W R/W RIW R/W Reset Value
\ | | REFSL | TEMPE | BIASE | 00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xD1

Bits7—4: UNUSED. Read = 0000b; Write = don’t care.

Bit3:

Bit2:

Bitl:

BitO:

REFSL: Voltage Reference Select.

This bit selects the source for the internal voltage reference.
0: VREF input pin used as voltage reference.

1: Vpp used as voltage reference.

TEMPE: Temperature Sensor Enable Bit.

0: Internal Temperature Sensor off.

1: Internal Temperature Sensor on.

BIASE: Internal Analog Bias Generator Enable Bit. (Must be ‘1’ if using ADC).
0: Internal Bias Generator off.

1: Internal Bias Generator on.

UNUSED. Read = 0Ob. Write = don’t care.

Table 6.1. External Voltage Reference Circuit Electrical Characteristics

Vpp = 3.0 V; —40 to +85 °C unless otherwise specified

Parameter Conditions Min Typ Max Units
Input Voltage Range 0 Vpp \%
Sample Rate = 200 ksps; 12 HA
Input Current VREE = 3.0 V
68 Rev. 1.7
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Table 8.3. Special Function Registers

Register | Address [Description Page
SFRs are listed in alphabetical order. All undefined SER locations are reserved

ACC OXEQ Accumulator 92
ADCOCF 0xBC ADCO Configuration 59
ADCOCN OxE8 ADCO Control 60
ADCOGTH 0xC4 ADCO Greater-Than Compare High 61
ADCOGTL 0xC3 ADCO Greater-Than Compare Low 61
ADCOH 0xBE ADCO High 59
ADCOL 0xBD ADCO Low 59
ADCOLTH 0xC6 ADCO Less-Than Compare Word High 62
ADCOLTL 0xC5 ADCO Less-Than Compare Word Low 62
AMXON OxBA AMUXO0 Negative Channel Select 58
AMXOP 0xBB AMUXO0 Positive Channel Select 57
B 0xFO0 B Register 93
CKCON Ox8E Clock Control 193
CLKSEL 0xA9 Clock Select 123
CPTOCN 0x9B ComparatorQ Control 72
CPTOMD 0x9D Comparator0 Mode Selection 74
CPTOMX Ox9F Comparator0 MUX Selection 73
CPT1CN O0x9A Comparatorl Control 75
CPT1IMD 0x9C Comparatorl Mode Selection 77
CPT1MX Ox9E Comparatorl MUX Selection 76
DPH 0x83 Data Pointer High 91
DPL 0x82 Data Pointer Low 90
EIE1 OXE6 Extended Interrupt Enable 1 99
EIP1 OxF6 Extended Interrupt Priority 1 100
EMIOCN OxAA External Memory Interface Control 119
FLKEY 0xB7 Flash Lock and Key 117
FLSCL 0xB6 Flash Scale 117
IE OxA8 Interrupt Enable 97
IP 0xB8 Interrupt Priority 98
ITOLICF OxE4 INTO/INT1 Configuration 101
OSCICL 0xB3 Internal Oscillator Calibration 122
OSCICN 0xB2 Internal Oscillator Control 122
OSCXCN 0xB1 External Oscillator Control 125
PO 0x80 Port O Latch 136
POMDIN OxF1 Port O Input Mode Configuration 136
POMDOUT O0xA4 Port 0 Output Mode Configuration 137
POSKIP 0xD4 Port 0 Skip 137
P1 0x90 Port 1 Latch 138
P1MDIN OxF2 Port 1 Input Mode Configuration 138
P1MDOUT OxA5 Port 1 Output Mode Configuration 139
P1SKIP 0xD5 Port 1 Skip 139
P2 0xA0 Port 2 Latch 140
P2MDIN OxF3 Port 2 Input Mode Configuration 140
P2MDOUT OxA6 Port 2 Output Mode Configuration 141
88 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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9.1. Power-On Reset

During power-up, the device is held in a reset state and the RST pin is driven low until Vpp settles above
VgrsT- An additional delay occurs before the device is released from reset; the delay decreases as the Vpp
ramp time increases (Vpp ramp time is defined as how fast Vpp ramps from 0 V to VigT). Figure 9.2. plots
the power-on and Vpp monitor reset timing. For valid ramp times (less than 1 ms), the power-on reset
delay (Tporpelay) is typically less than 0.3 ms.

Note: The maximum Vpp ramp time is 1 ms; slower ramp times may cause the device to be released from
reset before Vpp reaches the Vgt level.

On exit from a power-on reset, the PORSF flag (RSTSRC.1) is set by hardware to logic 1. When PORSF is
set, all of the other reset flags in the RSTSRC Register are indeterminate (PORSF is cleared by all other
resets). Since all resets cause program execution to begin at the same location (0x0000) software can
read the PORSF flag to determine if a power-up was the cause of reset. The content of internal data mem-
ory should be assumed to be undefined after a power-on reset. The Vpp monitor is disabled following a

power-on reset.

(I)‘
Ell VDD
2.70 A
V,
2.55 e
20 —+ §
10 —+
t
/| RST
Logic HIGH 7
// TPORDeIa %
Logic LOW Z Y
VDD
Power-On Monitor
Reset Reset

Figure 9.2. Power-On and Vpp Monitor Reset Timing

9.2. Power-Fail Reset / Vpp Monitor

When a power-down transition or power irregularity causes Vpp to drop below Vigt, the power supply
monitor will drive the RST pin low and hold the CIP-51 in a reset state (see Figure 9.2). When Vpp returns
to a level above Vg, the CIP-51 will be released from the reset state. Note that even though internal data
memory contents are not altered by the power-fail reset, it is impossible to determine if Vpp dropped below
the level required for data retention. If the PORSF flag reads ‘1’, the data may no longer be valid. The Vpp
monitor is disabled after power-on resets; however its defined state (enabled/disabled) is not altered by

106 Rev. 1.7
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PIN I/O
TXO0

RX0

SYSCLK
CEXO0

Signals Unavailable

CEX3
CEX4
ECI
TO

Tl

0 0 O
P2SKIP[0:3]

POSKIP[0:7] P1SKIP[0:7]

- Port pin potentially available to peripheral

_Special Function Signals are not assigned by the Crossbar. When these signals are enabled, the Crossbar must
be manually configured to skip their corresponding port pins.
*Note: NSS is only pinned out in 4-wire SPI mode.
Note: P1.6,P1.7,P2.6,P2.7 only available on the C8051F310/1/2/3/4/5; P1SKIP[7:6] should always be set to

11b for the C8051F316/7 devices.
Figure 13.4. Crossbar Priority Decoder with Crystal Pins Skipped

Registers XBR0O and XBR1 are used to assign the digital I/O resources to the physical I/O Port pins. Note
that when the SMBus is selected, the Crossbar assigns both pins associated with the SMBus (SDA and
SCL); when the UART is selected, the Crossbar assigns both pins associated with the UART (TX and RX).
UARTO pin assignments are fixed for bootloading purposes: UART TXO is always assigned to P0.4; UART
RXO0 is always assigned to P0.5. Standard Port I/Os appear contiguously after the prioritized functions
have been assigned.

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

132 Rev. 1.7
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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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SFR Definition 13.15. P3: Port3

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
P3.7 | P36 | P35 | P34 | P33 | P32 | P31 | P30 | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
(bit addressable) 0xBO
Bits7-0: P3.[7:0]
Write - Output appears on I/O pins.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding P3MDOUT.n bit = 0).
Read - Always reads ‘1’ if selected as analog input in register P3MDIN. Directly reads Port
pin when configured as digital input.
0: P3.n pin is logic low.
1: P3.n pin is logic high.
Note: Only P3.0-P3.4 are associated with Port pins on C8051F310/2/4 devices; Only P3.0 is associated with a
Port pin on C8051F311/3/5/6/7 devices.
SFR Definition 13.16. PSMDIN: Port3 Input Mode
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- 1 - 1 - ] \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxF4
Bits7-5: UNUSED. Read = 000b; Write = don't care.
Bits4—0: Input Configuration Bits for P3.4—P3.0 (respectively).
Port pins configured as analog inputs have their weak pullup, digital driver, and digital
receiver disabled.
0: Corresponding P3.n pin is configured as an analog input.
1: Corresponding P3.n pin is not configured as an analog input.
Note: Only P3.0-P3.4 are associated with Port pins on C8051F310/2/4 devices; Only P3.0 is associated with a
Port pin on C8051F311/3/5/6/7 devices.
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SFR Definition 13.17. P3MDOUT: Port3 Output Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- 0 - 1 - ] \ \ \ \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxA7
Bits7-5: UNUSED. Read = 000b; Write - don't care.
Bits4—0: Output Configuration Bits for P3.4—P3.0 (respectively): ignored if corresponding bit in regis-
ter PSMDIN is logic O.
0: Corresponding P3.n Output is open-drain.
1: Corresponding P3.n Output is push-pull.
Note: Only P3.0—P3.4 are associated with Port pins on C8051F310/2/4 devices; Only P3.0 is associated with a

Port pin on C8051F311/3/5/6/7 devices.

Table 13.1. Port I/O DC Electrical Characteristics

Vpp = 2.7 to 3.6 V, —40 to +85 °C unless otherwise specified

Parameters Conditions Min Typ Max Units
lon =—3 mA, Port I/O push-pull Vpp— 0.7 — _
Output High Voltage lon = =10 A, Port I/O push-pull | Vpp—0.1 — — \Y%
lon = =10 mA, Port I/O push-pull — Vpp— 0.8 —
lOL =8.5mA — — 0.6
Output Low Voltage loL = 10 YA — — 0.1 Y,
loL =25 mA — 1.0 —
Input High Voltage 2.0 — — \%
Input Low Voltage — — 0.8 \Y
| Leak c Weak Pullup Off — — +1 R
nput Leakage Current
P g Weak Pullup On, Vi =0 V _ 25 40 H
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14.4. Using the SMBus

The SMBus can operate in both Master and Slave modes. The interface provides timing and shifting con-
trol for serial transfers; higher level protocol is determined by user software. The SMBus interface provides
the following application-independent features:

* Byte-wise serial data transfers

* Clock signal generation on SCL (Master Mode only) and SDA data synchronization
» Timeout/bus error recognition, as defined by the SMBOCF configuration register

» START/STOP timing, detection, and generation

* Bus arbitration

* Interrupt generation

»  Status information

SMBus interrupts are generated for each data byte or slave address that is transferred. When transmitting,
this interrupt is generated after the ACK cycle so that software may read the received ACK value; when
receiving data, this interrupt is generated before the ACK cycle so that software may define the outgoing
ACK value. See Section “14.5. SMBus Transfer Modes” on page 157 for more details on transmission
sequences.

Interrupts are also generated to indicate the beginning of a transfer when a master (START generated), or
the end of a transfer when a slave (STOP detected). Software should read the SMBOCN (SMBus Control
register) to find the cause of the SMBus interrupt. The SMBOCN register is described in Section
“14.4.2. SMBOCN Control Register” on page 153; Table 14.4 provides a quick SMBOCN decoding refer-
ence.

SMBus configuration options include:

» Timeout detection (SCL Low Timeout and/or Bus Free Timeout)
* SDA setup and hold time extensions

» Slave event enable/disable

» Clock source selection

These options are selected in the SMBOCF register, as described in Section “14.4.1. SMBus Configura-
tion Register” on page 150.
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SFR Definition 14.1. SMBOCF: SMBus Clock/Configuration

RIW RIW R RIW R/W R/W RIW RIW Reset Value
ENSMB | INH | BUSY [EXTHOLD|SMBTOE | SMBFTE [ SMBCS1 | SMBCS0 |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xC1

Bit7: 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.

Bit6: 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.

Bit5: 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.

Bit4: EXTHOLD: SMBus Setup and Hold Time Extension Enable.
This bit controls the SDA setup and hold times according to Table 14.2.
0: SDA Extended Setup and Hold Times disabled.
1: SDA Extended Setup and Hold Times enabled.

Bit3: 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 in split mode (T3SPLIT is set), only the high byte of Timer 3 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.

Bit2: 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.

Bits1-0: SMBCS1-SMBCSO0: 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 14.1.

SMBCS1 | SMBCSO 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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14.4.3. Data Register

The SMBus Data register SMBODAT holds a byte of serial data to be transmitted or one that has just been
received. Software may safely read or write to the data register when the Sl flag is set. Software should not
attempt to access the SMBODAT register when the SMBus is enabled and the Si flag is cleared to logic 0,
as the interface may be in the process of shifting a byte of data into or out of the register.

Data in SMBODAT is always shifted out MSB first. After a byte has been received, the first bit of received
data is located at the MSB of SMBODAT. While data is being shifted out, data on the bus is simultaneously
being shifted in. SMBODAT always contains the last data byte present on the bus. In the event of lost arbi-
tration, the transition from master transmitter to slave receiver is made with the correct data or address in
SMBODAT.

SFR Definition 14.3. SMBODAT: SMBus Data

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 Bitl Bit0
SFR Address: 0XxC2

Bits7-0: SMBODAT: SMBus Data.
The SMBODAT register contains a byte of data to be transmitted on the SMBus serial inter-
face or a byte that has just been received on the SMBus serial interface. The CPU can read
from or write to this register whenever the Sl serial interrupt flag (SMBOCN.0) is set to
logic 1. The serial data in the register remains stable as long as the Sl flag is set. When the
Sl flag is not set, the system may be in the process of shifting data in/out and the CPU
should not attempt to access this register.
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Table 14.4. SMBus Status Decoding (Continued)

Values
Values Read Written
S o b |
- [O®0 Current SMbus State Typical Response Options
2 (3¢9 |x|0|x yp P P < |lo|x
28 (5|2 | o ||
wn > 2 14
<
ololo A slave byte was transmitted; |No action required (expecting ololx
. NACK received. STOP condition).
Q
= A slave byte was transmitted; |Load SMBODAT with next data
?, 0lo0 )00l ACK received. byte to transmit. 010X
E A Slave byte was transmitted; |No action required (expecting
= 0|1]|X 0|0|X
° error detected. Master to end transfer).
c—>5 A STOP was detected while No action required (transfer com-
? | 0101 | 0 | X | X |an addressed Slave Transmit- lete) q 0|0 |X
ter. P '
Acknowledge received address. 0|01
110l x A slave address was Do not acknowledae received
received; ACK requested. 0 not acknowledge receive o|l0|oO
address.
0010 Acknowledge received address. 0|01
Lost arbitration as master; Do not acknowledge received ololo
1| 1| X |slave address received; ACK |address.
requested. Reschedule failed transfer; do not
. 1/101|0
acknowledge received address.
= | 0010 | 0| 1 | x |ost arbitration while attempt- |Abort failed transfer. 0]0]|X
= ing a repeated START. Reschedule failed transfer. 10| X
o 1111 x Lost arbitration while attempt- [No action required (transfer com- ololo
ﬂqf) ing a STOP. plete/aborted).
= A STOP was detected while |No action required (transfer com-
o
wn | 0001 010X an addressed slave receiver. |plete). 010X
ol1lx Lost arbitration due to a Abort transfer. 0| 0| X
detected STOP. Reschedule failed transfer. 10| X
Acknowledge received byte; Read olol1
110! x A slave byte was received;  |SMBODAT.
ACK requested. Do not acknowledge received
0000 b 0(01|0O0
yte.
111 | x |Lost arbitration while transmit-|Abort failed transfer. 0|00
ting a data byte as master. Reschedule failed transfer. 1/101|0
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15.1. Enhanced Baud Rate Generation

The UARTO baud rate is generated by Timer 1 in 8-bit auto-reload mode. The TX clock is generated by
TL1; the RX clock is generated by a copy of TL1 (shown as RX Timer in Figure 15.2), which is not user-
accessible. Both TX and RX Timer overflows are divided by two to generate the TX and RX baud rates.
The RX Timer runs when Timer 1 is enabled, and uses the same reload value (TH1). However, an
RX Timer reload is forced when a START condition is detected on the RX pin. This allows a receive to
begin any time a START is detected, independent of the TX Timer state.

Timer 1 UART

‘ TL1 Overflow . 2 » TX Clock
ﬁ‘
TH1

Start
Detected ’@
Overflow
2

RX Timer -

p RX Clock

Figure 15.2. UARTO Baud Rate Logic

Timer 1 should be configured for Mode 2, 8-bit auto-reload (see Section “17.1.3. Mode 2: 8-bit
Counter/Timer with Auto-Reload” on page 189). The Timer 1 reload value should be set so that over-
flows will occur at two times the desired UART baud rate frequency. Note that Timer 1 may be clocked by
one of six sources: SYSCLK, SYSCLK /4, SYSCLK /12, SYSCLK / 48, the external oscillator clock / 8, or
an external input T1. For any given Timer 1 clock source, the UARTO baud rate is determined by
Equation 15.1.

Equation 15.1. UARTO Baud Rate

T1 1
CLK

UartBaudRate = —————=——x =
(256-T1H) 2

Where T1c g is the frequency of the clock supplied to Timer 1, and T1H is the high byte of Timer 1 (reload
value). Timer 1 clock frequency is selected as described in Section “17. Timers” on page 187. A quick
reference for typical baud rates and system clock frequencies is given in Table 15.1 through Table 15.6.
Note that the internal oscillator may still generate the system clock when the external oscillator is driving
Timer 1.
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15.3. Multiprocessor Communications

9-Bit UART mode supports multiprocessor communication between a master processor and one or more
slave processors by special use of the ninth data bit. When a master processor wants to transmit to one or
more slaves, it first sends an address byte to select the target(s). An address byte differs from a data byte
in that its ninth bit is logic 1; in a data byte, the ninth bit is always set to logic 0.

Setting the MCEO bit (SCONO.5) of a slave processor configures its UART such that when a stop bit is
received, the UART will generate an interrupt only if the ninth bit is logic 1 (RB80 = 1) signifying an address
byte has been received. In the UART interrupt handler, software will compare the received address with
the slave's own assigned 8-bit address. If the addresses match, the slave will clear its MCEO bit to enable
interrupts on the reception of the following data byte(s). Slaves that weren't addressed leave their MCEO
bits set and do not generate interrupts on the reception of the following data bytes, thereby ignoring the
data. Once the entire message is received, the addressed slave resets its MCEO bit to ignore all transmis-
sions until it receives the next address byte.

Multiple addresses can be assigned to a single slave and/or a single address can be assigned to multiple
slaves, thereby enabling "broadcast" transmissions to more than one slave simultaneously. The master
processor can be configured to receive all transmissions or a protocol can be implemented such that the
master/slave role is temporarily reversed to enable half-duplex transmission between the original master
and slave(s).

Master Slave Slave oo Slave
Device Device Device Device
V+
RX X RX X RX TX RX X
. | I
@ ®— OO0

Figure 15.6. UART Multi-Processor Mode Interconnect Diagram
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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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