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3. Pin Definitions

Table 3.1. Pin Definitions for the C8051F50x/F51x

Name Pin Pin Pin Type Description
‘F500/1/4/5| F508/9- |'F502/3/6/7
F510/1
(48-pin) | (40-pin) | (32-pin)

VDD 4 4 4 Digital Supply Voltage. Must be connected.

GND 6 6 6 Digital Ground. Must be connected.

VDDA 5 5 5 Analog Supply Voltage. Must be connected.

GNDA 7 7 7 Analog Ground. Must be connected.

VREGIN 3 3 3 Voltage Regulator Input

VIO 2 2 2 Port 1/0 Supply Voltage. Must be connected.

RST/ 12 10 10 D I/O Device Reset. Open-drain output of internal
POR or Vpp Monitor. An external source
can initiate a system reset by driving this pin
low.

C2CK D I/O Clock signal for the C2 Debug Interface.

Cc2D 11 — — DI/O Bi-directional data signal for the C2 Debug
Interface.

P4.0/ — 9 — D I/O or An [Port 4.0. See SFR Definition 20.29 for a
description.

Cc2D D I/O Bi-directional data signal for the C2 Debug
Interface.

P3.0/ — 9 D I/O or AIn |Port 3.0. See SFR Definition 20.24 for a
description.

Cc2D D I/O Bi-directional data signal for the C2 Debug
Interface.

P0O.0 8 8 8 D I/O or AIn |Port 0.0. See SFR Definition 20.12 for a
description.

PO.1 1 1 1 DI/OorAln |Port 0.1

P0.2 48 40 32 D1/OorAln |Port0.2

P0.3 47 39 31 DI/OorAln |Port 0.3

P0.4 46 38 30 DI/OorAin |Port0.4

P0.5 45 37 29 DI1/OorAln |Port 0.5

) Rev. 1.2 22
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been accumulated. Similarly, the Window Comparator will not compare the result to the greater-than and
less-than registers until “repeat count” conversions have been accumulated.

Note: When using Burst Mode, care must be taken to issue a convert start signal no faster than once every
four SYSCLK periods. This includes external convert start signals.

System Clock

(ADOBUSY or Timer ——»

Convert Start
Overflow) ]

Post-Tracking

ADOEN =0

Dual-Tracking
sooru 11 | Poeeed | Foveh [ c [ c e[| Tomet | Tyet [i]e.
ADOEN =0
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Figure 6.4. 12-Bit ADC Burst Mode Example With Repeat Count Set to 4
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Figure 6.5. ADCO Equivalent Input Circuit

6.3. Selectable Gain

ADCO on the C8051F50x/F51x family of devices implements a selectable gain adjustment option. By writ-
ing a value to the gain adjust address range, the user can select gain values between 0 and 1.016.

For example, three analog sources to be measured have full-scale outputs of 5.0V, 4.0V, and 3.0V,
respectively. Each ADC measurement would ideally use the full dynamic range of the ADC with an internal
voltage reference of 1.5V or 2.2V (set to 2.2 V for this example). When selecting the first source (5.0 V
full-scale), a gain value of 0.44 (5 V full scale x 0.44 = 2.2 V full scale) provides a full-scale signal of 2.2 V
when the input signal is 5.0 V. Likewise, a gain value of 0.55 (4 V full scale x 0.55 = 2.2 V full scale) for the
second source and 0.73 (3 V full scale x 0.73 = 2.2 V full scale) for the third source provide full-scale ADCO
measurements when the input signal is full-scale.

Additionally, some sensors or other input sources have small part-to-part variations that must be
accounted for to achieve accurate results. In this case, the programmable gain value could be used as a
calibration value to eliminate these part-to-part variations.

6.3.1. Calculating the Gain Value

The ADCO selectable gain feature is controlled by 13 bits in three registers. ADCOGNH contains the 8
upper bits of the gain value and ADCOGNL contains the 4 lower bits of the gain value. The final GAINADD
bit (ADCOGNA.0) controls an optional extra 1/64 (0.016) of gain that can be added in addition to the
ADCOGNH and ADCOGNL gain. The ADCOGNA.O bit is set to 1 after a power-on reset.

The equivalent gain for the ADCOGNH, ADCOGNL and ADCOGNA registers is as follows:

. GAIN) (14)
gain = (_4096 + GAINADD x 6

Equation 6.2. Equivalent Gain from the ADCOGNH and ADCOGNL Registers

Where:

GAIN is the 12-bit word of ADCOGNH][7:0] and ADCOGNL[7:4]
GAINADD is the value of the GAINADD bit (ADCOGNA.0)
gain is the equivalent gain value from 0 to 1.016
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Gain Register Definition 6.1. ADCOGNH: ADCO Selectable Gain High Byte

Bit 7 6 5 4 3 2 1 0
Name GAINH[7:0]
Type W
Reset 1 1 1 1 1 1 0 0
Indirect Address = 0x04;
Bit Name Function
7:0 | GAINH[7:0] | ADCO Gain High Byte.

See Section 6.3.1 for details on calculating the value for this register.

Note: This register is accessed indirectly; See Section 6.3.2 for details for writing this register.

Gain Register Definition 6.2. ADCOGNL: ADCO Selectable Gain Low Byte

Bit 7 6 5 4 3 2 1 0
Name GAINL[3:0] Reserved | Reserved | Reserved | Reserved
Type W W W W W
Reset 0 0 0 0 0 0 0 0

Indirect Address = 0x07;
Bit Name Function
7:4 | GAINL[3:0] | ADCO Gain Lower 4 Bits.
See Figure 6.3.1 for details for setting this register.
This register is only accessed indirectly through the ADCOH and ADCOL register.
3:0 | Reserved |Must Write 0000b

Note: This register is accessed indirectly; See Section 6.3.2 for details for writing this register.

61
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SFR Definition 6.7. ADCOCN: ADCO Control

Bit 7 6 5 4 3 2 1 0
Name | ADOEN |BURSTEN| ADOINT |ADOBUSY | ADOWINT | ADOLJST ADOCM[1:0]
Type | R/W RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = OxE8; SFR Page = 0x00; Bit-Addressable

Bit Name Function
7 ADOEN |ADCO Enable Bit.
0: ADCO Disabled. ADCO is in low-power shutdown.
1: ADCO Enabled. ADCO is active and ready for data conversions.
6 | BURSTEN |ADCO Burst Mode Enable Bit.
0: Burst Mode Disabled.
1: Burst Mode Enabled.
5 ADOINT |ADCO Conversion Complete Interrupt Flag.
0: ADCO has not completed a data conversion since ADOINT was last cleared.
1: ADCO has completed a data conversion.
4 | ADOBUSY |ADCO Busy Bit. Read: Write:
0: ADCO conversion is not |0: No Effect.
in progress. 1: Initiates ADCO Conver-
1: ADCO conversionis in |sion if ADOCM[1:0] = 00b
progress.
3 | ADOWINT |ADCO Window Compare Interrupt Flag.
This bit must be cleared by software
0: ADCO Window Comparison Data match has not occurred since this flag was last
cleared.
1: ADCO Window Comparison Data match has occurred.
2 ADOLJST |ADCO Left Justify Select Bit.
0: Data in ADCOH:ADCOL registers is right-justified
1: Data in ADCOH:ADCOL registers is left-justified. This option should not be used
with a repeat count greater than 1 (when ADORPT[1:0] is 01b, 10b, or 11b).
1:0 | ADOCM[1:0] | ADCO Start of Conversion Mode Select.
00: ADCO start-of-conversion source is write of 1 to ADOBUSY.
01: ADCO start-of-conversion source is overflow of Timer 1.
10: ADCO start-of-conversion source is rising edge of external CNVSTR.
11: ADCO start-of-conversion source is overflow of Timer 2.
65 Rev. 1.2 )
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Table 13.3. Special Function Registers (Continued)

SFRs are listed in alphabetical order. All undefined SFR locations are reserved

Register Address Description Page
ITOLCF OxE4 INTO/INT1 Configuration 128
LINOADR 0xD3 LINO Address 208
LINOCF 0xC9 LINO Configuration 208
LINODAT 0xD2 LINO Data 209
OSCICN OxAl Internal Oscillator Control 168
OSCICRS OxA2 Internal Oscillator Coarse Control 169
OSCIFIN Ox9E Internal Oscillator Fine Calibration 169
OSCXCN Ox9F External Oscillator Control 173
PO 0x80 Port O Latch 191
POMASK OxF2 Port 0 Mask Configuration 187
POMAT OxF1 Port 0 Match Configuration 187
POMDIN OxF1 Port 0 Input Mode Configuration 192
POMDOUT O0xA4 Port 0 Output Mode Configuration 192
POSKIP 0xD4 Port 0 Skip 193
P1 0x90 Port 1 Latch 193
P1MASK OxF4 Port 1 Mask Configuration 188
P1MAT OxF3 Port 1 Match Configuration 188
P1MDIN OxF2 Port 1 Input Mode Configuration 194
P1MDOUT OxA5 Port 1 Output Mode Configuration 194
P1SKIP 0xD5 Port 1 Skip 195
P2 O0xAOQ Port 2 Latch 195
P2MASK 0xB2 Port 2 Mask Configuration 189
P2MAT 0xB1 Port 2 Match Configuration 189
P2MDIN OxF3 Port 2 Input Mode Configuration 196
P2MDOUT OxA6 Port 2 Output Mode Configuration 196
P2SKIP 0xD6 Port 2 Skip 197
P3 0xBO Port 3 Latch 197
P3MASK OxAF Port 3 Mask Configuration 190
P3MAT OxAE Port 3 Match Configuration 190
P3MDIN OxF4 Port 3 Input Mode Configuration 198
P3MDOUT OxAE Port 3 Output Mode Configuration 198
P3SKIP 0xD7 Port 3 Skip 199
P4 0xB5 Port 4 Latch 199
PAMDOUT OxAF Port 4 Output Mode Configuration 200
PCAOCN 0xD8 PCA Control 300
PCAOCPHO OxFC PCA Capture 0 High 305
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15.4. Flash Write and Erase Guidelines

Any system which contains routines which write or erase Flash memory from software involves some risk
that the write or erase routines will execute unintentionally if the CPU is operating outside its specified
operating range of Vpp, system clock frequency, or temperature. This accidental execution of Flash modi-

fying code can result in alteration of Flash memory contents causing a system failure that is only recover-
able by re-Flashing the code in the device.

The following guidelines are recommended for any system which contains routines which write or erase
Flash from code.

15.4.1. Vpp Maintenance and the Vpp monitor

1.

If the system power supply is subject to voltage or current "spikes," add sufficient transient protection
devices to the power supply to ensure that the supply voltages listed in the Absolute Maximum Ratings
table are not exceeded.

. The on-chip Vpp monitor is turned on and enabled as a reset source by default by the hardware. If it is

disabled by the firmware, use the following recommendations when re-enabling the Vpp monitor. Turn
on the Vpp monitor and enable it as a reset source as early in code as possible. This should be the first
set of instructions executed after the Reset Vector. For C-based systems, this will involve modifying the
startup code added by the C compiler. See your compiler documentation for more details. Make certain
that there are no delays in software between enabling the Vpp monitor and enabling the Vpp monitor as
a reset source. Code examples showing this can be found in “AN201: Writing to Flash from Firmware",
available from the Silicon Laboratories web site.

As an added precaution, explicitly enable the Vpp monitor and enable the Vpp monitor as a reset
source inside the functions that write and erase Flash memory. The Vpp monitor enable instructions
should be placed just after the instruction to set PSWE to a 1, but before the Flash write or erase
operation instruction.

Make certain that all writes to the RSTSRC (Reset Sources) register use direct assignment operators
and explicitly DO NOT use the bit-wise operators (such as AND or OR). For example, "RSTSRC =
0x02" is correct. "RSTSRC |= 0x02" is incorrect.

Make certain that all writes to the RSTSRC register explicitly set the PORSF bit to a 1. Areas to check
are initialization code which enables other reset sources, such as the Missing Clock Detector or
Comparator, for example, and instructions which force a Software Reset. A global search on "RSTSRC"
can quickly verify this.

15.4.2. PSWE Maintenance

1.

Reduce the number of places in code where the PSWE bit (b0 in PSCTL) is set to a 1. There should be
exactly one routine in code that sets PSWE to a 1 to write Flash bytes and one routine in code that sets
PSWE and PSEE both to a 1 to erase Flash pages.

Minimize the number of variable accesses while PSWE is set to a 1. Handle pointer address updates
and loop variable maintenance outside the "PSWE = 1;... PSWE = 0;" area. Code examples showing
this can be found in "JAN201: Writing to Flash from Firmware" available from the Silicon Laboratories

web site.

Disable interrupts prior to setting PSWE to a 1 and leave them disabled until after PSWE has been
reset to '0". Any interrupts posted during the Flash write or erase operation will be serviced in priority
order after the Flash operation has been completed and interrupts have been re-enabled by software.

Make certain that the Flash write and erase pointer variables are not located in XRAM. See your
compiler documentation for instructions regarding how to explicitly locate variables in different memory
areas.

Add address bounds checking to the routines that write or erase Flash memory to ensure that a routine
called with an illegal address does not result in modification of the Flash.
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18. External Data Memory Interface and On-Chip XRAM

For C8051F50x/F51x devices, 4 kB of RAM are included on-chip and mapped into the external data mem-
ory space (XRAM). Additionally, an External Memory Interface (EMIF) is available on the C8051F500/1/4/5
and C8051F508/9-F510/1 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 RO 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
(EMIOCN, shown in SFR Definition 18.1).

Note: The MOVX instruction can also be used for writing to the Flash memory. See Section “15. Flash Memory” on
page 129 for details. The MOVX instruction accesses XRAM by default.

18.1. 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 RO or R1 in combination with the EMIOCN register to generate the effective XRAM
address. Examples of both of these methods are given below.

18.1.1. 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:

%oy DPTR, #1234h ; load DPTR with 16-bit address to read (0x1234)
MOVX A @PTR : load contents of 0x1234 into accumul ator 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.

18.1.2. 8-Bit MOVX Example

The 8-bit form of the MOVX instruction uses the contents of the EMIOCN SFR to determine the upper 8-bits
of the effective address to be accessed and the contents of RO 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.

%o EM OCN, #12h ; load high byte of address into EM OCN
oY RO, #34h ; load | ow byte of address into RO (or R1)
MOVX a, @0 ; load contents of 0x1234 into accumul ator A
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Table 18.2. EMIF Pinout (C8051F508/9-F510/1)

Multiplexed Mode
Signal Name Port Pin
RD P16
WR P17
ALE P1.5
DO/AO P3.0
D1/Al P3.1
D2/A2 P3.2
D3/A3 P3.3
D4/A4 P3.4
D5/A5 P3.5
D6/A6 P3.6
D7/A7 P3.7
A8 P2.0
A9 P2.1
Al10 P2.2
All P2.3
Al12 P2.4
Al3 P2.5
Al4 P2.6
Al5 P2.7
150 Rev. 1.2 )
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SFR Definition 18.2. EMIOCF: External Memory Configuration

Bit 7 6 5 4 3 2 1 0
Name EMD2 EMD[1:0] EALE[1:0]
Type R/W
Reset 0 0 0 0 0 0 1 1

SFR Address = 0xB2; SFR Page = OxOF

Bit

Name

Function

75

Unused

Read = 000b; Write = Don't Care.

4

EMD2

EMIF Multiplex Mode Select Bit.
0: EMIF operates in multiplexed address/data mode
1: EMIF operates in non-multiplexed mode (separate address and data pins)

3:2

EMDI[1:0]

EMIF Operating Mode Select Bits.

00: Internal Only: MOVX accesses on-chip XRAM only. All effective addresses alias to
on-chip memory space

01: Split Mode without Bank Select: Accesses below the 4 kB boundary are directed
on-chip. Accesses above the 4 kB boundary are directed off-chip. 8-bit off-chip MOVX
operations use current contents of the Address high port latches to resolve the upper
address byte. To access off chip space, EMIOCN must be set to a page that is not con-
tained in the on-chip address space.

10: Split Mode with Bank Select: Accesses below the 4 kB boundary are directed on-
chip. Accesses above the 4 kB boundary are directed off-chip. 8-bit off-chip MOVX
operations uses the contents of EMIOCN to determine the high-byte of the address.
11: External Only: MOVX accesses off-chip XRAM only. On-chip XRAM is not visible to
the CPU.

1:0

EALE[1:0]

ALE Pulse-Width Select Bits.

These bits only have an effect when EMD2 = 0.

00: ALE high and ALE low pulse width = 1 SYSCLK cycle.
01: ALE high and ALE low pulse width = 2 SYSCLK cycles.
10: ALE high and ALE low pulse width = 3 SYSCLK cycles.
11: ALE high and ALE low pulse width = 4 SYSCLK cycles.
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18.6.2.3. 8-bit MOVX with Bank Select: EMIOCF[4:2] = 010

Muxed 8-bit WRITE with Bank Select

ADDR[15:8] EMIF ADDRESS (8 MSBs) from EMIOCN

EMIF ADDRESS (8 LSBs) from
RO or R1

<—TALEH 4"47TALEL —>
ALE \

AD[7:0] EMIF WRITE DATA

A
—
Y
A

T
WDS WDH

<—TACS—>’4—TACW —P(—TACH —>

IRD
Muxed 8-bit READ with Bank Select
ADDR([15:8] EMIF ADDRESS (8 MSBs) from EMIOCN
AD[7:0] EMIF ADDRESS (8 LSBs) from I/ EMIF READ DATA

RO or R1

<—TALEH AP’RTALEL —> T —>«—T
RDS RDH
ALE \

<—TACS—P’<—TACW —><—TACH —>
/RD \ /

/WR

Figure 18.9. Multiplexed 8-bit MOVX with Bank Select Timing
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Table 18.3. AC Parameters for External Memory Interface

Parameter Description Min* Max* Units
Tacs Address/Control Setup Time 0 3 X TgyscLk ns
Tacw Address/Control Pulse Width 1 X TsysciLk 16 x TsyscLk ns
TacH Address/Control Hold Time 0 3 X TgyscLk ns
TalEN Address Latch Enable High Time 1 X TsyscLk 4 X TgyscLk ns
TALEL Address Latch Enable Low Time 1x Tsyscik 4 X TsyscLK ns
Twos Write Data Setup Time 1x TgyscLk 19 x TgyscLk ns
TwbH Write Data Hold Time 0 3 X TsyscLk ns
TrDS Read Data Setup Time 20 ns
TROH Read Data Hold Time 0 ns

*Note: Tgyscik is equal to one period of the device system clock (SYSCLK).
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XTAL1 {X|

|
10MQ |

VW XTAL2 %47
(i

32.768 kHz

22pF* —— — 22pF*

N N

* Capacitor values depend on
crystal specifications

Figure 19.3. External 32.768 kHz Quartz Crystal Oscillator Connection Diagram

19.4.2. External RC Example

If an RC network is used as an external oscillator source for the MCU, the circuit should be configured as
shown in Figure 19.1, Option 2. The capacitor should be no greater than 100 pF; however for very small
capacitors, the total capacitance may be dominated by parasitic capacitance in the PCB layout. To deter-
mine the required External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, first
select the RC network value to produce the desired frequency of oscillation, according to Equation , where
f = the frequency of oscillation in MHz, C = the capacitor value in pF, and R = the pull-up resistor value in
kQ.

f=1.23x10°/(RxC)

Equation 19.1. RC Mode Oscillator Frequency
For example: If the frequency desired is 100 kHz, let R = 246 kQ and C = 50 pF:

f = 1.23(10%)/RC = 1.23(10%)/[246 x 50] = 0.1 MHz = 100 kHz
Referring to the table in SFR Definition 19.6, the required XFCN setting is 010b.

19.4.3. External Capacitor Example

If a capacitor is used as an external oscillator for the MCU, the circuit should be configured as shown in
Figure 19.1, Option 3. The capacitor should be no greater than 100 pF; however for very small capacitors,
the total capacitance may be dominated by parasitic capacitance in the PCB layout. To determine the
required External Oscillator Frequency Control value (XFCN) in the OSCXCN Register, select the capaci-
tor to be used and find the frequency of oscillation according to Equation 19.2, where f = the frequency of
oscillation in MHz, C = the capacitor value in pF, and Vpp = the MCU power supply in Volts.
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20.1.3. Interfacing Port I/O in a Multi-Voltage System

All Port I/O are capable of interfacing to digital logic operating at a supply voltage higher than VDD and
less than 5.25 V. Connect the VIO pin to the voltage source of the interface logic.

20.2. Assigning Port I/0O Pins to Analog and Digital Functions

Port I/0 pins P0.0—P3.7 can be assigned to various analog, digital, and external interrupt functions. P4.0-
P4.7 can be assigned to only digital functions. The Port pins assigned to analog functions should be con-
figured for analog 1/0, and Port pins assigned to digital or external interrupt functions should be configured
for digital 1/0.

20.2.1. Assigning Port I/0O Pins to Analog Functions

Table 20.1 shows all available analog functions that require Port I/0O assignments. Port pins selected for
these analog functions should have their corresponding bit in PnSKIP set to 1. This reserves the pin
for use by the analog function and does not allow it to be claimed by the Crossbar. Table 20.1 shows the
potential mapping of Port I/O to each analog function.

Table 20.1. Port I/0O Assignment for Analog Functions

Analog Function Potentially Assignable SFR(s) used for
Port Pins Assignment
ADC Input P0.0—P3.7* ADCOMX, PnSKIP
Comparator0O or Compartorl Input P0.0-P2.7 CPTOMX, CPT1MX,
PnSKIP
Voltage Reference (VREFO) PO.0 REFOCN, PnSKIP
External Oscillator in Crystal Mode (XTAL1) P0.2 OSCXCN, PnSKIP
External Oscillator in RC, C, or Crystal Mode (XTALZ2) P0.3 OSCXCN, PnSKIP

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

20.2.2. Assigning Port 1/0 Pins to Digital Functions

Any Port pins not assigned to analog functions may be assigned to digital functions or used as GPIO. Most
digital functions rely on the Crossbar for pin assignment; however, some digital functions bypass the
Crossbar in a manner similar to the analog functions listed above. Port pins used by these digital func-
tions and any Port pins selected for use as GPIO should have their corresponding bit in PnSKIP set
to 1. Table 20.2 shows all available digital functions and the potential mapping of Port I/O to each digital
function.

Table 20.2. Port I/O Assignment for Digital Functions

Digital Function Potentially Assignable Port Pins SFR(s) used for
Assignment
UARTO, SPIO, SMBus, Any Port pin available for assignment by the XBRO, XBR1, XBR2

CANQO, LINO, CPOQ, CPOA, Crossbar. This includes P0.0—P4.7* pins which
CP1, CP1A, SYSCLK, PCAO | have their PnSKIP bit set to 0.

(CEXO0-5 and ECI), TO or T1. | Note: The Crossbar will always assign UARTO pins
to P0.4 and P0.5 and always assign CANO to
P0.6 and PO0.7.

Any pin used for GPIO P0.0-P4.7* POSKIP, P1SKIP,
P2SKIP, P3SKIP

*Note: P3.1-P3.7 and P4.0 are only available on the 48-pin and 40pin packages. P4.1-P4.7 are only available on
the 48-pin package. A skip register is not available for P4.

Rev. 1.2 179

SILICON LABS



C8051F50x/F51x

21.1. Software Interface with the LIN Controller

The selection of the mode (Master or Slave) and the automatic baud rate feature are done though the LINO
Control Mode (LINOCF) register. The other LIN registers are accessed indirectly through the two SFRs
LINO Address (LINOADR) and LINO Data (LINODAT). The LINOADR register selects which LIN register is
targeted by reads/writes of the LINODAT register. The full list of indirectly-accessible LIN registers is given
in Table 21.4 on page 210.

21.2. LIN Interface Setup and Operation

The hardware based LIN controller allows for the implementation of both Master and Slave nodes with
minimal firmware overhead and complete control of the interface status while allowing for interrupt and
polled mode operation.

The first step to use the controller is to define the basic characteristics of the node:
Mode—Master or Slave
Baud Rate—Either defined manually or using the autobaud feature (slave mode only)

Checksum Type—Select between classic or enhanced checksum, both of which are implemented in hard-
ware.

21.2.1. Mode Definition

Following the LIN specification, the controller implements in hardware both the Slave and Master operating
modes. The mode is configured using the MODE bit (LINOCF.6).

21.2.2. Baud Rate Options: Manual or Autobaud

The LIN controller can be selected to have its baud rate calculated manually or automatically. A master
node must always have its baud rate set manually, but slave nodes can choose between a manual or auto-
matic setup. The configuration is selected using the ABAUD bit (LINOCF.5).

Both the manual and automatic baud rate configurations require additional setup. The following sections
explain the different options available and their relation with the baud rate, along with the steps necessary
to achieve the required baud rate.

21.2.3. Baud Rate Calculations: Manual Mode

The baud rate used by the LIN controller is a function of the System Clock (SYSCLK) and the LIN timing
registers according to the following equation:

SYSCLK

baud_rate = (prescaler + 1)
2P xdivider x(multiplier + 1)

The prescaler, divider and multiplier factors are part of the LINODIV and LINOMUL registers and can
assume values in the following range:

Table 21.1. Baud Rate Calculation Variable Ranges

Factor Range
prescaler 0...3
multiplier 0..31

divider 200...511

Important Note: The minimum system clock (SYSCLK) to operate the LIN controller is 8 MHz.
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26.2. 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.

26.2.1. 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 26.4,
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[r[r[r[T]s[s
3|3|2|2|1|0|C|C
T2XCLK  [MM[M[M|M|M]|A|A
l H[L|H[L 1|0
SYSCLK /12— 0 T2 I—’ To SMBus ‘Swews
Overflow

0
TR2 TCLK
TMR2L TMR2H TF2H
External Clock /8 —— 1 TEoL Interrupt
TF2LEN
SYSClK —— 11 T T T T TF2CEN

T2SPLIT
TR2  —»
TMR2RLL [ TMR2RLH [«
Reload

TMR2CN 4]

T2XCLK

Figure 26.4. Timer 2 16-Bit Mode Block Diagram

26.2.2. 8-bit Timers with Auto-Reload

When T2SPLIT is set, Timer 2 operates as two 8-bit timers (TMR2H and TMR2L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 26.5. TMR2RLL holds the reload value for TMR2L; TMR2RLH
holds the reload value for TMR2H. The TR2 bit in TMR2CN handles the run control for TMR2H. TMR2L is
always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, or the external oscillator clock
source divided by 8. The Timer 2 Clock Select bits (T2MH and T2ML in CKCON) select either SYSCLK or
the clock defined by the Timer 2 External Clock Select bit (T2XCLK in TMR2CN), as follows:
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26.3. Timer 3

Timer 3 is a 16-bit timer formed by two 8-bit SFRs: TMR3L (low byte) and TMR3H (high byte). Timer 3 may
operate in 16-bit auto-reload mode or (split) 8-bit auto-reload mode. The T3SPLIT bit (TMR3CN.3) defines
the Timer 3 operation mode.

Timer 3 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 3 (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.

26.3.1. 16-bit Timer with Auto-Reload

When T3SPLIT (TMR3CN.3) is zero, Timer 3 operates as a 16-bit timer with auto-reload. Timer 3 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 3
reload registers (TMR3RLH and TMR3RLL) is loaded into the Timer 3 register as shown in Figure 26.7,
and the Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled, an interrupt
will be generated on each Timer 3 overflow. Additionally, if Timer 3 interrupts are enabled and the TF3LEN
bit is set (TMR3CN.5), an interrupt will be generated each time the lower 8 bits (TMR3L) overflow from
OxFF to 0x00.

CKCON
[Tl
3|2|2]1
MM[M|M
L|H|L

!
3
T3XCLK M|

l H
To ADC,

SYSCLK /12 —— 0 l T3 To SMBus SMBus
Overflow
TCLK
RS TF3H Interrupt
TF3L
TF3LEN

TF3CEN
T3SPLIT
TR3 +——»

M

S
0(C!
A
1

o>»0Ww

TMR3L TMR3H

External Clock /8 —— 1

SYSoLK ———— 1 T T T T

TMR3RLL | TMR3RLH

TMR3CN Y,

T3XCLK

A

Reload

Figure 26.7. Timer 3 16-Bit Mode Block Diagram

26.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is set, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 26.8. TMR3RLL holds the reload value for TMR3L; TMR3RLH
holds the reload value for TMR3H. The TR3 bit in TMR3CN handles the run control for TMR3H. TMR3L is
always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, or the external oscillator clock
source divided by 8. The Timer 3 Clock Select bits (T3MH and T3ML in CKCON) select either SYSCLK or
the clock defined by the Timer 3 External Clock Select bit (T3XCLK in TMR3CN), as follows:
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