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Figure 1.2. C8051F801, C8051F807, C8051F813, C8051F819 Block Diagram
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Table 2.1. Product Selection Guide

s —~

2 o o2 | €

5 S| £ > ~| 2 3 (8. Y

3 32| 8E |58 _|s8=8,|,5/88 ¢

SE |95 g% 853 |33|828|88 (55 3

g Z 58 66 |tsx|x2|S3</<6|Ca| &
C8051F800-GU | 17 16 16 512 v 16 v QSOP-24
C8051F801-GU | 17 8 16 512 4 16 v QSOP-24
C8051F802-GU | 17 — 16 512 v 16 v QSOP-24
C8051F800-GM | 17 16 16 512 v 16 4 QFN-20
C8051F801-GM | 17 8 16 512 v 16 4 QFN-20
C8051F802-GM | 17 — 16 512 v 16 4 QFN-20
C8051F803-GS | 13 12 16 512 v 12 v SOIC-16
C8051F804-GS | 13 8 16 512 v 12 v SOIC-16
C8051F805-GS | 13 — 16 512 v 12 v SOIC-16
C8051F806-GU | 17 16 16 512 — — — | QSOP-24
C8051F807-GU | 17 8 16 512 — — — | QSOP-24
C8051F808-GU | 17 — 16 512 — — — | QSOP-24
C8051F806-GM | 17 16 16 512 — — — QFN-20
C8051F807-GM | 17 8 16 512 — — — QFN-20
C8051F808-GM | 17 — 16 512 — — — QFN-20
C8051F809-GS | 13 12 16 512 — — — SOIC-16
C8051F810-GS | 13 8 16 512 — — — SOIC-16
C8051F811-GS | 13 — 16 512 — — — SOIC-16
C8051F812-GU | 17 16 8 512 v 16 v QSOP-24
C8051F813-GU | 17 8 8 512 v 16 v QSOP-24
C8051F814-GU | 17 — 8 512 v 16 v QSOP-24
C8051F812-GM | 17 16 8 512 v 16 4 QFN-20
C8051F813-GM | 17 8 8 512 v 16 v QFN-20
C8051F814-GM | 17 — 8 512 v 16 4 QFN-20
C8051F815-GS | 13 12 8 512 v 12 v SOIC-16
C8051F816-GS | 13 8 8 512 v 12 v SOIC-16
C8051F817-GS | 13 — 8 512 v 12 v SOIC-16
C8051F818-GU | 17 16 8 512 — — — | QSOP-24
C8051F819-GU | 17 8 8 512 — — — | QSOP-24
C8051F820-GU | 17 — 8 512 — — — | QSOP-24
C8051F818-GM | 17 16 8 512 — — — QFN-20
C8051F819-GM | 17 8 8 512 — — — QFN-20
C8051F820-GM | 17 — 8 512 — — — QFN-20
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Table 7.10. Power Management Electrical Characteristics

Vpp = 1.810 3.6 V; Ty = —40 to +85 °C unless otherwise specified. Use factory-calibrated settings.

Parameter Conditions Min Typ | Max Units
Idle Mode Wake-Up Time 2 — 3 SYSCLKs
Suspend Mode Wake-up Time — 500 — ns
Table 7.11. Temperature Sensor Electrical Characteristics

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

Parameter Conditions Min Typ Max Units
Linearity — 1 — °C
Slope — 2.43 — mV/°C
Slope Error* — +45 — pv/eC
Offset Temp=0°C — 873 — mV
Offset Error* Temp=0-°C — 14.5 — mV
*Note: Represents one standard deviation from the mean.
Table 7.12. Voltage Reference Electrical Characteristics
Vpp = 1.8 t0 3.6 V; —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Internal High Speed Reference (REFSL[1:0] = 11)
Output Voltage 25 °C ambient 155 | 1.65 | 1.75 \%
Turn-on Time — — 1.7 us
Supply Current — 180 — MA
External Reference (REFOE = 0)
Input Voltage Range 0 — Vpp
Input Current Sample Rate = 500 ksps; VREF = 3.0 V — 7 — A

44
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8.5. ADCO Analog Multiplexer

ADCO on the C8051F800/1/2/3/4/5, C8051F812/3/4/5/6/7, C8051F824/5/6, and C8051F830/1/2 uses an
analog input multiplexer to select the positive input to the ADC. Any of the following may be selected as the
positive input: Port 0 or Port 1 1/O pins, the on-chip temperature sensor, or the positive power supply (Vpp)-

The ADCO input channel is selected in the ADCOMX register described in SFR Definition 8.9.

ADCOMX
<t |mlN|d|o
(Al a iy oy ey a8
o|o|lo|o|o
XX |[X|X[X
A D g
(< (< || <
PO.OK——
L
Note: P1.4-P1.7
are not available )
on the 16-pin
packages. PY
@ PL7XK— AMUX ADCO
Temp
Sensors VREG Output ———»
VDD ———
GND ———» /

Figure 8.6. ADCO Multiplexer Block Diagram

Important Note About ADCO Input Configuration: Port pins selected as ADCO inputs should be config-
ured as analog inputs, and should be skipped by the Digital Crossbar. To configure a Port pin for analog
input, set the corresponding bit in register PNMDIN to 0. To force the Crossbar to skip a Port pin, set the
corresponding bit in register PnSKIP to 1. See Section “23. Port Input/Output” on page 138 for more Port
I/0 configuration details.
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SFR Definition 13.1. CSOCN: Capacitive Sense Control

Bit 7 6 5 4 3 2 1 0
Name | CSOEN CSOINT | CSOBUSY | CSOCMPEN CSOCMPF
Type RIW R RIW RIW R/W R R R
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xB0; Bit-Addressable

Bit

Name

Description

7

CSOEN

CSO0 Enable.

0: CSO0 disabled and in low-power mode.
1: CSO enabled and ready to convert.

Unused

Read = 0Ob; Write = Don’t care

CSOINT

CSO Interrupt Flag.

0: CSO0 has not completed a data conversion since the last time CSOINT was
cleared.

1: CSO has completed a data conversion.

This bit is not automatically cleared by hardware.

CS0BUSY

CSO Busy.

Read:

0: CSO0 conversion is complete or a conversion is not currently in progress.
1: CSO0 conversion is in progress.

Write:

0: No effect.

1: Initiates CSO conversion if CSOCM[2:0] = 000b, 110b, or 111b.

CSOCMPEN

CSO0 Digital Comparator Enable Bit.

Enables the digital comparator, which compares accumulated CSO conversion
output to the value stored in CSOTHH:CSOTHL.

0: CSO0 digital comparator disabled.

1: CSO0 digital comparator enabled.

2:1

Unused

Read = 00b; Write = Don't care

CSOCMPF

CSO0 Digital Comparator Interrupt Flag.
0: CSO0 result is smaller than the value set by CSOTHH and CSOTHL since the last
time CSOCMPF was cleared.

1: CSO0 result is greater than the value set by CSOTHH and CSOTHL since the last
time CSOCMPF was cleared.

Note: On waking from suspend mode due to a CSO greater-than comparator event, the CSOCN register
should be accessed only after at least two system clock cycles have elapsed.

SILICON LABS
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Table 18.1. Interrupt Summary

Interrupt Source Interrupt | Priority |Pending Flag % | |Enable Priority
Vector |Order % % Flag Control
2 |z
g g
= |9
m |O
Reset 0x0000 |Top None N/A | N/A | Always Always
Enabled |Highest
External Interrupt O 0x0003 |0 IEO (TCON.1) Y |Y |EXO (IE.O) |PXO0 (IP.0)
(INTO)
Timer O Overflow 0x000B |1 TFO (TCON.5) Y |Y |ETO(IE.1) |PTO (IP.1)
External Interrupt 1 0x0013 |2 IEL1 (TCON.3) Y |Y |EX1(IE.2)|PX1(IP.2)
(INT1)
Timer 1 Overflow 0x001B |3 TF1 (TCON.7) Y |Y |ET1(IE.3)|PT1(IP.3)
UARTO 0x0023 |4 RI0 (SCONO0.0) Y |N |ESO(IE.4)|PSO0 (IP.4)
TIO (SCONO.1)
Timer 2 Overflow 0x002B |5 TF2H (TMR2CN.7) Y [N [ET2(IE.5) |PT2 (IP.5)
TF2L (TMR2CN.6)
SPIO 0x0033 |6 SPIF (SPIOCN.7) Y ESPIO PSPIO
WCOL (SPIOCN.6) (IE.6) (IP.6)
MODF (SPIOCN.5)
RXOVRN (SPIOCN.4)
SMBO 0x003B |7 S| (SMBOCN.0) Y |N |ESMBO PSMBO
(EIEL.0) |(EIP1.0)
Port Match 0x0043 |8 None N/A | N/A | EMAT PMAT
(EIEL.1) |(EIP1.1)
ADCO 0x004B |9 ADOWINT (ADCOCN.3) |Y |N |EWADCO |PWADCO
Window Compare (EIE1.2) |(EIP1.2)
ADCO 0x0053 |10 ADOINT (ADCOCN.5) |Y |N |EADCO PADCO
Conversion Complete (EIEL.3) |(EIP1.3)
Programmable 0x005B |11 CF (PCAOCN.7) Y |N |EPCAO PPCAO
Counter Array CCFn (PCAOCN.n) (EIEL.4) |(EIP1.4)
ComparatorO 0x0063 |12 CPOFIF (CPTOCN.4) N |N |[ECPO PCPO
CPORIF (CPTOCN.5) (EIE1.5) [(EIP1.5)
RESERVED
RESERVED
CSO0 Conversion Com- |0x007B |15 CSOINT (CSOCN.5) N |N |ECSCPT |PSCCPT
plete (EIE2.0) |(EIP2.0)
CSO0 Greater Than 0x0083 |16 CSOCMPF (CSOCN.0) |[N |N |ECSGRT |PSCGRT
(EIE2.1) |(EIP2.1)

18.2. Interrupt Register Descriptions

The SFRs used to enable the interrupt sources and set their priority level are described in this section.
Refer to the data sheet section associated with a particular on-chip peripheral for information regarding
valid interrupt conditions for the peripheral and the behavior of its interrupt-pending flag(s).

SILICON LABS
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21.1. 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 A 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 0V to Vrgr). Figure 21.2. plots the
power-on and Vpp monitor reset timing. The maximum Vpp ramp time is 1 ms; slower ramp times may
cause the device to be released from reset before Vpp reaches the Vgg level. For ramp times less than
1 ms, the power-on reset delay (Tporpelay) IS typically less than 10 ms.

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 enabled and selected

as a reset source following a power-on reset.

Vbb

VRST

Voo Supply
5

v

RST
Logic HIGH
_ Tprorpelay

Logic LOW

VDD

Power-On Monitor

Reset Reset

Figure 21.2. Power-On and Vpp Monitor Reset Timing
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SFR Definition 21.2. RSTSRC: Reset Source

Bit 7 6 5 4 3 2 1 0
Name FERROR | CORSEF | SWRSF | WDTRSF | MCDRSF | PORSF PINRSF
Type R R R/W R/W R R/W R/W R
Reset 0 Varies Varies Varies Varies Varies Varies Varies

SFR Address = OxEF
Bit Name Description Write Read

7 Unused |Unused. Don't care. 0

6 | FERROR |Flash Error Reset Flag. N/A Setto 1 if Flash
read/write/erase error
caused the last reset.

5 | CORSEF |ComparatorO Reset Enable |Writing a 1 enables Set to 1 if ComparatorO

and Flag. ComparatorQ as a reset caused the last reset.
source (active-low).

4 SWRSF | Software Reset Force and Writing a 1 forces a sys- | Setto 1 if last reset was

Flag. tem reset. caused by a write to
SWRSF.

3 | WDTRSF |Watchdog Timer Reset Flag. | N/A Set to 1 if Watchdog Timer
overflow caused the last
reset.

2 | MCDRSF |Missing Clock Detector Writing a 1 enables the Set to 1 if Missing Clock

Enable and Flag. Missing Clock Detector. Detector timeout caused
The MCD triggers a reset |the last reset.
if a missing clock condition
is detected.

1 PORSF |Power-On /Vpp Monitor Writing a 1 enables the Set to 1 anytime a power-
Reset Flag, and Vpp monitor Vpp monitor as a reset on or Vpp monitor reset
Reset Enable. source. occurs.

Writing 1 to this bit When set to 1 all other
before the Vpp monitor |RSTSRC flags are inde-
is enabled and stabilized |terminate.

may cause a system

reset.

0 PINRSF |HW Pin Reset Flag. N/A Setto 1 if RST pin caused
the last reset.

Note: Do not use read-modify-write operations on this register
128 Rev. 1.0
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22.3.3. External Capacitor Example

If a capacitor is used as an external oscillator for the MCU, the circuit should be configured as shown in
Figure 22.1, 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 22.2, where f = the frequency of
oscillation in MHz, C = the capacitor value in pF, and Vpp = the MCU power supply in volts.

Equation 22.2. C Mode Oscillator Frequency
f = (KF)/(RxVpp)

For example: Assume Vpp = 3.0 V and f = 150 kHz:

f=KF/ (C x VDD)
0.150 MHz = KF / (C x 3.0)

Since the frequency of roughly 150 kHz is desired, select the K Factor from the table in SFR Definition 22.4
(OSCXCN) as KF = 22:

0.150 MHz = 22/ (C x 3.0)
Cx 3.0 =22/0.150 MHz
C =146.6/3.0 pF = 48.8 pF

Therefore, the XFCN value to use in this example is 011b and C = 50 pF.

Rev. 1.0 137
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Port PO P1 o
PinNumber|0|1|2|3|4|5|6|7|0|1|2]|3]|4*5"|6* 70
Special =
Function|w [2|D D 0
. wlZ|<|=< >
Signals [ | O |~ |~ Z
S| x| X% O
TXO
RX0
SCK .
MISO 3
— o]
Mosl| | | g
NSS*| | | 5
SDA |5 S e
scL1& 1218 =
gl lglg <
POl | |3 |3 '§
o (9 N92] ©
CPOA|Z| |¥]2 g
SYSCLK | & affiac =
CEX0 5
CEX1 2
CEX2
ECI
TO
T1
PinSkip| 1|0 |1|1]|0o|o|o]|o|0|0]|0[0fO|0]O]O
Settings POSKIP P1SKIP

In this example, the crossbar is configured to assign the UART TXO0 and
RX0 signals, the SPI signals, and the PCA signals. Note that the SPI
signals are assigned as multiple signals. Additionally, pins P0.0, P0.2, and
P0.3 are configured to be skipped using the POSKIP register.

B These boxes represent the port pins which are used by the peripherals
in this configuration.

1% TX0 is assigned to P0.4

2" RXO0 is assigned to P0.5

3" SCK, MISO, MOSI, and NSS are assigned to P0.1, P0.6, P0.7, and
P1.0, respectively.

4" CEX0, CEX1, and CEX2 are assigned to P1.1, P1.2, and P1.3,
respectively.

All unassigned pins, including those skipped by XBRO can be used as
GPIO or for other non-crossbar functions.

Notes:
1. P1.4-P1.7 are not available on 16-pin packages.
2. NSS is only pinned out when the SPI is in 4-wire mode.

Figure 23.6. Priority Crossbar Decoder Example 2—Skipping Pins
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SFR Definition 23.8. POMDIN: Port O Input Mode

Bit 7 6 5 4 3 2 1 0
Name POMD|N[7IO]
Reset 1 1 1 1 1 1 1 1
SFR Address = 0xF1
Bit Name Function
7:0 | POMDIN[7:0] |Analog Configuration Bits for P0.7—P0.0 (respectively).

Port pins configured for analog mode have their weak pullup, digital driver, and
digital receiver disabled. In order for the PO.n pin to be in analog mode, there
MUST be a ‘1’ in the Port Latch register corresponding to that pin.

0: Corresponding P0O.n pin is configured for analog mode.

1: Corresponding PO0.n pin is not configured for analog mode.

SFR Definition 23.9. POMDOUT: Port 0 Output Mode

Bit 7 6 5 4 3 2 1 0
Name POMDOUTW:O]
Reset 0 0 0 0 0 0 0 0
SFR Address = 0xA4
Bit Name Function
7:0 | POMDOUT]7:0]

Output Configuration Bits for P0.7—P0.0 (respectively).

These bits are ignored if the corresponding bit in register POMDIN is logic O.
0: Corresponding P0.n Output is open-drain.

1: Corresponding P0.n Output is push-pull.

SILICON LABS
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SFR Definition 24.4. CRCOAUTO: CRC Automatic Control

Bit 7 6 5 4 3 2 1 0
Name | AUTOEN | CRCCPT | Reserved CRCO0ST[4:0]
Reset 0 1 0 0 0 0 0 0
SFR Address = 0xD2
Bit Name Function
7 AUTOEN Automatic CRC Calculation Enable.
When AUTOEN is set to 1, any write to CRCOCN will initiate an automatic CRC
starting at Flash sector CRCOST and continuing for CRCOCNT sectors.
6 CRCCPT Automatic CRC Calculation Complete.
Set to 0 when a CRC calculation is in progress. Code execution is stopped during
a CRC calculation, therefore reads from firmware will always return 1.
5 Reserved Must write O.
4:0 | CRCOST[4:0] |Automatic CRC Calculation Starting Flash Sector.
These bits specify the Flash sector to start the automatic CRC calculation. The
starting address of the first Flash sector included in the automatic CRC calculation
is CRCOST x 512.

SFR Definition 24.5. CRCOCNT: CRC Automatic Flash Sector Count

Bit 7 6 5 4 3 2 1 0
Name CRCOCNT[5:0]
Type R R R/W
Reset 0 0 0 0 0 0 0 0
SFR Address = 0xD3
Bit Name Function
7:6 Unused Read = 00b; Write = Don't Care.
5:0 | CRCOCNTI5:0] | Automatic CRC Calculation Flash Sector Count.

These bits specify the number of Flash sectors to include when performing an
automatic CRC calculation. The base address of the last flash sector included in
the automatic CRC calculation is equal to (CRCOST + CRCOCNT) x 512.

SILICON LABS
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Figure 25.10. SPI Slave Timing (CKPHA =0)
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Figure 25.11. SPI Slave Timing (CKPHA = 1)
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imum setup and hold times for the two EXTHOLD settings. Setup and hold time extensions are typically
necessary when SYSCLK is above 10 MHz.

Table 26.2. Minimum SDA Setup and Hold Times

EXTHOLD Minimum SDA Setup Time Minimum SDA Hold Time
Tiow — 4 system clocks
0 or 3 system clocks
1 system clock + s/w delay
1 11 system clocks 12 system clocks

Note: Setup Time for ACK bit transmissions and the MSB of all data transfers. When using
software acknowledgement, the s/w delay occurs between the time SMBODAT or
ACK is written and when Sl is cleared. Note that if Sl is cleared in the same write
that defines the outgoing ACK value, s/w delay is zero.

With the SMBTOE bit set, Timer 3 should be configured to overflow after 25 ms in order to detect SCL low
timeouts (see Section “26.3.4. SCL Low Timeout” on page 182). The SMBus interface will force Timer 3 to
reload while SCL is high, and allow Timer 3 to count when SCL is low. The Timer 3 interrupt service routine
should be used to reset SMBus communication by disabling and re-enabling the SMBus.

SMBus Free Timeout detection can be enabled by setting the SMBFTE bit. When this bit is set, the bus will
be considered free if SDA and SCL remain high for more than 10 SMBus clock source periods (see

Figure 26.4).

185
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SFR Definition 26.3. SMBOADR: SMBus Slave Address

Bit 7 6 5 4 3 2 1 0
Type R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xD7
Bit Name Function
7:1 SLV[6:0] SMBus Hardware Slave Address.
Defines the SMBus Slave Address(es) for automatic hardware acknowledgement.
Only address bits which have a 1 in the corresponding bit position in SLVM[6:0]
are checked against the incoming address. This allows multiple addresses to be
recognized.
0 GC General Call Address Enable.

When hardware address recognition is enabled (EHACK = 1), this bit will deter-
mine whether the General Call Address (0x00) is also recognized by hardware.
0: General Call Address is ignored.

1. General Call Address is recognized.

SFR Definition 26.4. SMBOADM: SMBus Slave Address Mask

Bit 7 6 5 4 3 2 1 0
Reset 1 1 1 1 1 1 1 0
SFR Address = 0xD6
Bit Name Function
7:1 SLVM[6:0] SMBus Slave Address Mask.
Defines which bits of register SMBOADR are compared with an incoming address
byte, and which bits are ignored. Any bit set to 1 in SLVM[6:0] enables compari-
sons with the corresponding bit in SLV[6:0]. Bits set to 0 are ignored (can be either
0 or 1 in the incoming address).
0 EHACK Hardware Acknowledge Enable.
Enables hardware acknowledgement of slave address and received data bytes.
0: Firmware must manually acknowledge all incoming address and data bytes.
1: Automatic Slave Address Recognition and Hardware Acknowledge is Enabled.
101 Rev. 1.0 )
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27.3. 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 MCEQO 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 TX RX TX RX TX RX TX
l l 000 J
L @ OO0
Figure 27.6. UART Multi-Processor Mode Interconnect Diagram
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28.2.3. Comparator 0 Capture Mode

The capture mode in Timer 2 allows Comparator O rising edges to be captured with the timer clocking from
the system clock or the system clock divided by 12. Timer 2 capture mode is enabled by setting TF2CEN
to 1 and T2SPLIT to O.

When capture mode is enabled, a capture event will be generated on every Comparator O rising edge.
When the capture event occurs, the contents of Timer 2 (TMR2H:TMR2L) are loaded into the Timer 2
reload registers (TMR2RLH:TMR2RLL) and the TF2H flag is set (triggering an interrupt if Timer 2 inter-
rupts are enabled). By recording the difference between two successive timer capture values, the
Comparator O period can be determined with respect to the Timer 2 clock. The Timer 2 clock should be
much faster than the capture clock to achieve an accurate reading.

This mode allows software to determine the time between consecutive Comparator O rising edges, which
can be used for detecting changes in the capacitance of a capacitive switch, or measuring the frequency of
a low-level analog signal.

T2XCLK CNEOIS
T[T|T|T[T|T|S|S
332|2|1]o|c|c
MIM[MIMIM[M]|A[A
SYSCLK /12 HIL[H|L 1j0
External Clock / 8 0
TR2 TCK | TMR2L | TMR2H
SYSCLK 1 Capture
Comparator 0 TF2CEN TMR2RLL | TMR2RLH > TE2H > Interrupt
Output j Py 1 =718
3] TF2LEN
| _TF2CEN —»
X | T2SPLIT
ECR2 +—>

T2XCLK —»

Figure 28.6. Timer 2 Capture Mode Block Diagram
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29. programmable Counter Array

The programmable counter array (PCAO) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer
and three 16-bit capture/compare modules. Each capture/compare module has its own associated I/O line
(CEXn) which is routed through the Crossbar to Port I/O when enabled. The counter/timer is driven by a
programmable timebase that can select between six sources: system clock, system clock divided by four,
system clock divided by twelve, the external oscillator clock source divided by 8, Timer 0 overflows, or an
external clock signal on the ECI input pin. Each capture/compare module may be configured to operate
independently in one of six modes: Edge-Triggered Capture, Software Timer, High-Speed Output, Fre-
quency Output, 8 to 15-Bit PWM, or 16-Bit PWM (each mode is described in Section
“29.3. Capture/Compare Modules” on page 228). The external oscillator clock option is ideal for real-time
clock (RTC) functionality, allowing the PCA to be clocked by a precision external oscillator while the inter-
nal oscillator drives the system clock. The PCA is configured and controlled through the system controller's
Special Function Registers. The PCA block diagram is shown in Figure 29.1

Important Note: The PCA Module 2 may be used as a watchdog timer (WDT), and is enabled in this mode
following a system reset. Access to certain PCA registers is restricted while WDT mode is enabled.
See Section 29.4 for details.

SYSCLK/12
SYSCLK/4

Timer 0 Overflow PCA
ECI CLOCK

> MUX
SYSCLK
_—

External Clock/8
—>

16-Bit Counter/Timer

Capture/Compare Capture/Compare Capture/Compare
Module 0 Module 1 Module 2 / WDT
A A A
m (@] (@] (@]
0 m m m
= x X X
o [l N
Y Y Y
Crossbar
:'"""_ TTTTTTTA
! Port 1/10 |
|

Figure 29.1. PCA Block Diagram
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29.4. Watchdog Timer Mode

A programmable watchdog timer (WDT) function is available through the PCA Module 2. The WDT is used
to generate a reset if the time between writes to the WDT update register (PCAOCPH2) exceed a specified
limit. The WDT can be configured and enabled/disabled as needed by software.

With the WDTE bit set in the PCAOMD register, Module 2 operates as a watchdog timer (WDT). The Mod-
ule 2 high byte is compared to the PCA counter high byte; the Module 2 low byte holds the offset to be
used when WDT updates are performed. The Watchdog Timer is enabled on reset. Writes to some
PCA registers are restricted while the Watchdog Timer is enabled. The WDT will generate a reset
shortly after code begins execution. To avoid this reset, the WDT should be explicitly disabled (and option-
ally re-configured and re-enabled if it is used in the system).

29.4.1. Watchdog Timer Operation
While the WDT is enabled:

PCA counter is forced on.

Writes to PCAOL and PCAOH are not allowed.

PCA clock source bits (CPS2—-CPSQ0) are frozen.

PCA Idle control bit (CIDL) is frozen.

Module 2 is forced into software timer mode.

Writes to the Module 2 mode register (PCAOCPM?2) are disabled.

While the WDT is enabled, writes to the CR bit will not change the PCA counter state; the counter will run
until the WDT is disabled. The PCA counter run control bit (CR) will read zero if the WDT is enabled but
user software has not enabled the PCA counter. If a match occurs between PCAOCPH2 and PCAOH while
the WDT is enabled, a reset will be generated. To prevent a WDT reset, the WDT may be updated with a
write of any value to PCAOCPH2. Upon a PCAOCPH2 write, PCAOH plus the offset held in PCAOCPL?2 is
loaded into PCAOCPH2 (See Figure 29.11).

PCAOMD
CWW |C|C|CI|E
ol 1lelele )| PCAOCPH?
D|T|L| |S|S|S|F
L|E|C| |2[1]|0
K

\;I> > 8-hit Match Rese
Enable | Comparator

i

PCAOCPL2 :’|> 8-bit Adder <: PCAOH PCAOL Overfiow

A

5 Adder
Enable

Write to
PCAOCPH2

Figure 29.11. PCA Module 2 with Watchdog Timer Enabled

The 8-bit offset held in PCAOCPH2 is compared to the upper byte of the 16-bit PCA counter. This offset
value is the number of PCAOL overflows before a reset. Up to 256 PCA clocks may pass before the first
PCAOL overflow occurs, depending on the value of the PCAOL when the update is performed. The total off-
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SFR Definition 29.5. PCAOL: PCAO Counter/Timer Low Byte

Bit 7 6 5 4 3 2 1 0
Name PCAO[7:0]

Type | RW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = 0xF9

Bit Name Function

7:0 | PCAOQ[7:0] |PCA Counter/Timer Low Byte.

The PCAOL register holds the low byte (LSB) of the 16-bit PCA Counter/Timer.

Note: When the WDTE bit is set to 1, the PCAOL register cannot be modified by software. To change the contents of
the PCAOL register, the Watchdog Timer must first be disabled.

SFR Definition 29.6. PCAOH: PCAO Counter/Timer High Byte

Bit 7 6 5 4 3 2 1 0
Name PCAQ[15:8]
Type | RW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = OxFA
Bit Name Function

7:0 | PCAQ[15:8] | PCA Counter/Timer High Byte.

The PCAOH register holds the high byte (MSB) of the 16-bit PCA Counter/Timer.
Reads of this register will read the contents of a “snapshot” register, whose contents
are updated only when the contents of PCAOL are read (see Section 29.1).

Note: When the WDTE bit is set to 1, the PCAOH register cannot be modified by software. To change the contents of
the PCAOH register, the Watchdog Timer must first be disabled.
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