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2. Ordering Information

The following features are common to all devices in this family:

Table 2.1 shows the feature that differentiate the devices in this family.

50 MHz system clock and 50 MIPS throughput (peak)
4352 bytes of RAM (256 internal bytes and 4096 XRAM bytes)

SMBuSs/I’C, Enhanced SPI, Enhanced UART

Four Timers

Six Programmable Counter Array channels

Internal 24 MHz oscillator

Internal Voltage Regulator

12-bit, 200 ksps ADC

Internal Voltage Reference and Temperature Sensor
Two Analog Comparators
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4.3. QFN-40 Package Specifications
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Figure 4.5. Typical QFN-40 Package Drawing

Option 1
Edge Exposed

Option 2
Option 1 Edge Pull-Back

Irreqular Corner

Table 4.5. QFN-40 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.85 0.90 E2 4.00 4.10 4.20
Al 0.00 0.05 L 0.35 0.40 0.45
b 0.18 0.23 0.28 L1 0.10
D 6.00 BSC aaa 0.10
D2 4.00 4.10 4.20 bbb 0.10
e 0.50 BSC ddd 0.05
E 6.00 BSC eee 0.08

Notes:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC Solid State Outline MO-220, variation VJJD-5, except for

features A, D2, and E2 which are toleranced per supplier designation.

4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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Figure 5.1. Minimum VDD Monitor Threshold vs. System Clock Frequency

With system clock frequencies greater than 25 MHz, the VDD monitor level should be set to the high threshold
(VDMLVL = 1b in SFR VDMOCN) to prevent undefined CPU operation. The high threshold should only be used
with an external regulator powering VDD directly. See Figure 10.2 on page 85 for the recommended power
supply connections.
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SFR Definition 9.2. CPTOMD: ComparatorO Mode Selection

Bit 7 6 5 4 3 2 1 0
Name CPORIE CPOFIE CPOMDI[1:0]
Type R R R/W R/W R R R/W
Reset 0 0 0 0 0 0 1 0

SFR Address = 0x9B; SFR Page = 0x00
Bit Name Function
7:6 Unused Read = 00b, Write = Don't Care.
5 CPORIE ComparatorO Rising-Edge Interrupt Enable.
0: Comparator0 Rising-edge interrupt disabled.
1: ComparatorO Rising-edge interrupt enabled.
4 CPOFIE Comparator0 Falling-Edge Interrupt Enable.
0: ComparatorQ Falling-edge interrupt disabled.
1: Comparator0Q Falling-edge interrupt enabled.
3:2 Unused Read = 00b, Write = don't care.
1:0 | CPOMDI[1:0] |ComparatorO Mode Select.
These bits affect the response time and power consumption for Comparator0.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)
01: Mode 1
10: Mode 2
11: Mode 3 (Slowest Response Time, Lowest Power Consumption)
78 Rev. 1.2
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SFR Definition 9.6. CPT1MX: Comparatorl MUX Selection

Bit 7 6 5 4 3 2 1 0
Name CMXIN[3:0] CMX1P[3:0]
Reset 0 1 1 1 0 1 1 1

SFR Address = 0x9F; SFR Page = 0x00
Bit Name Function
7:4 | CMX1IN[3:0] | Comparatorl Negative Input MUX Selection.
0000: P0.1
0001: P0.3
0010: P0.5
0011: P0.7
0100: P1.1
0101: P1.3
0110: P1.5
0111: P1.7
1000: P2.1
1001: P2.3
1010: P2.5
1011: pP2.7
1100-1111: None
3:0 | CMX1P[3:0] | Comparatorl Positive Input MUX Selection.
0000: PO.0
0001.: P0.2
0010: P0.4
0011: P0.6
0100: P1.0
0101: P1.2
0110: P1.4
0111: P1.6
1000: P2.0
1001: P2.2
1010: P2.4
1011: P2.6
1100-1111: None
) Rev. 1.2 83
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Figure 10.2. External Capacitors for Voltage Regulator Input/Output—

Regulator Disabled

SFR Definition 10.1. REGOCN: Regulator Control

Bit 7 6 5 4 3 0
Name | REGDIS | Reserved REGOMD DROPOUT
Type | RW RIW R RIW R R
Reset 0 1 0 1 0 0

SFR Address = 0xC9; SFR Page = 0x00

Bit Name Function
7 REGDIS  |voltage Regulator Disable Bit.
0: Voltage Regulator Enabled
1: Voltage Regulator Disabled
6 Reserved Read = 1b; Must Write 1b.
5 Unused Read = Ob; Write = Don'’t Care.
4 REGOMD  |voltage Regulator Mode Select Bit.
0: Voltage Regulator Output is 2.1V.
1: Voltage Regulator Output is 2.6V.
31 Unused Read = 000b. Write = Don’t Care.
0 DROPOUT | vpltage Regulator Dropout Indicator.
0: Voltage Regulator is not in dropout
1: Voltage Regulator is in or near dropout.
85 Rev. 1.2 )
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SFR Definition 11.3. SP: Stack Pointer

Bit 7 6 5 4 2 1 0
Name SP[7:0]
Type R/W
Reset 0 0 0 0 1 1 1
SFR Address = 0x81; SFR Page = All Pages
Bit Name Function
7:0 SP[7:0] |Stack Pointer.

The Stack Pointer holds the location of the top of the stack. The stack pointer is incre-
mented before every PUSH operation. The SP register defaults to 0x07 after reset.

SFR Definition 11.4. ACC: Accumulator

Bit 7 6 5 4 2 1 0
Name ACCJ[7:0]
Type R/W
Reset 0 0 0 0 0 0 0
SFR Address = OXEQ; SFR Page = All Pages; Bit-Addressable
Bit Name Function
7:0 | ACCI[7:0] |Accumulator.

This register is the accumulator for arithmetic operations.

SFR Definition 11.5. B: B Register

Bit 7 6 5 4 3 2 1 0
Name B[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Address = 0xF0; SFR Page = All Pages; Bit-Addressable
Bit Name Function
7:0 B[7:0] B Register.

This register serves as a second accumulator for certain arithmetic operations.

SILICON LABS
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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

) Rev. 1.2 114
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SFR Definition 14.2. IP: Interrupt Priority

Bit 7 6 5 4 3 2 1 0
Name PSPIO PT2 PSO PT1 PX1 PTO PX0
Type R RIW RIW RIW RIW RIW RIW RIW
Reset 1 0 0 0 0 0 0 0

SFR Address = 0xB8; Bit-Addressable; SFR Page = All Pages

Bit

Name

Function

7

Unused

Read = 1b, Write = Don't Care.

6

PSPIO

Serial Peripheral Interface (SPIO) Interrupt Priority Control.
This bit sets the priority of the SPIO interrupt.

0: SPIO interrupt set to low priority level.

1: SPIO interrupt set to high priority level.

PT2

Timer 2 Interrupt Priority Control.

This bit sets the priority of the Timer 2 interrupt.
0: Timer 2 interrupt set to low priority level.

1: Timer 2 interrupt set to high priority level.

PSO

UARTO Interrupt Priority Control.

This bit sets the priority of the UARTO interrupt.
0: UARTO interrupt set to low priority level.

1: UARTO interrupt set to high priority level.

PT1

Timer 1 Interrupt Priority Control.

This bit sets the priority of the Timer 1 interrupt.
0: Timer 1 interrupt set to low priority level.

1: Timer 1 interrupt set to high priority level.

PX1

External Interrupt 1 Priority Control.

This bit sets the priority of the External Interrupt 1 interrupt.
0: External Interrupt 1 set to low priority level.

1: External Interrupt 1 set to high priority level.

PTO

Timer O Interrupt Priority Control.

This bit sets the priority of the Timer O interrupt.
0: Timer O interrupt set to low priority level.

1: Timer O interrupt set to high priority level.

PXO0

External Interrupt O Priority Control.

This bit sets the priority of the External Interrupt O interrupt.
0: External Interrupt O set to low priority level.

1: External Interrupt O set to high priority level.

122
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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.
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24. UARTO

UARTO is an asynchronous, full duplex serial port offering a variety of data formatting options. A dedicated
baud rate generator with a 16-bit timer and selectable prescaler is included, which can generate a wide
range of baud rates (details in Section “24.1. Baud Rate Generator” on page 243). A received data FIFO
allows UARTO to receive up to three data bytes before data is lost and an overflow occurs.

UARTO has six associated SFRs. Three are used for the Baud Rate Generator (SBCONO, SBRLHO, and
SBRLLO), two are used for data formatting, control, and status functions (SCONO, SMODO0), and one is
used to send and receive data (SBUFO0). The single SBUFO location provides access to both transmit and
receive registers. Writes to SBUFO always access the Transmit register. Reads of SBUFO always
access the buffered Receive register; it is not possible to read data from the Transmit register.

With UARTO interrupts enabled, an interrupt is generated each time a transmit is completed (TIO is set in
SCONQO0), or a data byte has been received (RIO is set in SCONO0). The UARTO interrupt flags are not
cleared by hardware when the CPU vectors to the interrupt service routine. They must be cleared manually
by software, allowing software to determine the cause of the UARTO interrupt (transmit complete or receive
complete). If additional bytes are available in the Receive FIFO, the RIO bit cannot be cleared by software.

- L X IE
Baud Rate Generator Datasli;)c‘r)rssttlng Logic TX0
[SBRLHO [ SBRLLO overfiow S ERREERE R .3
olalalxal@la|m TX Holding
Pre-Scaler =33 35" M| Register
SYSCLK »  Timer (16-bit) > ——
EN (1, 4,12, 48) Write to SBUFO
T A
= P Control / Status Read of SBUFO
2 g g SCONO < ”| RX FIFO
3 o ERERREE »_(3 Deep)
SJfijed e 1 L}
SBCONO o~ RX
[ Logic <_|X|RXO
UARTO
Interrupt

Figure 24.1. UARTO Block Diagram

24.1. Baud Rate Generator

The UARTO baud rate is generated by a dedicated 16-bit timer which runs from the controller’s core clock
(SYSCLK) and has prescaler options of 1, 4, 12, or 48. The timer and prescaler options combined allow for
a wide selection of baud rates over many clock frequencies.

The baud rate generator is configured using three registers: SBCONO, SBRLHO, and SBRLLO. The
UARTO Baud Rate Generator Control Register (SBCONO, SFR Definition 24.4) enables or disables the
baud rate generator, selects the clock source for the baud rate generator, and selects the prescaler value
for the timer. The baud rate generator must be enabled for UARTO to function. Registers SBRLHO and
SBRLLO contain a 16-bit reload value for the dedicated 16-bit timer. The internal timer counts up from the
reload value on every clock tick. On timer overflows (OxFFFF to 0x0000), the timer is reloaded. The baud
rate for UARTO is defined in Equation 24.1, where “BRG Clock” is the baud rate generator’s selected clock
source. For reliable UART operation, it is recommended that the UART baud rate is not configured for
baud rates faster than SYSCLK/16.
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If the extra bit function is enabled (XBEO = 1) and the parity function is disabled (PEO = 0), the extra bit for
the oldest byte in the FIFO can be read from the RBXO0 bit (SCONO.2). If the extra bit function is not
enabled, the value of the stop bit for the oldest FIFO byte will be presented in RBX0. When the parity func-
tion is enabled (PEO = 1), hardware will check the received parity bit against the selected parity type
(selected with SOPT[1:0]) when receiving data. If a byte with parity error is received, the PERRO flag will be
set to 1. This flag must be cleared by software. Note: when parity is enabled, the extra bit function is not
available.

24.3.3. Multiprocessor Communications

UARTO supports multiprocessor communication between a master processor and one or more slave pro-
cessors by special use of the extra 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 extra bit is logic 1; in a data byte, the extra bit is always set to logic O.

Setting the MCEOQ bit (SMODO0.7) of a slave processor configures its UART such that when a stop bit is
received, the UART will generate an interrupt only if the extra bit is logic 1 (RBX0 = 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 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
MCEDO 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 trans-
missions 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 ™ RX X RX X
l l Q00 J
4 @®— OO0
Figure 24.6. UART Multi-Processor Mode Interconnect Diagram
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SFR Definition 24.3. SBUFO: Serial (UARTO) Port Data Buffer

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

SFR Address = 0x99; SFR Page = 0x00
Bit Name Function

7:0 | SBUFO[7:0] | Serial Data Buffer Bits 7-0 (MSB—LSB).

This SFR accesses two registers; a transmit shift register and a receive latch register.
When data is written to SBUFO, it goes to the transmit shift register and is held for
serial transmission. Writing a byte to SBUFO initiates the transmission. A read of
SBUFO returns the contents of the receive latch.

SFR Definition 24.4. SBCONO: UARTO Baud Rate Generator Control

Bit 7 6 5 4 3 2 1 0
Name | Reserved | SBORUN | Reserved | Reserved | Reserved | Reserved SBOPSJ[1:0]
Type R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = OxAB; SFR Page = 0x0F

Bit Name Function

7 Reserved | Read = Ob; Must Write Ob;

6 | SBORUN |Baud Rate Generator Enable.

0: Baud Rate Generator disabled. UARTO will not function.
1. Baud Rate Generator enabled.

5:2 | Reserved |Read = 0000b; Must Write = 0000b;

1:0 | SBOPS[1:0] | Baud Rate Prescaler Select.

00: Prescaler = 12.
01: Prescaler = 4.
10: Prescaler = 48.
11: Prescaler = 1.
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25.5. Serial Clock Phase and Polarity

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the
SPIO Configuration Register (SPIOCFG). The CKPHA bit (SPIOCFG.5) selects one of two clock phases
(edge used to latch the data). The CKPOL bit (SPIOCFG.4) selects between an active-high or active-low
clock. Both master and slave devices must be configured to use the same clock phase and polarity. SPIO
should be disabled (by clearing the SPIEN bit, SPIOCN.0) when changing the clock phase or polarity. The
clock and data line relationships for master mode are shown in Figure 25.5. For slave mode, the clock and
data relationships are shown in Figure 25.6 and Figure 25.7. CKPHA must be set to 0 on both the master
and slave SPI when communicating between two of the following devices: C8051F04x, C8051F06x,
C8051F12x, C8051F31x, C8051F32x, and C8051F33x.

The SPIO Clock Rate Register (SPIOCKR) as shown in SFR Definition 25.3 controls the master mode
serial clock frequency. This register is ignored when operating in slave mode. When the SPI is configured
as a master, the maximum data transfer rate (bits/sec) is one-half the system clock frequency or 12.5 MHz,
whichever is slower. When the SPI is configured as a slave, the maximum data transfer rate (bits/sec) for
full-duplex operation is 1/10 the system clock frequency, provided that the master issues SCK, NSS (in 4-
wire slave mode), and the serial input data synchronously with the slave’s system clock. If the master
issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec)
must be less than 1/10 the system clock frequency. In the special case where the master only wants to
transmit data to the slave and does not need to receive data from the slave (i.e. half-duplex operation), the
SPI slave can receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency.
This is provided that the master issues SCK, NSS, and the serial input data synchronously with the slave’s
system clock.

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

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

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

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

MISO/MOSI YO wmse X Bite X Bits X mita X sita X Btz X it X Bito JNXXXOK

NSS (Must Remain High
in Multi-Master Mode)

Figure 25.5. Master Mode Data/Clock Timing
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Table 25.1. SPI Slave Timing Parameters

Parameter |Description Min Max Units
Master Mode Timing” (See Figure 25.8 and Figure 25.9)
TMcKH SCK High Time 1 X TsyscLk — ns
TMeKL SCK Low Time 1 X TsyscLk — ns
Twis MISO Valid to SCK Shift Edge 1 X Tgyscik + 20 — ns
TviH SCK Shift Edge to MISO Change 0 — ns
Slave Mode Timing* (See Figure 25.10 and Figure 25.11)
Tse NSS Falling to First SCK Edge 2 X TsyscLk — ns
Tsp Last SCK Edge to NSS Rising 2 X TgyscLk — ns
Tsez NSS Falling to MISO Valid — 4xTgysclk | Nns
Tspz NSS Rising to MISO High-Z — 4xTsysclk | Ns
TexH SCK High Time 5 X TsyscLk — ns
TexL SCK Low Time 5 X TsyscLk — ns
Tais MOSI Valid to SCK Sample Edge 2 X TsyscLk — ns
Toiy SCK Sample Edge to MOSI Change 2 X TgyscLk — ns
Tson SCK Shift Edge to MISO Change — 4xTgyscik | Ns
TsiH Last SCK Edge to MISO Change 6 X TsyscLk 8 X Tgyscik | s
(CKPHA = 1 ONLY)
*Note: TgyscLk is equal to one period of the device system clock (SYSCLK).
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CKCON TMOD ITOLCF
T[T[T[r]T[T[s]s]| [e[c[r[r]c[c]T]T IDODDDDE
3lzl2(2[1]olc|c| |A|/|r]|2]|a|/]o]o0 N [NINN NN NN
mimimimimivlalal [T1T M{m{T [T MM 1]|1|1]1]ofo]o|o
Ef1]1]o[e]o|1 |0 pls|s[s|r|s[s|s
HILRIL L]0 1 0 [N U VT
\i +| 2|1]o] |2]1]0
Pre-scaled Clock 0 l i
SYSCLK
T
T
TLO THO 00— Interrupt
. . 0
(5 bits) (8 bits) > T l
8 T1
EO
F 7o

Figure 26.1. TO Mode 0 Block Diagram

26.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The
counter/timers are enabled and configured in Mode 1 in the same manner as for Mode 0.

26.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload

Mode 2 configures Timer 0 and Timer 1 to operate as 8-bit counter/timers with automatic reload of the start
value. TLO holds the count and THO holds the reload value. When the counter in TLO overflows from all
ones to 0x00, the timer overflow flag TFO (TCON.5) is set and the counter in TLO is reloaded from THO. If
Timer O interrupts are enabled, an interrupt will occur when the TFO flag is set. The reload value in THO is
not changed. TLO must be initialized to the desired value before enabling the timer for the first count to be
correct. When in Mode 2, Timer 1 operates identically to Timer O.

Both counter/timers are enabled and configured in Mode 2 in the same manner as Mode 0. Setting the
TRO bit (TCON.4) enables the timer when either GATEO (TMOD.3) is logic 0 or when the input signal INTO
is active as defined by bit INOPL in register ITO1CF (see Section “14.3. External Interrupts INTO and INT1”
on page 126 for details on the external input signals INTO and INT1).
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T2MH T2XCLK | TMR2H Clock Source T2ML T2XCLK | TMR2L Clock Source
0 0 SYSCLK/12 0 0 SYSCLK/12
0 1 External Clock/8 0 1 External Clock/8
1 X SYSCLK 1 X SYSCLK

The TF2H bit is set when TMR2H overflows from OxFF to 0x00; the TF2L bit is set when TMR2L overflows
from OXFF to 0x00. When Timer 2 interrupts are enabled (IE.5), an interrupt is generated each time
TMR2H overflows. If Timer 2 interrupts are enabled and TF2LEN (TMR2CN.5) is set, an interrupt is gener-
ated each time either TMR2L or TMR2H overflows. When TF2LEN is enabled, software must check the
TF2H and TF2L flags to determine the source of the Timer 2 interrupt. The TF2H and TF2L interrupt flags
are not cleared by hardware and must be manually cleared by software.

CKCON
T[T[T[T[T[T[S]S
T2XCLK 3(3|2|2|1|olclc
MMMMIMM|A|A
l AN TMR2RLH |10 > To SMBUS
SYSCLK /12 —— 0 \Fl
External Clock / 8 —— 1 TCLK
TMR2H > TF2H
TR2 S Interrupt
1 TEOLEN
Z | TF2CEN
Q[T2SPLIT
Y[ TRz
TMR2RLL [&€l0ad =
SYSCLK r F[T2xXcR
y ll
TOLK _ ToADC,
TMR2L > SVBus
0

Figure 26.5. Timer 2 8-Bit Mode Block Diagram

26.2.3. External Oscillator Capture Mode

Capture Mode allows the external oscillator to be measured against the system clock. Timer 2 can be
clocked from the system clock, or the system clock divided by 12, depending on the T2ML (CKCON.4),
and T2XCLK bits. When a capture event is generated, the contents of Timer 2 (TMR2H:TMR2L) are
loaded into the Timer 2 reload registers (TMR2RLH:TMR2RLL) and the TF2H flag is set. A capture event
is generated by the falling edge of the clock source being measured, which is the external oscillator / 8. By
recording the difference between two successive timer capture values, the external oscillator frequency
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. Timer 2 should be in 16-bit auto-reload mode when using
Capture Mode.

For example, if T2ML = 1b and TF2CEN = 1b, Timer 2 will clock every SYSCLK and capture every external
clock divided by 8. If the SYSCLK is 24 MHz and the difference between two successive captures is 5984,
then the external clock frequency is as follows:

24 MHz/(5984/8) = 0.032086 MHz or 32.086 kHz

This mode allows software to determine the external oscillator frequency when an RC network or capacitor
is used to generate the clock source.
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28.2. C2 Pin Sharing

The C2 protocol allows the C2 pins to be shared with user functions so that in-system debugging and
Flash programming may be performed. This is possible because C2 communication is typically performed
when the device is in the halt state, where all on-chip peripherals and user software are stalled. In this
halted state, the C2 interface can safely ‘borrow’ the C2CK (RST) and C2D pins. In most applications,
external resistors are required to isolate C2 interface traffic from the user application. A typical isolation
configuration is shown in Figure 28.1.

C8051Fxxx

RST (a) —>—"vW——¢—d C2CK
Input (b) —X c2D

Output (c)

A 4

C2 Interface Master

Figure 28.1. Typical C2 Pin Sharing

The configuration in Figure 28.1 assumes the following:

1. The user input (b) cannot change state while the target device is halted.
2. The RST pin on the target device is used as an input only.

Additional resistors may be necessary depending on the specific application.
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