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C8051F70x/71x

2. Ordering Information

All C8051F70x/71x devices have the following features:

25 MIPS (Peak)
Calibrated Internal Oscillator

SMBus/I>C

UART

Programmable counter array (3 channels)
4 Timers (16-hbit)

1 Comparator

Pb-Free (RoHS compliant) package

512 bytes RAM

In addition to the features listed above, each device in the C8051F70x/71x family has a set of features that
vary across the product line. See Table 2.1 for a complete list of the unique feature sets for each device in
the family.
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10.1. Output Code Formatting

The ADC measures the input voltage with reference to GND. The registers ADCOH and ADCOL contain the
high and low bytes of the output conversion code from the ADC at the completion of each conversion. Data
can be right-justified or left-justified, depending on the setting of the ADOLJST bit. Conversion codes are
represented as 10-bit unsigned integers. Inputs are measured from 0 to VREF x 1023/1024. Example
codes are shown below for both right-justified and left-justified data. Unused bits in the ADCOH and ADCOL
registers are set to 0.

Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH:ADCOL
(ADOLJST =0) (ADOLJST =1)

VREF x 1023/1024 OX03FF OXFFCO

VREF x 512/1024 0x0200 0x8000

VREF x 256/1024 0x0100 0x4000

0 0x0000 0x0000

10.2. 8-Bit Mode

Setting the ADCO8BE bit in register ADCOCF to 1 will put the ADC in 8-bit mode. In 8-bit mode, only the 8
MSBs of data are converted, and the ADCOH register holds the results. The ADOLJST bit is ignored for 8-
bit mode. 8-bit conversions take two fewer SAR clock cycles than 10-bit conversions, so the conversion is
completed faster, and a 500 ksps sampling rate can be achieved with a slower SAR clock.

10.3. Modes of Operation

ADCO has a maximum conversion speed of 500 ksps. The ADCO conversion clock is a divided version of
the system clock, determined by the ADOSC bits in the ADCOCF register.

10.3.1. Starting a Conversion

A conversion can be initiated in one of six ways, depending on the programmed states of the ADCO Start of
Conversion Mode bits (ADOCM2-0) in register ADCOCN. Conversions may be initiated by one of the fol-
lowing:

1. Writing a 1 to the ADOBUSY bit of register ADCOCN

A Timer 0 overflow (i.e., timed continuous conversions)

A Timer 2 overflow

A Timer 1 overflow

A rising edge on the CNVSTR input signal

6. A Timer 3 overflow

Writing a 1 to ADOBUSY provides software control of ADCO whereby conversions are performed "on-
demand". During conversion, the ADOBUSY bit is set to logic 1 and reset to logic 0 when the conversion is
complete. The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADCO interrupt
flag (ADOINT). When polling for ADC conversion completions, the ADCO interrupt flag (ADOINT) should be
used. Converted data is available in the ADCO data registers, ADCOH:ADCOL, when bit ADOINT is logic 1.
When Timer 2 or Timer 3 overflows are used as the conversion source, Low Byte overflows are used if
Timer 2/3 is in 8-bit mode; High byte overflows are used if Timer 2/3 is in 16-bit mode. See Section
“33. Timers” on page 262 for timer configuration.

Important Note About Using CNVSTR: The CNVSTR input pin also functions as a Port I/O pin. When the
CNVSTR input is used as the ADCO conversion source, the associated pin should be skipped by the Digi-
tal Crosshar. See Section “28. Port Input/Output” on page 180 for details on Port I/O configuration.

a s N
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13. Voltage Regulator (REGO)

CB8051F70x/71x devices include an internal voltage regulator (REGO) to regulate the internal core supply
to 1.8 V from a Vpp supply of 1.8 to 3.6 V. Two power-saving modes are built into the regulator to help

reduce current consumption in low-power applications. These modes are accessed through the REGOCN
register (SFR Definition 13.1). Electrical characteristics for the on-chip regulator are specified in Table 9.5
on page 50

If an external regulator is used to power the device, the internal regulator may be put into bypass mode
using the BYPASS bit. The internal regulator should never be placed in bypass mode unless an
external 1.8 V regulator is used to supply Vpp. Doing so could cause permanent damage to the

device.

Under default conditions, when the device enters STOP mode the internal regulator will remain on. This
allows any enabled reset source to generate a reset for the device and bring the device out of STOP mode.
For additional power savings, the STOPCF bit can be used to shut down the regulator and the internal
power network of the device when the part enters STOP mode. When STOPCEF is set to 1, the RST pin or
a full power cycle of the device are the only methods of generating a reset.

Rev. 1.0 72

SILICON LABS



C8051F70x/71x

SFR Definition 14.2. CPTOMD: ComparatorO Mode Selection

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

SFR Address = 0x9D; SFR Page =0
Bit Name Function

7:6 Unused Read = 00b, Write = Don'’t Care.

5 CPORIE  |Comparator0 Rising-Edge Interrupt Enable.
0: ComparatorQ Rising-edge interrupt disabled.
1: ComparatorO Rising-edge interrupt enabled.

4 CPOFIE | Comparator0 Falling-Edge Interrupt Enable.

0: Comparator0 Falling-edge interrupt disabled.

1: Comparator0O Falling-edge interrupt enabled.

3:2 Unused Read = 00b, Write = don't care.

1:0 | CPOMDI[1:0] |Comparator0 Mode Select.

These bits affect the response time and power consumption for ComparatorO.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)

01: Mode 1

10: Mode 2

11: Mode 3 (Slowest Response Time, Lowest Power Consumption)
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Table 16.1. CIP-51 Instruction Set Summary

Mnemonic Description Bytes Clock
Cycles
Arithmetic Operations
ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @Ri Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @Ri Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @RI Increment indirect RAM 1 2
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @RI Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal adjust A 1 1
Logical Operations
ANL A, Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @RI AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORL A, @RI OR indirect RAM to A 1 2
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @RI Exclusive-OR indirect RAM to A 1 2
XRL A, #data Exclusive-OR immediate to A 2 2
XRL direct, A Exclusive-OR A to direct byte 2 2
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Notes on Registers, Operands and Addressing Modes:

Rn—Register RO-R7 of the currently selected register bank.
@Ri—Data RAM location addressed indirectly through RO or R1.

rel—8-bit, signed (twos complement) offset relative to the first byte of the following instruction. Used by
SJMP and all conditional jumps.

direct—8-bit internal data location’s address. This could be a direct-access Data RAM location (0x00—
0x7F) or an SFR (0x80—-0xFF).

#data—8-bit constant
#datal6—16-bit constant
bit—Direct-accessed bit in Data RAM or SFR

addr11—11-bit destination address used by ACALL and AJMP. The destination must be within the
same 2 kB page of program memory as the first byte of the following instruction.

addr16—16-bit destination address used by LCALL and LIMP. The destination may be anywhere within
the 8 kB program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.
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16.2. CIP-51 Register Descriptions

Following are descriptions of SFRs related to the operation of the CIP-51 System Controller. Reserved bits
should always be written to the value indicated in the SFR description. Future product versions may use
these bits to implement new features in which case the reset value of the bit will be the indicated value,
selecting the feature's default state. Detailed descriptions of the remaining SFRs are included in the sec-
tions of the data sheet associated with their corresponding system function.

SFR Definition 16.1. DPL: Data Pointer Low Byte

Bit 7 6 5 4 3 2 1 0
Name DPL[?IO]
Reset 0 0 0 0
SFR Address = 0x82; SFR Page = All Pages
Bit Name Function
7:0 | DPL[7:0] |Data Pointer Low.
The DPL register is the low byte of the 16-bit DPTR.

SFR Definition 16.2. DPH: Data Pointer High Byte

Bit 7 6 5 3
Name DPH[?O]
Type R/W
Reset 0 0 0 0

SFR Address = 0x83; SFR Page = All Pages
Bit Name Function
7:0 | DPH[7:0] |Data Pointer High.
The DPH register is the high byte of the 16-bit DPTR.

SILICON LABS
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20. Special Function Registers

The direct-access data memory locations from 0x80 to OxFF constitute the special function registers
(SFRs). The SFRs provide control and data exchange with the C8051F70x/71x's resources and peripher-
als. The CIP-51 controller core duplicates the SFRs found in a typical 8051 implementation as well as
implementing additional SFRs used to configure and access the sub-systems unique to the
CB8051F70x/71x. This allows the addition of new functionality while retaining compatibility with the MCS-
51™ instruction set. Table 20.1 lists the SFRs implemented in the C8051F70x/71x device family.

The SFR registers are accessed anytime the direct addressing mode is used to access memory locations
from 0x80 to OxFF. SFRs with addresses ending in 0x0 or 0x8 (e.g., PO, TCON, SCONO, IE, etc.) are bit-
addressable as well as byte-addressable. All other SFRs are byte-addressable only. Unoccupied
addresses in the SFR space are reserved for future use. Accessing these areas will have an indeterminate
effect and should be avoided. Refer to the corresponding pages of the data sheet, as indicated in
Table 20.2, for a detailed description of each register.
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SFR Definition 22.1. PSCTL: Program Store R/W Control

Bit 7 6 5 4 3 2 1 0
Name PSEE PSWE
Type R R R R R R RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address =0x8F; SFR Page = All Pages

Bit Name Function
7:2 | Unused |Read = 000000b, Write = don't care.
1 PSEE |Program Store Erase Enable.
Setting this bit (in combination with PSWE) allows an entire page of Flash program
memory to be erased. If this bit is logic 1 and Flash writes are enabled (PSWE is logic
1), a write to Flash memory using the MOVX instruction will erase the entire page that
contains the location addressed by the MOVX instruction. The value of the data byte
written does not matter.
0: Flash program memory erasure disabled.
1: Flash program memory erasure enabled.
0 PSWE |Program Store Write Enable.
Setting this bit allows writing a byte of data to the Flash program memory using the
MOVX write instruction. The Flash location should be erased before writing data.
0: Writes to Flash program memory disabled.
1: Writes to Flash program memory enabled; the MOVX write instruction targets Flash
memory.
153 Rev. 1.0
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24. Power Management Modes

The C8051F70x/71x devices have three software programmable power management modes: Idle, Stop,
and Suspend. Idle mode and Stop mode are part of the standard 8051 architecture, while Suspend mode
is an enhanced power-saving mode implemented by the high-speed oscillator peripheral.

Idle mode halts the CPU while leaving the peripherals and clocks active. In Stop mode, the CPU is halted,
all interrupts and timers (except the Missing Clock Detector) are inactive, and the internal oscillator is
stopped (analog peripherals remain in their selected states; the external oscillator is not affected). Sus-
pend mode is similar to Stop mode in that the internal oscillator and CPU are halted, but the device can
wake on events such as a Port Mismatch, Comparator low output, or a Timer 3 overflow. Since clocks are
running in ldle mode, power consumption is dependent upon the system clock frequency and the number
of peripherals left in active mode before entering Idle. Stop mode and Suspend mode consume the least
power because the majority of the device is shut down with no clocks active. SFR Definition 24.1 describes
the Power Control Register (PCON) used to control the C8051F70x/71x's Stop and Idle power manage-
ment modes. Suspend mode is controlled by the SUSPEND bit in the OSCICN register (SFR Definition
27.3).

Although the C8051F70x/71x has ldle, Stop, and Suspend modes available, more control over the device
power can be achieved by enabling/disabling individual peripherals as needed. Each analog peripheral
can be disabled when not in use and placed in low power mode. Digital peripherals, such as timers or
serial buses, draw little power when they are not in use. Turning off oscillators lowers power consumption
considerably, at the expense of reduced functionality.

24.1. Idle Mode

Setting the Idle Mode Select bit (PCON.0) causes the hardware to halt the CPU and enter Idle mode as
soon as the instruction that sets the bit completes execution. All internal registers and memory maintain
their original data. All analog and digital peripherals can remain active during Idle mode.

Idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an
enabled interrupt will cause the Idle Mode Selection bit (PCON.0Q) to be cleared and the CPU to resume
operation. The pending interrupt will be serviced and the next instruction to be executed after the return
from interrupt (RETI) will be the instruction immediately following the one that set the Idle Mode Select bit.
If Idle mode is terminated by an internal or external reset, the CIP-51 performs a normal reset sequence
and begins program execution at address 0x0000.

Note: If the instruction following the write of the IDLE bit is a single-byte instruction and an interrupt occurs during the
execution phase of the instruction that sets the IDLE bit, the CPU may not wake from Idle mode when a future
interrupt occurs. Therefore, instructions that set the IDLE bit should be followed by an instruction that has two
or more opcode bytes, for example:

/[l in *C:

PCON | = 0x01; /1 set IDLE bit

PCON = PCON, /1 ... followed by a 3-cycle dummy instruction
; in assenbly:

ORL PCON, #01h ; set IDLE bit

MOV PCON, PCON ; ... followed by a 3-cycle dunmy instruction

If enabled, the Watchdog Timer (WDT) will eventually cause an internal watchdog reset and thereby termi-
nate the Idle mode. This feature protects the system from an unintended permanent shutdown in the event
of an inadvertent write to the PCON register. If this behavior is not desired, the WDT may be disabled by
software prior to entering the Idle mode if the WDT was initially configured to allow this operation. This pro-
vides the opportunity for additional power savings, allowing the system to remain in the Idle mode indefi-
nitely, waiting for an external stimulus to wake up the system. Refer to Section “26. Watchdog Timer” on
page 169 for more information on the use and configuration of the WDT.
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28.1. Port I/O Modes of Operation

Port pins P0.0 - P6.5 use the Port I/O cell shown in Figure 28.2. Each Port 1/0O cell can be configured by
software for analog 1/O or digital 1/0 using the PnMDIN registers. On reset, all Port I/O cells default to a
high impedance state with weak pull-ups enabled. Until the crossbar is enabled (XBARE = 1), both the
high and low port I/O drive circuits are explicitly disabled on all crossbar pins.

28.1.1. Port Pins Configured for Analog I/0O

Any pins to be used as Comparator or ADC input, Capacitive Sense input, external oscillator input/output,
VREF output, or AGND connection should be configured for analog 1/0 (PnMDIN.n = 0). When a pin is
configured for analog 1/0, its weak pullup, digital driver, and digital receiver are disabled. Port pins config-
ured for analog I/0O will always read back a value of 0.

Configuring pins as analog I/O saves power and isolates the Port pin from digital interference. Port pins
configured as digital I/O may still be used by analog peripherals; however, this practice is not recom-
mended and may result in measurement errors.

28.1.2. Port Pins Configured For Digital 1/0

Any pins to be used by digital peripherals (UART, SPI, SMBus, etc.), external event trigger functions, or as
GPIO should be configured as digital I/O (PnMDIN.n = 1). For digital 1/0O pins, one of two output modes
(push-pull or open-drain) must be selected using the PnMDOUT registers.

Push-pull outputs (PNnMDOUT.n = 1) drive the Port pad to the VDD or GND supply rails based on the out-
put logic value of the Port pin. Open-drain outputs have the high side driver disabled; therefore, they only
drive the Port pad to GND when the output logic value is 0 and become high impedance inputs (both high
low drivers turned off) when the output logic value is 1.

When a digital 1/0 cell is placed in the high impedance state, a weak pull-up transistor pulls the Port pad to
the VDD supply voltage to ensure the digital input is at a defined logic state. Weak pull-ups are disabled
when the I/O cell is driven to GND to minimize power consumption, and they may be globally disabled by
setting WEAKPUD to 1. The user should ensure that digital I/O are always internally or externally pulled or
driven to a valid logic state to minimize power consumption. Port pins configured for digital I/O always read
back the logic state of the Port pad, regardless of the output logic value of the Port pin.

WEAKPUD
(Weak Pull-Up Disable)

PxMDOUT .x
(1 for push-pull)
(0 for open-drain)

XBARE
(Crossbar
Enable)

VDD

<
)
@)

(WEAK)

PORT
PAD

Px.x — Output

Logic Value
(Port Latch or N ) € I
Crossbar)
PxMDIN.x DL G
>

T TT

P4
O

(1 for digital)
(0 for analog)
g

To/From Analo
Peripheral

Ve

Px.x — Input Logic Value ﬂ-
(Reads 0 when pin is configured as an analog 1/O) |

Figure 28.2. Port 1/0O Cell Block Diagram
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28.3. Priority Crossbar Decoder

The Priority Crossbar Decoder assigns a priority to each I/O function, starting at the top with UARTO. When
a digital resource is selected, the least-significant unassigned Port pin is assigned to that resource (exclud-
ing UARTO, which is always at pins 4 and 5). If a Port pin is assigned, the Crossbar skips that pin when
assigning the next selected resource. The potential crossbar pin assignments are shown in Figure 28.4.
Additionally, the Crossbar will skip Port pins whose associated bits in the PnSKIP registers are set. The
PnSKIP registers allow software to skip Port pins that are to be used for analog input, dedicated functions,
or GPIO. The Crossbar skips selected pins as if they were already assigned, and moves to the next unas-
signed pin. Figure 28.5 shows an example crossbar configuration with no pins skipped. Figure 28.6 shows
the same example with pins P0.2, P0.3 and P1.0 skipped.

If a Port pin is claimed by a peripheral without use of the Crossbar, its corresponding PnSKIP bit should be
set. This applies to P0.0 if VREF is used, P0.1 if AGND is used, P0.3 and/or P0.2 if the external oscillator
circuit is enabled, PO0.6 if the ADC is configured to use the external conversion start signal (CNVSTR), and
any selected ADC or Comparator inputs. It is also important to skip any pins that do not exist for the pack-
age being used.

Registers XBRO and XBR1 are used to assign the digital I/O resources to the physical 1/0 Port pins. 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 RXO is
always assigned to P0.5. Standard Port 1/0Os 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.
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28.4. Port I/O Initialization
Port 1/O initialization consists of the following steps:

1. Select the input mode (analog or digital) for all Port pins, using the Port Input Mode register (PnMDIN).

2. Select the output mode (open-drain or push-pull) for all Port pins, using the Port Output Mode register
(PNMDOUT).

3. Select any pins to be skipped by the I/0O Crossbar using the Port Skip registers (PnSKIP).
4. Assign Port pins to desired peripherals.
5. Enable the Crossbar (XBARE = 1).

All Port pins must be configured as either analog or digital inputs. Any pins to be used as Comparator or
ADC inputs should be configured as an analog inputs. When a pin is configured as an analog input, its
weak pullup, digital driver, and digital receiver are disabled. This process saves power and reduces noise
on the analog input. Pins configured as digital inputs may still be used by analog peripherals; however this
practice is not recommended.

Additionally, all analog input pins should be configured to be skipped by the Crossbar (accomplished by
setting the associated bits in PnSKIP). Port input mode is set in the PnMDIN register, where a 1 indicates a
digital input, and a 0 indicates an analog input. All pins default to digital inputs on reset. See SFR Definition
28.8 for the PNMDIN register details.

The output driver characteristics of the 1/0 pins are defined using the Port Output Mode registers (PnMD-
OUT). Each Port Output driver can be configured as either open drain or push-pull. This selection is
required even for the digital resources selected in the XBRn registers, and is not automatic. The only
exception to this is the SMBus (SDA, SCL) pins, which are configured as open-drain regardless of the
PnNnMDOUT settings. When the WEAKPUD bit in XBR1 is 0, a weak pullup is enabled for all Port I/O config-
ured as open-drain. WEAKPUD does not affect the push-pull Port I/O. Furthermore, the weak pullup is
turned off on an output that is driving a 0 to avoid unnecessary power dissipation.

Registers XBR0O and XBR1 must be loaded with the appropriate values to select the digital I/O functions
required by the design. Setting the XBARE bit in XBR1 to 1 enables the Crossbar. Until the Crossbar is
enabled, the external pins remain as standard Port I/O (in input mode), regardless of the XBRn Register
settings. For given XBRn Register settings, one can determine the I/O pin-out using the Priority Decode
Table; as an alternative, the Configuration Wizard utility of the Silicon Labs IDE software will determine the
Port I/0O pin-assignments based on the XBRn Register settings.

The Crossbar must be enabled to use Port pins as standard Port I/O in output mode. Port output drivers
are disabled while the Crossbar is disabled.
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SFR Definition 28.6. PILMAT: Port 1 Match Register

Bit 7 6 5 4 3 2 1 0
Name PlMAT[?:O]
Reset 1 1 1 1 1 1 1 1

SFR Address = OxE1l; SFR Page =0
Bit Name Function
7:0 P1MAT[7:0] |Port 1 Match Value.

Match comparison value used on Port 1 for bits in PLMASK which are set to 1.
0: P1.n pin logic value is compared with logic LOW.
1: P1.n pin logic value is compared with logic HIGH.

28.6. Special Function Registers for Accessing and Configuring Port I/O

All Port 1/0 are accessed through corresponding special function registers (SFRs) that are both byte
addressable and bit addressable. When writing to a Port, the value written to the SFR is latched to main-
tain the output data value at each pin. When reading, the logic levels of the Port's input pins are returned
regardless of the XBRn settings (i.e., even when the pin is assigned to another signal by the Crossbar, the
Port register can always read its corresponding Port I/O pin). The exception to this is the execution of the
read-modify-write instructions that target a Port Latch register as the destination. The read-modify-write
instructions when operating on a Port SFR are the following: ANL, ORL, XRL, JBC, CPL, INC, DEC, DIJNZ
and MOV, CLR or SETB, when the destination is an individual bit in a Port SFR. For these instructions, the
value of the latch register (not the pin) is read, modified, and written back to the SFR.

Each Port has a corresponding PnSKIP register which allows its individual Port pins to be assigned to dig-
ital functions or skipped by the Crossbar. All Port pins used for analog functions, GPIO, or dedicated digital
functions such as the EMIF should have their PnSKIP bit set to 1.

The Port input mode of the I/O pins is defined using the Port Input Mode registers (PnMDIN). Each Port
cell can be configured for analog or digital 1/0. This selection is required even for the digital resources
selected in the XBRn registers, and is not automatic.

The output driver characteristics of the 1/0 pins are defined using the Port Output Mode registers (PnMD-
OUT). Each Port Output driver can be configured as either open drain or push-pull. This selection is
required even for the digital resources selected in the XBRn registers, and is not automatic. The only
exception to this is the SMBus (SDA, SCL) pins, which are configured as open-drain regardless of the
PnMDOUT settings.
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SFR Definition 28.7. PO: Port O

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

SFR Address = 0x80; SFR Page = All Pages; Bit Addressable

Bit Name Description Write Read
7:0 | PO[7:0] |Port0 Data. 0: Set output latch to logic |0: PO.n Port pin is logic
Sets the Port latch logic LOW. LOW.

value or reads the Port pin | 1: Set output latch to logic
logic state in Port cells con- |HIGH.
figured for digital 1/0.

1: PO.n Port pin is logic

HIGH.

SFR Definition 28.8. POMDIN: Port O Input Mode

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

SFR Address = OxF1; SFR Page = F

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.
0: Corresponding PO.n pin is configured for analog mode.
1: Corresponding P0.n pin is not configured for analog mode.
195 Rev. 1.0 )
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SFR Definition 30.4. SMBOADM: SMBus Slave Address Mask

Bit 7 6 5 4 3 2 1 0
Name SLVM[6:0] EHACK
Type R/W R/W
Reset 1 1 1 1 1 1 1 0

SFR Address = 0xBB; SFR Page = F
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.

230 Rev. 1.0
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Table 30.6. SMBus Status Decoding: Hardware ACK Enabled (EHACK =1) (Continued)

Valuesto 3
Values Read Write | 9 ?,
) - ) ) 8 o
3 w = | Ol Current SMbus State Typical Response Options n 3
=S| 2|x|0|x <|O|X|% =
8 ol |40 El=|O|lo 9
< < >
Set ACK for next data byte; 0|0|1| 1000
Read SMBODAT.
Set NACK to indicate nextdata | 0 | O | O | 1000
data b byte as the last data byte;
olol1 A mgster ata byte was Read SMBODAT.
received; ACK sent. _
5 Initiate repeated START. 1100|1110
E Switch to Master Transmitter 0 1100
o .
b Mode (write to SMBODAT before
E 1000 clearing SI).
% Read SMBODAT; send STOP. o] —
= Read SMBODAT; Send STOP 1 0 | 1110
A master data byte was followed by START.
0 | 0 | O |received; NACK sent (last Initiate repeated START. 1|00/ 1110
byte). Switch to Master Transmitter 0 1100
Mode (write to SMBODAT before
clearing Sl).
ololo A slave byte was transmitted; |No action required (expecting 0|0 |X| 0001
. NACK received. STOP condition).
(&)
k= 0100 | 0lol1 A slave byte was transmitted; |Load SMBODAT with nextdata | O | O | X | 0100
£ ACK received. byte to transmit.
@ A Slave byte was transmitted; |No action required (expecting 0|0 |X| 0001
= 0[1]X
° error detected. Master to end transfer).
E An illegal STOP or bus error 0|0 |X| —
® 10101 | 0 | X | X |was detected while a Slave Clear STO.
Transmission was in progress.
) Rev. 1.0 239

SILICON LABS




C8051F70x/71x

33.2. 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 can also be used in capture mode to capture rising edges of the
Comparator O output.

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. The external oscillator source divided by 8 is synchronized with the system clock.

33.2.1. 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 33.4,
and the Timer 2 High Byte Overflow Flag (TMR2CN.7) is set. If Timer 2 interrupts are enabled (if IE.5 is
set), an interrupt will be generated on each Timer 2 overflow. Additionally, if Timer 2 interrupts are enabled
and the TF2LEN bit is set (TMR2CN.5), an interrupt will be generated each time the lower 8 bits (TMR2L)
overflow from OxFF to 0x00.

CKCON
T(T|T|T|T|T|[S|S
3(32[2[1[o|c|c
T2XCLK  [M|M{M[M|M|M|A [A
l HIL|H|L 1(0
SYSCLK /12 — 0 . |—> To SMBus o
Overflow

TR2 TCLK
TMR2L TMR2H TF2H
External Clock /8 —— 1 TFor Interrupt
TF2LEN
SYSCLK — 1 TT TT

TMR2RLL | TMR2RLH [«
Reload

TMR2CN |
—
|
N
O)
2|

TR E—
T2XCLK

Figure 33.4. Timer 2 16-Bit Mode Block Diagram
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33.3.2. 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 33.8. 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. Timer 3 can also be used in capture mode to capture rising
edges of the Comparator O output.

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 bits (T3XCLK in TMR3CN), as follows:

T3MH T3XCLK |TMR3H Clock T3ML T3XCLK |TMR3L Clock
Source 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 TF3H bit is set when TMR3H overflows from OxFF to 0x00; the TF3L bit is set when TMR3L overflows
from OxFF to 0x00. When Timer 3 interrupts are enabled, an interrupt is generated each time TMR3H over-
flows. If Timer 3 interrupts are enabled and TF3LEN (TMR3CN.5) is set, an interrupt is generated each
time either TMR3L or TMR3H overflows. When TF3LEN is enabled, software must check the TF3H and
TF3L flags to determine the source of the Timer 3 interrupt. The TF3H and TF3L interrupt flags are not
cleared by hardware and must be manually cleared by software.

CKCON
T[T[T[T[T[T[s]S
TIXCLK 3[3|2|2[1]o|c|c
MIMMMIM|M[A[A
l i i I [ TMR3RLH [£€10ad

SYSCLK /12 0 \Fl

External Clock / 8 1 TCLK
TR3 TMR3H i :II—"I::?S’ Interrupt

1 [ TFALEN |
Z [ TF3CEN
Q [T3SPLIT
@[ TR3

TMR3RLL [€80ad s
SYSCLK r = [T3XCLK_ |—>»
1 ll
TCLK | TMR3L » To ADC
0

Figure 33.8. Timer 3 8-Bit Mode Block Diagram
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34.3.2. Software Timer (Compare) Mode

In Software Timer mode, the PCA counter/timer value is compared to the module's 16-bit capture/compare
register (PCAOCPHn and PCAOCPLN). When a match occurs, the Capture/Compare Flag (CCFn) in
PCAOCN is set to logic 1. An interrupt request is generated if the CCFn interrupt for that module is
enabled. The CCFn bit is not automatically cleared by hardware when the CPU vectors to the interrupt ser-
vice routine, and must be cleared by software. Setting the ECOMn and MATn bits in the PCAOCPMn regis-
ter enables Software Timer mode.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCAOCPLn clears the
ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

Write to
PCAOCPLN 0
Reset
Write to ]
PCAOCPHnN PCA Interrupt
1 &

YPCAOCPMn |—|:|
P|E|C|C|M|T|P|E PCAOCN
WcC|A|A[Alolw(cC clc clclc
MIO|P|R|TIGIMIC PCAOCPLN | PCAOCPHN FIR clcle
1[M|P|N[n[n|n|F ElElE
6|n[nfn n 2|1lo0
n
x| 00] 00X

Y o
Enable > 16-bit Comparator Match o/cl
PCA
m} PCAOL PCAOH
Figure 34.5. PCA Software Timer Mode Diagram
®
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