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2.0V, 32/16 kB Flash, smaRTClock, 12-bit ADC

SILICON LABS
Analog Peripherals Memory
- 12-BitADC - 2304 bytes internal data RAM (256 + 2048)

+1 LSB INL; no missing codes

Programmable throughput up to 200 ksps

Up to 24 external inputs

Data dependent windowed interrupt generator
Built-in temperature sensor (£3 °C)

- Two 12-Bit Current Mode DACs

- Two Comparators
Programmable hysteresis and response time
Configurable as wake-up or reset source

- POR/Brownout Detector

- Voltage Reference—1.5, 2.2 V (programmable)

On-Chip Debug

- On-chip debug circuitry facilitates full-speed, non-
intrusive in-system debug (No emulator required)

- Provides breakpoints, single stepping

- Inspect/modify memory and registers

- Complete development kit

Supply Voltage 2.0to 5.25V

- Built-in LDO regulator: 2.1 or 2.5V

H|gh Speed 8051 pC Core
Pipelined instruction architecture; executes 70% of
instructions in 1 or 2 system clocks

- Up to 50 MIPS throughput with
50 MHz system clock

- Expanded interrupt handler

- 32/16 kB Flash; In-system programmable in
512 byte sectors

- 64 bytes battery-backed RAM (smaRTClock)

Dlgltal Peripherals
24 port 1/0O; push-pull or open-drain, up to 5.25 V
tolerance

- Hardware SMBus™ (12C™ Compatible), SPI™, and
UART serial ports available concurrently

- Four general purpose 16-bit counter/timers

- Programmable 16-bit counter/timer array with six
capture/compare modules, WDT

- Hardware smaRTClock operates down to 1 V with
64 bytes battery-backed RAM and backup voltage
regulator

Clock Sources

- Internal oscillators: 24.5 MHz 2% accuracy supports
UART operation; clock multiplier up to 50 MHz

- External oscillator: Crystal, RC, C, or Clock
(1 or 2 pin modes)

- smaRTClock oscillator: 32 kHz Crystal or
self-resonant oscillator
Can switch between clock sources on-the-fly

32 Pin LQFP or 28-Pin 5 x 5 QFN

Temperature Range: —40 to +85 °C
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1. System Overview

C8051F41x devices are fully integrated, low power, mixed-signal system-on-a-chip MCUs. Highlighted fea-
tures are listed below. Refer to Table 1.1 for specific product feature selection.

» High-speed pipelined 8051-compatible microcontroller core (up to 50 MIPS)

* In-system, full-speed, non-intrusive debug interface (on-chip)

e True 12-bit 200 ksps ADC with analog multiplexer and 24 analog inputs

e Two 12-bit Current Output DACs

e Precision programmable 24.5 MHz internal oscillator

e Up to 32 kB bytes of on-chip Flash memory

e 2304 bytes of on-chip RAM

e SMBus/I2C, Enhanced UART, and SPI serial interfaces implemented in hardware

e Four general-purpose 16-bit timers

e Programmable Counter/Timer Array (PCA) with six capture/compare modules and Watchdog Timer
function

e Hardware smaRTClock (Real Time Clock) operates down to 1 V with 64 bytes of Backup RAM and a
Backup Voltage Regulator

e Hardware CRC Engine

*  On-chip Power-On Reset, Vpp Monitor, and Temperature Sensor

»  On-chip Voltage Comparators

« Upto24Portl/O

With on-chip Power-On Reset, Vpp monitor, Watchdog Timer, and clock oscillator, the C8051F41x devices

are truly standalone system-on-a-chip solutions. The Flash memory can be reprogrammed even in-circuit,
providing non-volatile data storage, and also allowing field upgrades of the 8051 firmware. User software
has complete control of all peripherals, and may individually shut down any or all peripherals for power
savings.

The on-chip Silicon Laboratories 2-Wire (C2) Development Interface allows non-intrusive (uses no on-chip
resources), full speed, in-circuit debugging using the production MCU installed in the final application. This
debug logic supports inspection and modification of memory and registers, setting breakpoints, single
stepping, run and halt commands. All analog and digital peripherals are fully functional while debugging
using C2. The two C2 interface pins can be shared with user functions, allowing in-system programming
and debugging without occupying package pins.

Each device is specified for 2.0-to-2.75 V operation (supply voltage can be up to 5.25 V using on-chip reg-
ulator) over the industrial temperature range (45 to +85 °C). The C8051F41x are available in 28-pin QFN
(also referred to as MLP or MLF) or 32-pin LQFP packages.
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Table 1.1. Product Selection Guide
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Figure 1.1. C8051F410 Block Diagram
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Figure 1.2. C8051F411 Block Diagram
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X VIO
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Figure 1.3. C8051F412 Block Diagram
®
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-y—I (to smaRTClock Block)
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Figure 1.4. C8051F413 Block Diagram
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1.1. CIP-51™ Microcontroller
1.1.1. Fully 8051 Compatible Instruction Set

The C8051F41x devices use Silicon Laboratories’ proprietary CIP-51 microcontroller core. The CIP-51 is
fully compatible with the MCS-51™ instruction set. Standard 803x/805x assemblers and compilers can be
used to develop software. The C8051F41x family has a superset of all the peripherals included with a stan-
dard 8052.

1.1.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute, and usually have a maximum system clock of 12-to-24 MHz. By contrast, the CIP-
51 core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more
than eight system clock cycles.

With the CIP-51's system clock running at 50 MHz, it has a peak throughput of 50 MIPS. The CIP-51 has a
total of 109 instructions. The table below shows the total number of instructions that require each execution
time.

Clocks to Execute 1 2 2/4 3 3/5 4 5 4/6 6 8

Number of Instructions 26 50 5 10 7 5 2 1 2 1

1.1.3. Additional Features

The C8051F41x SoC family includes several key enhancements to the CIP-51 core and peripherals to
improve performance and ease of use in end applications.

An extended interrupt handler allows the numerous analog and digital peripherals to operate inde-
pendently of the controller core and interrupt the controller only when necessary. By requiring less inter-
vention from the microcontroller core, an interrupt-driven system is more efficient and allows for easier
implementation of multi-tasking, real-time systems.

Eight reset sources are available: power-on reset circuitry (POR), an on-chip Vpp monitor, a Watchdog

Timer, a Missing Clock Detector, a voltage level detection from Comparator0, a smaRTClock alarm or
missing smaRTClock clock detector reset, a forced software reset, an external reset pin, and an illegal
Flash access protection circuit. Each reset source except for the POR, Reset Input Pin, or Flash error may
be disabled by the user in software. The WDT may be permanently enabled in software after a power-on
reset during MCU initialization.

The internal oscillator is factory calibrated to 24.5 MHz £2%. An external oscillator drive circuit is also
included, allowing an external crystal, ceramic resonator, capacitor, RC, or CMOS clock source to generate
the system clock. A clock multiplier allows for operation at up to 50 MHz. The dedicated smaRTClock oscil-
lator can be extremely useful in low power applications, allowing the system to maintain accurate time
while the MCU is not powered, or its internal oscillator is suspended. The MCU can be reset or have its
oscillator awakened using the smaRTClock alarm function.
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1.2. On-Chip Debug Circuitry

The C8051F41x devices include on-chip Silicon Laboratories 2-Wire (C2) debug circuitry that provides
non-intrusive, full speed, in-circuit debugging of the production part installed in the end application.

Silicon Laboratories’ debugging system supports inspection and modification of memory and registers,
breakpoints, and single stepping. No additional target RAM, program memory, timers, or communications
channels are required. All the digital and analog peripherals are functional and work correctly while debug-
ging. All the peripherals (except for the ADC and SMBus) are stalled when the MCU is halted, during single
stepping, or at a breakpoint in order to keep them synchronized.

The C8051F410DK development kit provides all the hardware and software necessary to develop applica-
tion code and perform in-circuit debugging with the C8051F41x MCUs. The kit includes software with a
developer's studio and debugger, a USB debug adapter, a target application board with the associated
MCU installed, and the required cables and wall-mount power supply. The development kit requires a com-

puter with Windows®98 SE or later installed. As shown in Figure 1.5, the PC is connected to the USB
debug adapter. A six-inch ribbon cable connects the USB debug adapter to the user's application board,
picking up the two C2 pins and GND.

The Silicon Laboratories IDE interface is a vastly superior developing and debugging configuration, com-
pared to standard MCU emulators that use on-board "ICE Chips" and require the MCU in the application
board to be socketed. Silicon Laboratories’ debug paradigm increases ease of use and preserves the per-
formance of the precision analog peripherals.

Silicon Laboratories Integrated
Development Environment

WINDOWS 98 SE or later
./ (O)

C2 (x2), GND

Figure 1.5. Development/In-System Debug Diagram
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1.3.  On-Chip Memory

The CIP-51 has a standard 8051 program and data address configuration. It includes 256 bytes of data
RAM, with the upper 128 bytes dual-mapped. Indirect addressing accesses the upper 128 bytes of general
purpose RAM, and direct addressing accesses the 128-byte SFR address space. The lower 128 bytes of
RAM are accessible via direct and indirect addressing. The first 32 bytes are addressable as four banks of
general purpose registers, and the next 16 bytes can be byte addressable or bit addressable.

Program memory consists of 32 kB (‘F410/1) or 16 kB (‘F412/3) of Flash. This memory may be repro-
grammed in-system in 512 byte sectors and requires no special off-chip programming voltage.

PROGRAM/DATA MEMORY

(Flash) DATA MEMORY (RAM)
‘E410/1 INTERNAL DATA ADDRESS SPACE
RESERVED OxFF Upper 128 RAM Special Function
0x7EOQ0 (Indirect Addressing Register's
OX7DEF 0x80 Only) (Direct Addressing Only)
OX7F
(Direct and Indirect
Addressing) Lower 128 RAM
32 kB Flash 0x30 (Direct and Indirect
Ox2F i
(In-System 0))((20 Bit Addressable Addressing)
Programmable in 512
Ox1F General Purpose
Byte Sectors) :
0x00 Registers
0x0000 EXTERNAL DATA ADDRESS SPACE
OXFFFF
‘F412/3
RESERVED

0x4000 Same 2048 bytes as from
Ox3FFF 0x0000 to 0x07FF, wrapped
on 2048-byte boundaries

16 kB Flash 0x0800
Ox07FF

(In-System
Programmable in 512
Byte Sectors)

XRAM - 2048 Bytes

(accessible using MOVX
instruction)

0x0000 0x0000

Figure 1.6. Memory Map
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1.4. Operating Modes

The C8051F41x devices have four operating modes: Active (Normal), Idle, Suspend, and Stop. Active
mode occurs during normal operation when the oscillator and peripherals are active. Idle mode halts the
CPU while leaving the peripherals and internal clocks active. Suspend mode halts SYSCLK until a waken-
ing event occurs, which also halts all peripherals using SYSCLK. In Stop mode, the CPU is halted, all inter-
rupts and timers are inactive, and the internal oscillator is stopped. The various operating modes are
described in Table 1.2 below:

Table 1.2. Operating Modes Summary

Properties

Power
Consumption

How
Entered?

How Exited?

Active

SYSCLK active

CPU active (accessing Flash)
Peripherals active or inactive
depending on user settings
smaRTClock active or inactive

Full

Idle

SYSCLK active

CPU inactive (not accessing
Flash)

Peripherals active or inactive
depending on user settings
smaRTClock active or inactive

Less than Full

IDLE
(PCON.0)

Any enabled
interrupt or
device reset

Suspend

SYSCLK inactive

CPU inactive (not accessing
Flash)

Peripherals enabled (but not
operating) or disabled depend-
ing on user settings
smaRTClock active or inactive

Low

SUSPEND
(OSCICN.5)

Wakening
event or exter-
nal/MCD reset

Stop

SYSCLK inactive

CPU inactive (not accessing
Flash)

Digital peripherals inactive;
analog peripherals enabled
(but not operating) or disabled
depending on user settings
smaRTClock inactive

Very low

STOP
(PCON.1)

External or
MCD reset

See Section “10.3. Power Management Modes” on page 101 for Idle and Stop mode details. See Sec-
tion “19.1.1. Internal Oscillator Suspend Mode” on page 166 for more information on Suspend mode.
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1.5. 12-Bit Analog to Digital Converter

The C8051F41x devices include an on-chip 12-bit SAR ADC with a 27-channel single-ended input multi-
plexer and a maximum throughput of 200 ksps. The ADC system includes a configurable analog multi-
plexer that selects the positive ADC input, which is measured with respect to GND. Ports 0-2 are available
as ADC inputs; additionally, the on-chip Temperature Sensor output and the core supply voltage (Vpp) are

available as ADC inputs. User firmware may shut down the ADC or use it in Burst Mode to save power.

Conversions can be started in four ways: a software command, an overflow of Timer 2 or 3, or an external
convert start signal. This flexibility allows the start of conversion to be triggered by software events, a peri-
odic signal (timer overflows), or external HW signals. Conversion completions are indicated by a status bit
and an interrupt (if enabled) and occur after 1, 4, 8, or 16 samples have been accumulated by a hardware
accumulator. The resulting data word is latched into the ADC data SFRs upon completion of a conversion.
When the system clock is slow, Burst Mode allows ADCO to automatically wake from a low power shut-
down state, acquire and accumulate samples, then re-enter the low power shutdown state without CPU
intervention.

Window compare registers for the ADC data can be configured to interrupt the controller when ADC data is
either within or outside of a specified range. The ADC can monitor a key voltage continuously in back-
ground mode, but not interrupt the controller unless the converted data is within/outside the specified
range.

Analog Multiplexer

v Configuration, Control, and Data Registers

P0.0
Start
1 Conversion
P0.7
Burst Mode

P1.0 Logic

\ 4 \ 4
P1.7 19-to-1 /

ADOBUSY (W)

Timer 3 Overflow
CNVSTR Rising Edge
Timer 2 Overflow

P2.0 AL 12-Bit
P2.3-2.6 greeseenes e R - SAR [ ADC Data
available on 16 Registers
C8051F410/2 ivveeens oy R E A D C
| e LT
Temp A 4
Sensor i
VDD ——— > . Window
Window C.ompare > Compare
GND —— > End of , Logic Interrupt
Conversion

Interrupt

Figure 1.7. 12-Bit ADC Block Diagram

1.6. Two 12-bit Current-Mode DACs

The C8051F41x devices include two 12-bit current-mode Digital-to-Analog Converters (IDACs). The maxi-
mum current output of the IDACs can be adjusted for four different current settings; 0.25 mA, 0.5 mA,
1 mA, and 2 mA. A flexible output update mechanism allows for seamless full-scale changes, and supports
jitter-free updates for waveform generation. The IDAC outputs can be merged onto a single port I/0O pin for
increased full-scale current output or increased resolution. IDAC updates can be performed on-demand,
scheduled on a Timer overflow, or synchronized with an external signal. Figure 1.8 shows a block diagram
of the IDAC circuitry.
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Data Write [ ™
Timer 0
Timer 1
Timer 2
Timer 3

CNVSTR
=

12-bit Digital 124!
Input

Latch

12: l Current
1Bl Output

12-bit Digital 12:l
Input

Latch

12 Current
7 . 1BhE Output

Data Write [ ™ A
Timer 0
Timer 1
Timer 2
Timer 3
CNVSTR

/

Figure 1.8. IDAC Block Diagram

1.7. Programmable Comparators

C8051F41x devices include two software-configurable voltage comparators with an input multiplexer. Each
comparator offers programmable response time and hysteresis and two outputs that are optionally avail-
able at the Port pins: a synchronous “latched” output (CPO and CP1), or an asynchronous “raw” output
(CPOA and CP1A). Comparator interrupts may be generated on rising, falling, or both edges. When in
IDLE or SUSPEND mode, these interrupts may be used as a “wake-up” source for the processor. Compar-
atorO may also be configured as a reset source. A block diagram of the comparator is shown in Figure 1.9.
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VDD
_—n"
\ | Interrupt |
> | Logic |
—_—
Portl/O0 | ¢ 3 5 CPO
Pins . u_%' —/_ L ¢ - ~ (synchronous output)
> s r/ e e
» -4 (SYNCHRONIZER)
GND - CPOA
/ v "~ (asynchronous output)
[ Reset ™
| Decision
I Tree
VDD
I- i |
\ | Interrupt |
> | Logic |
—_—
Porti/o | o ] 5 1 T CP1
[ ] r— D D = -
Pins . ) —/_ L - ”  (synchronous output)
o > > - T T
= ~—
- L (SYNCHRONIZER)
GND CP1A
/ (asynchronous output)

Figure 1.9. Comparators Block Diagram

1.8. Cyclic Redundancy Check Unit

CB8051F41x devices include a cyclic redundancy check unit (CRCO) that can perform a CRC using a 16-bit
or 32-bit polynomial. CRCO accepts a stream of 8-bit data and outputs a 16-bit or 32-bit result. CRCO also
has a hardware bit reverse feature for quick data manipulation.

1.9. Voltage Regulator

C8051F41x devices include an on-chip low dropout voltage regulator (REGO0). The input to REGO at the
VREgN Pin can be as high as 5.25 V. The output can be selected by software to 2.0 V or 2.5 V. When

enabled, the output of REGO powers the device and drives the Vpp pin. The voltage regulator can be used
to power external devices connected to Vpp.

1.10. Serial Ports

The C8051F41x Family includes an SMBus/I2C interface, a full-duplex UART with enhanced baud rate
configuration, and an Enhanced SPI interface. Each of the serial buses is fully implemented in hardware
and makes extensive use of the CIP-51's interrupts, thus requiring very little CPU intervention.
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1.11. smaRTClock (Real Time Clock)

C8051F41x devices include a smaRTClock Peripheral (Real Time Clock). The smaRTClock has a dedi-
cated 32 kHz oscillator that can be configured for use with or without a crystal, a 47-bit smaRTClock timer
with alarm, a backup supply regulator, and 64 bytes of backup SRAM. When the backup supply voltage
(VrTc-BACKUP) IS powered, the smaRTClock peripheral remains fully functional even if the core supply volt-

age (Vpp) is lost.

The smaRTClock allows a maximum of 137 year 47-bit independent time-keeping when used with a
32.768 kHz Watch Crystal and backup supply voltage of at least 1 V. The switchover logic powers smaRT-
Clock from the backup supply when the voltage at Virtc.gackup IS greater than Vpp. The smaRTClock
alarm and missing clock detector can interrupt the CIP-51, wake the internal oscillator from SUSPEND
mode, or generate a device reset if the smaRTClock timer reaches a pre-set value or the oscillator stops.

XTALA4

XTALS

D
!

T

smaRTClock

VRTC—BACKUP

Figure 1.10. smaRTClock Block Diagram

47-Bit
smaRTClock
<> Timer
smaRTClock State Machine
Interrupt > E
1 Internal Interface ©
-4_ Registers Registers i
CAPTUREN RTCOKEY )
| RTCOCN >
Switc
Lo ALARMnN RTCODAT
7
é VDD
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1.12. Port Input/Output

C8051F41x devices include up to 24 1/O pins. Port pins are organized as three byte-wide ports. The port
pins behave like typical 8051 ports with a few enhancements. Each port pin can be configured as a digital
or analog I/O pin. Pins selected as digital I/O can be configured for push-pull or open-drain operation. The
“weak pullups” that are fixed on typical 8051 devices may be individually or globally disabled to save
power.

The Digital Crossbar allows mapping of internal digital system resources to port /O pins. On-chip
counter/timers, serial buses, hardware interrupts, and other digital signals can be configured to appear on
the port pins using the Crossbar control registers. This allows the user to select the exact mix of general-
purpose port I/O, digital, and analog resources needed for the application.

POMASK, POMATCH
XBRO, XBR1, P1MASK, PIMATCH
PnSKIP Registers Registers
A 4
Priority | PnMDOUT,
Decoder PnMDIN Registers
. 2y
Highest UART |« 7 >
Priority
4
SPl [e—>~4£ >
w
=< 2
[ > /. »
5 SMBus [¢— ”| Digital X
2 Crossbar 8 PO —lZI, P0.0
g CcPO 4 <> 10 .
8 CcP1 -4 > CellsH P0.7
© Outputs :l¢ *
c
o)
£ SYSCLK R 8 P1 —|ZI, PLO
=~ d <+.-> 110 .
[ )
PCA |e /7/ > Celis] — = P P17
Lowest _ 2, —m P2.0
Priority 70, T1 1« V4 < 8 F--I?(—Z)— ______ =
8 — . 8 FONTH I R ga'pz]
PO (POO'P07) - P2.3-2.6 available on
l———— C8051F410/2
8

Pl | (P1.0-P1.7)
<—

(Port Latches)

8 o

— >

P2 | (P2.0-P27)
—

Figure 1.11. Port I/O Functional Block Diagram
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1.13. 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 six 16-bit capture/compare modules. The counter/timer is driven by a programmable timebase that
can select between seven sources: system clock, system clock divided by four, system clock divided by
twelve, the external oscillator clock source divided by 8, real-time clock source divided by 8, Timer O over-

flow, or an external clock signal on the External Clock Input (ECI) pin.

Each capture/compare module may be configured to operate independently in one of six modes: Edge-
Triggered Capture, Software Timer, High-Speed Output, Frequency Output, 8-Bit PWM, or 16-Bit PWM.
Additionally, PCA Module 5 may be used as a watchdog timer (WDT), and is enabled in this mode follow-
ing a system reset. The PCA Capture/Compare Module I/O and the External Clock Input may be routed to
Port I/O using the digital crossbar.

SYSCLK/12
SYSCLK/4

Timer 0 Overflow
—>

PCA
ECI CLOCK
SYSCLK MUX

External Clock/8
—>

smaRTClock/8

16-Bit Counter/Timer

Capture/Compare

Capture/Compare

Capture/Compare

Capture/Compare

Capture/Compare

Capture/Compare

Module 0 Module 1 Module 2 Module 3 Module 4 Module 5
A A A A A A
m (@] @] (@] @] (@] O
[¢) m m m m m m
= x x x x > <
o [ N w e [$)]
A 4 A 4 Y Y Y Y
Crossbhar
:'"""' TTTTTTTA
: Port 1/0O '
]

Figure 1.12. PCA Block Diagram
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2. Absolute Maximum Ratings

Table 2.1. Absolute Maximum Ratings*

Parameter Conditions Min Typ Max Units
Ambient temperature under bias -55 — 125 °C
Storage Temperature -65 — 150 °C
Voltage on Vrggn With respect to GND -0.3 — 5.5 \Y
Voltage on Vpp with respect to GND -0.3 — 3.0 \Y
Voltage on Virc-gackup With respect to GND -0.3 — 55 \Y,
Voltage on XTAL1 with respect to GND -0.3 — Vpp+ 0.3 Vv
Voltage on XTAL3 with respect to GND -0.3 — 55 \%
Voltage on any Port I/O Pin (except Port 0 pins) or -0.3 — Vio+0.3 \%
RST with respect to GND
Voltage on any Port 0 Pin with respect to GND 0.3 — 55 \%
Maximum output current sunk by any Port pin — — 100 mA
Maximum output current sourced by any Port pin — — 100 mA
Maximum Total current through Vpp, V|q, — — 500 mA
VRrc-Backup VReGIN: @nd GND

*Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the devices at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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3.

Global DC Electrical Characteristics

Table 3.1. Global DC Electrical Characteristics
—40 to +85 °C, 50 MHz System Clock unless otherwise specified. Typical values are given at 25 °C

Parameter Conditions Min Typ Max Units
Core Supply Voltage (Vpp) 2.0 — 2.75 \%
I/O Supply Voltage (V|0)2 2.0 — 5.25 v
Backup Supply Voltage (Vrrc-ackup)® 1.0 - 525 v
Backup Supply Current VrTe-Backup = 1.0 V:
(IRTC-BACKUP) at —40 °C — 0.65 1.5 HA
(Vpp =0V, smaRTClock clock = 32 kHz) at 25 °C — 0.9 1.8 MA
at 85°C — 14 25 HA
Vrrc-BACKUP = 1.8 V:
at—40°C — 0.7 — HA
at 25°C — 0.92 — HA
at85°C — 1.45 — MA
VRrrC-BACKUP = 2.5 V!
at—40°C — | 072 | 16 HA
at25°c — | 095 | 185 A
at85°C — 1.5 2.6 HA
Core Supply RAM Data Retention Voltage — 15 — \%
SYSCLK (System Clock)*® 0 — 50 MHz
Specified Operating Temperature Range -40 — +85 °C

o v

Notes:
1.

For more information on Vrggn Characteristics, see Table 8.1 on page 82.

2. VIO must be equal to or greater than VDD.
3.
4. SYSCLK is the internal device clock. For operational speeds in excess of 25 MHz, SYSCLK must

The Backup Supply Voltage (Vrtc-sackup) iS used to power the smaRTClock peripheral only.

be derived from the internal clock multiplier.
SYSCLK must be at least 32 kHz to enable debugging.
Based on device characterization data, not production tested.

. Active and Inactive IDD at voltages and frequencies other than those specified can be calculated

using the IDD Supply Sensitivity. For example, if the Vpp is 2.2 V instead of 2.0 V at 25 MHz:

Ipp = 5.5 MA typical at 2.0 V and f = 25 MHz. From this, Ipp = 5.5 mA + 1.14 x
(22V-2.0V)=5.73mAat2.2V and f =25 MHz.

Ipp can be estimated for frequencies < 15 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range. When using these numbers to estimate Ipp for >

15 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F = 20 MHz,

Ipp = 5.5 MA — (25 MHz — 20 MHz) x 0.16 mA/MHz = 4.7 mA.

Idle IDD can be estimated for frequencies < 1 MHz by simply multiplying the frequency of interest by
the frequency sensitivity number for that range. When using these numbers to estimate Idle for >

1 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F = 5 MHz, Idle

Ipp = 2.8 MA — (25 MHz — 5 MHz) x 0.1 mA/MHz = 0.8 mA.
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Table 3.1. Global DC Electrical Characteristics (Continued)
—40 to +85 °C, 50 MHz System Clock unless otherwise specified. Typical values are given at 25 °C

o v

Parameter Conditions Min Typ Max Units
Digital Supply Current—CPU Active (Normal Mode, fetching instructions from Flash)
Core Supply Current (Ipp)® Vpp =2.0V:
F=32kHz — 13 30 MA
F=1MHz — 0.30 0.5 mA
F =25 MHz — 55 6.5 mA
F =50 MHz — 95 12 mA
VDD =25V:
F =32 kHz — 17 40 PA
F=1MHz — 0.43 0.65 mA
F =25 MHz — 8.3 9.5 mA
F =50 MHz — 135 15 mA
Supply Sensitivity (Ipp)®” F =25 MHz — 114 — %IV
F=1MHz — 100 — %IV
Frequency Sensitivity (Ipp)®2 Vpp =2.0 V.
F<15MHz, T=25°C| — 0.27 — | mA/MHz
F>15MHz, T=25°C — 0.16 — mA/MHz
VDD =25V
F<15MHz, T=25°C — 0.39 — mA/MHz
F>15MHz, T=25°C| — 0.2 — | mA/MHz
Notes:
1. For more information on Vrgg N Characteristics, see Table 8.1 on page 82.
2. VIO must be equal to or greater than VDD.
3. The Backup Supply Voltage (VrTc.gackup) IS used to power the smaRTClock peripheral only.
4. SYSCLK is the internal device clock. For operational speeds in excess of 25 MHz, SYSCLK must

be derived from the internal clock multiplier.
SYSCLK must be at least 32 kHz to enable debugging.
Based on device characterization data, not production tested.

. Active and Inactive IDD at voltages and frequencies other than those specified can be calculated

using the IDD Supply Sensitivity. For example, if the Vpp is 2.2 V instead of 2.0 V at 25 MHz:

Ipp = 5.5 mA typical at 2.0 V and f = 25 MHz. From this, Ipp = 5.5 mA + 1.14 x
(22V-2.0V)=5.73mAat 2.2V and f = 25 MHz.

Ipp can be estimated for frequencies < 15 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range. When using these numbers to estimate Ipp for >

15 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F = 20 MHz,

Ipp = 5.5 MA — (25 MHz — 20 MHz) x 0.16 mA/MHz = 4.7 mA.

Idle IDD can be estimated for frequencies < 1 MHz by simply multiplying the frequency of interest by
the frequency sensitivity number for that range. When using these numbers to estimate Idle for >

1 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F = 5 MHz, Idle

Ipp = 2.8 MA — (25 MHz — 5 MHz) x 0.1 mA/MHz = 0.8 mA.
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Table 3.1. Global DC Electrical Characteristics (Continued)
—40 to +85 °C, 50 MHz System Clock unless otherwise specified. Typical values are given at 25 °C

Parameter Conditions Min Typ Max Units
Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)
Core Supply Current (Ipp)® Vpp =2.0V:
F=32kHz — 10 25 MA
F=1MHz — 0.15 0.25 mA
F =25 MHz — 2.8 3.3 mA
F =50 MHz — 5 11 mA
VDD =25V:
F=32kHz — 11 30 PA
F=1MHz — 0.21 0.37 mA
F =25 MHz — 3.8 4.3 mA
F =50 MHz — 7.5 8.0 mA
Supply Sensitivity (Ipp)®” F =25 MHz — 75 — %IV
F=1MHz — 68 — %IV
Frequency Sensitivity (Ipp)®° Vpp =2.0 V.
F<1MHz, T=25°C — 0.14 — mA/MHz
F>1MHz, T=25°C — 0.1 — mA/MHz
VDD =25V
F<1MHz, T=25°C — 0.19 — mA/MHz
F>1MHz, T=25°C — 0.13 — mA/MHz
Digital Supply Current (Suspend Mode) Oscillator not running, — 0.15 50 HA
VDD =25V
Digital Supply Current Oscillator not running, — 0.15 50 HA
(Stop Mode, shutdown) VDD =25V
Notes:
1. For more information on Vrgg N Characteristics, see Table 8.1 on page 82.
2. VIO must be equal to or greater than VDD.
3. The Backup Supply Voltage (Vrtc-sackup) iS used to power the smaRTClock peripheral only.
4. SYSCLK is the internal device clock. For operational speeds in excess of 25 MHz, SYSCLK must
be derived from the internal clock multiplier.
5. SYSCLK must be at least 32 kHz to enable debugging.
6. Based on device characterization data, not production tested.
7. Active and Inactive IDD at voltages and frequencies other than those specified can be calculated
using the IDD Supply Sensitivity. For example, if the Vpp is 2.2 V instead of 2.0 V at 25 MHz:
Ipp = 5.5 MA typical at 2.0 V and f = 25 MHz. From this, Ipp = 5.5 mA + 1.14 x
(22V-20V)=5.73mAat2.2V and f = 25 MHz.
8. Ipp can be estimated for frequencies < 15 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range. When using these numbers to estimate Ipp for >
15 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F = 20 MHz,
Ipp = 5.5 MA — (25 MHz — 20 MHz) x 0.16 mA/MHz = 4.7 mA.
9. Idle IDD can be estimated for frequencies < 1 MHz by simply multiplying the frequency of interest by
the frequency sensitivity number for that range. When using these numbers to estimate Idle for >
1 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F =5 MHz, Idle
Ipp = 2.8 MA — (25 MHz — 5 MHz) x 0.1 mA/MHz = 0.8 mA.
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Table 3.2. Index to Electrical Characteristics Tables

Table Title Page #
ADCO Electrical Characteristics (Vpp = 2.5V, Vrgg = 2.2 V) 67
ADCO Electrical Characteristics (Vpp = 2.1V, Vgrgg = 1.5 V) 68
IDAC Electrical Characteristics 75
Voltage Reference Electrical Characteristics 79
Voltage Regulator Electrical Specifications 82
Comparator Electrical Characteristics 92
Reset Electrical Characteristics 134
Flash Electrical Characteristics 143
Port I1/0 DC Electrical Characteristics 163
Oscillator Electrical Characteristics 175
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4. Pinout and Package Definitions

Table 4.1. Pin Definitions for the C8051F41x

Pin Numbers o
Name Type |Description
‘F410/2 | ‘'F411/3
Vbp 7 6 Core Supply Voltage.
Vio 1 28 /0 Supply Voltage.

GND 6 5 Ground.

VRTC-BACKUP 3 2 smaRTClock Backup Supply Voltage.
VREGIN 8 7 On-Chip Voltage Regulator Input.

RST/ D 1/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 for at least 15 ps. A 1 kQ pullup to Vg is

2 1 recommended. See Reset Sources Section for a complete
description.

C2CK DO |ciock signal for the C2 Debug Interface.

P2.7/ DI/O  |Port 2.7. See Port I/O Section for a complete description.

32 27

C2b DO |gj.directional data signal for the C2 Debug Interface.
smaRTClock Oscillator Crystal Input.

XTAL3 ) 4 Aln  |See Section 20. "smaRTClock (Real Time Clock)" for a
complete description.
smaRTClock Oscillator Crystal Input.

XTAL4 4 3 A Out |See Section 20. "smaRTClock (Real Time Clock)" for a
complete description.

P0.0/ D /O or |port 0.0. See Port I/0 Section for a complete description.

Aln
17 16
IDACO A Out IDACO Output. See IDAC Section for complete description.
PO.1/ D I/Oor |port 0.1. See Port I/0 Section for a complete description.
Aln
18 17
IDACL A Out IDAC1 Output. See IDAC Section for complete description.
P0.2 19 18 D I/O or |port 0.2. See Port I/0O Section for a complete description.
Aln
PO.3 20 19 D I/O or |port 0.3. See Port I/0 Section for a complete description.
Aln
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Table 4.1. Pin Definitions for the C8051F41x (Continued)

Pin Numbers

Name Type |Description
‘F410/2 | ‘F411/3
P0.4/ D /O or |port 0.4. See Port I/0 Section for a complete description.
Aln
21 20
™ D Out tL_JART TX Pin. See Port I/O Section for a complete descrip-
ion.
P0.5/ D I/Oor |port 0.5. See Port I/0O Section for a complete description.
Aln
22 21
UART RX Pin. See Port I/0O Section for a complete descrip-
RX D In ;
tion.
P0.6/ D /O or |port 0.6. See Port I/0 Section for a complete description.
Aln
23 22
External Convert Start Input for ADCO, IDAO, and IDAL. See
CNVSTR Dln ADCO or IDACs section for a complete description.
PO.7 2 23 D I/Oor |port 0.7. See Port I/0O Section for a complete description.
Aln
P1.0/ D I/O or |Port 1.0. See Port I/O Section for a complete description.
9 8 Aln
External Clock Input. This pin is the external oscillator
XTAL1 AIn  |return for a crystal or resonator. See Oscillator Section.
Port 1.1. See Port I/O Section for a complete description.
D I/O or
P1.1/ Aln
10 9 External Clock Output. This pin is the excitation driver for an
XTAL2 AQor |external crystal or resonator, or an external clock input for
DIn |cMOS, capacitor, or RC oscillator configurations. See
Oscillator Section.
P1.2 D I/O or |Port 1.2. See Port I/0 Section for a complete description.
1 10 Aln
VREF Aln IExternal Vger Input. See Vggg Section.
P1.3 12 1 DX?nOV Port 1.3. See Port I/0O Section for a complete description.
P1.4 13 12 DX?HOT Port 1.4. See Port I/O Section for a complete description.
P15 14 13 DX?nOY Port 1.5. See Port I/O Section for a complete description.
P1.6 15 14 DX?nOY Port 1.6. See Port I/0 Section for a complete description.
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Table 4.1. Pin Definitions for the C8051F41x (Continued)

Pin Numbers o
Name Type |Description
‘F410/2 | ‘F411/3

P1.7 16 15 DX(IDHOV Port 1.7. See Port I/O Section for a complete description.
P20 25 24 DX(IDHOV Port 2.0. See Port I/O Section for a complete description.
P21 26 25 DX?HOT Port 2.1. See Port I/O Section for a complete description.
P22 27 26 DX?nOV Port 2.2. See Port I/O Section for a complete description.

* D I/O or |Port 2.3. See Port I/O Section for a complete description.
P2.3 28 Aln

* D /O or |Port 2.4. See Port I/O Section for a complete description.
P2.4 29 Aln

* D I/Oor |port 2.5. See Port I/O Section for a complete description.
P2.5 30 Aln

* D I/O or |Port 2.6. See Port I/O Section for a complete description.
P2.6 31 Aln

*Note: Available only on the C8051F410/2.
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24 | PO.7

23 | P0.6 / CNVSTR

22| PO.5 / RX

21 | PO.4/ TX

20 | P0.3

19 | P0.2

18 | P0.1/IDAC1

17 | P0.0 / IDACO

[a)
N
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~ © 0 < ™ N “ o
oi oi oi N oi oi oi N
a o a a a o o a
o o o o o) ~ © Lo
™ ™ ® N ~ ~ N N
Vio 1
RST/C2CK 2
VRrrc-eackup | 3
xTAL4 [ 4 C8051F410/2
xiaz [ g Top View
GND 6
Voo | 7
Vereow | 8
o o — o~ ™ < o ©
=1 — — — - —
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Figure 4.1. LQFP-32 Pinout Diagram (Top View)
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Figure 4.2. QFN-28 Pinout Diagram (Top View)
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Figure 4.3. LQFP-32 Package Diagram
Table 4.2. LQFP-32 Package Dimensions
MM
MIN TYP MAX
A — — 1.60
Al 0.05 — 0.15
A2 1.35 1.40 1.45
b 0.30 0.37 0.45
C 0.09 — 0.20
D — 9.00 —
D1 — 7.00 —
e — 0.80 —
E — 9.00 —
El — 7.00 —
L 0.45 0.60 0.75
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Figure 4.4. LQFP-32 Recommended PCB Land Pattern

Table 4.3. LQFP-32 PCB Land Pattern Dimensions

Dimension Min Max
C1 8.40 8.50
Cc2 8.40 8.50
E 0.80 BSC
X1 0.40 0.50
Y1 1.25 1.35
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Figure 4.5. QFN-28 Package Drawing

Table 4.4. QFN-28 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.90 1.00 L 0.35 0.55 0.65
Al 0.00 0.02 0.05 L1 0.00 — 0.15
A3 0.25 REF aaa 0.15
b 0.18 ‘ 0.23 ‘ 0.30 bbb 0.10
D 5.00 BSC. ddd 0.05
D2 2.90 ‘ 3.15 ‘ 3.35 eee 0.08
e 0.50 BSC. Z 0.44
E 5.00 BSC. Y 0.18
E2 2.90 ‘ 3.15 ‘ 3.35
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 the JEDEC Solid State Outline MO-220, variation VHHD except for
custom features D2, E2, Z, Y, and L which are toleranced per supplier designation.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small
Body Components.
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Table 4.5. QFN-28 PCB Land Pattern Dimensions

Dimension Min Max Dimension Min Max
C1l 4.80 X2 3.20 3.30
Cc2 4.80 Y1l 0.85 0.95
E 0.50 Y2 3.20 3.30
X1 0.20 0.30

Notes:

General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.

Solder Mask Design
4. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder
mask and the metal pad is to be 60um minimum, all the way around the pad.

Stencil Design
5. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used
to assure good solder paste release.
6. The stencil thickness should be 0.125mm (5 mils).
7. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pins.
8. A 3x3 array of 0.90mm openings on a 1.1mm pitch should be used for the center pad to
assure the proper paste volume (67% Paste Coverage).

Card Assembly
9. A No-Clean, Type-3 solder paste is recommended.
10. The recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for
Small Body Components.

Rev. 1.1 49

SILICON LABS



C8051F410/1/2/3

NOTES:

50

Rev. 1.1

SILICON LABS





















C8051F410/1/2/3

18. Port Input/Output

Digital and analog resources are available through up to 24 1/O pins. Port pins are organized as three byte-
wide Ports. Each of the Port pins can be defined as general-purpose /O (GPIO) or analog input/output;
Port pins P0.0 - P2.7 can be assigned to one of the internal digital resources as shown in Figure 18.3. The
designer has complete control over which functions are assigned, limited only by the number of physical
I/O pins. This resource assignment flexibility is achieved through the use of a Priority Crossbar Decoder.
Note that the state of a Port I/0O pin can always be read in the corresponding Port latch, regardless of the
Crossbar settings.

The Crossbar assigns the selected internal digital resources to the 1/0 pins based on the peripheral priority
order of the Priority Decoder (Figure 18.3 and Figure 18.4). The registers XBRO and XBR1, defined in SFR
Definition 18.1 and SFR Definition 18.2, are used to select internal digital functions.

Port 1/0s on PO are 5V tolerant over the operating range of V,q. Port 1/0s on P1 and P2 should not be
driven above Vg or they will sink current. Figure 18.2 shows the Port cell circuit. The Port I/O cells are

configured as either push-pull or open-drain in the Port Output Mode registers (PnMDOUT, where n =
0,1,2). Complete Electrical Specifications for Port I/O are given in Table 18.1 on page 163.

POMASK, POMATCH
XBRO, XBR1, P1MASK, PIMATCH
PnSKIP Registers Registers
\ 4
Priority | PAMDOUT,
Decoder PnMDIN Registers
) 2,
Highest UART |« v >
Priority
4
sPI [e—=X£ >
0
) 2
< < 7 >
s SMBus [€ 7 ”| Digital X
@ Crossbar PO x P0.0
3 8 :
g CPO 4 «——<@> 10 .
a cP1 4 > Cells hd X ro7
T Outputs #
g v
[J]
£ SYSCLK N 8 p1 S x P1.0
= > «——<8>| 110 o
[ ]
PCA | /7/ > Cells x P1.7
Lowest 2, IZ' P2.0
< [=3) .
Priority T0. T1 |« /7 < 8 » o f : _________
8 = i iy =EEEEE LEEEEE b2
PO | (P0.0-P0T7) P2.3-2.6 available on
C8051F410/2
n
19} 8
<
g
ki P1 | (P1.0-P1.7)
z —
g 8
P2 1 (P2.0-P2.7)
————
Figure 18.1. Port 1/0O Functional Block Diagram
®
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Figure 18.2. Port 1/0O Cell Block Diagram
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18.1. Priority Crossbar Decoder

The Priority Crossbar Decoder (Figure 18.3) assigns a priority to each 1/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 (excluding UARTO, which will be assigned to pins P0.4 and P0.5). If a Port pin is assigned, the
Crossbar skips that pin when assigning the next selected resource. 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.

Important Note on Crossbar Configuration: If a Port pin is claimed by a peripheral without use of the
Crossbar, its corresponding PnSKIP bit should be set. This applies to P1.0 and/or P1.1 for the external
oscillator, P1.2 for Vgreg, PO0.6 for the external CNVSTR signal, P0.0 for IDAO, P0O.1 for IDAL, and any

selected ADC or comparator inputs. The Crossbar skips selected pins as if they were already assigned,
and moves to the next unassigned pin. Figure 18.3 shows the Crossbar Decoder priority with no Port pins
skipped (POSKIP, P1SKIP, P2SKIP = 0x00); Figure 18.4 shows the Crossbar Decoder priority with the
XTAL1 (P1.0) and XTAL2 (P1.1) pins skipped (P1SKIP = 0x03).

PO P1 P2

PIN I/0 o 1 2 3 4 5 6 7]J]0 1 2 3 4 5 6 70 1 2 3 4 5 6 7
TXO0

RX0
SCK
MISO
MOSI
NSS* (*4-Wire SPI1 Only)
SDA
SCL
CPO
CPOA
CP1
CP1A
/SYSCLK
CEXO
CEX1
CEX2
CEX3
CEX4
CEX5
ECI

TO

T1

0 00 oo oo0o0fo o o oo 0O 0TU O0O[0O0O0OOTOT OO O
POSKIP[0:7] P1SKIP[0:7] P2SKIP[0:7]

Figure 18.3. Crossbar Priority Decoder with No Pins Skipped
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PO P1 P2

PIN 1/0 o 1 2 3 4 5 6 790 1 2 3 4 5 6 7]0 1 2 3 4 5 6 7
TXO0

RX0
SCK
MISO
MOSI
NSS* (*4-Wire SPI Only)
SDA
scL
CPO
CPOA
CP1
CP1A
ISYSCLK
CEX0
CEX1
CEX2
CEX3
CEX4
CEX5
ECI

TO

T1

0 0000 O0OGOT Ofl1 1 0 O0O0TUO0TO0TO|0OOOT OO OTOTU OO
POSKIP[0:7] P1SKIP[0:7] = 0x03 P2SKIP[0:7]

- Port pin potentially assignable to peripheral

_Special Function Signals are not assigned by the crossbar. When these signals are enabled,
the CrossBar must be manually configured to skip their corresponding port pins.

Figure 18.4. Crossbar Priority Decoder with Crystal Pins Skipped

Registers XBR0O and XBR1 are used to assign the digital /0 resources to the physical I/0O Port pins. Note
that when the SMBus is selected, the Crossbar assigns both pins associated with the SMBus (SDA and
SCL); when the UART is selected, the Crossbar assigns both pins associated with the UART (TX and RX).
UARTO pin assignments are fixed for bootloading purposes: UART TXO is always assigned to P0.4; UART
RX0 is always assigned to P0.5. Standard Port I1/Os appear contiguously starting at P0.0 after prioritized
functions and skipped pins are assigned.

Important Note: The SPI can be operated in either 3-wire or 4-wire modes, depending on the state of the
NSSMD1-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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18.2. Port I/O Initialization

Port I/O initialization consists of the following steps:

Step 1. Select the input mode (analog or digital) for all Port pins, using the Port Input Mode
register (PNMDIN). If the pin is in analog mode, a '1' must also be written to the
corresponding Port Latch.

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

Step 3. Select any pins to be skipped by the I/O Crossbar using the Port Skip registers (PnSKIP).

Step 4. Assign Port pins to desired peripherals using the XBRn registers.

Step 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 port pins in analog mode must have a '1' set in the
corresponding Port Latch register. All pins default to digital inputs on reset. See SFR Definition 18.4 for the
PnMDIN register details.

Important Note: Port O pins are 5V tolerant across the operating range of V|q. Figure 18.5 shows the
input current range of PO pins when overdriven above V,g (when V| is 3.3 V nominal). There are two over-

drive modes for Port 0: Normal and High-Impedance. When the corresponding bit in POODEN is logic 0,
Normal Overdrive Mode is selected and the port pin requires 150 pA peak overdrive current when its volt-
age reaches approximately Vg + 0.7 V. When the corresponding bit in POODEN is logic 1, High-Imped-

ance Overdrive Mode is selected and the port pin does not require any additional overdrive current. Pins
configured to High-Impedance Overdrive Mode consume slightly more power from Vg than pins config-

ured to Normal Overdrive Mode. Note that Port 1 and Port 2 pins cannot be overdriven above V|q and
have the same behavior as PO in Normal Mode.
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Figure 18.5. Port O Input Overdrive Current Range

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. When the WEAKPUD bit in XBR1 is ‘0’, a weak pullup is enabled for all Port I/O con-
figured 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’ and for pins configured for analog input mode to avoid unneces-
sary power dissipation.

Registers XBRO and XBR1 must be loaded with the appropriate values to select the digital I/0O functions
required by the design. Setting the XBARE bit in XBR1 to ‘1’ enables the Crosshar. 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 1/0O pin-out using the Priority Decode
Table.

The Crossbar must be enabled to use Port pins as standard Port 1/O in output mode. Port output drivers
are disabled while the Crossbar is disabled.
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SFR Definition 18.1. XBRO: Port I/0O Crossbar Register O

RIW RIW RIW R/W R/W R/W RIW RIW Reset Value
CP1AE | CP1E | CPOAE | CPOE |SYSCKE| SMBOE | SPIOE | URTOE |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXE1

Bit7: CP1AE: Comparatorl Asynchronous Output Enable
0: Asynchronous CP1 unavailable at Port pin.
1. Asynchronous CP1 routed to Port pin.
Bit6: CP1E: Comparatorl Output Enable
0: CP1 unavailable at Port pin.
1. CP1 routed to Port pin.
Bit5: CPOAE: Comparator0 Asynchronous Output Enable
0: Asynchronous CPO unavailable at Port pin.
1: Asynchronous CPO routed to Port pin.
Bit4: CPOE: ComparatorO Output Enable
0: CPO unavailable at Port pin.
1: CPO routed to Port pin.
Bit3: SYSCKE: /SYSCLK Output Enable
0: /SYSCLK unavailable at Port pin.
1: /SYSCLK output routed to Port pin.
Bit2: SMBOE: SMBus I/O Enable
0: SMBus I/O unavailable at Port pins.
1: SMBus I/O routed to Port pins.
Bitl: SPIOE: SPI I/O Enable
0: SPI I/0 unavailable at Port pins.
1: SPI1 1/O routed to Port pins. Note that the SPI can be assigned either 3 or 4 GPIO pins.
Bit0: URTOE: UART I/O Output Enable
0: UART I/O unavailable at Port pin.
1: UART TXO0, RXO0 routed to Port pins P0.4 and P0.5.
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SFR Definition 18.2. XBR1: Port I/O Crossbar Register 1

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
WEAKPUD‘ XBARE \ T1E | TOE | ECIE | PCAOME |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

SFR Address: OXE2

Bit7: WEAKPUD: Port I/O Weak Pullup Disable.
0: Weak Pullups enabled (except for Ports whose 1/O are configured as analog input).
1. Weak Pullups disabled.
Bit6: XBARE: Crossbar Enable.
0: Crossbar disabled.
1: Crossbar enabled.
Bit5: T1E: T1 Enable
0: T1 unavailable at Port pin.
1: T1 routed to Port pin.
Bit4: TOE: TO Enable
0: TO unavailable at Port pin.
1: TO routed to Port pin.
Bit3: ECIE: PCAO External Counter Input Enable
0: ECI unavailable at Port pin.
1: ECI routed to Port pin.
Bits2-0: PCAOME: PCA Module I/O Enable Bits.
000: All PCA 1/0O unavailable at Port pins.
001: CEXO routed to Port pin.
010: CEXO, CEX1 routed to Port pins.
011: CEXO0, CEX1, CEX2 routed to Port pins.
100: CEXO0, CEX1, CEX2, CEX3 routed to Port pins.
101: CEXO, CEX1, CEX2, CEX3, CEX4 routed to Port pins.
110: CEXO, CEX1, CEX2, CEX3, CEX4, CEXS5 routed to Port pins.
111: Reserved.

18.3. General Purpose Port 1/0

Port pins that remain unassigned by the Crossbar and are not used by analog peripherals can be used for
general purpose I/O. Ports PO-P2 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 maintain 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, DINZ 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.

In addition to performing general purpose 1/0O, PO and P1 can generate a port match event if the logic lev-
els of the Port's input pins match a software controlled value. A port match event is generated if
(PO & POMASK) does not equal (POMATCH & POMASK) or if (P1& P1MASK) does not equal
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(PLMATCH & P1MASK). This allows Software to be notified if a certain change or pattern occurs on PO or
P1 input pins regardless of the XBRn settings. A port match event can cause an interrupt if EMAT (EIE2.1)
is set to '1' or cause the internal oscillator to awaken from SUSPEND mode. See Section “19.1.1. Internal
Oscillator Suspend Mode” on page 166 for more information.

SFR Definition 18.3. PO: Port0

RIW RIW R/W R/W R/W R/W R/W RIW Reset Value
P0.7 PO6 | P05 | P04 | P03 | P02 | PO.1 P0.0 | 11111111
. . . . . . . . Bit
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: 0x80

Bits7—0: PO.[7:0]
Write - Output appears on I/O pins per Crossbar Registers.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding POMDOUT.n bit = 0).
Read - Always reads ‘0’ if selected as analog input in register POMDIN. Directly reads Port
pin when configured as digital input.
0: PO.n pin is logic low.
1: PO.n pin is logic high.

SFR Definition 18.4. POMDIN: PortO Input Mode

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value

\ | \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OXF1

Bits7—0: Analog Input Configuration Bits for P0.7—P0.0 (respectively).
Port pins configured as analog inputs have their weak pullup, digital driver, and digital
receiver disabled.
0: Corresponding PO0.n pin is configured as an analog input. In order for the P0.n pin to be
in analog input mode, there MUST be a'l' in the Port Latch register corresponding to
that pin.
1: Corresponding PO0.n pin is not configured as an analog input.
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SFR Definition 18.5. POMDOUT: Port0 Output Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

\ \ | \ \ \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXA4

Bits7—0: Output Configuration Bits for P0.7—P0.0 (respectively): ignored if corresponding bit in regis-
ter POMDIN is logic O.
0: Corresponding PO.n Output is open-drain.
1: Corresponding P0.n Output is push-pull.

(Note: When SDA and SCL appear on any of the Port I/O, each are open-drain regardless
of the value of POMDOUT).

SFR Definition 18.6. POSKIP: Port0 Skip

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value

\ \ | \ \ \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xD4

Bits7—0: POSKIP[7:0]: Port0 Crossbar Skip Enable Bits.
These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (Vg input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.
0: Corresponding P0O.n pin is not skipped by the Crossbar.
1: Corresponding PO0.n pin is skipped by the Crossbar.
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SFR Definition 18.7. POMAT: PortO Match

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xD7

Bits7—0: POMAT][7:0]: Port0 Match Value.
These bits control the value that unmasked PO Port pins are compared against. A Port
Match event is generated if (PO & POMASK) does not equal (POMAT & POMASK).

SFR Definition 18.8. POMASK: Port0 Mask

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xC7

Bits7-0: POMASK][7:0]: Port0 Mask Value.
These bits select which Port pins will be compared to the value stored in POMAT.
0: Corresponding P0.n pin is ignored and cannot cause a Port Match event.
1: Corresponding PO.n pin is compared to the corresponding bit in POMAT.

SFR Definition 18.9. POODEN: PortO Overdrive Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xBO

Bits7-0: High Impedance Overdrive Mode Enable Bits for P0.7—P0.0 (respectively).
Port pins configured to High-Impedance Overdrive Mode do not require additional overdrive
current, although selecting this mode results in a slight increase in supply current. Port pins
configured to Normal Overdrive Mode require approximately 150 pA of input overdrive cur-
rent when the voltage at the pin reaches V|o+0.7 V.
0: Corresponding P0O.n pin is configured to Normal Overdrive Mode.
1. Corresponding P0.n pin is configured to High-Impedance Overdrive Mode.
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SFR Definition 18.10. P1: Portl

R/IW R/W R/W R/W R/W RIW R/W R/IW Reset Value
P1.7 P16 | P15 | P14 | P13 | P12 | P11 | P10 |11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Ad dreBSitsable
SFR Address: 0x90
Bits7—0: P1.[7:0]
Write - Output appears on I/O pins per Crossbar Registers.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding PIMDOUT.n bit = 0).
Read - Always reads ‘0’ if selected as analog input in register PLMDIN. Directly reads Port
pin when configured as digital input.
0: P1.n pin is logic low.
1: P1.n pin is logic high.
SFR Definition 18.11. PIMDIN: Portl Input Mode
RIW RIW RIW R/W R/W RIW R/W RIW Reset Value
\ \ | \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
SFR Address: OxF2
Bits7—0: Analog Input Configuration Bits for P1.7—P1.0 (respectively).

Port pins configured as analog inputs have their weak pullup, digital driver, and digital
receiver disabled.

0: Corresponding P1.n pin is configured as an analog input. In order for the P1.n pin to be
in analog input mode, there MUST be a'l' in the Port Latch register corresponding to
that pin.

1: Corresponding P1.n pin is not configured as an analog input.
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SFR Definition 18.12. PIMDOUT: Portl Output Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

\ \ | \ \ \ \ \oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXA5

Bits7—0: Output Configuration Bits for P1.7—P1.0 (respectively): ignored if corresponding bit in regis-
ter PAMDIN is logic O.
0: Corresponding P1.n Output is open-drain.
1: Corresponding P1.n Output is push-pull.

SFR Definition 18.13. P1SKIP: Portl Skip

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value

\ \ | \ \ \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xD5

Bits7—0: P1SKIP[7:0]: Portl Crossbar Skip Enable Bits.
These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (Vg input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.
0: Corresponding P1.n pin is not skipped by the Crossbar.
1. Corresponding P1.n pin is skipped by the Crossbar.
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SFR Definition 18.14. P1IMAT: Portl Match

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
SFR Address: OXCF

Bits7-0: P1MATJ[7:0]: Portl Match Value.
These bits control the value that unmasked PO Port pins are compared against. A Port
Match event is generated if (P1 & P1MASK) does not equal (P1LMAT & P1MASK).

SFR Definition 18.15. PIMASK: Portl Mask

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value

\ \ | \ \ \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXBF

Bits7—0: P1MASK][7:0]: Portl Mask Value.
These bits select which Port pins will be compared to the value stored in P1MAT.
0: Corresponding P1.n pin is ignored and cannot cause a Port Match event.
1: Corresponding P1.n pin is compared to the corresponding bit in P1MAT.
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SFR Definition 18.16. P2: Port2

RIW RIW R/W R/W R/W R/W R/W R/W Reset Value

P2.7 P26 | P25 | P24 | P23 [ P22 | P21 | P20 |11111111
. . . . . . . . Bit

Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: OXAO

Bits7-0: P2.[7:0]
Write - Output appears on I/O pins per Crossbar Registers.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding P2MDOUT.n bit = 0).
Read - Always reads ‘0’ if selected as analog input in register P2MDIN. Directly reads Port
pin when configured as digital input.
0: P2.n pin is logic low.
1: P2.n pin is logic high.

SFR Definition 18.17. P2MDIN: Port2 Input Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OXF3

Bits7—-0: Analog Input Configuration Bits for P2.7—P2.0 (respectively).
Port pins configured as analog inputs have their weak pullup, digital driver, and digital
receiver disabled.
0: Corresponding P2.n pin is configured as an analog input. In order for the P2.n pin to be
in analog input mode, there MUST be a'1' in the Port Latch register corresponding to
that pin.
1. Corresponding P2.n pin is not configured as an analog input.
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SFR Definition 18.18. P2MDOUT: Port2 Output Mode

R R R R R R R R/W Reset Value
\ \ | \ \ \ \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: 0XA6
Bits7—0: Output Configuration Bits for P2.7—P2.0 (respectively): ignored if corresponding bit in regis-
ter P2MDIN is logic O.
0: Corresponding P2.n Output is open-drain.
1: Corresponding P2.n Output is push-pull.
SFR Definition 18.19. P2SKIP: Port2 Skip
R/W R/W R/IW R/W R/W RIW R/W R/IW Reset Value
\ \ | \ \ \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0XxD6
Bits7-0: P2SKIP[7:0]: Port2 Crossbar Skip Enable Bits.

These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (Vrgg input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.

0: Corresponding P2.n pin is not skipped by the Crossbar.

1: Corresponding P2.n pin is skipped by the Crossbar.
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Table 18.1. Port I/O DC Electrical Characteristics

Vo = 2.0t0 5.25 V, —40 to +85 °C unless otherwise specified. Typical values are given at 25 °C.

Parameters Conditions Min Typ Max Units
lon = =3 mA, Port I/O push-pull Vio—-0.5 — —
Output High Voltage \%
lon =—70 pA, Port I/O push-pull | V|g —50 mV — —
V|o =2.0V:
IOL =70 HA — — 50
oL =8.5mA — — 800
Output Low Voltage Vio = 4.0 V: mV
|o|_ =70 IJA — — 40
loL = 8.5 mA — — 400
Input High Voltage Vo x 0.7 — — \Y;
Input Low Voltage — — Vo X 0.3 \Y;
Input Leakage Current Weak Pullup Off — <0.1 +1 MA
Weak Pullup Impedance — 120 — kQ
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NOTES:
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19. Oscillators

C8051F41x devices include a programmable internal oscillator, an external oscillator drive circuit, and a
Clock Multiplier. The internal oscillator can be enabled/disabled and calibrated using the OSCICN and
OSCICL registers, as shown in Figure 19.1. The system clock (SYSCLK) can be derived from the internal
oscillator, external oscillator circuit, or smaRTClock oscillator. The clock multiplier can produce three possi-
ble base outputs which can be scaled by a programmable factor of 1, 2/3, 2/4 (or 1/2), 2/5, 2/6 (or 1/3), or
2/7: Internal Oscillator x 2, External Oscillator x 2, or External Oscillator x 4. Oscillator electrical specifica-
tions are given in Table 19.1 on page 175.
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Figure 19.1. Oscillator Diagram

19.1. Programmable Internal Oscillator

All C8051F41x devices include a programmable internal oscillator that defaults as the system clock after a
system reset. The internal oscillator period can be programmed via the OSCICL register, shown in SFR
Definition 19.2. On C8051F41x devices, OSCICL is factory calibrated to obtain a 24.5 MHz frequency.

Electrical specifications for the precision internal oscillator are given in Table 19.1 on page 175. Note that
the system clock may be derived from the programmed internal oscillator divided by 1, 2, 4, 8, 16, 32, 64,
or 128 as defined by the IFCN bits in register OSCICN. The divide value defaults to 128 following a reset.

Rev. 1.1 165

SILICON LABS



C8051F410/1/2/3

19.1.1. Internal Oscillator Suspend Mode

When software writes a logic 1 to SUSPEND (OSCICN.5), the internal oscillator is suspended. If the sys-
tem clock is derived from the internal oscillator, the input clock to the peripheral or CIP-51 will be stopped
until one of the following events occur:

» Port 0 Match Event.

» Port 1 Match Event.

e Comparator 0 enabled and output is logic 0.
e Comparator 1 enabled and output is logic O.
» smaRTClock Oscillator Fail Event.

* smaRTClock Alarm Event.

When one of the internal oscillator awakening events occur, the internal oscillator, CIP-51, and affected
peripherals resume normal operation, regardless of whether the event also causes an interrupt. The CPU
resumes execution at the instruction following the write to SUSPEND.
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SFR Definition 19.1. OSCICN: Internal Oscillator Control

RIW R RIW R R RIW RIW RIW Reset Value
IOSCEN | IFRDY [SUSPEND| - | - [ IFCN2 [ IFCN1 | IFCNO |11000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xB2

Bit7: IOSCEN: Internal Oscillator Enable Bit.
0: Internal Oscillator Disabled.
1: Internal Oscillator Enabled.
Bit6: IFRDY: Internal Oscillator Frequency Ready Flag.
0: Internal Oscillator is not running at programmed frequency.
1. Internal Oscillator is running at programmed frequency.
Bit5: SUSPEND: Internal Oscillator Suspend Enable Bit.
Setting this bit to logic 1 places the internal oscillator in SUSPEND mode. The internal oscil-
lator resumes operation when one of the SUSPEND mode awakening events occur.
Bits4-3: UNUSED. Read = 00b, Write = don't care.
Bits2—0: IFCN2-0: Internal Oscillator Frequency Control Bits.
000: SYSCLK derived from Internal Oscillator divided by 128 (default).
001: SYSCLK derived from Internal Oscillator divided by 64.
010: SYSCLK derived from Internal Oscillator divided by 32.
011: SYSCLK derived from Internal Oscillator divided by 16.
100: SYSCLK derived from Internal Oscillator divided by 8.
101: SYSCLK derived from Internal Oscillator divided by 4.
110: SYSCLK derived from Internal Oscillator divided by 2.
111: SYSCLK derived from Internal Oscillator divided by 1.

SFR Definition 19.2. OSCICL: Internal Oscillator Calibration

R R/W R/W R/W R/W R/W R/W R/W Reset Value
- ‘ OSCICL | Varies
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0XB3

Bit7: UNUSED. Read = 0. Write = don't care.

Bits 6—0: OSCICL: Internal Oscillator Calibration Register.
This register determines the internal oscillator period. On C8051F41x devices, the reset
value is factory calibrated to generate an internal oscillator frequency of 24.5 MHz.
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19.2. External Oscillator Drive Circuit

The external oscillator circuit may drive an external crystal, ceramic resonator, capacitor, or RC network. A
CMOS clock may also provide a clock input. For a crystal or ceramic resonator configuration, the crys-
tal/resonator must be wired across the XTAL1 and XTAL2 pins as shown in Option 1 of Figure 19.1. A
10 MQ resistor also must be wired across the XTAL1 and XTAL2 pins for the crystal/resonator configura-
tion. In RC, capacitor, or CMOS clock configuration, the clock source should be wired to the XTAL2 pin as
shown in Option 2, 3, or 4 of Figure 19.1. The type of external oscillator must be selected in the OSCXCN
register, and the frequency control bits (XFCN) must be selected appropriately (see SFR
Definition 19.3. OSCXCN: External Oscillator Control).

Important Note on External Oscillator Usage: Port pins must be configured when using the external
oscillator circuit. When the external oscillator drive circuit is enabled in crystal/resonator mode, Port pins
P1.0 and P1.1 are used as XTAL1 and XTAL2 respectively. When the external oscillator drive circuit is
enabled in capacitor, RC, or CMOS clock mode, Port pin P1.1 is used as XTAL2. The Port I/O Crossbar
should be configured to skip the Port pins used by the oscillator circuit; see Section “18.1. Priority Cross-
bar Decoder” on page 149 for Crossbar configuration. Additionally, when using the external oscillator cir-
cuit in crystal/resonator, capacitor, or RC mode, the associated Port pins should be configured as analog
inputs (with ‘1's in the corresponding Port Latch). In CMOS clock mode, the associated pin should be con-
figured as a digital input. See Section “18.2. Port I/O Initialization” on page 151 for details on Port
input mode selection.

The frequency of the external oscillator can be measured with respect to the smaRTClock Oscillator using
Timer 2 or Timer 3. Section “24.2.3. External/smaRTClock Capture Mode” on page 241 shows how this
can be accomplished.

19.2.1. Clocking Timers Directly Through the External Oscillator

The external oscillator source divided by eight is a clock option for the timers (Section “24. Timers” on
page 231) and the Programmable Counter Array (PCA) (Section “25. Programmable Counter Array
(PCAO0)” on page 249). When the external oscillator is used to clock these peripherals, but is not used as
the system clock, the external oscillator frequency must be less than or equal to the system clock fre-
guency. In this configuration, the clock supplied to the peripheral (external oscillator / 8) is synchronized
with the system clock; the jitter associated with this synchronization is limited to +0.5 system clock cycles.

19.2.2. External Crystal Example

If a crystal or ceramic resonator is used as an external oscillator source for the MCU, the circuit should be
configured as shown in Figure 19.1, Option 1. The External Oscillator Frequency Control value (XFCN)
should be chosen from the Crystal column of the table in SFR Definition 19.3. For example, a 12 MHz crys-
tal requires an XFCN setting of 111b.
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When the crystal oscillator is first enabled, the oscillator amplitude detection circuit requires a settling time
to achieve proper bias. Introducing a delay of 1 ms between enabling the oscillator and checking the
XTLVLD bit will prevent a premature switch to the external oscillator as the system clock. Switching to the
external oscillator before the crystal oscillator has stabilized can result in unpredictable behavior. The rec-
ommended procedure is:

Step 1. Force the XTAL1 and XTAL2 pins low by writing 0's to the port latch.
Step 2. Configure XTAL1 and XTALZ2 as analog inputs.

Step 3. Release the crystal pins by writing ‘1's to the port latch.

Step 4. Enable the external oscillator.

Step 5. Wait at least 1 ms.

Step 6. Poll for XTLVLD =>"'1",

Step 7. Switch the system clock to the external oscillator.

Note: Tuning-fork crystals may require additional settling time before XTLVLD returns a valid result.

The capacitors shown in the external crystal configuration provide the load capacitance required by the
crystal for correct oscillation. These capacitors are "in series" as seen by the crystal and "in parallel” with
the stray capacitance of the XTAL1 and XTAL2 pins.

Note: The load capacitance depends upon the crystal and the manufacturer. Please refer to the crystal
data sheet when completing these calculations.

For example, a tuning-fork crystal of 32.768 kHz with a recommended load capacitance of 12.5 pF should
use the configuration shown in Figure 19.1, Option 1. The total value of the capacitors and the stray capac-
itance of the XTAL pins should equal 25 pF. With a stray capacitance of 3 pF per pin, the 22 pF capacitors
yield an equivalent capacitance of 12.5 pF across the crystal, as shown in Figure 19.2.

22 pF l
| JXTALL
|
32.768 kHz 10 MQ i
|
| I XTAL2
22 pF :
|
e |
|

Figure 19.2. 32.768 kHz External Crystal Example

Important Note on External Crystals: Crystal oscillator circuits are quite sensitive to PCB layout. The
crystal should be placed as close as possible to the XTAL pins on the device. The traces should be as
short as possible and shielded with ground plane from any other traces which could introduce noise or
interference.
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19.2.3. 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. 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 19.3, the required XFCN setting is 010b. Programming XFCN to a
higher setting in RC mode will improve frequency accuracy at a slightly increased external oscillator supply
current.

19.2.4. 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 fre-
guency of oscillation and calculate the capacitance to be used from the equations below. Assume
Vpp =2.0Vand f =75 kHz:

f= KF/(CXVDD)
0.075 MHz = KF / (C x 2.0)

Since the frequency of roughly 75 kHz is desired, select the K Factor from the table in SFR Definition 19.3
as KF=7.7:

0.075 MHz = 7.7 / (C x 2.0)
Cx2.0=7.7/0.075 MHz
C=102.6/2.0 pF = 51.3 pF

Therefore, the XFCN value to use in this example is 010b.
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SFR Definition 19.3. OSCXCN: External Oscillator Control

R R/W R/W R/W R/W R/W R/W R/W Reset Value
XTLVLD [XOSCMD2|XOSCMD1[XOSCMDO| Reserved| XFCN2 | XFCN1 | XFCNO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xB1
Bit7: XTLVLD: Crystal Oscillator Valid Flag. (Read only when XOSCMD = 11x.)

0: Crystal Oscillator is unused or not yet stable.

1: Crystal Oscillator is running and stable.
XOSCMD2-0: External Oscillator Mode Bits.

00x: External Oscillator circuit off.

010: External CMOS Clock Mode.

011: External CMOS Clock Mode with divide by 2 stage.
100: RC Oscillator Mode.

101: Capacitor Oscillator Mode.

110: Crystal Oscillator Mode.

111: Crystal Oscillator Mode with divide by 2 stage.
RESERVED. Read = Ob; Must write Ob.

XFCN2-0: External Oscillator Frequency Control Bits.
000-111: See table below:

Bits6—4:

Bit3:
Bits2—-0:

XFCN Crystal (XOSCMD = 11x) RC (XOSCMD = 10x) C (XOSCMD = 10x)
000 f<20kHz f<25kHz K Factor = 0.87
001 20 kHz < f <58 kHz 25 kHz < f <50 kHz K Factor = 2.6
010 58 kHz < f < 155 kHz 50 kHz < f <100 kHz K Factor = 7.7
011 155 kHz < f <415 kHz 100 kHz < f <200 kHz K Factor = 22
100 415 kHz <f<1.1 MHz 200 kHz < f £400 kHz K Factor = 65
101 1.1 MHz < f<3.1 MHz 400 kHz < f <800 kHz K Factor = 180
110 3.1 MHz <f<8.2 MHz 800 kHz < f<1.6 MHz K Factor = 664
111 8.2 MHz < f <25 MHz 1.6 MHz <f<3.2 MHz K Factor = 1590

Crystal Mode (Circuit from Figure 19.1, Option 1; XOSCMD = 11x)
Choose XFCN value to match crystal or resonator frequency.

RC Mode (Circuit from Figure 19.1, Option 2; XOSCMD = 10x)
Choose XFCN value to match frequency range:

f=1.23(10%) / (R x C), where
f = frequency of clock in MHz
C = capacitor value in pF

R = Pullup resistor value in kQ

C Mode (Circuit from Figure 19.1, Option 3; XOSCMD = 10x)
Choose K Factor (KF) for the oscillation frequency desired:

f =KF/(C x Vpp), where
f = frequency of clock in MHz

C = capacitor value the XTAL2 pin in pF

Vpp = Power Supply on MCU in volts
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19.3. Clock Multiplier

The Clock Multiplier generates an output clock which is 4 times the input clock frequency scaled by a pro-
grammable factor of 1, 2/3, 2/4 (or 1/2), 2/5, 2/6 (or 1/3), or 2/7. The Clock Multiplier's input can be
selected from the external oscillator, or the internal or external oscillators divided by 2. This produces three
possible base outputs which can be scaled by a programmable factor: Internal Oscillator x 2, External
Oscillator x 2, or External Oscillator x 4. See Section 19.4 for details on system clock selection.

The Clock Multiplier is configured via the CLKMUL register (SFR Definition 19.4). The procedure for con-
figuring and enabling the Clock Multiplier is as follows:

Reset the Multiplier by writing 0x00 to register CLKMUL.

Select the Multiplier input source via the MULSEL bits.

Select the Multiplier output scaling factor via the MULDIV bits
Enable the Multiplier with the MULEN bit (CLKMUL | = 0x80).
Delay for >5 ps.

Initialize the Multiplier with the MULINIT bit (CLKMUL | = 0xCO0).
Poll for MULRDY => ‘1",

NogsrwNhE

Important Note: When using an external oscillator as the input to the Clock Multiplier, the external
source must be enabled and stable before the Multiplier is initialized. See Section 19.4 for details
on selecting an external oscillator source.

The Clock Multiplier allows faster operation of the CIP-51 core and is intended to generate an output fre-
guency between 25 and 50 MHz. The clock multiplier can also be used with slow input clocks. However, if
the clock is below the minimum Clock Multiplier input frequency (FCM,,in) specified in Table 19.1, the gen-
erated clock will consist of four fast pulses followed by a long delay until the next input clock rising edge.
The average frequency of the output is equal to 4x the input, but the instantaneous frequency may be
faster. See Figure 19.3 for more information.

if FCMin2 FC'V'min

FCM in

if Femin< Femmin

FCM in

T UL

Figure 19.3. Example Clock Multiplier Output
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SFR Definition 19.4. CLKMUL: Clock Multiplier Control

RIW R/W R RIW R/W R/W RIW RIW Reset Value
MULEN | MULINIT | MULRDY | MULDIV | MULSEL | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXAB

Note: The maximum SYSCLK is 50 MHz, so the Clock Multiplier output should be scaled accord-
ingly.

Bit7: MULEN: Clock Multiplier Enable
0: Clock Multiplier disabled.
1: Clock Multiplier enabled.
Bit6: MULINIT: Clock Multiplier Initialize
This bit should be a ‘0’ when the Clock Multiplier is enabled. Once enabled, writing a ‘1’ to
this bit will initialize the Clock Multiplier. The MULRDY bit reads ‘1’ when the Clock Multiplier
is stabilized.
Bit5: MULRDY: Clock Multiplier Ready
This read-only bit indicates the status of the Clock Multiplier.
0: Clock Multiplier not ready.
1: Clock Multiplier ready (locked).
Bits4—2: MULDIV: Clock Multiplier Output Scaling Factor
These bits scale the Clock Multiplier output.
000: Clock Multiplier Output scaled by a factor of 1.
001: Clock Multiplier Output scaled by a factor of 1.
010: Clock Multiplier Output scaled by a factor of 1.
011: Clock Multiplier Output scaled by a factor of 2/3*.
100: Clock Multiplier Output scaled by a factor of 2/4 (or 1/2).
101: Clock Multiplier Output scaled by a factor of 2/5*.
110: Clock Multiplier Output scaled by a factor of 2/6 (or 1/3).
111: Clock Multiplier Output scaled by a factor of 2/7*.
*Note: The Clock Multiplier Output duty cycle is not 50% for these settings.
Bits1-0: MULSEL: Clock Multiplier Input Select
These bits select the clock supplied to the Clock Multiplier.

MULSEL Selected Input Clock Clock Multiplier Output
for MULDIV = 000b
00 Internal Oscillator / 2 Internal Oscillator x 2
01 External Oscillator External Oscillator x 4
10 External Oscillator / 2 External Oscillator x 2
11 Internal Oscillator Internal Oscillator x 4
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19.4. System Clock Selection

The internal oscillator requires little start-up time and may be selected as the system clock immediately fol-
lowing the OSCICN write that enables the internal oscillator. External crystals and ceramic resonators typ-
ically require a start-up time before they are settled and ready for use. The Crystal Valid Flag (XTLVLD in
register OSCXCN) is set to ‘1’ by hardware when the external oscillator is settled. To avoid reading a
false XTLVLD, in crystal mode software should delay at least 1 ms between enabling the external
oscillator and checking XTLVLD. RC and C modes typically require no startup time.

The CLKSL[1:0] bits in register CLKSEL select which oscillator source is used as the system clock.
CLKSL[1:0] must be set to 01b for the system clock to run from the external oscillator; however the exter-
nal oscillator may still clock certain peripherals (timers, PCA) when another oscillator is selected as the
system clock. The system clock may be switched on-the-fly between the internal oscillator, external oscilla-
tor, smaRTClock oscillator, and Clock Multiplier, as long as the selected clock source is enabled and has
settled.

SFR Definition 19.5. CLKSEL: Clock Select

R R R/W RIW R R/W RIW RIW Reset Value
- -] CLKDIV | - |Reserved| CLKSL 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXA9

Bits7—6: Unused. Read = 00b; Write = don’t care.
Bits5—-4: CLKDIV1-0: Output /SYSCLK Divide Value

These bits can be used to pre-divide the /SYSCLK output before it is sent to a port pin

through the Crossbar.

00: Output will be SYSCLK.

01: Output will be SYSCLK/2.

10: Output will be SYSCLK/4.

11: Output will be SYSCLK/8.
Bit3: Unused. Read = Ob; Write = don't care.
Bit2: Reserved. Read = Ob; Must write Ob.
Bits1-0: CLKSL1-0: System Clock Select

These bits select the system clock source.

CLKSL Selected Clock
00 Internal Oscillator (as determined by the
IFCN bits in register OSCICN)
01 External Oscillator
10 Clock Multiplier
11 smaRTClock Oscillator
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Table 19.1. Oscillator Electrical Characteristics
—40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Internal Oscillator Frequency Reset Frequency 24 24.5 25 MHz

Internal Oscillator Supply

Current (from Vpp) OSCICN.7 =1 — 400 — HA

Minimum Clock Multiplier Input it

Frequency (FCMpin) T=25°C — 16 — MHz
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NOTES:
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20. smaRTClock (Real Time Clock)

C8051F41x devices include a low power smaRTClock Peripheral (Real Time Clock). The smaRTClock has
a dedicated 32 kHz oscillator that can be configured for use with or without a crystal, a 47-bit smaRTClock
timer with alarm, a backup supply regulator and 64 bytes of battery-backed SRAM. When the backup sup-
ply voltage (Vrtc-sackup) IS powered, the smaRTClock peripheral remains fully functional if the core sup-

ply voltage (Vpp) is lost.

The smaRTClock allows a maximum of 137 year 47-bit independent time-keeping when used with a
32.768 kHz Watch Crystal and backup supply voltage of at least 1V. The switchover logic powers smaRT-
Clock from the backup supply when the voltage at Vrrc.gackup iS greater than Vpp. The smaRTClock
Alarm and Missing Clock Detector can interrupt the CIP-51, wake the internal oscillator from SUSPEND
mode, or generate a device reset if the smaRTClock timer reaches a pre-set value or the oscillator stops.

XTAL4 XTAL3
4 % smaRTClock
47-Bit
smaRTClock
- Timer
smaRTClock State Machine
Interrupt > E
) Internal Interface 2
Registers Registers 2
| RTCOCN >
- RTCOXCN RTCOADR
Switchover
Logic ALARMnN RTCODAT
7y RAMADDR
1 RAMDATA
VRTC»BACKUP
Figure 20.1. smaRTClock Block Diagram
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20.1. smaRTClock Interface

The smaRTClock Interface consists of three registers: RTCOKEY, RTCOADR, and RTCODAT. These inter-
face registers are located on the CIP-51's SFR map and provide access to the smaRTClock internal regis-
ters listed in Table 20.1. The smaRTClock internal registers can only be accessed indirectly through the
smaRTClock Interface.

20.1.1. smaRTClock Lock and Key Functions

The smaRTClock Interface is protected with a lock and key function. The smaRTClock Lock and Key Reg-
ister (RTCOKEY) must be written with the correct key codes, in sequence, before writes and reads to
RTCOADR and RTCODAT may be performed. The key codes are: 0xA5, OxF1. There are no timing restric-
tions, but the key codes must be written in order. If the key codes are written out of order, the wrong codes
are written, or an invalid read or write is attempted, further writes and reads to RTCOADR and RTCODAT
will be disabled until the next system reset. Once the smaRTClock interface is unlocked, software may per-
form accesses of the smaRTClock registers until an invalid access, the interface is locked, or a system
reset.

Reading the RTCOKEY register at any time will provide the smaRTClock Interface status and will not inter-
fere with the sequence that is being written. The RTCOKEY register description in SFR Definition 20.1 lists
the definition of each status code.

20.1.2. Using RTCOADR and RTCODAT to Access smaRTClock Internal Registers

The smaRTClock internal registers can be read and written using RTCOADR and RTCODAT. The
RTCOADR register selects the smaRTClock internal register that will be targeted by subsequent reads or
writes. Prior to each read or write, BUSY (RTCOADR.7) should be checked to make sure the smaRTClock
Interface is not busy performing another read or write operation. A smaRTClock Write operation is initiated
by writing to the RTCODAT register. Below is an example of writing to a smaRTClock internal register.

Step 1. Poll BUSY (RTCOADR.7) until it returns a ‘0’.

Step 2. Write 0x06 to RTCOADR. This selects the internal RTCOCN register at smaRTClock
Address 0x06.

Step 3. Write 0x00 to RTCODAT. This operation writes 0x00 to the internal RTCOCN register.

An smaRTClock Read operation is initiated by setting the smaRTClock Interface Busy bit. This transfers
the contents of the internal register selected by RTCOADR to RTCODAT. The transferred data will remain in
RTCODAT until the next read or write operation. Below is an example of reading a smaRTClock internal
register.

Step 1. Poll BUSY (RTCOADR.7) until it returns a ‘0’.

Step 2. Write 0x06 to RTCOADR. This selects the internal RTCOCN register at smaRTClock
Address 0x06.

Step 3. Write ‘1’ to BUSY. This initiates the transfer of data from RTCOCN to RTCODAT.

Step 4. Poll BUSY (RTCOADR.7) until it returns a ‘0'.

Step 5. Read data from RTCODAT. This data is a copy of the RTCOCN register.

Note: The RTCOADR and RTCODAT registers will retain their state upon a device reset.

20.1.3. smaRTClock Interface Autoread Feature

When Autoread is enabled, each read from RTCODAT initiates the next indirect read operation on the
smaRTClock internal register selected by RTCOADR. Software should set the BUSY bit once at the begin-
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ning of each series of consecutive reads. Software must check if the smaRTClock Interface is busy prior to
reading RTCODAT. Autoread is enabled by setting AUTORD (RTCOADR.6) to logic 1.

20.1.4. RTCOADR Autoincrement Feature

For ease of reading and writing the 48-bit CAPTURE and ALARM values, RTCOADR automatically incre-
ments after each read or write to a CAPTUREN or ALARMN register. This speeds up the process of setting
an alarm or reading the current smaRTClock timer value.

Table 20.1. smaRTClock Internal Registers

smaRTClock | smaRTClock Register Name Description
Address Register
0x00 - 0x05 | CAPTUREN |smaRTClock Capture Six Registers used for setting the 47-bit
Registers smaRTClock timer or reading its current
value. The LSB of CAPTUREQ is not used.
0x06 RTCOCN |smaRTClock Control Controls the operation of the smaRTClock
Register State Machine.
0x07 RTCOXCN [smaRTClock Oscillator Controls the operation of the smaRTClock
Control Register Oscillator.
0x08-0x0D ALARMn  |smaRTClock Alarm Six registers used to set or read the 47-bit
Registers smaRTClock alarm value. The LSB of
ALARMO is not used.
OxOE RAMADDR [smaRTClock Backup RAM |Used as an index to the 64 byte smaRTClock
Indirect Address Register |backup RAM.
OxOF RAMDATA |smaRTClock Backup RAM |Used to read or write the byte pointed to by
Indirect Data Register RAMADDR.
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SFR Definition 20.1. RTCOKEY: smaRTClock Lock and Key

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OXAE

Bits 7-0: RTCOSTATE. smaRTClock State Bits
Read:
0x00: smaRTClock Interface is locked.
0x01: smaRTClock Interface is locked. First key code (0xA5) has been written, waiting for
second key code.
0x02: smaRTClock Interface is unlocked. First and second key codes (0xA5, 0xF1) have
been written.
0x03: smaRTClock Interface is disabled until the next system reset.

Write:
When RTCOSTATE = 0x00 (locked), writing 0xA5 followed by OxF1 unlocks the smaRTClock
Interface.

When RTCOSTATE = 0x01 (waiting for second key code), writing any value other than the
second key code (OxF1) will change RTCOSTATE to 0x03 and disable the smaRTClock
Interface until the next system reset.

When RTCOSTATE = 0x02 (unlocked), any write to RTCOKEY will lock the smaRTClock
Interface.

When RTCOSTATE = 0x03 (disabled), writes to RTCOKEY have no effect.
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SFR Definition 20.2. RTCOADR: smaRTClock Address

RIW RIW R/W RIW R/W R/W RIW R/W Reset Value
BUSY |AUTORD | VREGEN | SHORT | RTCOADDR Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXAC

Bit 7: BUSY: smaRTClock Interface Busy bit.
Writing a ‘1’ to this bit initiates a smaRTClock indirect read operation. This bit is automati-
cally cleared by hardware when the operation is complete.
0: smaRTClock Interface is not busy.
1: smaRTClock Interface is busy performing a read or write operation.
Bit 6: AUTORD: smaRTClock Interface Auto Read Enable.
0: BUSY must be written manually for each smaRTClock indirect read operation.
1: The next smaRTClock indirect read operation is initiated when RTCODAT is read by soft-
ware.
Bit 5: VREGEN: Backup Supply Voltage Regulator Enable.
This bit is automatically set to 1b when Vrrc.gackup > Vop-
0: Backup Supply Voltage Regulator Disabled (smaRTClock powered from Vpp).

1: Force Backup Supply Voltage Regulator Enabled (smaRTClock powered from Vgrc.

BACKUP):
Bit 4: SHORT: Short Read/Write Timing Enable.
0: smaRTClock reads and writes are 4 system clocks wide.
1. smaRTClock reads and writes are 1 system clock wide.
Note: Increasing the speed of the smaRTClock reads and writes may also slightly increase
power consumption.
Bits 3—0: RTCOADDR: smaRTClock Address Bits
These bits select the smaRTClock internal register that is targeted by reads/writes to

RTCODAT.

RTCOADDR smaRTClock Internal Register
0000 CAPTUREO
0001 CAPTUREL1
0010 CAPTURE2
0011 CAPTURES3
0100 CAPTURE4
0101 CAPTURES
0110 RTCOCN
0111 RTCOXCN
1000 ALARMO
1001 ALARM1
1010 ALARM2
1011 ALARM3
1100 ALARM4
1101 ALARMS
1110 RAMADDR
1111 RAMDATA

Note: The RTCOADDR bits increment after each indirect read/write operation that
targets a CAPTUREN or ALARMn internal register.
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SFR Definition 20.3. RTCODAT: smaRTClock Data

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OXAD

Note: Software should avoid read modify write instructions when writing values to RTCODAT.

Bits 7-0: RTCODAT. smaRTClock Data Bits
Holds data transferred to/from the internal smaRTClock register selected by RTCOADR.

20.2. smaRTClock Clocking Sources

The smaRTClock peripheral is clocked from its own timebase, independent of SYSCLK. The RTCCLK
timebase is derived from the smaRTClock oscillator circuit. This oscillator has two modes of operation:
Crystal Mode, and Self-Oscillate Mode. The oscillation frequency is 32.768 kHz in Crystal Mode and can
be configured to roughly 20 kHz or 40 kHz in Self-Oscillate Mode. The frequency of the smaRTClock oscil-
lator can be measured with respect to another oscillator using Timer2 or Timer 3. Section
“24.2.3. External/smaRTClock Capture Mode” on page 241 shows how this can be accomplished.

Note: The smaRTClock clock can be selected as system clock and routed to a port pin. See SFR
Definition 19.5. “CLKSEL: Clock Select” on page 174 and Section “18. Port Input/Output” on page 147.

20.2.1. Using the smaRTClock Oscillator in Crystal Mode

When using Crystal Mode, a 32.768 kHz crystal should be connected between XTAL3 and XTAL4. No
other external components are required. The following steps show how to start the smaRTClock crystal
oscillator in software:

Step 1. Set smaRTClock to Crystal Mode (XMODE = 1).

Step 2. Optional. Enable Automatic Gain Control (AGCEN = 1).

Step 3. Optional. Enable smaRTClock Bias Doubling (BIASX2 = 1).

Step 4. Enable power to the smaRTClock oscillator circuit (RTCOEN = 1).

Step 5. Poll the smaRTClock Clock Valid Bit (CLKVLD) until the crystal oscillator stabilizes.
Step 6. Optional. Clear BIASX2 to ‘0O’ after the oscillator stabilizes to conserve power.

20.2.2. Using the smaRTClock Oscillator in Self-Oscillate Mode

When using Self-Oscillate Mode, the XTAL3 and XTAL4 pins should be shorted together. The following
steps show how to configure smaRTClock for use in Self-Oscillate Mode:

Step 1. Set smaRTClock to Self-Oscillate Mode (XMODE = 0).
Step 2. Set the desired oscillation frequency:

For oscillation at about 20 kHz, set BIASX2 = 0.

For oscillation at about 40 kHz, set BIASX2 = 1.
Step 3. The oscillator starts oscillating instantaneously.
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20.2.3. Automatic Gain Control (Crystal Mode Only)

Automatic Gain Control is enabled by setting AGCEN (RTCOXCN.7) to a logic 1. When enabled, the
smaRTClock oscillator trims the oscillation amplitude to save power. This mode is useful for preserving
battery life in systems where oscillator performance is not critical and external conditions are stable.

Note: Setting the AGCEN to a logic 1 in self-oscillator mode can lead to drastic changes in the smaRT-
Clock oscillator frequency.

20.2.4. smaRTClock Bias Doubling

The smaRTClock Bias Doubling is enabled by setting BIASX2 (RTCOXCN.5) to 1b. When enabled, the
bias current to smaRTClock is doubled allowing for more robust oscillator performance. When the smaRT-
Clock oscillator is in Self-Oscillate mode, the oscillation frequency is increased from 20 to 40 kHz. When
operating in Crystal Mode, the oscillator is less likely to be affected by external conditions when
BIASX2 = '1’. Enabling Bias Doubling increases the power consumption of smaRTClock; therefore, it is not
recommended for use in power-critical systems.

20.2.5. smaRTClock Missing Clock Detector

The smaRTClock Missing Clock Detector is a one-shot circuit enabled by setting MCLKEN (RTCOCN.6) to
a logic 1. When the smaRTClock Missing Clock Detector is enabled, OSCFAIL (RTCOCN.5) is set by hard-
ware if RTCCLK remains high or low for more than 50 us. A smaRTClock Missing Clock detector timeout
triggers three events:

1. Awakening the internal oscillator from Suspend Mode.
2. smaRTClock Interrupt (If the smaRTClock Interrupt is enabled).
3. MCU reset (If smaRTClock is enabled as a reset source).

Note: The smaRTClock Missing Clock Detector should be disabled when making changes to the oscillator
settings in RTCOXCN.
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Internal Register Definition 20.4. RTCOCN: smaRTClock Control

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
RTCOEN | MCLKEN | OSCFAIL | RTCOTR |[RTCOAEN| ALRM |RTCOSET|RTCOCAP| Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 g ~ SMaRTClock
Address:
Note: This register is not an SFR. It can only be accessed indirectly through RTCOADR and RTCODAT. 0x06

Bit 7: RTCOEN: smaRTClock Enable Bit.
0: smaRTClock bias and crystal oscillator disabled. smaRTClock is powered from Vpp only.

1: smaRTClock bias and crystal oscillator enabled. smaRTClock can switch to the backup
battery if Vpp fails.

Bit 6: MCLKEN: smaRTClock Missing Clock Detector Enable Bit.
When enabled, the smaRTClock missing clock detector sets the OSCFAIL bit if the smaRT-
Clock clock frequency falls below approximately 20 kHz.
0: smaRTClock missing clock detector disabled.
1: smaRTClock missing clock detector enabled.

Bit 5: OSCFAIL: smaRTClock Clock Fail Flag.
Set by hardware when a missing clock detector timeout occurs. When the smaRTClock
Interrupt is enabled, setting this bit causes the CPU to vector to the smaRTClock interrupt
service routine. This bit is not automatically cleared by hardware.

Bit 4: RTCOTR: smaRTClock Timer Run Control.
0: smaRTClock timer holds its current value.
1: smaRTClock timer increments every smaRTClock clock period.

Bit 3: RTCOAEN: smaRTClock Alarm Enable.
0: smaRTClock alarm events disabled.
1: smaRTClock alarm events enabled.

Bit 2: ALRM: smaRTClock Alarm Event Flag.
Set by hardware when the smaRTClock timer value is greater than or equal to the value of
the ALARMN registers. When the smaRTClock Interrupt is enabled, setting this bit causes
the CPU to vector to the smaRTClock interrupt service routine. This bit is not automatically
cleared by hardware.

Bit 1: RTCOSET: smaRTClock Set Bit.
Writing a ‘1’ to this bit causes the 47-bit value in CAPTURER registers to be transferred to
the smaRTClock timer. This bit is automatically cleared by hardware once the transfer is
complete.

Bit O: RTCOCAP: smaRTClock Capture Bit.
Writing a ‘1’ to this bit causes the 47-bit smaRTClock timer value to be transferred to the
CAPTURER registers. This bit is automatically cleared by hardware once the transfer is
complete.
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Internal Register Definition 20.5. RTCOXCN: smaRTClock Oscillator Control

R/W R/W R/W R R R R R Reset Value
| AGCEN | XMODE | BIASX2 |CLKVID| - | - | - | VBATEN | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 g~ SMaRTClock
Address:
Note: This register is not an SFR. It can only be accessed indirectly through RTCOADR and RTCODAT. 0x07

Bit 7: AGCEN: Crystal Oscillator Automatic Gain Control Enable Bit (Crystal Mode only).
0: Automatic Gain Control disabled.
1: Automatic Gain Control enabled.
Bit 6: XMODE: smaRTClock Mode Select Bit.
This bit selects whether smaRTClock will be used with or without a crystal.
0: smaRTClock is configured to Self-Oscillate Mode.
1: smaRTClock is configured to Crystal Mode.
Bit 5: BIASX2: smaRTClock Bias Double Enable Bit.
0: smaRTClock Bias Current Doubling is disabled.
1: smaRTClock Bias Current Doubling is enabled.
Bit 4: CLKVLD: smaRTClock Clock Valid Bit.
Set by hardware when the smaRTClock crystal oscillator is nearly stable. This bit always
reads 1b when smaRTClock is used in Self-Oscillate Mode (XMODE = 0). This bit should be
checked at least 1 ms after enabling the smaRTClock oscillator circuit and should not be
used for an oscillator fail detect (use OSCFAIL in RTCOCN instead).
Bits 3—1: UNUSED. Read = 000b. Write = don’t care.
Bit O: VBATEN: smaRTClock Vgt Indicator.

Note: This bit always reads 1b when smaRTClock is disabled (RTCOEN = 0).
For smaRTClock enabled (RTCOEN = 1):
0: smaRTClock is powered from Vpp.

1: smaRTClock is powered from the Vrtc.gackup SUPPIY.

20.3. smaRTClock Timer and Alarm Function

The smaRTClock timer is a 47-bit counter that, when running (RTCOTR = 1), is incremented every RTC-
CLK cycle. The timer has an alarm function that can be set to generate an interrupt, reset the MCU, or
release the internal oscillator from Suspend Mode at a specific time.

20.3.1. Setting and Reading the smaRTClock Timer Value

The 47-bit smaRTClock timer can be set or read using the six CAPTURER internal registers. Note that the
timer does not need to be stopped before reading or setting its value. The following steps can be used to
set the timer value:

Step 1. Write the desired 47-bit set value to the CAPTURER registers (the LSB of CAPTUREQO is
not used).

Step 2. Write ‘1’ to RTCOSET. This will transfer the contents of the CAPTURER registers to the
timer.

Step 3. Operation is complete when RTCOSET is cleared to ‘0’ by hardware.
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The following steps can be used to read the current timer value:

Step 1. Write ‘1’ to RTCOCAP. This will transfer the contents of the timer to the CAPTUREnN
registers (the LSB of the smaRTClock timer will be found in CAPTUREO.1).

Step 2. Poll RTCOCAP until it is cleared to ‘0’ by hardware.

Step 3. A snapshot of the timer value can be read from the CAPTURER registers

20.3.2. Setting a smaRTClock Alarm

The smaRTClock Alarm function compares the 47-bit value of smaRTClock Timer to the value of the
ALARMN registers. An alarm event is triggered if the smaRTClock timer is greater than or equal to the
ALARMN registers. If the smaRTClock Interrupt is enabled, the CIP-51 will vector to the smaRTClock Inter-
rupt Service Routine when an alarm event occurs. If smaRTClock is enabled as a reset source, the MCU
will be reset when an alarm event occurs. Also, the internal oscillator will awaken from suspend mode on a
smaRTClock alarm event.

The following steps can be used to set up a smaRTClock Alarm:

Step 1. Disable smaRTClock Alarm Events (RTCOAEN = 0).
Step 2. Set the ALARMN registers to the desired value.
Step 3. Enable smaRTClock Alarm Events (RTCOAEN = 1).

Note: When an alarm event occurs and smaRTClock interrupts are enabled, software should clear the
ALRM bit and set the ALARM5-0 registers to the maximum possible value to avoid continuous alarm inter-
rupts.

Internal Register Definition 20.6. CAPTUREN: smaRTClock Timer Capture

R/W R/IW R/W R/W R/W R/W R/IW R/IW Reset Value
| | | | | | | | | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

smaRTClock Addresses: CAPTUREO: 0x00; CAPTURE1L: 0x01; CAPTUREZ2: 0x02; CAPTURES3: 0x03; CAPTURE4: 0x04; CAPTURES:
0x05
Note: These registers are not SFRs. They can only be accessed indirectly through RTCOADR and RTCODAT.

Bits 7-0: CAPTUREN: smaRTClock Set/Capture Value.
These 6 registers (CAPTURE5—-CAPTUREDQ) are used to read or set the 47-bit smaRTClock
timer. Data is transferred to or from the smaRTClock timer when the RTCOSET or RTCOCAP
bits are set.

Note: The LSB of CAPTUREDO is not used. The LSB of the 47-bit smaRTClock timer will appear in
CAPTUREDO.1.
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Internal Register Definition 20.7. ALARMnN: smaRTClock Alarm

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ | \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

smaRTClock Addresses: ALARMO: 0x08; ALARM1: 0x09; ALARM2: 0x0A; ALARM3: 0x0B; ALARM4: 0x0C; ALARMS: 0x0D
Note: These registers are not SFRs. They can only be accessed indirectly through RTCOADR and RTCODAT.

Bits 7-0: ALARMnN: smaRTClock Alarm Target.
These 6 registers (ALARM5-ALARMO) are used to set an alarm event for the smaRTClock
timer. The smaRTClock alarm should be disabled (RTCOAEN=0) when updating these reg-
isters.

Note: The LSB of ALARMO is not used. The LSB of the 47-bit smaRTClock timer will be compared
against ALARMO.1.

20.4. Backup Regulator and RAM

The smaRTClock includes a backup supply regulator that keeps the smaRTClock peripheral fully func-
tional when Vpp is turned off. The backup supply regulator regulates the Vgrc.gackup Supply voltage,

which can range from 1 V to 5.25 V. Switchover logic automatically powers smaRTClock from the backup
supply when the voltage at Vgrrc.gackup IS greater than Vpp.

The smaRTClock also includes 64 bytes of backup RAM. This memory can be read and written indirectly
using the RAMADDR and RAMDATA internal registers.

Internal Register Definition 20.8. RAMADDR: smaRTClock Backup RAM Address

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bt g~ SMaRTClock
Address:
Note: This register is not an SFR. It can only be accessed indirectly through RTCOADR and RTCODAT. Ox0E

Bit 7: RAMADDR: smaRTClock Battery Backup RAM Address Bits
These bits select the smaRTClock Backup RAM byte that is targeted by RAMDATA. This
address auto-increments after each read or write of RAMDATA.
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Internal Register Definition 20.9. RAMDATA: smaRTClock Backup RAM Data

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bt g~ SMaRTClock
Address:
Note: This register is not an SFR. It can only be accessed indirectly through RTCOADR and RTCODAT. Ox0F

Bit 7: RAMDATA: smaRTClock Battery Backup RAM Data Bits.
These bits provide read and write access to the smaRTClock Backup RAM byte that is
selected by RAMADDR.

Reads and writes of RAMDATA load the value at address RAMADDR into RTCODAT. The following exam-
ple writes OxA5 to address 0x20 in the RAM and reads the value back to a temporary variable:

/1 in'C:
unsi gned char tenp = 0x00;

/1 Unlock the smaRTCl ock interface
RTCOKEY OXAbB;
RTCOKEY OxF1;

// Enabl e the smaRTC ock

RTCOADR 0x06; // address the RTCOCN register

RTCODAT = 0x80; // enable the smaRTd ock

whil e ((RTCOADR & 0x80) == 0x80); /1 poll on the BUSY bhit

/!l Wite to the smaRTC ock RAM

RTCOADR = OxOE;// address the RAMADDR regi ster

RTCODAT = 0x20;// wite the address of 0x20 to RAMADDR
whil e ((RTCOADR & 0x80) == 0x80);// poll on the BUSY bit

RTCOADR = OxOF;// address the RAMDATA register
RTCODAT = OxA5;// wite OxA5 to RAM address 0x20
whil e ((RTCOADR & 0x80) == 0x80); /1 poll on the BUSY bit

/! Read fromthe smaRTC ock RAM

RTCOADR = OxOE;// address the RAMADDR regi ster

RTCODAT = 0x20;// wite the address of 0x20 to RAMADDR
whil e ((RTCOADR & 0x80) == 0x80); /1 poll on the BUSY bit

RTCOADR = OxOF; /1 address the RAMDATA register

RTCOADR | = 0x80; // initiate a read of the RAVMDATA register
whil e ((RTCOADR & 0x80) == 0x80); /1 poll on the BUSY bhit
tenp = RTCQODAT; // read the val ue of RAM address 0x20

; in assenbly:
; Unlock the smaRTd ock interface
nov RTCOKEY, #0A5h
nmov RTCOKEY, #O0F1h
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;. Enabl e the smaRTd ock
nmov RTCOADR, #06h ; address the RTCOCN register
nmov RTCODAT, #080h ; enabl e the smaRTC ock
LO: nrov A, RTCOADR ; poll on the BUSY bit
jb ACC. 7, LO

;. Wite to the smaRTA ock RAM

mov RTCOADR, #O0Eh; address the RAMADDR regi ster

nov RTCODAT, #20h; wite the address of 0x20 to RAMADDR
L1: nov A, RTCOADR ; poll on the BUSY bit

jb ACC. 7, L1

mov RTCOADR, #O0Fh; address the RANMDATA register

nmov RTCODAT, #0A5h; wite OxA5 to RAM address 0x20
L2: nov A, RTCOADR ; poll on the BUSY bit

jb ACC. 7, L2

;. Read fromthe smaRTCl ock RAM
mov RTCOADR, #O0Eh; address the RAMADDR regi ster
nov RTCODAT, #20h; wite the address of 0x20 to RAMADDR

L3: nrov A, RTCOADR ; poll on the BUSY bit

jb ACC. 7, L3

mov RTCOADR, #OFh ; address the RAMDATA register

orl RTCOADR, #80h ; initiate a read of the RAVMDATA register
L4: nov A, RTCOADR ; poll on the BUSY bit

ib ACC.7, L4

novR0O, #80h

nmov@R0, RTCODAT ; read the value of RAM address 0x20 into

; the 128-byte internal RAM

To reduce the number of instructions necessary to read and write sections of the 64-byte RAM, the
RAMADDR register automatically increments after each write or read. The following C example initializes
the entire 64-byte RAM to 0xA5 and copies this value from the RAM to an array using the auto-increment
feature:

/l in'C:
unsi gned char RAM dat a[ 64] = 0xO00;
unsi gned char addr;

/1 Unl ock smaRTC ock, enabl e smaRTC ock

// Wite to the entire smaRTC ock RAM
RTCOADR = OxOE;// address the RAMADDR regi ster
RTCODAT = 0x00;// wite the address of 0x00 to RAMADDR
whil e ((RTCOADR & 0x80) == 0x80); /1 poll on the BUSY bit
RTCOADR = OxOF;// address the RAMDATA register
for (addr = 0; addr < 64; addr++)
{
RTCODAT = OxA5; // wite OxA5 to every RAM address
whi |l e ((RTCOADR & 0x80) == 0x80);// poll on the BUSY bit

}

/! Read fromthe entire smaRTC ock RAM
RTCOADR = OxOE;// address the RAMADDR regi ster
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RTCODAT = 0x00;// wite the address of 0x00 to RAMADDR
whil e ((RTCOADR & 0x80) == 0x80); /1 poll on the BUSY bit
RTCOADR = OxOF; // address the RAVDATA register

for (addr = 0; addr < 64; addr++)

{
RTCOADR | = 0x80; /1 initiate a read of the RAMDATA register
whil e ((RTCOADR & 0x80) == 0x80); // poll on the BUSY bit
RAM dat a[ addr] = RTCODAT; // copy the data fromthe entire RAM
}
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Table 21.3. Sources for Hardware Changes to SMBOCN

Bit Set by Hardware When: Cleared by Hardware When:
MASTER | A START is generated. *A S_TOE is _generated.
* Arbitration is lost.
« START is generated. » A START is detected.
TXMODE  |° SMBODAT is written before the start of an * Arbitration is lost.
SMBus frame. * SMBODAT is not written before the
start of an SMBus frame.
STA » A START followed by an address byte is » Must be cleared by software.
received.
« A STOP is detected while addressed as a A pending STOP is generated.
STO slave. « If STO is set by hardware, it must be
« Arbitration is lost due to a detected STOP. cleared by software.
* A byte has been received and an ACK « After each ACK cycle.
ACKRQ .
response value is needed.
» Arepeated START is detected as a MASTER |+ Each time Sl is cleared.
when STA is low (unwanted repeated START).
» SCL is sensed low while attempting to gener-
ARBLOST ate a STOP or repeated START condition.
» SDA is sensed low while transmitting a ‘1’
(excluding ACK bits).
ACK » The incoming ACK value is low (ACKNOWL- |+ The incoming ACK value is high (NOT
EDGE). ACKNOWLEDGE).
» A START has been generated. * Must be cleared by software.
* Lost arbitration.
« A byte has been transmitted and an
S| ACK/NACK received.

« A byte has been received.

» A START or repeated START followed by a
slave address + R/W has been received.

* A STOP has been received.
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21.4.3. Data Register

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

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

SFR Definition 21.3. SMBODAT: SMBus Data

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0XxC2

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

21.5. SMBus Transfer Modes

The SMBus interface may be configured to operate as master and/or slave. At any particular time, it will be
operating in one of the following four modes: Master Transmitter, Master Receiver, Slave Transmitter, or
Slave Receiver. The SMBus interface enters Master Mode any time a START is generated, and remains in
Master Mode until it loses an arbitration or generates a STOP. An SMBus interrupt is generated at the end
of all SMBus byte frames; however, note that the interrupt is generated before the ACK cycle when operat-
ing as a receiver, and after the ACK cycle when operating as a transmitter.

21.5.1. Master Transmitter Mode

Serial data is transmitted on SDA while the serial clock is output on SCL. The SMBus interface generates
the START condition and transmits the first byte containing the address of the target slave and the data
direction bit. In this case the data direction bit (R/W) will be logic 0 (WRITE). The master then transmits
one or more bytes of serial data. After each byte is transmitted, an acknowledge bit is generated by the
slave. The transfer is ended when the STO bit is set and a STOP is generated. Note that the interface will
switch to Master Receiver Mode if SMBODAT is not written following a Master Transmitter interrupt.
Figure 21.5 shows a typical Master Transmitter sequence. Two transmit data bytes are shown, though any
number of bytes may be transmitted. Notice that the ‘data byte transferred’ interrupts occur after the ACK
cycle in this mode.
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S SLA W[ A Data Byte A Data Byte AP

Interrupt | | Interrupt | Interrupt Interrupt

Received by SMBus S =START
Interface P =STOP
A =ACK
Transmitted by W = WRITE
SMBus Interface SLA = Slave Address

Figure 21.5. Typical Master Transmitter Sequence

21.5.2. Master Receiver Mode

Serial data is received on SDA while the serial clock is output on SCL. The SMBus interface generates the
START condition and transmits the first byte containing the address of the target slave and the data direc-
tion bit. In this case the data direction bit (R/W) will be logic 1 (READ). Serial data is then received from the
slave on SDA while the SMBus outputs the serial clock. The slave transmits one or more bytes of serial
data. After each byte is received, ACKRQ is set to ‘1’ and an interrupt is generated. Software must write
the ACK bit (SMBOCN.1) to define the outgoing acknowledge value (Note: writing a ‘1’ to the ACK bit gen-
erates an ACK; writing a ‘0’ generates a NACK). Software should write a ‘0’ to the ACK bit after the last
byte is received, to transmit a NACK. The interface exits Master Receiver Mode after the STO bit is set and
a STOP is generated. Note that the interface will switch to Master Transmitter Mode if SMBODAT is written
while an active Master Receiver. Figure 21.6 shows a typical Master Receiver sequence. Two received
data bytes are shown, though any number of bytes may be received. Notice that the ‘data byte transferred’
interrupts occur before the ACK cycle in this mode.

| S SLA R | A Data Byte A Data Byte N|P
Interrupt | Interrupt | | Interrupt | Interrupt

Received by SMBus S = START

Interface P =STOP

A = ACK
) N = NACK
Transmitted by R = READ
SMBus Interface SLA = Slave Address

Figure 21.6. Typical Master Receiver Sequence
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21.5.3. Slave Receiver Mode

Serial data is received on SDA and the clock is received on SCL. When slave events are enabled (INH =
0), the interface enters Slave Receiver Mode when a START followed by a slave address and direction bit
(WRITE in this case) is received. Upon entering Slave Receiver Mode, an interrupt is generated and the
ACKRQ bit is set. Software responds to the received slave address with an ACK, or ignores the received
slave address with a NACK. If the received slave address is ignored, slave interrupts will be inhibited until
the next START is detected. If the received slave address is acknowledged, zero or more data bytes are
received. Software must write the ACK bit after each received byte to ACK or NACK the received byte. The
interface exits Slave Receiver Mode after receiving a STOP. Note that the interface will switch to Slave
Transmitter Mode if SMBODAT is written while an active Slave Receiver. Figure 21.7 shows a typical Slave
Receiver sequence. Two received data bytes are shown, though any number of bytes may be received.
Notice that the ‘data byte transferred’ interrupts occur before the ACK cycle in this mode.

Interrupt

S SLA W | A Data Byte A Data Byte Al P
Interrupt | Interrupt | | Interrupt
Received by SMBus S = START
Interface P =STOP
A =ACK

, W = WRITE
Transmitted by SLA = Slave Address
SMBus Interface

Figure 21.7. Typical Slave Receiver Sequence
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21.5.4. Slave Transmitter Mode

Serial data is transmitted on SDA and the clock is received on SCL. When slave events are enabled (INH
= 0), the interface enters Slave Receiver Mode (to receive the slave address) when a START followed by a
slave address and direction bit (READ in this case) is received. Upon entering Slave Transmitter Mode, an
interrupt is generated and the ACKRQ bit is set. Software responds to the received slave address with an
ACK, or ignores the received slave address with a NACK. If the received slave address is ignored, slave
interrupts will be inhibited until a START is detected. If the received slave address is acknowledged, data
should be written to SMBODAT to be transmitted. The interface enters Slave Transmitter Mode, and trans-
mits one or more bytes of data. After each byte is transmitted, the master sends an acknowledge bit; if the
acknowledge bit is an ACK, SMBODAT should be written with the next data byte. If the acknowledge bit is
a NACK, SMBODAT should not be written to before Sl is cleared (Note: an error condition may be gener-
ated if SMBODAT is written following a received NACK while in Slave Transmitter Mode). The interface
exits Slave Transmitter Mode after receiving a STOP. Note that the interface will switch to Slave Receiver
Mode if SMBODAT is not written following a Slave Transmitter interrupt. Figure 21.8 shows a typical Slave
Transmitter sequence. Two transmitted data bytes are shown, though any number of bytes may be trans-
mitted. Notice that the ‘data byte transferred’ interrupts occur after the ACK cycle in this mode.

Interrupt

S SLA R | A Data Byte A Data Byte N | P

Interrupt Interrupt Interrupt

Received by SMBus S = START
Interface P =STOP
N = NACK
. R = READ
Transmitted by SLA = Slave Address
SMBus Interface

Figure 21.8. Typical Slave Transmitter Sequence

21.6. SMBus Status Decoding

The current SMBus status can be easily decoded using the SMBOCN register. In the table below, STATUS
VECTOR refers to the four upper bits of SMBOCN: MASTER, TXMODE, STA, and STO. Note that the
shown response options are only the typical responses; application-specific procedures are allowed as
long as they conform to the SMBus specification. Highlighted responses are allowed but do not conform to
the SMBus specification.
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Table 21.4. SMBus Status Decoding

Values
Values Read Written
< —
= n = |Ol0n Current SMbus State Typical Response Options
s SO [x |O|x < |0 | X
29 |52l b 0|2
72|98 |< <
<
Load slave address + R/W
1110 | 0 | O | X |A master START was generated. into SMBODAT. OO0 ]| X
A master data or address byte Set STA to restart transfer. 1 (10| X
0|00 I .
. was transmitted; NACK received. |Abort transfer. 0|1]|X
E Load next data byte into
E SMBODAT. 010X
S End transfer with STOP. 01][Xx
= 1100 i
% A master data or address byte End transfer with STOP and 111X
o 0|01 o . start another transfer.
s was transmitted; ACK received.
Send repeated START. 110X
Switch to Master Receiver
Mode (clear SI without writ- | O | 0 | X
ing new data to SMBODAT).
Acknowledge received byte; olol1
Read SMBODAT.
Send NACK to indicate last ol1lo
byte, and send STOP.
Send NACK to indicate last
byte, and send STOP fol- 11110
lowed by START.
g Send ACK followed by 11011
Q repeated START.
@ A master data byte was received; [Send NACK to indicate last
o | 1000 |1]|0|X
5 ACK requested. byte, and send repeated 1/01]o0
‘g START.
= Send ACK and switch to
Master Transmitter Mode olol1
(write to SMBODAT before
clearing Sl).
Send NACK and switch to
Master Transmitter Mode ololo
(write to SMBODAT before
clearing Sl).
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Table 21.4. SMBus Status Decoding (Continued)

Values
Values Read Written
g =
- |[OW Current SMbus State Typical Response Options
2 |38 |x|O|x YP g P < (O |¥
58 (5|z|< |5 |2
72|98 |< <
<
ololo A slave byte was transmitted; No action required (expect- olol x
o NACK received. ing STOP condition).
()
b= A slave byte was transmitted, Load SMBODAT with next
§, 0loo 101011 ACK received. data byte to transmit. 010X
=
© A Slave byte was transmitted; No action required (expect-
= 01X . 0|0 |X
- error detected. ing Master to end transfer).
Es An illegal STOP or bus error was
2 0101 | 0 | X | X |detected while a Slave Transmis- |Clear STO. 0|0 ]| X
sion was in progress.
Acknowledge received olol1
A slave address was received; |address.
10X
ACK requested. Do not acknowledge
. 0[0|O
received address.
Acknowledge received olol1
0010 address.
Lost arbitration as master; slave |Do not acknowledge ololo
1| 1| X |address received; ACK received address.
requested. Reschedule failed transfer;
do not acknowledgereceived| 1 | O | O
address.
g 0010 | 0 | 1 | x |Lostarbitration while attempting a Abort failed transfer. 010X
§ repeated START. Reschedule failed transfer. 110X
% 1111 x Lost arbitration while attempting a |No action required (transfer ololo
3 STOP. complete/aborted).
2 A STOP was detected while
0001 | 0 | 0 | X |addressed as a Slave Transmitter |Clear STO. 0| 0| X
or Slave Receiver.
Lost arbitration due to a detected |Abort transfer. 010X
01X -
STOP. Reschedule failed transfer. 110X
Acknowledge received byte; olol1
110l x A slave byte was received; ACK |Read SMBODAT.
requested. Do not acknowledge ololo
0000 received byte.
1| 1 | x |Lost arbitration while transmitting Abort failed transfer. 0|00
a data byte as master. Reschedule failed transfer. | 1 [ 0 | 0
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22. UARTO

UARTO is an asynchronous, full duplex serial port offering modes 1 and 3 of the standard 8051 UART.
Enhanced baud rate support allows a wide range of clock sources to generate standard baud rates (details
in Section “22.1. Enhanced Baud Rate Generation” on page 208). Received data buffering allows
UARTO to start reception of a second incoming data byte before software has finished reading the previous
data byte.

UARTO has two associated SFRs: Serial Control Register 0 (SCONO0) and Serial Data Buffer 0 (SBUFO).
The single SBUFO location provides access to both transmit and receive registers. Writes to SBUFO0
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
SCONO0), 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).

SFR Bus

Write to
SBUF

Stop Bit Shift
Data
— Start
o Tx Control
»| Tx Clock
iR S
y A
SCON
v I
UART Baud Serial
Rate Generator B = lole D—» Port Port I/O
(e} OlwnaF|x Interrupt
S| |ISle|F|lx —RI
n
4 A
A A ]
Rx IRQ
»Rx Clock

Rx Control

N Start Load
shit  OAFF  RBB SBUF

Read

SBUF
(RX Latch)
[
SBUF

<

Figure 22.1. UARTO Block Diagram
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22.1. Enhanced Baud Rate Generation

The UARTO baud rate is generated by Timer 1 in 8-bit auto-reload mode. The TX clock is generated by
TL1; the RX clock is generated by a copy of TL1 (shown as RX Timer in Figure 22.2), which is not user-
accessible. Both TX and RX Timer overflows are divided by two to generate the TX and RX baud rates.
The RX Timer runs when Timer 1 is enabled, and uses the same reload value (TH1). However, an
RX Timer reload is forced when a START condition is detected on the RX pin. This allows a receive to
begin any time a START is detected, independent of the TX Timer state.

Timer 1 UART
TL1 Overflow +2 p TX Clock
i
TH1
(it ¥
RX Timer Overflow <+ 2 p RX Clock

Figure 22.2. UARTO Baud Rate Logic

Timer 1 should be configured for Mode 2, 8-bit auto-reload (see Section “24.1.3. Mode 2: 8-bit
Counter/Timer with Auto-Reload” on page 233). The Timer 1 reload value should be set so that over-
flows will occur at two times the desired UART baud rate frequency. Note that Timer 1 may be clocked by
one of six sources: SYSCLK, SYSCLK /4, SYSCLK /12, SYSCLK / 48, the external oscillator clock / 8, or
an external input T1. The UARTO baud rate is determined by Equation 22.1-A and Equation 22.1-B.

A)  UartBaudRate = %x T1 Overflow_Rate
T1
B — CLK
) T1 Overflow Rate e8—THI

Equation 22.1. UARTO Baud Rate

Where Tlg k is the frequency of the clock supplied to Timer 1, and T1H is the high byte of Timer 1 (8-bit

auto-reload mode reload value). Timer 1 clock frequency is selected as described in Section “24. Timers”
on page 231. A quick reference for typical baud rates and system clock frequencies is given in Table 22.1
through Table 22.6. Note that the internal oscillator may still generate the system clock when the external
oscillator is driving Timer 1.
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22.2. Operational Modes

UARTO provides standard asynchronous, full duplex communication. The UART mode (8-bit or 9-bit) is
selected by the SOMODE bit (SCONO.7). Typical UART connection options are shown below.

RX;

RX

RS 232 |4—=
LEVEL rx | CBO51Fxxx
XLTR >
OR
TX X
= MCU >< C8051Fxxx
=

Figure 22.3. UART Interconnect Diagram

22.2.1. 8-Bit UART

8-Bit UART mode uses a total of 10 bits per data byte: one start bit, eight data bits (LSB first), and one stop
bit. Data are transmitted LSB first from the TXO pin and received at the RX0 pin. On receive, the eight data
bits are stored in SBUFO and the stop bit goes into RB80 (SCONO.2).

Data transmission begins when software writes a data byte to the SBUFO register. The TI0 Transmit Inter-
rupt Flag (SCONO.1) is set at the end of the transmission (the beginning of the stop-bit time). Data recep-
tion can begin any time after the RENO Receive Enable bit (SCONO0.4) is set to logic 1. After the stop bit is
received, the data byte will be loaded into the SBUFO receive register if the following conditions are met:
RIO must be logic 0, and if MCEQO is logic 1, the stop bit must be logic 1. In the event of a receive data over-
run, the first received 8 bits are latched into the SBUFO receive register and the following overrun data bits
are lost.

If these conditions are met, the eight bits of data is stored in SBUFO, the stop bit is stored in RB80 and the
RIO flag is set. If these conditions are not met, SBUF0 and RB80 will not be loaded and the RIO flag will not
be set. An interrupt will occur if enabled when either TIO or RIO is set.

MARK

START
BIT DO D1 D2 X D3 D4 D5 D6 D7 STOP
SPACE — BIT
I | 1 I I I | 1 I I |
BITTIMES | T 1 1 ] i T 1 1 ] 1
A 4 4 A A A A 4 A A
BIT SAMPLING | } } } } } } } }

Figure 22.4. 8-Bit UART Timing Diagram
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22.2.2.9-Bit UART

9-bit UART mode uses a total of eleven bits per data byte: a start bit, 8 data bits (LSB first), a programma-
ble ninth data bit, and a stop bit. The state of the ninth transmit data bit is determined by the value in TB80
(SCONO.3), which is assigned by user software. It can be assigned the value of the parity flag (bit P in reg-
ister PSW) for error detection, or used in multiprocessor communications. On receive, the ninth data bit
goes into RB80 (SCONO.2) and the stop bit is ignored.

Data transmission begins when an instruction writes a data byte to the SBUFO register. The TIO Transmit
Interrupt Flag (SCONO.1) is set at the end of the transmission (the beginning of the stop-bit time). Data
reception can begin any time after the RENO Receive Enable bit (SCONO.4) is set to ‘1'. After the stop bit
is received, the data byte will be loaded into the SBUFO receive register if the following conditions are met:
(1) RIO must be logic 0, and (2) if MCEQO is logic 1, the 9th bit must be logic 1 (when MCEQO is logic 0, the
state of the ninth data bit is unimportant). If these conditions are met, the eight bits of data are stored in
SBUFO, the ninth bit is stored in RB80, and the RIO flag is set to ‘1. If the above conditions are not met,
SBUFO and RB80 will not be loaded and the RIO flag will not be set to ‘1’. A UARTO interrupt will occur if
enabled when either TI0 or RIO is set to ‘1.

MARK START

BIT DO D1 D2 D3 D4 D5 D6 D7 D8 STOP
SPACE — BIT
1 ] ] ] ] ] ] ] ] ] ] |
BITTIMES | T T T T T T T T T T 1
A A A A A A A A A A A
L

Figure 22.5. 9-Bit UART Timing Diagram

22.3. 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 MCEOQ 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 MCEQ 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).
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Figure 22.6. UART Multi-Processor Mode Interconnect Diagram
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SFR Definition 22.1. SCONO: Serial Port 0 Control

R/W R R/W R/W R/W R/W R/W R/W Reset Value
SOMODE| - | MCEO | RENO | TB80 | RB8 | TIO | RI0O |01000000
) . . . . . . . Bit
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable
SFR Address: 0x98
Bit7: SOMODE: Serial Port 0 Operation Mode.
This bit selects the UARTO Operation Mode.
0: 8-bit UART with Variable Baud Rate.
1: 9-bit UART with Variable Baud Rate.
Bit6: UNUSED. Read = 1b. Write = don’t care.
Bit5: MCEQO: Multiprocessor Communication Enable.
The function of this bit is dependent on the Serial Port 0 Operation Mode.
SOMODE = 0: Checks for valid stop bit.
0: Logic level of stop bit is ignored.
1: RIO will only be activated if stop bit is logic level 1.
SOMODE = 1: Multiprocessor Communications Enable.
0: Logic level of ninth bit is ignored.
1: RIO is set and an interrupt is generated only when the ninth bit is logic 1.
Bit4: RENO: Receive Enable.
This bit enables/disables the UART receiver.
0: UARTO reception disabled.
1. UARTO reception enabled.
Bit3: TB80: Ninth Transmission Bit.
The logic level of this bit will be assigned to the ninth transmission bit in 9-bit UART Mode. It
is not used in 8-bit UART Mode. Set or cleared by software as required.
Bit2: RB80: Ninth Receive Bit.
RB80 is assigned the value of the STOP bit in Mode 0; it is assigned the value of the 9th
data bit in Mode 1.
Bitl: TIO: Transmit Interrupt Flag.
Set by hardware when a byte of data has been transmitted by UARTO (after the 8th bit in 8-
bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When the UARTO
interrupt is enabled, setting this bit causes the CPU to vector to the UARTO interrupt service
routine. This bit must be cleared manually by software.
BitO: RIO: Receive Interrupt Flag.
Set to ‘1’ by hardware when a byte of data has been received by UARTO (set at the STOP bit
sampling time). When the UARTO interrupt is enabled, setting this bit to ‘1’ causes the CPU
to vector to the UARTO interrupt service routine. This bit must be cleared manually by soft-
ware.
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SFR Definition 22.2. SBUFO: Serial (UARTO) Port Data Buffer

R/IW R/W R/IW R/IW R/W RIW

R/W

R/W Reset Value

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2

Bits7—0: SBUFO[7:0]: Serial Data Buffer Bits 7-0 (MSB-LSB)

Bitl

Bit0
SFR Address: 0x99

| 00000000

This SFR accesses two registers; a transmit shift register and a receive latch register. When
data is written to SBUFOQ, it goes to the transmit shift register and is held for serial transmis-

sion. Writing a byte to SBUFO initiates the transmission. A read of SBUFO returns the con-

tents of the receive latch.
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Table 22.1. Timer Settings for Standard Baud Rates
Using the Internal Oscillator

Frequency: 24.5 MHz

Target Baud Rate | O5CM@ | et clock | SCALSCAD Timer 1
Baud Rate % Error tor Divide Source (pre-scale TiM* Reload

(bps) 0 Factor select)* Value (hex)

230400 -0.32% 106 SYSCLK XX 1 OxCB

115200 -0.32% 212 SYSCLK XX 1 0x96

57600 0.15% 426 SYSCLK XX 1 0x2B
g G 28800 -0.32% 848 SYSCLK /4 01 0 0x96
..; 3 14400 0.15% 1704 SYSCLK /12 00 0 0xB9
oS 9600 -0.32% 2544 SYSCLK /12 00 0 0x96
N % 2400 -0.32% 10176 | SYSCLK/ 48 10 0 0x96
5 = 1200 0.15% 20448 | SYSCLK/ 48 10 0 0x2B

X =Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 24.1.
Table 22.2. Timer Settings for Standard Baud Rates
Using an External 25.0 MHz Oscillator
Frequency: 25.0 MHz
Target Baud Rate Osc_ll!a- Timer Clock SCA1-SCAO Timer 1
Baud Rate % Error tor Divide Source (pre-scale T1M* Reload

(bps) 0 Factor select)* Value (hex)

230400 -0.47% 108 SYSCLK XX 1 OxCA

115200 0.45% 218 SYSCLK XX 1 0x93

57600 -0.01% 434 SYSCLK XX 1 ox27
g g 28800 0.45% 872 SYSCLK /4 01 0 0x93
i O 14400 -0.01% 1736 SYSCLK /4 01 0 0x27
G < 9600 0.15% 2608 EXTCLK /8 11 0 0x5D
N o 2400 0.45% 10464 |SYSCLK/48 10 0 0x93
5 ni 1200 -0.01% 20832 |SYSCLK/ 48 10 0 0x27
e 57600 -0.47% 432 EXTCLK/8 11 0 OXE5
23 28800 -0.47% 864 EXTCLK /8 11 0 OXCA
X % 14400 0.45% 1744 EXTCLK /8 11 0 0x93
O c
Q o 9600 0.15% 2608 EXTCLK /8 11 0 0x5D
n £

X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 24.1.
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Table 22.3. Timer Settings for Standard Baud Rates
Using an External 22.1184 MHz Oscillator

SILICON LABS

_ Frequency: 22.1184 MHz _
Target Oscilla- . SCA1-SCAO0 Timer 1
Baud Rate B;}ugrlfsrte tor Divide T”TS";L?CIZCK (pre-scale TiM* Reload
(bps) Factor select)* Value (hex)
230400 0.00% 96 SYSCLK XX 1 0xDO
115200 0.00% 192 SYSCLK XX 1 O0xAOQ
57600 0.00% 384 SYSCLK XX 1 0x40
g J 28800 0.00% 768 SYSCLK /12 00 0 OXEO
i O 14400 0.00% 1536 SYSCLK /12 00 0 0xCO
a g 9600 0.00% 2304 SYSCLK /12 00 0 0xAOQ
n Qo 2400 0.00% 9216 SYSCLK /48 10 0 0xA0
<>/_> i 1200 0.00% 18432 | SYSCLK /48 10 0 0x40
230400 0.00% 96 EXTCLK /8 11 0 OXFA
g G 115200 0.00% 192 EXTCLK /8 11 0 OxF4
i 8 57600 0.00% 384 EXTCLK /8 11 0 OXE8
T 28800 0.00% 768 EXTCLK /8 11 0 0xDO
N g 14400 0.00% 1536 EXTCLK /8 11 0 0xAOQ
<>/_> £ 9600 0.00% 2304 EXTCLK /8 11 0 0x70
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 24.1.
Table 22.4. Timer Settings for Standard Baud Rates
Using an External 18.432 MHz Oscillator
_ Frequency: 18.432 MHAz _
Target Oscilla- . SCA1-SCAO Timer 1
Baud Rate B;)ugri?rte tor Divide i rgirug(;ck (pre-scale T1M* Reload
(bps) Factor select)* Value (hex)
230400 0.00% 80 SYSCLK XX 1 0xD38
115200 0.00% 160 SYSCLK XX 1 0xBO
57600 0.00% 320 SYSCLK XX 1 0x60
g J 28800 0.00% 640 SYSCLK /4 01 0 0xB0O
i O 14400 0.00% 1280 SYSCLK /4 01 0 0x60
a g 9600 0.00% 1920 SYSCLK /12 00 0 0xB0O
n 9o 2400 0.00% 7680 SYSCLK /48 10 0 0xBO
5 i 1200 0.00% 15360 |SYSCLK/ 48 10 0 0x60
230400 0.00% 80 EXTCLK/8 11 0 OXFB
g G 115200 0.00% 160 EXTCLK /8 11 0 OxF6
»; 8 57600 0.00% 320 EXTCLK /8 11 0 OXEC
a E 28800 0.00% 640 EXTCLK /8 11 0 0xD8
D5 14400 0.00% 1280 EXTCLK /8 11 0 0xBO
5 £ 9600 0.00% 1920 EXTCLK /8 11 0 0x88
X = Don't care
*Note: SCA1-SCAO0 and T1M bit definitions can be found in Section 24.1.
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Table 22.5. Timer Settings for Standard Baud Rates
Using an External 11.0592 MHz Oscillator

Frequency: 11.0592 MHz

[ Target Baud Rate | OSca- [ oo | SCAL-SCAQ Timer 1
Baud Rate % Error tor Divide Source (pre-scale TiM* Reload
(bps) Factor select)* Value (hex)
230400 0.00% 48 SYSCLK XX 1 OXES
115200 0.00% 96 SYSCLK XX 1 0xDO
57600 0.00% 192 SYSCLK XX 1 0xAOQ
g 8 28800 0.00% 384 SYSCLK XX 1 0x40
'*; 9 14400 0.00% 768 SYSCLK /12 00 0 OxEO
CI) = 9600 0.00% 1152 SYSCLK /12 00 0 0xDO
0] § 2400 0.00% 4608 SYSCLK /12 00 0 0x40
<>/_> i 1200 0.00% 9216 SYSCLK /48 10 0 OxAO0
230400 0.00% 48 EXTCLK /8 11 0 OXFD
g S 115200 0.00% 96 EXTCLK /8 11 0 OxFA
'*; 8 57600 0.00% 192 EXTCLK /8 11 0 OxF4
CI) ‘_cs 28800 0.00% 384 EXTCLK /8 11 0 OxES8
N g 14400 0.00% 768 EXTCLK /8 11 0 0xDO
<>/_> IS 9600 0.00% 1152 EXTCLK /8 11 0 0xB8
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 24.1.
Table 22.6. Timer Settings for Standard Baud Rates
Using an External 3.6864 MHz Oscillator
_ _ Frequency: 3.6864 MAz _
Target Oscilla- . SCA1-SCAO Timer 1
Baud Rate B;)ugr?(i[e tor Divide Tlrggru(rj(lzck (pre-scale T1M* Reload
(bps) Factor select)* Value (hex)
230400 0.00% 16 SYSCLK XX 1 OXF8
115200 0.00% 32 SYSCLK XX 1 OxFO
57600 0.00% 64 SYSCLK XX 1 OxEO
g 8 28800 0.00% 128 SYSCLK XX 1 0xCO
;: 9 14400 0.00% 256 SYSCLK XX 1 0x80
d = 9600 0.00% 384 SYSCLK XX 1 0x40
N o 2400 0.00% 1536 SYSCLK /12 00 0 0xCO
5 ai 1200 0.00% 3072 SYSCLK /12 00 0 0x80
230400 0.00% 16 EXTCLK /8 11 0 OxFF
g S 115200 0.00% 32 EXTCLK /8 11 0 OxXFE
;: 8 57600 0.00% 64 EXTCLK /8 11 0 OxFC
d § 28800 0.00% 128 EXTCLK /8 11 0 OxF8
Ng 14400 0.00% 256 EXTCLK /8 11 0 OxFO
o E 9600 0.00% 384 | EXTCLK/8 1 0 OXES
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 24.1.
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23. Enhanced Serial Peripheral Interface (SPI0)

The Serial Peripheral Interface (SPI0) provides access to a flexible, full-duplex synchronous serial bus.
SPI0 can operate as a master or slave device in both 3-wire or 4-wire modes, and supports multiple mas-
ters and slaves on a single SPI bus. The slave-select (NSS) signal can be configured as an input to select
SPI0 in slave mode, or to disable Master Mode operation in a multi-master environment, avoiding conten-
tion on the SPI bus when more than one master attempts simultaneous data transfers. NSS can also be
configured as a chip-select output in master mode, or disabled for 3-wire operation. Additional general pur-
pose port I/O pins can be used to select multiple slave devices in master mode.

% SFR Bus !
SPIOCKR SPIOCFG SPIOCN
i = E 8 8 [
41}
A R =1 A
0O|0|0|0|0|0|0|O 2|0|x|X< a 20X |n|n|x|a
nnnn|n|uninin 0nZun|x U);EO{ZZI—U)
LLLLLLLL AAAA AAAA AA
SYSCLK —P» C|0(IZ_|(():;ICVId€
l: Lol
SPI CONTROL LOGIC SPIIRQ
Data Path Pin Interface
Control Control
T
i |
| |
| v
| TxData MOSI 1""\%
‘ |
\ ‘ ‘
|y '
<L spiopaT sk | R |
‘ Transmit Data Buffer ‘ ] ﬁ (@] %
Pin 'S }
Control ! S ! Port I/O
Shift Register Logic | |
| {7[6T5[al3T2 1 0]e| O M=o L
A
g R
‘ Receive Data Buffer ‘ NSS | }
L
Shor “snioar
% SFR Bus
Figure 23.1. SPI Block Diagram
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23.1. Signal Descriptions
The four signals used by SPI0 (MOSI, MISO, SCK, NSS) are described below.

23.1.1. Master Out, Slave In (MOSI)

The master-out, slave-in (MOSI) signal is an output from a master device and an input to slave devices. It
is used to serially transfer data from the master to the slave. This signal is an output when SPIO is operat-
ing as a master and an input when SPIO is operating as a slave. Data is transferred most-significant bit
first. When configured as a master, MOSI is driven by the MSB of the shift register in both 3- and 4-wire
mode.

23.1.2. Master In, Slave Out (MISO)

The master-in, slave-out (MISO) signal is an output from a slave device and an input to the master device.
It is used to serially transfer data from the slave to the master. This signal is an input when SPI0 is operat-
ing as a master and an output when SPIO is operating as a slave. Data is transferred most-significant bit
first. The MISO pin is placed in a high-impedance state when the SPI module is disabled and when the SPI
operates in 4-wire mode as a slave that is not selected. When acting as a slave in 3-wire mode, MISO is
always driven by the MSB of the shift register.

23.1.3. Serial Clock (SCK)

The serial clock (SCK) signal is an output from the master device and an input to slave devices. It is used
to synchronize the transfer of data between the master and slave on the MOSI and MISO lines. SPIO gen-
erates this signal when operating as a master. The SCK signal is ignored by a SPI slave when the slave is
not selected (NSS = 1) in 4-wire slave mode.

23.1.4. Slave Select (NSS)

The function of the slave-select (NSS) signal is dependent on the setting of the NSSMD1 and NSSMDO
bits in the SPIOCN register. There are three possible modes that can be selected with these bits:

1. NSSMDI[1:0] = 00: 3-Wire Master or 3-Wire Slave Mode: SPIO operates in 3-wire mode, and
NSS is disabled. When operating as a slave device, SPIO is always selected in 3-wire mode.
Since no select signal is present, SPI0 must be the only slave on the bus in 3-wire mode. This
is intended for point-to-point communication between a master and one slave.

2. NSSMD[1:0] = 01: 4-Wire Slave or Multi-Master Mode: SPIO operates in 4-wire mode, and
NSS is enabled as an input. When operating as a slave, NSS selects the SPIO device. When
operating as a master, a 1-to-0 transition of the NSS signal disables the master function of
SPI0 so that multiple master devices can be used on the same SPI bus.

3. NSSMD[1:0] = 1x: 4-Wire Master Mode: SPIO0 operates in 4-wire mode, and NSS is enabled as
an output. The setting of NSSMDO determines what logic level the NSS pin will output. This
configuration should only be used when operating SPI0 as a master device.

See Figure 23.2, Figure 23.3, and Figure 23.4 for typical connection diagrams of the various operational
modes. Note that the setting of NSSMD bits affects the pinout of the device. When in 3-wire master or
3-wire slave mode, the NSS pin will not be mapped by the crossbar. In all other modes, the NSS signal will
be mapped to a pin on the device. See Section “18. Port Input/Output” on page 147 for general purpose
port 1/O and crossbar information.
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23.2. SPI0 Master Mode Operation

A SPI master device initiates all data transfers on a SPI bus. SPI0 is placed in master mode by setting the
Master Enable flag (MSTEN, SPIOCN.6). Writing a byte of data to the SPI0 data register (SPIODAT) when
in master mode writes to the transmit buffer. If the SPI shift register is empty, the byte in the transmit buffer
is moved to the shift register, and a data transfer begins. The SPI0 master immediately shifts out the data
serially on the MOSI line while providing the serial clock on SCK. The SPIF (SPIOCN.7) flag is set to logic
1 at the end of the transfer. If interrupts are enabled, an interrupt request is generated when the SPIF flag
is set. While the SPI0 master transfers data to a slave on the MOSI line, the addressed SPI slave device
simultaneously transfers data to the SPI master on the MISO line in a full-duplex operation. Therefore, the
SPIF flag serves as both a transmit-complete and receive-data-ready flag. The data byte received from the
slave is transferred MSB-first into the master's shift register. When a byte is fully shifted into the register, it
is moved to the receive buffer where it can be read by the processor by reading SPIODAT.

When configured as a master, SPI0O can operate in one of three different modes: multi-master mode, 3-wire
single-master mode, and 4-wire single-master mode. The default, multi-master mode is active when NSS-
MD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 1. In this mode, NSS is an input to the device, and is
used to disable the master SPIO when another master is accessing the bus. When NSS is pulled low in this
mode, MSTEN (SPIOCFG.6) and SPIEN (SPIOCN.0O) are set to O to disable the SPI master device, and a
Mode Fault is generated (MODF, SPIOCN.5 = 1). Mode Fault will generate an interrupt if enabled. SPI10
must be manually re-enabled in software under these circumstances. In multi-master systems, devices will
typically default to being slave devices while they are not acting as the system master device. In multi-mas-
ter mode, slave devices can be addressed individually (if needed) using general-purpose 1/O pins.
Figure 23.2 shows a connection diagram between two master devices in multiple-master mode.

3-wire single-master mode is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 0. In this
mode, NSS is not used and is not mapped to an external port pin through the crossbar. Any slave devices
that must be addressed in this mode should be selected using general-purpose I/O pins. Figure 23.3
shows a connection diagram between a master device in 3-wire master mode and a slave device.

4-wire single-master mode is active when NSSMD1 (SPIOCN.3) = 1. In this mode, NSS is configured as an
output pin and can be used as a slave-select signal for a single SPI device. In this mode, the output value
of NSS is controlled (in software) with the bit NSSMDO (SPIOCN.2). Additional slave devices can be
addressed using general-purpose 1/O pins. Figure 23.4 shows a connection diagram for a master device in
4-wire master mode and two slave devices.
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Figure 23.2. Multiple-Master Mode Connection Diagram
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Figure 23.3. 3-Wire Single Master and Slave Mode Connection Diagram
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Figure 23.4. 4-Wire Single Master and Slave Mode Connection Diagram

23.3. SPIO0 Slave Mode Operation

When SPIO is enabled and not configured as a master, it will operate as a SPI slave. As a slave, bytes are
shifted in through the MOSI pin and out through the MISO pin by a master device controlling the SCK sig-
nal. A bit counter in the SPI0 logic counts SCK edges. When 8 bits have been shifted into the shift register,
the SPIF flag is set to logic 1, and the byte is copied into the receive buffer. Data is read from the receive
buffer by reading SPIODAT. A slave device cannot initiate transfers. Data to be transferred to the master
device is pre-loaded into the shift register by writing to SPIODAT. Writes to SPIODAT are double-buffered,
and are placed in the transmit buffer first. If the shift register is empty, the contents of the transmit buffer
will immediately be transferred into the shift register. When the shift register already contains data, the SPI
will load the shift register with the transmit buffer’s contents after the last SCK edge of the next (or current)
SPI transfer.
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The shift register contents are locked after the slave detects the first edge of SCK. Writes to SPIODAT that
occur after the first SCK edge will be held in the TX latch until the end of the current transfer.

When configured as a slave, SPIO can be configured for 4-wire or 3-wire operation. The default, 4-wire
slave mode, is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 1. In 4-wire mode, the
NSS signal is routed to a port pin and configured as a digital input. SPIO is enabled when NSS is logic O,
and disabled when NSS is logic 1. The bit counter is reset on a falling edge of NSS. Note that the NSS sig-
nal must be driven low at least 2 system clocks before the first active edge of SCK for each byte transfer.
Figure 23.4 shows a connection diagram between two slave devices in 4-wire slave mode and a master
device.

3-wire slave mode is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 0. NSS is not
used in this mode, and is not mapped to an external port pin through the crossbar. Since there is not a way
of uniquely addressing the device in 3-wire slave mode, SP10 must be the only slave device present on the
bus. It is important to note that in 3-wire slave mode there is no external means of resetting the bit counter
that determines when a full byte has been received. The bit counter can only be reset by disabling and re-
enabling SPI0 with the SPIEN bit. Figure 23.3 shows a connection diagram between a slave device in 3-
wire slave mode and a master device.

23.4. SPIO Interrupt Sources

When SPIO0 interrupts are enabled, the following four flags will generate an interrupt when they are set to
logic 1:

Note that all of the following interrupt bits must be cleared by software.

1. The SPI Interrupt Flag, SPIF (SPIOCN.7) is set to logic 1 at the end of each byte transfer. This
flag can occur in all SPI0 modes.

2. The Write Collision Flag, WCOL (SPIOCN.6) is set to logic 1 if a write to SPIODAT is attempted
when the transmit buffer has not been emptied to the SPI shift register. When this occurs, the
write to SPIODAT will be ignored, and the transmit buffer will not be written.This flag can occur
in all SP10 modes.

3. The Mode Fault Flag MODF (SPIOCN.5) is set to logic 1 when SPIO is configured as a master
in multi-master mode and the NSS pin is pulled low. When a Mode Fault occurs, the MSTEN
and SPIEN bits are set to logic O to disable SPIO and allow another master device to access
the bus.

4. The Receive Overrun Flag RXOVRN (SPIOCN.4) is set to logic 1 when configured as a slave,
and a transfer is completed while the receive buffer still holds an unread byte from a previous
transfer. The new byte is not transferred to the receive buffer, allowing the previously received
data byte to be read. The data byte which caused the overrun is lost.

23.5. Serial Clock Timing

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the
SPI0 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 a rising edge or a falling edge.
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 are shown in Figure 23.5.

The SPIO Clock Rate Register (SPIOCKR) as shown in SFR Definition 23.3 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,
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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 m MSB Bit6 Y Bits5 Y Bit4 Bit 3 Bit2 Y Bitl Bit 0 M

Figure 23.5. Data/Clock Timing Relationship

23.6. SPI Special Function Registers

SPI0 is accessed and controlled through four special function registers in the system controller: SPIOCN
Control Register, SPIODAT Data Register, SPIOCFG Configuration Register, and SPIOCKR Clock Rate
Register. The four special function registers related to the operation of the SPIO Bus are described in the
following figures.
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SFR Definition 23.1. SPIOCFG: SPI0 Configuration

R RIW RIW RIW R R R R Reset Value
SPIBSY | MSTEN | CKPHA | CKPOL | SLVSEL | NSSIN | SRMT | RXBMT |00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xAl

Bit 7: SPIBSY: SPI Busy (read only).
This bit is set to logic 1 when a SPI transfer is in progress (Master or Slave Mode).

Bit 6: MSTEN: Master Mode Enable.
0: Disable master mode. Operate in slave mode.
1: Enable master mode. Operate as a master.

Bit 5: CKPHA: SPIO0 Clock Phase.
This bit controls the SPIO clock phase.
0: Data centered on first edge of SCK period.*
1: Data centered on second edge of SCK period.*

Bit 4: CKPOL: SPI0 Clock Polarity.
This bit controls the SPIO clock polarity.
0: SCK line low in idle state.
1: SCK line high in idle state.

Bit 3: SLVSEL: Slave Selected Flag (read only).
This bit is set to logic 1 whenever the NSS pin is low indicating SPIO is the selected slave. It
is cleared to logic 0 when NSS is high (slave not selected). This bit does not indicate the
instantaneous value at the NSS pin, but rather a de-glitched version of the pin input.

Bit 2: NSSIN: NSS Instantaneous Pin Input (read only).
This bit mimics the instantaneous value that is present on the NSS port pin at the time that
the register is read. This input is not de-glitched.

Bit 1: SRMT: Shift Register Empty (Valid in Slave Mode, read only).
This bit will be set to logic 1 when all data has been transferred in/out of the shift register,
and there is no new information available to read from the transmit buffer or write to the
receive buffer. It returns to logic 0 when a data byte is transferred to the shift register from
the transmit buffer or by a transition on SCK.
NOTE: SRMT = 1 when in Master Mode.

Bit O: RXBMT: Receive Buffer Empty (Valid in Slave Mode, read only).
This bit will be set to logic 1 when the receive buffer has been read and contains no new
information. If there is new information available in the receive buffer that has not been read,
this bit will return to logic 0.
NOTE: RXBMT = 1 when in Master Mode.

*Note: See Table 23.1 for timing parameters.
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SFR Definition 23.2. SPIOCN: SPIO Control

RIW RIW RIW RIW R/W R/W R RIW Reset Value
SPIF | WCOL | MODF [RXOVRN|NSSMD1|NSSMDO| TXBMT | SPIEN |00000110
. . . . . . . . Bit
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: OxF8

Bit 7: SPIF: SPIO Interrupt Flag.
This bit is set to logic 1 by hardware at the end of a data transfer. If interrupts are enabled,
setting this bit causes the CPU to vector to the SPIO interrupt service routine. This bit is not
automatically cleared by hardware. It must be cleared by software.

Bit 6: WCOL: Write Collision Flag.
This bit is set to logic 1 by hardware if a write to SPIODAT is attempted when the transmit
buffer has not been emptied to the SPI shift register. It must be cleared by software.

Bit 5: MODF: Mode Fault Flag.
This bit is set to logic 1 by hardware (and generates a SPIO interrupt) when a master mode
collision is detected (NSS is low, MSTEN = 1, and NSSMD[1:0] = 01). This bit is not auto-
matically cleared by hardware. It must be cleared by software.

Bit 4: RXOVRN: Receive Overrun Flag (Slave Mode only).
This bit is set to logic 1 by hardware (and generates a SPIO0 interrupt) when the receive buf-
fer still holds unread data from a previous transfer and the last bit of the current transfer is
shifted into the SPIO shift register. This bit is not automatically cleared by hardware. It must
be cleared by software.

Bits 3—-2: NSSMD1-NSSMDO: Slave Select Mode.
Selects between the following NSS operation modes:
(See Section “23.2. SPI0 Master Mode Operation” on page 219 and Section “23.3. SPIO
Slave Mode Operation” on page 220).
00: 3-Wire Slave or 3-wire Master Mode. NSS signal is not routed to a port pin.
01: 4-Wire Slave or Multi-Master Mode (Default). NSS is always an input to the device.
1x: 4-Wire Single-Master Mode. NSS signal is mapped as an output from the device and will
assume the value of NSSMDO.

Bit 1: TXBMT: Transmit Buffer Empty.
This bit will be set to logic 0 when new data has been written to the transmit buffer. When
data in the transmit buffer is transferred to the SPI shift register, this bit will be set to logic 1,
indicating that it is safe to write a new byte to the transmit buffer.

Bit O: SPIEN: SPIO Enable.
This bit enables/disables the SPI.
0: SPI disabled.
1: SPI enabled.
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SFR Definition 23.3. SPIOCKR: SPIO Clock Rate

R/W RIW R/W RIW RIW R/W R/W RIW Reset Value
SCR7 | SCR6 | SCR5 | SCR4 | SCR3 | SCR2 | SCR1 | SCRO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xA2

Bits 7-0: SCR7-SCRO0: SPIO Clock Rate.
These bits determine the frequency of the SCK output when the SPI0 module is configured
for master mode operation. The SCK clock frequency is a divided version of the system
clock, and is given in the following equation, where SYSCLK is the system clock frequency
and SPIOCKR is the 8-bit value held in the SPIOCKR register.

(- SYSCLK
SCK ™ 2 x (SPIOCKR + 1)

for 0 <= SPIOCKR <= 255

Example: If SYSCLK = 2 MHz and SPIOCKR = 0x04,

¢ _2000000
SCK ™ 2% (4+1)

foex = 200kHZ
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SFR Definition 23.4. SPIODAT: SPIO Data

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OxA3

Bits 7-0: SPIODAT: SPIO Transmit and Receive Data.
The SPIODAT register is used to transmit and receive SPI0 data. Writing data to SPIODAT
places the data into the transmit buffer and initiates a transfer when in Master Mode. A read
of SPIODAT returns the contents of the receive buffer.
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 23.6. SPI Master Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 23.7. SPI Master Timing (CKPHA =1)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 23.8. SPI Slave Timing (CKPHA =0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 23.9. SPI Slave Timing (CKPHA = 1)
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Table 23.1. SPI Slave Timing Parameters

Parameter ‘ Description Min Max Units
Master Mode Timing* (See Figure 23.6 and Figure 23.7)
TMCKH SCK High Time 1xTsyscLk — ns
TmcKL SCK Low Time 1xTsyscLk — ns
Tmis MISO Valid to SCK Sample Edge 20 — ns
TMIH SCK Sample Edge to MISO Change 0 — ns
Slave Mode Timing* (See Figure 23.8 and Figure 23.9)
Tse NSS Falling to First SCK Edge 2 X TsyscLk — ns
Tsp Last SCK Edge to NSS Rising 2 X TsyscLk — ns
Tsez NSS Falling to MISO Valid — 4xTsysclk | ns
Tspz NSS Rising to MISO High-Z — 4xTsyscLk | ns
TekH SCK High Time 5 X TsyscLk — ns
TekL SCK Low Time 5 X TsyscLk — ns
Tsis MOSI Valid to SCK Sample Edge 2 x TsyscLk — ns
TsiH SCK Sample Edge to MOSI Change 2 X TsyscLk — ns
TsoH SCK Shift Edge to MISO Change — 4xTsyscLk | ns
*Note: TgyscLk is equal to one period of the device system clock (SYSCLK) in ns.
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NOTES:
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24. Timers

Each MCU includes four counter/timers: two are 16-bit counter/timers compatible with those found in the
standard 8051, and two are 16-bit auto-reload timer for use with other device peripherals or for general
purpose use. These timers can be used to measure time intervals, count external events and generate
periodic interrupt requests. Timer 0 and Timer 1 are nearly identical and have four primary modes of oper-
ation. Timer 2 and Timer 3 offer 16-bit and split 8-bit timer functionality with auto-reload. Timer 2 and
Timer 3 also have a smaRTClock Capture Mode that can be used to measure the smaRTClock clock with
respect to another oscillator.

Timer 0 and Timer 1 Modes: Timer 2 Modes: Timer 3 Modes:
13-bit counter/timer
16-bit counter/timer
8-bit counter/timer with auto-reload
Two 8-bit counter/timers Two 8-bit timers with auto-reload | Two 8-bit timers with auto-reload
(Timer 0 only)

16-bit timer with auto-reload 16-bit timer with auto-reload

Timers 0 and 1 may be clocked by one of five sources, determined by the Timer Mode Select bits (T1M-
TOM) and the Clock Scale bits (SCA1-SCAOQ). The Clock Scale bits define a pre-scaled clock from which
Timer 0 and/or Timer 1 may be clocked (See SFR Definition 24.3 for pre-scaled clock selection).

Timer 0/1 may then be configured to use this pre-scaled clock signal or the system clock. Timer 2 and
Timer 3 may be clocked by the system clock, the system clock divided by 12, or the external oscillator
clock source divided by 8.

Timer 0 and Timer 1 may also be operated as counters. When functioning as a counter, a counter/timer
register is incremented on each high-to-low transition at the selected input pin (TO or T1). Events with a fre-
guency of up to one-fourth the system clock's frequency can be counted. The input signal need not be peri-
odic, but it must be held at a given level for at least two full system clock cycles to ensure the level is
properly sampled.

24.1. Timer O and Timer 1

Each timer is implemented as a 16-bit register accessed as two separate bytes: a low byte (TLO or TL1)
and a high byte (THO or TH1). The Counter/Timer Control register (TCON) is used to enable Timer 0 and
Timer 1 as well as indicate status. Timer O interrupts can be enabled by setting the ETO bit in the IE register
(Section “12.4. Interrupt Register Descriptions” on page 112); Timer 1 interrupts can be enabled by
setting the ET1 bit in the IE register (Section 12.4). Both counter/timers operate in one of four primary
modes selected by setting the Mode Select bits TIM1-TOMO in the Counter/Timer Mode register (TMOD).
Each timer can be configured independently. Each operating mode is described below.

24.1.1. Mode 0: 13-bit Counter/Timer

Timer 0 and Timer 1 operate as 13-bit counter/timers in Mode 0. The following describes the configuration
and operation of Timer 0. However, both timers operate identically, and Timer 1 is configured in the same
manner as described for Timer 0.

The THO register holds the eight MSBs of the 13-bit counter/timer. TLO holds the five LSBs in bit positions
TLO.4-TLO.0. The three upper bits of TLO (TLO.7-TLO.5) are indeterminate and should be masked out or
ignored when reading. As the 13-bit timer register increments and overflows from Ox1FFF (all ones) to
0x0000, the timer overflow flag TFO (TCON.5) is set and an interrupt will occur if Timer O interrupts are
enabled.
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The C/TO bit (TMOD.2) selects the counter/timer's clock source. When C/TO is set to logic 1, high-to-low
transitions at the selected Timer O input pin (TO) increment the timer register (Refer to Section
“18.1. Priority Crossbar Decoder” on page 149 for information on selecting and configuring external 1/0O
pins). Clearing C/T selects the clock defined by the TOM bit (CKCON.3). When TOM is set, Timer 0O is
clocked by the system clock. When TOM is cleared, Timer 0 is clocked by the source selected by the Clock
Scale bits in CKCON (see SFR Definition 24.3).

Setting the TRO bit (TCON.4) enables the timer when either GATEO (TMOD.3) is logic 0 or the input signal
/INTO is active as defined by bit INOPL in register ITOLCF (see SFR Definition 12.7. “ITO1CF: INTO/INT1
Configuration” on page 118). Setting GATEO to ‘1’ allows the timer to be controlled by the external input
signal /INTO (see Section “12.4. Interrupt Register Descriptions” on page 112), facilitating pulse width
measurements.

TRO GATEO /INTO Counter/Timer
0 X X Disabled
1 0 X Enabled
1 1 0 Disabled
1 1 1 Enabled
X = Don't Care

Setting TRO does not force the timer to reset. The timer registers should be loaded with the desired initial
value before the timer is enabled.

TL1 and TH1 form the 13-bit register for Timer 1 in the same manner as described above for TLO and THO.
Timer 1 is configured and controlled using the relevant TCON and TMOD bits just as with Timer 0. The
input signal /INT1 is used with Timer 1; the /INT1 polarity is defined by bit IN1PL in register ITO1CF (see
SFR Definition 12.7. “ITO1CF: INTO/INT1 Configuration” on page 118).

CKCON TMOD ITO1CF
TIT|T[T]TITI8[8| [3[C|T[TIc]C]T]T ey
alalz|zl1(olclc| |Al (1|1 |A]S|O(0 TS| IS NN
T (T P M| T{ T bt 1t 11[1]1|o]ojo|o
anTﬂTMM'?g E|1[1|o|E[0]1]0 Pls|s|s|P|5|5|s
1 ] LfLjLjLjLjL L)L
—— V] 2]1]a] |2]1]o
Pre-scaled Clock 1] ¢ l
S¥YSCLK — 1
TF1
TR
TLO THO » TFO [— Interrupt
; ; TRO
{5 bits) (B bits) = [TE1 l
8 1T1
IEQ
F o

Figure 24.1. TO Mode 0 Block Diagram
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24.1.2. 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.

24.1.3. 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 0.

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 “12.5. External Interrupts” on page 117
for details on the external input signals /INTO and /INT1).

CKCON TMOD ITOLCF
TTrlels| [cleF el | [T
o o Y A 1 1 S e N e
nlrainalialnalalal &l 1(T el {7 lrafra] 1] (1]7[e]o]alo

el1|1[olela 1o |Flsls|s|F|s|s|s
HLHIL LCI Q Lfcfcfcfefcfe]e
l 2l1]o] 2|10

Pre-scaled Clock

|

SYSCLK

T
|
TLO TR1
: (8 bits) TFQ |—» Interrupt
| = E
I gl
: Crossbar ﬁ — $0
|
: THO * Reload
| (8 bits)
|
/INTO —J
Figure 24.2. TO Mode 2 Block Diagram
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24.1.4. Mode 3: Two 8-bit Counter/Timers (Timer 0 Only)

In Mode 3, Timer 0 is configured as two separate 8-bit counter/timers held in TLO and THO. The
counter/timer in TLO is controlled using the Timer O control/status bits in TCON and TMOD: TRO, C/TO,
GATEO and TFO. TLO can use either the system clock or an external input signal as its timebase. The THO
register is restricted to a timer function sourced by the system clock or prescaled clock. THO is enabled
using the Timer 1 run control bit TR1. THO sets the Timer 1 overflow flag TF1 on overflow and thus controls
the Timer 1 interrupt.

Timer 1 is inactive in Mode 3. When Timer 0 is operating in Mode 3, Timer 1 can be operated in Modes 0,
1 or 2, but cannot be clocked by external signals nor set the TF1 flag and generate an interrupt. However,
the Timer 1 overflow can be used to generate baud rates for the SMBus and UART. While Timer 0 is oper-
ating in Mode 3, Timer 1 run control is handled through its mode settings. To run Timer 1 while Timer O is in
Mode 3, set the Timer 1 Mode as 0, 1, or 2. To disable Timer 1, configure it for Mode 3.

CKCON TMOD
T|T[T|T|T[T[S|S| [G|c|T|T|c|c|T|T
3|3[2|2[1]|o|c|c| [A|/[1]|1[A]/]|0]0
MMMIMIMIM[AA[ | T[T|MM|T(T MM
HiLIklL 1lo| [E[2|2||E|o]2|0
1 i |
Pre-scaled Clock 0
THO -
(8 bits) :::-_ ?Interrupt
EE— > 0_—» Interrupt
SYSCLK 1 I
z 1
8 T1
EO
i)
f—————
T0—
: TLO
' (8 bits)
|
|
: Crossbar
|
|
|
|
|
1
/INTO L
Figure 24.3. TO Mode 3 Block Diagram
®
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SFR Definition 24.1. TCON: Timer Control

R/W RIW R/W R/W RIW R/W R/W RIW Reset Value

TF1 TRIL | TFO | TRO | IE1 [ IT1 | IEO [ ITO |00000000
. . . . . . . . Bit

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: 0x88

Bit7: TF1: Timer 1 Overflow Flag.
Set by hardware when Timer 1 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer 1 interrupt service routine.
0: No Timer 1 overflow detected.
1: Timer 1 has overflowed.

Bit6: TR21: Timer 1 Run Control.
0: Timer 1 disabled.
1: Timer 1 enabled.

Bit5: TFO: Timer O Overflow Flag.
Set by hardware when Timer 0 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer O interrupt service routine.
0: No Timer 0 overflow detected.
1: Timer 0 has overflowed.

Bit4: TRO: Timer 0 Run Control.
0: Timer O disabled.
1: Timer O enabled.

Bit3: IE1: External Interrupt 1.
This flag is set by hardware when an edge/level of type defined by IT1 is detected. It can be
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt 1 service routine if IT1 = 1. When IT1 = 0, this flag is set to ‘1’ when /INT1 is active as
defined by bit IN1PL in register ITO1CF (see SFR Definition 12.7. “ITO1CF: INTO/INT1 Con-
figuration” on page 118).

Bit2: IT1: Interrupt 1 Type Select.
This bit selects whether the configured /INT1 interrupt will be edge or level sensitive. /INT1
is configured active low or high by the IN1PL bit in the ITO1CF register (see SFR
Definition 12.7. “ITOLCF: INTO/INT1 Configuration” on page 118).
0: /INT1 is level triggered.
1: /INT1 is edge triggered.

Bitl: IEO: External Interrupt O.
This flag is set by hardware when an edge/level of type defined by ITO is detected. It can be
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt O service routine if ITO = 1. When ITO = 0, this flag is set to ‘1’ when /INTO is active as
defined by bit INOPL in register ITO1CF (see SFR Definition 12.7. “ITOLCF: INTO/INT1 Con-
figuration” on page 118).

BitO: ITO: Interrupt O Type Select.
This bit selects whether the configured /INTO interrupt will be edge or level sensitive. /INTO
is configured active low or high by the INOPL bit in register ITO1CF (see SFR
Definition 12.7. “ITOLCF; INTO/INT1 Configuration” on page 118).
0: /INTO is level triggered.
1: /INTO is edge triggered.
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SFR Definition 24.2. TMOD: Timer Mode

R/IW R/IW R/IW R/IW R/W R/IW R/IW R/IW Reset Value
GATEL | C/T1 | TiM1 | TIMO | GATEO | C/TO | TOM1 | TOMO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x89

Bit7: GATEL: Timer 1 Gate Control.
0: Timer 1 enabled when TR1 = 1 irrespective of /INT1 logic level.
1: Timer 1 enabled only when TR1 =1 AND /INT1 is active as defined by bit IN1PL in regis-
ter ITO1CF (see SFR Definition 12.7. “ITO1CF: INTO/INT1 Configuration” on page 118).
Bit6: C/T1: Counter/Timer 1 Select.
0: Timer Function: Timer 1 incremented by clock defined by T1M bit (CKCON.4).
1: Counter Function: Timer 1 incremented by high-to-low transitions on external input pin
(T1).
Bits5—-4: T1M1-T1MO: Timer 1 Mode Select.
These bits select the Timer 1 operation mode.

TiM1 T1MO Mode
0 0 Mode 0: 13-bit counter/timer
0 1 Mode 1: 16-bit counter/timer
1 0 Mode 2: 8-bit counter/timer with auto-reload
1 1 Mode 3: Timer 1 inactive

Bit3: GATEDO: Timer 0 Gate Control.
0: Timer 0 enabled when TRO = 1 irrespective of /INTO logic level.
1: Timer O enabled only when TRO = 1 AND /INTO is active as defined by bit INOPL in regis-
ter ITOLCF (see SFR Definition 12.7. “ITOLCF: INTO/INT1 Configuration” on page 118).
Bit2: C/TO: Counter/Timer Select.
0: Timer Function: Timer 0 incremented by clock defined by TOM bit (CKCON.3).
1: Counter Function: Timer 0 incremented by high-to-low transitions on external input pin
(TO).
Bits1-0: TOM1-TOMO: Timer O Mode Select.
These bits select the Timer 0 operation mode.

TOM1 TOMO Mode
0 0 Mode 0: 13-bit counter/timer
0 1 Mode 1: 16-bit counter/timer
1 0 Mode 2: 8-bit counter/timer with auto-reload
1 1 Mode 3: Two 8-bit counter/timers
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SFR Definition 24.3. CKCON: Clock Control

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
T3MH [ T3ML | T2MH | T2ML | TIM | TOM | SCAL | SCAO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OX8E

Bit7: T3MH: Timer 3 High Byte Clock Select.
This bit selects the clock supplied to the Timer 3 high byte if Timer 3 is configured in split 8-
bit timer mode. T3MH is ignored if Timer 3 is in any other mode.
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.
Bit6: T3ML: Timer 3 Low Byte Clock Select.
This bit selects the clock supplied to Timer 3. If Timer 3 is configured in split 8-bit timer
mode, this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 low byte uses the system clock.
Bit5: T2MH: Timer 2 High Byte Clock Select.
This bit selects the clock supplied to the Timer 2 high byte if Timer 2 is configured in split 8-
bit timer mode. T2MH is ignored if Timer 2 is in any other mode.
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.
Bit4: T2ML: Timer 2 Low Byte Clock Select.
This bit selects the clock supplied to Timer 2. If Timer 2 is configured in split 8-bit timer
mode, this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 2 low byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 low byte uses the system clock.
Bit3: T1M: Timer 1 Clock Select.
This select the clock source supplied to Timer 1. T1M is ignored when C/T1 is set to logic 1.
0: Timer 1 uses the clock defined by the prescale bits, SCA1-SCAO.
1: Timer 1 uses the system clock.
Bit2: TOM: Timer 0 Clock Select.
This bit selects the clock source supplied to Timer 0. TOM is ignored when C/TO is set to
logic 1.
0: Counter/Timer 0 uses the clock defined by the prescale bits, SCA1-SCAOQ.
1: Counter/Timer 0 uses the system clock.
Bits1-0: SCA1-SCAQO: Timer 0/1 Prescale Bits.
These bits control the division of the clock supplied to Timer 0 and Timer 1 if configured to
use prescaled clock inputs.

SCA1l SCAO Prescaled Clock
0 0 System clock divided by 12
0 1 System clock divided by 4
1 0 System clock divided by 48
1 1 External clock divided by 8

Note: External clock divided by 8 is synchronized with
the system clock.
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SFR Definition 24.4. TLO: Timer O Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OX8A

Bits 7-0: TLO: Timer O Low Byte.
The TLO register is the low byte of the 16-bit Timer 0.

SFR Definition 24.5. TL1: Timer 1 Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x8B

Bits 7—0: TL1: Timer 1 Low Byte.
The TL1 register is the low byte of the 16-bit Timer 1.

SFR Definition 24.6. THO: Timer 0 High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x8C

Bits 7—0: THO: Timer 0 High Byte.
The THO register is the high byte of the 16-bit Timer O.

SFR Definition 24.7. TH1: Timer 1 High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0X8D

Bits 7-0: THZ1: Timer 1 High Byte.
The TH1 register is the high byte of the 16-bit Timer 1.
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24.2. 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 measure the smaRTClock clock
frequency or the External Oscillator clock frequency.

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

24.2.1. 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 24.4,
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  [MIM[MIMIMM|A|A
l H|L[H|L| | [1]o
SYSCLK/12 —— 0

TMR2L
Overflow
TR2 TCLK
TMR2L TMR2H TF2H
External Clock /8 —— 1 TEoL Interrupt
TF2LEN
SYSCLK ———— 1 TT TT TZSPLIT

TR2 —»
T2XCLK
TMR2RLL [ TMR2RLH |«
Reload

TMR2CN )

Figure 24.4. Timer 2 16-Bit Mode Block Diagram
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24.2.2. 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 24.5. 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:

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 Ox00; 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]s]s
T2XCLK 3[3|2]2|1|ofc|c
M{M|MIMIM[M[A A
l o i o TMR2RLH |[€&03d
SYSCLK /12 —] 0 \Fl
External Clock /8 —— 1 TCLK
TMR2H >]_TF2H
TR2 > TEIL Interrupt
1 TF2LEN
P4
Q T2$§£_|T
o
TMR2RLL |&&l0ad s
SYSCLK F[T2XCLK
1 ll
TCLK | TMR2L
0
Figure 24.5. Timer 2 8-Bit Mode Block Diagram
®
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24.2.3. External/smaRTClock Capture Mode

Capture Mode allows either the external oscillator or the smaRTClock clock to be measured against the
system clock. The external oscillator and smaRTClock clock can also be compared against each other.
Timer 2 can be clocked from the system clock, the system clock divided by 12, the external oscillator
divided by 8, or the smaRTClock clock divided by 8, depending on the T2ML (CKCON.4), T2XCLK, and
T2RCLK settings. The timer will capture either every 8 external clock cycles or every 8 smaRTClock clock
cycles, depending on the T2RCLK setting. 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. By recording the difference between two successive timer capture values, the external oscillator or
smaRTClock clock 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, T2RCLK = 0b, and TF2CEN = 1b, Timer 2 will clock every SYSCLK and cap-
ture every smaRTClock clock divided by 8. If the SYSCLK is 24.5 MHz and the difference between two
successive captures is 5984, then the smaRTClock clock is:

24.5 MHz / (5984 / 8) = 0.032754 MHz or 32.754 kHz.

This mode allows software to determine the exact smaRTClock frequency in self-oscillate mode and the
external oscillator frequency when an RC network or capacitor is used to generate the signal.

T2RCLK el

T2XCLK

smaRTClock / 8 SYSCLK

[ )T tMRzH | TMR2L

Capture nterrunt
TFoT nterrupi
TF2LEN
T2RCLK [ TF2CEN |

TR2
T2RCLK
T2XCLK

External Osc. /8

¥
]
N
N
I

SYSCLK /12

ITMR2CN

i TMR2RLH | TMR2RLL

External Osc. /8

smaRTClock / 8

TF2CEN

Figure 24.6. Timer 2 Capture Mode Block Diagram
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SFR Definition 24.8. TMR2CN: Timer 2 Control

R/IW R/IW R/IW R/IW R/IW R/IW R/IW R/IW Reset Value
TF2H | TF2L | TF2LEN | TF2CEN | T2SPLIT| TR2 | T2RCLK | T2XCLK |00000000
. . . . . . . . Bit
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addressable

SFR Address: 0xC8

Bit7: TF2H: Timer 2 High Byte Overflow Flag.
Set by hardware when the Timer 2 high byte overflows from OxFF to 0x00. In 16 bit mode,
this will occur when Timer 2 overflows from OXFFFF to 0x0000. When the Timer 2 interrupt is
enabled, setting this bit causes the CPU to vector to the Timer 2 interrupt service routine.
TF2H is not automatically cleared by hardware and must be cleared by software.

Bit6: TF2L: Timer 2 Low Byte Overflow Flag.
Set by hardware when the Timer 2 low byte overflows from OxFF to 0x00. When this bit is
set, an interrupt will be generated if TF2LEN is set and Timer 2 interrupts are enabled. TF2L
will set when the low byte overflows regardless of the Timer 2 mode. This bit is not automat-
ically cleared by hardware.

Bit5: TF2LEN: Timer 2 Low Byte Interrupt Enable.
This bit enables/disables Timer 2 Low Byte interrupts. If TF2LEN is set and Timer 2 inter-
rupts are enabled, an interrupt will be generated when the low byte of Timer 2 overflows.
This bit should be cleared when operating Timer 2 in 16-bit mode.
0: Timer 2 Low Byte interrupts disabled.
1: Timer 2 Low Byte interrupts enabled.

Bit4: TF2CEN. Timer 2 Capture Enable.
0: Timer 2 capture mode disabled.
1: Timer 2 capture mode enabled.

Bit3: T2SPLIT: Timer 2 Split Mode Enable.
When this bit is set, Timer 2 operates as two 8-bit timers with auto-reload.
0: Timer 2 operates in 16-bit auto-reload mode.
1: Timer 2 operates as two 8-bit auto-reload timers.

Bit2: TR2: Timer 2 Run Control.
This bit enables/disables Timer 2. In 8-bit mode, this bit enables/disables TMR2H only;
TMR2L is always enabled in this mode.
0: Timer 2 disabled.
1: Timer 2 enabled.

Bit1: T2RCLK: Timer 2 Capture Mode.
This bit controls the Timer 2 capture source when TF2CEN=1. If T2XCLK = 1 and T2ML
(CKCON.4) = 0, this bit also controls the clock source for Timer 2.
0: Capture every smaRTClock clock/8. If T2XCLK =1 and T2ML (CKCON.4) = 0, count at
external oscillator/8.
1: Capture every external oscillator/8. If T2XCLK =1 and T2ML (CKCON.4) = 0, count at
smaRTClock clock/8.

Bit0: T2XCLK: Timer 2 External Clock Select.
This bit selects the external clock source for Timer 2. If Timer 2 is in 8-bit mode, this bit
selects the external oscillator clock source for both timer bytes. However, the Timer 2 Clock
Select bits (T2MH and T2ML in register CKCON) may still be used to select between the
external clock and the system clock for either timer.
0: Timer 2 external clock selection is the system clock divided by 12.
1: Timer 2 external clock uses the clock defined by the T2RCLK bit.
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SFR Definition 24.9. TMR2RLL: Timer 2 Reload Register Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0XCA

Bits 7-0: TMR2RLL: Timer 2 Reload Register Low Byte.
TMR2RLL holds the low byte of the reload value for Timer 2.

SFR Definition 24.10. TMR2RLH: Timer 2 Reload Register High Byte

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value

| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXCB

Bits 7-0: TMR2RLH: Timer 2 Reload Register High Byte.
The TMR2RLH holds the high byte of the reload value for Timer 2.

SFR Definition 24.11. TMR2L: Timer 2 Low Byte

R/W R/IW R/W R/W R/IW R/W R/W R/IW Reset Value

\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXCC

Bits 7-0: TMR2L: Timer 2 Low Byte.
In 16-bit mode, the TMR2L register contains the low byte of the 16-bit Timer 2. In 8-bit mode,
TMR2L contains the 8-bit low byte timer value.

SFR Definition 24.12. TMR2H Timer 2 High Byte

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value

\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: OXCD

Bits 7-0: TMR2H: Timer 2 High Byte.
In 16-bit mode, the TMR2H register contains the high byte of the 16-bit Timer 2. In 8-bit
mode, TMR2H contains the 8-bit high byte timer value.
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24.3. 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 can also be used in Capture Mode to measure the smaRTClock clock
frequency or the External Oscillator clock frequency.

Timer 3 may be clocked by the system clock, the system clock divided by 12, or the external oscillator
source divided by 8. Note that the external oscillator source divided by 8 is synchronized with the system
clock.

24.3.1. 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 TM3RLL) is loaded into the Timer 3 register as shown in Figure 24.7, 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
T|T|T|T[T|T|S|S
3|3|2(2|1]|0|C|C
T3XCLK M[MIM[M|M[M|A[A
l H[L|H|L 1|0
SYSCLK /12 —— 0

TR3 TCLK
TMR3L TMR3H TF3H
External Clock /8 —— 1 TFaL Interrupt
TF3LEN
SYSCLK ——— 1 3SPTIT
TR3

TMR3RLL | TMR3RLH [«
Reload

TMR3CN |

—

T3XCLK

Figure 24.7. Timer 3 16-Bit Mode Block Diagram
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24.3.2. 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 24.8. 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:

T3MH T3XCLK |TMR3H Clock Source T3ML T3XCLK | TMR3L 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 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
2|2|1|0
M|M[M[M
HfL

T3XCLK ;
M

l M
H[L

SYSCLK/12 —— 0 \Fl

External Clock / 8 1 TCLK
TR3

T
B

,>00
o> 0w

TMR3RLH [&&l0ad

TMR3H

TF3
T3 Interrupt
TF3LEN

TF3CEN
T3SPLIT
TR

Reload

TMR3RLL

SYSCLK T3XCLK

TCLK | TMR3L » To ADC

TMR3CN vy

Figure 24.8. Timer 3 8-Bit Mode Block Diagram
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24.3.3. External/smaRTClock Capture Mode

Capture Mode allows either the external oscillator or the smaRTClock clock to be measured against the
system clock. The external oscillator and smaRTClock clock can also be compared against each other.
Timer 3 can be clocked from the system clock, the system clock divided by 12, the external oscillator
divided by 8, or the smaRTClock clock divided by 8, depending on the T3ML (CKCON.6), T3XCLK, and
T3RCLK settings. The timer will capture either every 8 external clock cycles or every 8 smaRTClock clock
cycles, depending on the T3RCLK setting. When a capture event is generated, the contents of Timer 3
(TMR3H:TMR3L) are loaded into the Timer 3 reload registers (TMR3RLH:TMR3RLL) and the TF3H flag is
set. By recording the difference between two successive timer capture values, the external oscillator or
smaRTClock clock can be determined with respect to the Timer 3 clock. The Timer 3 clock should be much
faster than the capture clock to achieve an accurate reading. Timer 3 should be in 16-bit auto-reload mode
when using Capture Mode.

For example, if T3ML = 1b, T3RCLK = 0b, and TF3CEN = 1b, Timer 3 will clock every SYSCLK and cap-
ture every smaRTClock clock divided by 8. If the SYSCLK is 24.5 MHz and the difference between two
successive captures is 5984, then the smaRTClock clock is:

24.5 MHz / (5984 / 8) = 0.032754 MHz or 32.754 kHz.

This mode allows software to determine the exact smaRTClock frequency in self-oscillate mode and the
external oscillator frequency when an RC network or capacitor is used to generate the signal.

w
w
N
N
=
o
[e)

or>»0n

T3RCLK

T3XCLK

smaRTClock / 8 L SYSCLK

TCLK
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Capture TE3H
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T3RCLK SCEN

External Osc. /8

v

SYSCLK /12

TR3
T3RCLK
T3XCLK
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External Osc. / 8

smaRTClock / 8
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Figure 24.9. Timer 3 Capture Mode Block Diagram
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SFR Definition 24.13. TMR3CN: Timer 3 Control

R/IW R/W R/IW R/IW R/W R/IW R/IW R/IW Reset Value
TF3H | TF3L | TF3LEN | TF3CEN [ T3SPLIT| TR3 [ T3RCLK | T3XCLK |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x91

Bit7: TF3H: Timer 3 High Byte Overflow Flag.
Set by hardware when the Timer 3 high byte overflows from OxFF to 0x00. In 16 bit mode,
this will occur when Timer 3 overflows from OxFFFF to 0x0000. When the Timer 3 interrupt is
enabled, setting this bit causes the CPU to vector to the Timer 3 interrupt service routine.
TF3H is not automatically cleared by hardware and must be cleared by software.

Bit6: TF3L: Timer 3 Low Byte Overflow Flag.
Set by hardware when the Timer 3 low byte overflows from OxFF to 0x00. When this bit is
set, an interrupt will be generated if TF3LEN is set and Timer 3 interrupts are enabled. TF3L
will set when the low byte overflows regardless of the Timer 3 mode. This bit is not automat-
ically cleared by hardware.

Bit5: TF3LEN: Timer 3 Low Byte Interrupt Enable.
This bit enables/disables Timer 3 Low Byte interrupts. If TF3LEN is set and Timer 3 inter-
rupts are enabled, an interrupt will be generated when the low byte of Timer 3 overflows.
This bit should be cleared when operating Timer 3 in 16-bit mode.
0: Timer 3 Low Byte interrupts disabled.
1: Timer 3 Low Byte interrupts enabled.

Bit4: TF3CEN: Timer 3 Capture Enable.
0: Timer 3 capture mode disabled.
1: Timer 3 capture mode enabled.

Bit3: T3SPLIT: Timer 3 Split Mode Enable.
When this bit is set, Timer 3 operates as two 8-bit timers with auto-reload.
0: Timer 3 operates in 16-bit auto-reload mode.
1: Timer 3 operates as two 8-bit auto-reload timers.

Bit2: TR3: Timer 3 Run Control.
This bit enables/disables Timer 3. In 8-bit mode, this bit enables/disables TMR3H only;
TMR3L is always enabled in this mode.
0: Timer 3 disabled.
1: Timer 3 enabled.

Bitl: T3RCLK: Timer 3 Capture Mode.
This bit controls the Timer 3 capture source when TF3CEN=1. If T3XCLK = 1 and T3ML
(CKCON.6) = 0, this bit also controls the clock source for Timer 3.
0: Capture every smaRTClock clock/8. If T3XCLK = 1 and T3ML (CKCON.6) = 0, count at
external oscillator/8.
1. Capture every external oscillator/8. If T3XCLK =1 and T3ML (CKCON.6) = 0, count at
smaRTClock clock/8.

BitO: T3XCLK: Timer 3 External Clock Select.
This bit selects the external clock source for Timer 3. If Timer 3 is in 8-bit mode, this bit
selects the external oscillator clock source for both timer bytes. However, the Timer 3 Clock
Select bits (T3MH and T3ML in register CKCON) may still be used to select between the
external clock and the system clock for either timer.
0: Timer 3 external clock selection is the system clock divided by 12.
1: Timer 3 external clock uses the clock defined by the T3RCLK bhit.
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SFR Definition 24.14. TMR3RLL: Timer 3 Reload Register Low Byte

R/W R/IW R/W R/W R/IW R/W R/W R/IW Reset Value

| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x92

Bits 7-0: TMR3RLL: Timer 3 Reload Register Low Byte.
TMR3RLL holds the low byte of the reload value for Timer 3.

SFR Definition 24.15. TMR3RLH: Timer 3 Reload Register High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x93

Bits 7-0: TMR3RLH: Timer 3 Reload Register High Byte.
The TMR3RLH holds the high byte of the reload value for Timer 3.

SFR Definition 24.16. TMR3L: Timer 3 Low Byte

R/W R/W R/W R/W R/W R/W R/W R/IW Reset Value

\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x94

Bits 7-0: TMR3L: Timer 3 Low Byte.
In 16-bit mode, the TMR3L register contains the low byte of the 16-bit Timer 3. In 8-bit mode,
TMR3L contains the 8-bit low byte timer value.

SFR Definition 24.17. TMR3H Timer 3 High Byte

R/W R/W R/W R/W R/W R/W R/W R/IW Reset Value

\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0X95

Bits 7-0: TMR3H: Timer 3 High Byte.
In 16-bit mode, the TMR3H register contains the high byte of the 16-bit Timer 3. In 8-bit
mode, TMR3H contains the 8-bit high byte timer value.
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25. Programmable Counter Array (PCAO)

The Programmable Counter Array (PCAQ) 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 six 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/0O when enabled (See Section “18.1. Priority
Crossbar Decoder” on page 149 for details on configuring the Crossbar). The counter/timer is driven by
a programmable timebase that can select between seven sources: system clock, system clock divided by
four, system clock divided by twelve, the external oscillator clock source divided by 8, smaRTClock Clock
divided by 8, Timer 0 overflow, 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, Soft-
ware Timer, High-Speed Output, Frequency Output, 8-Bit PWM, or 16-Bit PWM (each mode is described in
Section “25.2. Capture/Compare Modules” on page 251). The PCA is configured and controlled
through the system controller's Special Function Registers. The PCA block diagram is shown in
Figure 25.1

Important Note: The PCA Module 5 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 25.3 for details.

SYSCLK/12
SYSCLK/4
Timer 0 Overflow
LSS A ASLELLEN . )
PCA 16-Bit Counter/Timer
ECI CLOCK
"l mMux

SYSCLK
External Clock/8
—>

smaRTClock/8
—)

Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare
Module 0 Module 1 Module 2 Module 3 Module 4 Module 5
A A A A A A
m (@] (@] (@] @] (@] (@]
o m m m m m m
= x X X x X x
o = N w B o
A 4 A 4 A 4 Y Y A 4
Crossbar
! TTTTTTTTTTTTTTTA
i Port 1/0O '
I

Figure 25.1. PCA Block Diagram
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25.1. PCA Counter/Timer

The 16-bit PCA counter/timer consists of two 8-bit SFRs: PCAOL and PCAOH. PCAOQH is the high byte
(MSB) of the 16-bit counter/timer and PCAOL is the low byte (LSB). Reading PCAOL automatically latches
the value of PCAQH into a “snapshot” register; the following PCAOH read accesses this “snapshot” register.
Reading the PCAOL Register first guarantees an accurate reading of the entire 16-bit PCAO counter.
Reading PCAOH or PCAOL does not disturb the counter operation. The CPS2-CPS0 bits in the PCAOMD
register select the timebase for the counter/timer as shown in Table 25.1.

When the counter/timer overflows from OxFFFF to 0x0000, the Counter Overflow Flag (CF) in PCAOMD is
set to logic 1 and an interrupt request is generated if CF interrupts are enabled. Setting the ECF bit in
PCAOMD to logic 1 enables the CF flag to generate an interrupt request. The CF bit is not automatically
cleared by hardware when the CPU vectors to the interrupt service routine, and must be cleared by soft-
ware (Note: PCAQ interrupts must be globally enabled before CF interrupts are recognized. PCAQ interrupts
are globally enabled by setting the EA bit (IE.7) and the EPCAO bit in EIE1 to logic 1). Clearing the CIDL bit
in the PCAOMD register allows the PCA to continue normal operation while the CPU is in Idle mode.

Table 25.1. PCA Timebase Input Options

CPS2 CPS1 CPSO Timebase

0 0 0 System clock divided by 12
0 0 1 System clock divided by 4
0 1 0 Timer O overflow
0 1 1 High-to-low transitions on ECI (max rate = system clock divided by 4)
1 0 0 System clock
1 0 1 External oscillator source divided by 8*
1 1 0 smaRTClock clock divided by 8*

*Note: External clock divided by 8 and smaRTClock clock divided by 8 are synchronized with the system clock.

IDLE E

PCAOMD PCAOCN
C|w[w| |C|C|C|E C|C|C|C|C|C|C|C
1|D[D| |P|P|P|C F[R|C|C|C|C|C|C
D|T|L| [S[S|S|F F[F|F|F|F|F
L|E|C| |2|1]|0 5(4|3(2|1|0 ™ To SFR Bus
K PCAOL
7'y read
Snapshot
Register
SYSCLK/12 000 N
SYSCLK/4 001
Timer 0 Overflow
———FF X X X X »{ 010 \
ecl O/Ol—> PCAOH PCAOL ov—erﬂcli—>>To PCA Interrupt System
———  »| 011
SYSCLK 100 CF
External Clock/8
101 > To PCA Modules
RTCO Clock/8 110

Figure 25.2. PCA Counter/Timer Block Diagram

250 Rev. 1.1

SILICON LABS



C8051F410/1/2/3

25.2. Capture/Compare Modules

Each module can be configured to operate independently in one of six operation modes: Edge-triggered
Capture, Software Timer, High Speed Output, Frequency Output, 8-Bit Pulse Width Modulator, or 16-Bit
Pulse Width Modulator. Each module has Special Function Registers (SFRs) associated with it in the CIP-
51 system controller. These registers are used to exchange data with a module and configure the module's
mode of operation.

Table 25.2 summarizes the bit settings in the PCAOCPMn registers used to select the PCA capture/com-
pare module’'s operating modes. Setting the ECCFn bit in a PCAOCPMn register enables the module's
CCFn interrupt. Note: PCAO interrupts must be globally enabled before individual CCFn interrupts are rec-
ognized. PCAQO interrupts are globally enabled by setting the EA bit and the EPCAO bit to logic 1. See
Figure 25.3 for details on the PCA interrupt configuration.

Table 25.2. PCAOCPM Register Settings for PCA Capture/Compare Modules

PWM16 | ECOM | CAPP |CAPN| MAT | TOG | PWM | ECCF Operation Mode
X X 1 0 0 0 0 X Capture triggered by positive edge on
CEXn
X X 0 1 0 0 0 X Capture triggered by negative edge on
CEXn
X X 1 1 0 0 0 X Capture triggered by transition on
CEXn
X 1 0 0 1 0 0 X | Software Timer
X 1 0 0 1 1 0 X | High Speed Output
X 1 0 0 X 1 1 X |Frequency Output
0 1 0 0 X 0 1 X | 8-Bit Pulse Width Modulator
1 1 0 0 X 0 1 X | 16-Bit Pulse Width Modulator
X =Don’t Care
(forn=0to 5)
PCAOCPMn PCAOCN PCAOMD
P(E|C|C[M|T[P|E C|C|C|C|C|C|C|C C C|C|C|E.
W|C|A|A|A[O|W|C! F|R|C|C|C|C|C|C | P|P|P|C
m[o|P|P|T|G|M|C! FIF| [D s|s|s|F
én;n nn: 5|4(3(2|1|0 L 2|1{0
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Figure 25.3. PCA Interrupt Block Diagram
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25.2.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA
counter/timer and load it into the corresponding module's 16-bit capture/compare register (PCAOCPLn and
PCAOCPHN). The CAPPn and CAPNn bits in the PCAOCPMn register are used to select the type of transi-
tion that triggers the capture: low-to-high transition (positive edge), high-to-low transition (negative edge),
or either transition (positive or negative edge). When a capture occurs, the Capture/Compare Flag (CCFn)
in PCAOCN is set to logic 1 and an interrupt request is generated if CCF interrupts are enabled. The CCFn
bit is not automatically cleared by hardware when the CPU vectors to the interrupt service routine, and
must be cleared by software. If both CAPPn and CAPNnN bits are set to logic 1, then the state of the Port
pin associated with CEXn can be read directly to determine whether a rising-edge or falling-edge caused

the capture.

PCA Interrupt
PCAOCPMn
PIE[C[CIMTIPE PCAOCN
w|c|alalalojw|c clc]c|c[c]c|c]c
Mlo|p|P|T|G|M|c F|R[c|c|c|c|c|c
1|M|P|N[n[n|n|F F[F[F|F|F[F
6[(n|n(n n 5413|2|1(0
n
J § PCAOCPLn | PCAOCPHnN
o E
S /s > : N
Port I1/0 |X’———: Crossbar | CEXn OLO Capture: >
S R o T T
1
PcA PCAOL PCAOH

Timebase

Figure 25.4. PCA Capture Mode Diagram

Note: The CEXn input signal must remain high or low for at least 2 system clock cycles to be recognized

by the hardware.
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25.2.2. 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 and an interrupt request is generated if CCF interrupts are enabled. The CCFn bit
is not automatically cleared by hardware when the CPU vectors to the interrupt service routine, and must
be cleared by software. Setting the ECOMn and MATn bits in the PCAOCPMn register 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
| PCA
Write to Interrupt
PCAOCPHN E >
1 A
vPCAOCPMn
P|E|C|C[M|T|P(E PCAOCN
w|c|A|A|Alolw|C C|C|C|C|C|C|C|C
m|o|P|P|T|G[m|C F[R[C|C|C|C|C|C
e 1 o PCAOCPLN PCAOCPHnN elelelflele
6[n|n|n n 5(4(3(2|1]|0
n
x| 00] 00X N /
v o T
Enable > 16-bit Comparator Match o/ol
PCA
Timebase PCAOL PCAOH
Figure 25.5. PCA Software Timer Mode Diagram
®
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25.2.3. High Speed Output Mode

In High Speed Output mode, a module’s associated CEXn pin is toggled each time a match occurs
between the PCA Counter and the module's 16-bit capture/compare register (PCAOCPHn and
PCAOCPLnN) Setting the TOGn, MATn, and ECOMn bits in the PCAOCPMn register enables the High-
Speed Output 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

Reset

Write to
PCAOCPHnN

PCA
00 LO X Interrupt

LT

PCAOCN

NEEEE R

PCAOCPLN PCAOCPHN

1 -

il
Pyl
aTnoo0

c[c[clc
clclc|c
F|F|F|F
4|3[2|1

oTmnono

0
Enable, 16-bit Comparator Match o/cl
OGn
Toggle ¢ —F————— |
0 |
CEX I
- g; —o/ol—rL: Crossbar ‘—|Z Port I/O
PCAOL PCAOH e !

Timebase

Figure 25.6. PCA High-Speed Output Mode Diagram

Note: The initial state of the Toggle output is logic 1 and is initialized to this state when the module enters
High Speed Output Mode.

254 Rev. 1.1

SILICON LABS



C8051F410/1/2/3

25.2.4. Frequency Output Mode

Frequency Output Mode produces a programmable-frequency square wave on the module’s associated
CEXn pin. The capture/compare module high byte holds the number of PCA clocks to count before the out-
put is toggled. The frequency of the square wave is then defined by Equation 25.1.

E — I:PCA
CEXn = 2 %« PCAOCPHnN

Note: A value of 0x00 in the PCAOCPHN register is equal to 256 for this equation.

Equation 25.1. Square Wave Frequency Output

Where Fpcp is the frequency of the clock selected by the CPS2-0 bits in the PCA mode register, PCAOMD.
The lower byte of the capture/compare module is compared to the PCA counter low byte; on a match,
CEXn is toggled and the offset held in the high byte is added to the matched value in PCAOCPLnN. Fre-
guency Output Mode is enabled by setting the ECOMn, TOGn, and PWMn bits in the PCAOCPMn register.

PCAOCPMn {7 |
P(E|CIC[M[T|P|E
w{C|A[A|A[o|w[C .
wlolelplTlclvlc PCAOCPLN ) 8-bit Adder [ PCAOCPHnN
éMPNnnnF Adder|

) Z Enable
n TOGn
ofooo1]o0 Toggle ¢ ————— |

. 0 |
Enable 8-bit match, g: Lo 0o—C<EXY Crossbar | Port I/0
Comparator 1 I |

—_ e — =

PCA Timebase

—> PCAOL

Figure 25.7. PCA Frequency Output Mode
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25.2.5. 8-Bit Pulse Width Modulator Mode

Each module can be used independently to generate a pulse width modulated (PWM) output on its associ-
ated CEXn pin. The frequency of the output is dependent on the timebase for the PCA counter/timer. The
duty cycle of the PWM output signal is varied using the module's PCAOCPHnN capture/compare register.
When the value in the low byte of the PCA counter/timer (PCAOL) is equal to the value in PCAOCPLn, the
output on the CEXn pin will be set. When the count value in PCAOL overflows, the CEXn output will be
reset (see Figure 25.8). Also, when the counter/timer low byte (PCAOL) overflows from OxFF to 0x00,
PCAOCPLn is reloaded automatically with the value stored in the module’s capture/compare high byte
(PCAOCPHN) without software intervention. Setting the ECOMn and PWMn bits in the PCAOCPMn register
enables 8-Bit Pulse Width Modulator mode. The duty cycle for 8-Bit PWM Mode is given by Equation 25.2.

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 PCAOCPHN sets ECOMn to ‘1.

o= (256 —PCAOCPHnN)
256
Equation 25.2. 8-Bit PWM Duty Cycle

Using Equation 25.2, the largest duty cycle is 100% (PCAOCPHn = 0), and the smallest duty cycle is
0.39% (PCAOCPHN = OxFF). A 0% duty cycle may be generated by clearing the ECOMn bit to ‘0'.

DutyCycl

PCAOCPHN
<—
PCAOCPMnN
P|E|C|ICIM|T(P(E
W|C[A]A[A|O[W|C
mlo|r|p|T|c|m|c By
1IM|PIN[n[n|n|F
6|n[n|n n
n
00000 O el __ |
Enable 8-bit L match SET CEXn ! |
Comparator > » S Q i Crossbar :—‘Z Port I/0
> -
TT R CLR Q
PCA Timebase ) PCAOL
Overflow
Figure 25.8. PCA 8-Bit PWM Mode Diagram
®
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25.2.6. 16-Bit Pulse Width Modulator Mode

A PCA module may also be operated in 16-Bit PWM mode. In this mode, the 16-bit capture/compare mod-
ule defines the number of PCA clocks for the low time of the PWM signal. When the PCA counter matches
the module contents, the output on CEXn is asserted high; when the counter overflows, CEXn is asserted
low. To output a varying duty cycle, new value writes should be synchronized with PCA CCFn match inter-
rupts. 16-Bit PWM Mode is enabled by setting the ECOMn, PWMn, and PWMZ16n bits in the PCAOCPMn
register. For a varying duty cycle, match interrupts should be enabled (ECCFn = 1 AND MATn = 1) to help
synchronize the capture/compare register writes. The duty cycle for 16-Bit PWM Mode is given by
Equation 25.3.

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.

(65536 — PCAOCPN)
65536

Equation 25.3. 16-Bit PWM Duty Cycle

Using Equation 25.3, the largest duty cycle is 100% (PCAOCPn = 0), and the smallest duty cycle is
0.0015% (PCAOCPnN = OXFFFF). A 0% duty cycle may be generated by clearing the ECOMn bit to ‘0.

DutyCycle =

PCAOCPMn

P|E[C|CIM|T[P|E

W|C|A|A|A[O|W|C
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Overflow
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Figure 25.9. PCA 16-Bit PWM Mode

25.3. Watchdog Timer Mode

A programmable watchdog timer (WDT) function is available through the PCA Module 5. The WDT is used
to generate a reset if the time between writes to the WDT update register (PCAOCPH5) 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 5 operates as a watchdog timer (WDT). The
Module 5 high byte is compared to the PCA counter high byte; the Module 5 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.
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25.3.1. Watchdog Timer Operation
While the WDT is enabled:

» PCA counter is forced on.

»  Writes to PCAOL and PCAOQOH are not allowed.

» PCA clock source bits (CPS2-CPS0) are frozen.

» PCA Idle control bit (CIDL) is frozen.

* Module 5 is forced into software timer mode.

» Writes to the Module 5 mode register (PCAOCPM5) 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 (CR) will read zero if the WDT is enabled but user
software has not enabled the PCA counter. If a match occurs between PCAOCPH5 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 PCAOCPH5. Upon a PCAOCPH5 write, PCAOH plus the offset held in PCAOCPLS5 is loaded
into PCAOCPHS5 (See Figure 25.10).

PCAOMD
C|w|w| [C|C|CI|E
ool 1elelele T PCAOCPHS
DIT|L[ |S[S|S|F
L(E|C| |2[1]0
K

» 8-bit Match Rese
5 > Enable | Comparator

i

PCAOCPLS [ 8-bitAdder K| PCAOH PCAOL Overflow

4

5 Adder

Write to Enable

PCAOCPH5

Figure 25.10. PCA Module 5 with Watchdog Timer Enabled
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Note that the 8-bit offset held in PCAOCPHS5 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 offset is then given (in PCA clocks) by Equation 25.4, where PCAOL is the value of the PCAOL register
at the time of the update.

Offset = (256 x PCAOCPL5) + (256 — PCAOL )

Equation 25.4. Watchdog Timer Offset in PCA Clocks

The WDT reset is generated when PCAOL overflows while there is a match between PCAOCPH5 and
PCAOH. Software may force a WDT reset by writing a ‘1’ to the CCF5 flag (PCAOCN.5) while the WDT is
enabled.

25.3.2. Watchdog Timer Usage

To configure the WDT, perform the following tasks:

» Disable the WDT by writing a ‘0’ to the WDTE bit.

» Select the desired PCA clock source (with the CPS2-CPSO0 bits).

* Load PCAOCPLS5 with the desired WDT update offset value.

» Configure the PCA Idle mode (set CIDL if the WDT should be suspended while the CPU is in Idle
mode).

» Enable the WDT by setting the WDTE bitto ‘1".

The PCA clock source and Idle mode select cannot be changed while the WDT is enabled. The watchdog
timer is enabled by setting the WDTE or WDLCK bits in the PCAOMD register. When WDLCK is set, the
WDT cannot be disabled until the next system reset. If WDLCK is not set, the WDT is disabled by clearing
the WDTE bit.

The WDT is enabled following any reset. The PCAO counter clock defaults to the system clock divided by
12, PCAOL defaults to 0x00, and PCAOCPLS5 defaults to 0x00. Using Equation 25.4, this results in a WDT
timeout interval of 3072 system clock cycles. Table 25.3 lists some example timeout intervals for typical
system clocks.
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Table 25.3. Watchdog Timer Timeout Intervals?

System Clock (Hz) PCAOCPL5 Timeout Interval (ms)
24,500,000 255 32.1
24,500,000 128 16.2
24,500,000 32 4.1
18,432,000 255 42.7
18,432,000 128 21.5
18,432,000 32 55
11,059,200 255 71.1
11,059,200 128 35.8
11,059,200 32 9.2
3,062,500 255 257
3,062,500 128 129.5
3,062,500 32 33.1

191,406% 255 4109
191,406% 128 2070
191,406 32 530
32,000 255 24576
32,000 128 12384
32,000 32 3168
Notes:

1. Assumes SYSCLK /12 as the PCA clock source, and a PCAOL
value of 0x00 at the update time.
2. Internal oscillator reset frequency.
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25.4. Register Descriptions for PCA

Following are detailed descriptions of the special function registers related to the operation of the PCA.

SFR Definition 25.1. PCAOCN: PCA Control

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
CF CR | CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CCFO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Addrgsitsable

SFR Address: 0xD8

Bit7: CF: PCA Counter/Timer Overflow Flag.
Set by hardware when the PCA Counter/Timer overflows from OxFFFF to 0x0000. When the
Counter/Timer Overflow (CF) interrupt is enabled, setting this bit causes the CPU to vector
to the PCA interrupt service routine. This bit is not automatically cleared by hardware and
must be cleared by software.

Bit6: CR: PCA Counter/Timer Run Control.
This bit enables/disables the PCA Counter/Timer.
0: PCA Counter/Timer disabled.
1: PCA Counter/Timer enabled.

Bit0: CCF5: PCA Module 5 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCF5 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.

Bit4: CCF4: PCA Module 4 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCF4 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.

Bit3: CCF3: PCA Module 3 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCF3 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.

Bit2: CCF2: PCA Module 2 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCF2 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.

Bitl: CCF1: PCA Module 1 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCF1 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.

BitO: CCFO0: PCA Module 0 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCFO interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.
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SFR Definition 25.2. PCAOMD: PCA Mode

RIW RIW RIW R R/W RIW RIW R/W Reset Value
CIDL | WDTE [WDLCK | - | CPS2 | CPS1 [ CPSO | ECF 01000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xD9

Bit7: CIDL: PCA Counter/Timer Idle Control.
Specifies PCA behavior when CPU is in Idle Mode.
0: PCA continues to function normally while the system controller is in Idle Mode.
1: PCA operation is suspended while the system controller is in Idle Mode.
Bit6: WDTE: Watchdog Timer Enable
If this bit is set, PCA Module 5 is used as the watchdog timer.
0: Watchdog Timer disabled.
1: PCA Module 5 enabled as Watchdog Timer.
Bit5: WDLCK: Watchdog Timer Lock
This bit locks/unlocks the Watchdog Timer Enable. When WDLCK is set, the Watchdog
Timer may not be disabled until the next system reset.
0: Watchdog Timer Enable unlocked.
1: Watchdog Timer Enable locked.
Bit4: UNUSED. Read = 0b, Write = don't care.
Bits3—1: CPS2-CPSO0: PCA Counter/Timer Pulse Select.
These bits select the timebase source for the PCA counter.

CPS2 | CPS1 CPSO Timebase

0 0 0 System clock divided by 12

0 0 1 System clock divided by 4

0 1 0 Timer O overflow

0 1 1 H_ig_h—to—low transitions on ECI (max rate = system clock
divided by 4)

1 0 0 System clock

1 0 1 External clock divided by 8

1 1 0  |smaRTClock clock divided by 8"

1 1 1 Reserved

*Note: External clock divided by 8 and smaRTClock clock divided by 8 are synchronized with the
system clock.

Bit0: ECF: PCA Counter/Timer Overflow Interrupt Enable.
This bit sets the masking of the PCA Counter/Timer Overflow (CF) interrupt.
0: Disable the CF interrupt.
1: Enable a PCA Counter/Timer Overflow interrupt request when CF (PCAOCN.7) is set.

Note: When the WDTE bit is set to ‘1’, the PCAOMD register cannot be modified. To change the
contents of the PCAOMD register, the Watchdog Timer must first be disabled.
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SFR Definition 25.3. PCAOCPMn: PCA Capture/Compare Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
PWM16n | ECOMn | CAPPn | CAPNn [ MATn | TOGn [ PWMn | ECCFn |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

PCAOCPMO: 0xDA, PCAOCPM1: 0xDB, PCAOCPM2: 0xDC, PCAOCPM3: 0xDD, PCAOCPM4: OxDE,
PCAOCPMS5: 0xCE

SFR Address:
Bit7: PWM16n: 16-bit Pulse Width Modulation Enable.
This bit selects 16-bit mode when Pulse Width Modulation mode is enabled (PWMn = 1).
0: 8-bit PWM selected.
1: 16-bit PWM selected.
Bit6: ECOMnN: Comparator Function Enable.
This bit enables/disables the comparator function for PCA module n.
0: Disabled.
1: Enabled.
Bit5: CAPPnN: Capture Positive Function Enable.
This bit enables/disables the positive edge capture for PCA module n.
0: Disabled.
1: Enabled.
Bit4: CAPNN: Capture Negative Function Enable.
This bit enables/disables the negative edge capture for PCA module n.
0: Disabled.
1: Enabled.
Bit3: MATN: Match Function Enable.
This bit enables/disables the match function for PCA module n. When enabled, matches of
the PCA counter with a module's capture/compare register cause the CCFn bit in PCAOMD
register to be set to logic 1.
0: Disabled.
1: Enabled.
Bit2: TOGnN: Toggle Function Enable.
This bit enables/disables the toggle function for PCA module n. When enabled, matches of
the PCA counter with a module's capture/compare register cause the logic level on the
CEXn pin to toggle. If the PWMn bit is also set to logic 1, the module operates in Frequency
Output Mode.
0: Disabled.
1: Enabled.
Bit1: PWMn: Pulse Width Modulation Mode Enable.
This bit enables/disables the PWM function for PCA module n. When enabled, a pulse width
modulated signal is output on the CEXn pin. 8-bit PWM is used if PWM16n is cleared; 16-bit
mode is used if PWM16n is set to logic 1. If the TOGn bit is also set, the module operates in
Frequency Output Mode.
0: Disabled.
1: Enabled.
Bit0: ECCFn: Capture/Compare Flag Interrupt Enable.
This bit sets the masking of the Capture/Compare Flag (CCFn) interrupt.
0: Disable CCFn interrupts.
1. Enable a Capture/Compare Flag interrupt request when CCFn is set.
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SFR Definition 25.4. PCAOL: PCA Counter/Timer Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | /00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xF9

Bits 7-0: PCAOL: PCA Counter/Timer Low Byte.
The PCAOL register holds the low byte (LSB) of the 16-bit PCA Counter/Timer.

SFR Definition 25.5. PCAOH: PCA Counter/Timer High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ \oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO SFR Address:

SFR Address: OxFA

Bits 7-0: PCAOH: PCA Counter/Timer High Byte.
The PCAOH register holds the high byte (MSB) of the 16-bit PCA Counter/Timer.

SFR Definition 25.6. PCAOCPLn: PCA Capture Module Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ | \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SER Address: g)((:ISAZOCPLO: 0OxFB, PCAOCPL1: OXE9, PCAOCPL2: OXEB, PCAOCPL3: OXED, PCAOCPL4: OxFD, PCAOCPLS5:

Bits7—0: PCAOCPLn: PCA Capture Module Low Byte.
The PCAOCPLn register holds the low byte (LSB) of the 16-bit capture module n.

SFR Definition 25.7. PCAOCPHnN: PCA Capture Module High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ \ \ \ \ \ | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
SER Address: gf&OCPHO: OxFC, PCAOCPH1: OXEA, PCAOCPH2: OXEC, PCAOCPH3: OXEE, PCAOCPH4: OxFE, PCAOCPHS5:

Bits7—0: PCAOCPHnN: PCA Capture Module High Byte.
The PCAOCPHDN register holds the high byte (MSB) of the 16-bit capture module n.
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26. C2 Interface

C8051F41x devices include an on-chip Silicon Laboratories 2-Wire (C2) debug interface to allow Flash
programming and in-system debugging with the production part installed in the end application. The C2
interface uses a clock signal (C2CK) and a bi-directional C2 data signal (C2D) to transfer information
between the device and a host system. See the C2 Interface Specification for details on the C2 protocol.

26.1. C2 Interface Registers

The following describes the C2 registers necessary to perform Flash programming functions through the
C2 interface. All C2 registers are accessed through the C2 interface as described in the C2 Interface Spec-
ification.

C2 Register Definition 26.1. C2ADD: C2 Address

Reset Value

\ \ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7-0: The C2ADD register is accessed via the C2 interface to select the target Data register for
C2 Data Read and Data Write commands.

Address Description
0x00 Selects the Device ID register for Data Read instructions (DEVICEID)
0x01 Selects the Revision ID register for Data Read instructions (REVID)
Selects the C2 Flash Programming Control register for Data Read/Write instructions
0x02
(FPCTL)
Selects the C2 Flash Programming Data register for Data Read/Write instructions
OxB4 (FPDAT)

C2 Register Definition 26.2. DEVICEID: C2 Device ID

Reset Value
\ \ | \ \ | \ | 00001011
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
This read-only register returns the 8-bit device ID: OxOC (C8051F41x).
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C2 Register Definition 26.3. REVID: C2 Revision ID

Reset Value

\ \ | \ \ | \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

This read-only register returns the 8-bit revision ID: 0x00 (Revision A).

C2 Register Definition 26.4. FPCTL: C2 Flash Programming Control

Reset Value
| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7-0 FPCTL: Flash Programming Control Register.
This register is used to enable Flash programming via the C2 interface. To enable C2 Flash
programming, the following codes must be written in order: 0x02, 0x01. Note that once C2
Flash programming is enabled, a system reset must be issued to resume normal operation.

C2 Register Definition 26.5. FPDAT: C2 Flash Programming Data

Reset Value

\ \ | \ \ | \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7-0: FPDAT: C2 Flash Programming Data Register.
This register is used to pass Flash commands, addresses, and data during C2 Flash
accesses. Valid commands are listed below.

Code Command
0x06 |Flash Block Read

0x07 |Flash Block Write

0x08 |Flash Page Erase

0x03 | Device Erase
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26.2. C2 Pin Sharing

The C2 protocol allows the C2 pins to be shared with user functions so that in-system debugging and
Flash programming functions 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 (P2.0) pins. In most
applications, external resistors are required to isolate C2 interface traffic from the user application. A typi-
cal isolation configuration is shown in Figure 26.1.

C8051Fxxx

/IReset (a) —>—"W\——&—X C2CK

Input (b) —EZI Cc2D
Output (c)

A 4

C2 Interface Master

Figure 26.1. Typical C2 Pin Sharing

The configuration in Figure 26.1 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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DOCUMENT CHANGE LIST

Revision 0.7 to Revision 0.8

Updated specification tables with most recently available characterization data.

Corrected references to configuring pins for Analog Mode - Port Latch must contain a '1'.

SFR Definition 5.6: Address correction to OxBA.

Added Figure 8.2 showing power connection diagram without using on-chip regulator.

Section 9 : Removed references to "High Speed Analog Mode".

Table 11.2 : Corrected SFR Name P2MDIN on location OxF3.

Section 14 : Corrected operational description of CRC engine.

Section 18, Important Note on page 151 : Added "and have the same behavior as PO in Normal Mode." to
last sentence.

Section 19.2.2 : Inserted Step 3 "Release the crystal pins by writing ‘1's to the port latch."

Section 19.3 : Added Figure 19.3 and text to describe behavior of clock multiplier with slower input frequen-
cies.

Section 21: Corrected SMBus maximum rate to 1/20th system clock.

Table 21.4 : Made corrections to SMBus state descriptions.

Figure 24.6 : Corrected T2RCLK Mux selection options.

Figure 24.9 : Corrected T3RCLK Mux selection options.

C2 Register Definition 26.2 : Corrected DEVICEID value to Ox0C.

Revision 0.8 to Revision 1.0

Updated specification tables with full characterization data.

Updated Flash write and erase procedures to include a write to FLSCL.3-0.

Changed /RST pin comments in Table 4.1, “Pin Definitions for the C8051F41x,” on page 41 for the recom-
mended pull-up resistor.

Changed the reset value of the SFR Definition 16.3. FLSCL: Flash Scale.

Removed the "Optional GND Connection" from Figure 4.5. 'Typical QFN-28 Landing Diagram’ on page 48.
Added a note regarding the maximum SYSCLK frequency to SFR Definition 19.4. CLKMUL: Clock Multi-
plier Control.

Revision 1.0 to Revision 1.1

Updated Figure 4.3. 'LQFP-32 Package Diagram’ on page 46, Figure 4.5. 'QFN-28 Package Drawing’ on
page 48, and Figure 4.6. 'QFN-28 Recommended PCB Land Pattern’ on page 49.

Added note that VIO must be > VDD in Table 3.1, “Global DC Electrical Characteristics,” on page 36.
Added information about ADCO output register auto-clearing in SFR Definition 5.2.

Corrected ADCO Tracking time equation in SFR Definition 5.6.

Clarified Voltage Regulator Electrical Specifications in Table 8.1 on page 82.

Added information about 16-bit and 32-bit CRC algorithms in Section 14.
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NOTES:
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