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WPC8763L Notebook Embedded Controller with SPI™
Flash Interface

General Description Outstanding Features

The Winbond WPC8763L is a highly integrated embedded B Shared BIOS flash-memory
controller (EC) with an embedded RISC core and integrated Support for SPI flash memories
advanced functions. It is targeted for a wide range of porta- i

ble applications. Flash page programing support

The WPC8763L incorporates the CompactRISC® CR16CPlus High-accuracy, high-speed ADC
core (a high-performance 16-bit RISC processor), on-chip Up to 88 GPIO ports (including keyboard scanning)
ROM and RAM memories, system support functions and a with a variety of wake-up events
Flash Interface Unit (FIU) that interfaces directly with exter- 16-bit RISC core, with up to 4 Mbytes of external ad-

nal SPI flash memory devices. .
) ) ) dress space, running at up to 25 MHz
System support functions include: watchdog, PWM, timers, B 128-pin LQFP K
interrupt control, General-Purpose 1/0 (GPIO) with internal “pin package
keyboard matrix scanning, pS/2® interface, SMBus® inter-
face, UART, high-accuracy analog-to-digital (ADC) and dig-
ital-to-analog (DAC) converters for battery charging, system
control, system health monitoring and analog controls.

The WPCB8763L interfaces with the host via an LPC inter-
face.

The WPC8763L is PCO1 and ACPI compliant, and offers a
single-chip solution for the most commonly used notebook
PC 1/O peripherals.
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Features

Embedded Controller Features

B Processing Unit

— CompactRISC CR16CPlus 16-bit embedded RISC
processor core (the “core”)

— Up to 4 Mbytes of external address space

B Internal Memory
— 1 Kbyte of ROM
— 4 Kbytes of on-chip RAM
— Al memory types can hold both code and data
B Flash Interface Unit (FIU)
— Up to 4 Mbytes of code and data
— Hardware-protected boot zone block protection
— SPI External Memory
d Up to 32 Mbits
J Fast Read mode
(4 Page programing support
[ Configurable clock rate
— Field upgradeable
B Shared Memory Controller (SHM)
— Supports BIOS (flash) memory sharing with PC host
— Supports host-controlled code download and update
— Memory access protection

LPC System Interface

B Based on Intel's LPC Interface Specification Revision
1.1, August 2002

B 1/O, Memory and 8-bit Firmware Memory read and write
cycles, Firmware Memory writes may insert wait cycles

B Bootable Memory Support

B Base Address (BADDR1-0) straps to determine the
base address of the index-data register pair

— Alternate base address configurable by the core
B LPCPD and CLKRUN support

Embedded Controller System Features

B Host Interface

— Comprises host interface channels, typically used
for KBC and ACPI Private or Shared EC channels

— 8042 KBC-standard interface (legacy 60h, 64h)
— Two PM interface ports (legacy 62h, 66h; 68h, 6Ch)

— ACPI EC with either Shared or Private interface
through the PM interface

— Two Mailbox areas for host-core communication, up
to 4 Kbytes each; maximum 4 Kbytes total

— Generates IRQ, SMI and SCI
— Provides IRQ1 and IRQ12 support
— Provides Fast Gate A20 and Fast Host reset via firmware

Interrupt Control Unit (ICU)

— 31 maskable vectored interrupts (of which eight are
external)

— General-purpose external interrupt inputs through
MIWU

— Enable and pending indication for each interrupt
— Non-maskable interrupt input

Multi-Input Wake-Up (MIWU)
— Up to 40 wake-up or interrupt inputs

— Generates wake-up event to PMC (Power Manage-
ment Controller)

— Generates interrupts to ICU
— User-selectable trigger conditions

Internal Keyboard Matrix Scanning
— Up to 18 open-collector outputs (at least 12)
— Eight Schmitt inputs with internal pull-ups

General-Purpose 1/0 (GPIO) Ports

— 64 port pins

— 1/O pins individually configured as input or output

— Configurable internal pull-up / pull-down resistors

— Outputs individually configured as push-pull or
open-drain

— Two echo inputs with wake-enabled interrupts

— Additional 12 GPI0s with wake-enabled interrupts

— Four GPIOs capable of 12 mA sink current

— Seven GPIOs are accessible to the host

— Optional low-cost external GPIO expansion through
the SensorPath interface

PS/2 Interface

— Three external ports: can be used for keyboard,
mouse and an additional pointing device

— Byte-level handling via hardware accelerator

Two SMBus (SMB) Interface Modules; each module:

— Is Intel SMBus, Philips 1°C® and ACCESS.bus
compatible

— |Is SMBus master and slave

— Supports up to two simultaneous slave addresses

— Supports polling- and interrupt-controlled operations

— Generates a wake-up signal on detection of a Start
condition while in Idle mode

— Supports an optional internal pull-up on SDA and
SCL pins

Core Universal Asynchronous Receiver-Transmitter

(CR_UART) Module

— A full-duplex UART channel

— Programmable baud rate

— Data transfer via interrupt or polling

Two 16-bit Multi-Function Timer (MFT16) Modules;
each module has:

— Two 16-bit timers with a 5-bit prescaler

— Pulse Width Modulation (PWM), Capture and
Timer/Counter modes

— Capture inputs with programmable edge detection
— An interrupt on compare match
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Features (Continued)

B Two Pulse Width Modulation (PWM) Modules
— Group A_PWM: two outputs
— Group B_PWM: one output

B Timer and Watchdog (TWD)

— 16-bit periodic interrupt timer with 30 ps resolution
and 5-bit prescaler for system tick and periodic
wake-up tasks

— 8-bit watchdog timer with enable/disable

— “Watchdog occurred” flag

— Two watchdog reset options: warm or cold
B SensorPath™ Bus Interface

— Single Wire bus master

— Supports up to seven slave devices

— x1, x4 SensorPath clock rate support
B Analog-to-Digital Converter (ADC)

— Four channels, with 8-bit resolution

— 125 ps conversion time

— External voltage reference

B Digital-to-Analog Converter (DAC)
— Two channels, 8-bit resolution
— 1 us conversion time for 50 pF load
— Full output range from AGND to AVCC
B Development Support
— Interface to debugger via Nexus 5001 interface
d Physical connection using JTAG

O On-board Debug mode with eight hardware
breakpoints

1 Embedded memory programing via JTAG with
content read protection

B Core Access to Host Modules
— Enabled via lock mechanism

Host Function Features

B Mobile System Wake-Up Control (MSWC)
— Software-controlled off events
— Event routing to IRQ, SMI or PWUREQ

B Supports Microsoff® Advanced Power Management
(APM) Specifications Revision 1.2, February 1996

— Generates the System Management Interrupt (SMI)
B PCO1 Rev 1.0 and ACPI 3.0 Compliant
— PnP configuration register structure
— Flexible resource allocation for all logical devices
J Relocatable base address
0 15 IRQ routing options

Clocking, Supply and Package Information

Strap Input-Controlled Operating Modes:
— Shared BIOS memory mode

— TRI-STATE® mode

— Development mode

Clocks

— Single 32.768 KHz crystal oscillator

— On-chip high-frequency clock generator

— Either 32.768 KHz or CR16CPlus clock out
Testability

— XOR-tree structure includes all device pins (except
supply, A/D, D/A, and crystal oscillator pins), select-
ed at power-up by strap inputs

— TRI-STATE device pins, selected at power-up by
strap input (TRIS)

Power Supply

— 8.3V supply operation

— 5V tolerance and back-drive protection on all pins
(except crystal oscillator, A/D, D/A, LPC bus, and
SPI flash pins)

— Separate supply for host I/F (Vpp) and EC functions
(Vee)

— Reduced power consumption capability

— Software- or hardware-switched power modes:
1 Active mode

0 Active mode executing WAIT

0 Idle

1 Deep Idle
— Automatic wake-up on system events
Package Options
— 128-pin LQFP package
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Datasheet Revision Record

Revision Date Status Comments

October 4, 2006 Revision 0.96 First Preliminary Datasheet.

March 12, 2007 Revision 1.0 |Datasheet revision. List of changes:
1. In cover page and Features:
1.1 Changed the order of the Host Function Features.

2. In Detailed Signal/Pin Descriptions, PS/2 Interface, added clarification on quasi-bi-
directional buffers.

In Decoupling and Filter Capacitors, changed the 10-47 uF capacitors to tantalum/ceramic.

4. In SPI Flash Interface, UMA section, added clarification on byte order in UMA Ex-
tended Write transactions.

5. In MIWU, Input Assignments table:
5.1 Improved readability of footnote #3.
5.2 Added footnote #4 to LRESET Active Wake-Up source

@

March 12, 2007 Revision 1.0 Datasheet revision. List of changes (cont.):

(cont.) (cont.) 6. In PWM Block Diagram, reversed the “R” and “S” inputs of the flip-flops.
7. In SPI, Features, changed the data clock rate to 10 MHz.
8. In PM Channels:

8.1 In Enhanced PM Mode, IRQ, ECSCI and SMI Control figure, changed the signal
names related to the SMI output.

8.2 To the description of SCIPOL bit (HIPMnCTL register) and SMIPOL bit (HIPMnIC
register), added recommendation to use active low polarity setting.

9. In MSWC Core registers, MSWCTL1 register, added clarification to LPCRSTA bit.
10. In Booter Data, Header Contents table, updated footnote #2.
11. In Power Supply Current Consumption... updated the Ipp, IppLp, Icc @and Iccw parameters.
12. In DC Characteristics of Pins:

12.1 Added Leakage Current section.

12.21In Notes and Exceptions, updated item #1 and removed items #4 and #5 (they
are replaced by the new Leakage Current section).

13. In Internal Resistors, changed the Min. Max. values for the Rpygg and Rppgg parameters.
14.1n DAC Characteristics:
14.1Changed the values of output resistance (Rg).
15. In AC Test Conditions, added C; = 15 pF for CLKOUT.
16. In PS/2 Interface Timing, changed the “guaranteed by” for tpgc ki and tpgckH-
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1.0 Introduction

1.1 GENERAL DESCRIPTION

The WPC8763L is a highly integrated, embedded controller (EC) with an embedded RISC core and system functions. It is
targeted for a wide range of portable applications that use the Low Pin Count (LPC) interface and is designed to best meet
the requirements of mobile systems.

1.1.1 System Connections

The major elements of the WPC8763L are:
® Core with internal ROM and RAM.

® EC functions, which include: PS/2 devices, keyboard matrix scanning, SMBus, UART, timers, PWM, SensorPath in-
terface, D/A and A/D converters and GPIO pins that can be assigned to various functions, as needed. External mem-
ory and peripheral devices may be added to extend the functionality of the on-chip resources.

® Flash interface, supporting SPI external flash devices.

® Host Processor interface, based on the LPC bus and additional signals for interrupts, keyboard interface and system
power management.

® Power supplies for host interface, host functions, core and EC functions.

® Clocks (using a 32.768 KHz crystal) and optional clock output.

® Strap inputs, for initializing the WPC8763L operation mode.

In addition to the wide range of internal modules, the WPC8763L provides hooks so that the system can be expanded in an
easy and cost-effective manner, as follows:

® |/O expansion to support additional I/O port pins, using low-cost, SensorPath-based GPIO expanders.

1.1.2 Power Management

The WPC8763L has an advanced power management mechanism controlled by the host and/or the WPC8763L firmware.
The core may also interface with the host via one or two I/O communication channels and also via the mailbox communica-
tion channel. Power Management events are available for ACPI-compliant operation with the host chipset.

The WPC8763L is designed to operate as the EC of an ACPI-compliant system. It is equipped with various system power
monitor and control functions and advanced methods to control its own power consumption and power modes.

The host functions are ACPI compliant, including all associated activity level control and wake-up methods. The host function
I/O buffers are powered by Vpp, which can be turned off when the system enters power states S3 and lower.

ACPI-compliant wake-up and sleep control is integrated into the WPC8763L. This function is powered by V.

The Keyboard controller and the EC functions (core and associated modules) are powered by V¢, which remains active as
long as the system has a power source (e.g., main battery or AC outlet). Using V¢, the core may be programed to monitor
and control the system even when the host processor is turned off. To support this, the WPC8763L is equipped with the
following advanced methods to control its power consumption:

® Software-controlled clock frequency
® The ability to disable modules
® Power modes:
— Active - Full functionality
— Active Executing WAIT Instruction - Core execution and associated operations (such as memory access) are suspended.

— Idle - The core clock domain is stopped; the device can be woken up by internal or external events. The system tick
timer is still operational and can be used to wake up the device periodically.

— Deep Idle - Same as Idle, but the core clock domain generator is also stopped.

1.2 INTERNAL ARCHITECTURE

The WPCB8763L consists of several main components, divided into three groups:
® Core Domain
— CR16CPlus core processing unit
— Flash Interface Unit (FIU)
— RAM and ROM memory
— Core modules
® Host Domain
— Host functions
— Host interface
® Host-to-EC Interface
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1.3 OPERATING ENVIRONMENTS

The WPC8763L has two operating environments:
® |n-system Regular Environment (IRE)
® On Board Development (OBD)

The JENO strap pin or JENK strap pin selects the environment after Vs Power-Up reset or VCC_POR Input reset.

1.3.1 IRE Environment

IRE environment is used for WPC8763L operation in the production system and for normal execution of applications. The
flash memory is the main source of code for the device. In this environment, after reset, the WPC8763L starts running the
code written in the first address of the internal ROM.

The WPC8763L is shipped with 1 Kbyte of on-chip boot code. The user is expected to use an external memory for most of
the code and constant data.

In this environment, the JENO strap pin or JENK strap pin does not need an external pull-down resistor.

1.3.2 OBD Environment

OBD environment is used for debugging the WPC8763L firmware while the device is mounted on the final production board.
All pins have IRE functionality except for the pins used for the JTAG interface. The JTAG-based debugger interface allows
communication with a debugger running on a host. In OBD environment, as in IRE environment, code is executed from the
flash memory. Breakpoints on data and code access may be applied using the core hardware breakpoint mechanism. Eras-
ing and reprograming the flash is enabled through the JTAG-based debugger interface.

OBD environment is binary and cycle-by-cycle compatible with IRE environment.

In OBD environment, the JENO strap pin or JENK strap pin requires an external pull-down resistor.

1.4 MEMORY MAP

The WPC8763L has two address domains: core and host. Section 1.4.1 discusses the mapping of memories and modules
into the core address space. Section 1.4.2 discusses the mapping of the host address space and ways of accessing it.

The WPC8763L enables several areas in the core address space to have restricted access to the host. These areas are
referred to as “shared memory” (or “shared BIOS memory”). In addition, the core can access the host functions.
Section 1.4.2 and Section 1.4.3 discuss cross-domain access (shared memory and core access to host modules, respec-
tively).

1.4.1 Core Address Domain Memory Map

The memory and I/O devices are mapped directly into the lowest 16 Mbytes of the core address space. The core address
space can include both code and data; however, access to data stored in the first 1 Mbyte of address space is more efficient.

Most of the core code and constant data is stored in the flash. The code contains a ROM-based core boot block. The on-
chip RAM and the various modules are also mapped in the core address space.

Table 1 shows how the WPC8763L memory and modules are mapped in the core address space. Appendix A on page 302
shows the detailed address map of the modules.

Addresses not included in the following table or Appendix A are reserved. Attempts to access reserved addresses (including
non-implemented areas) generate an lllegal Address Trap (IAD).

Table 1. Memory Map

Size (Bytes)
Address Description
Allocated  Implemented’

00 0000h — 00 FFFFh 64K 1 Kbyte  ROM

01 0000h — 01 FFFFh 64K 4 Kbytes  Core System RAM

02 0000h — 41 FFFFh 4M 128K to 4M  Flash

FF 0000h — FF 07FFh 2K - On-Chip Module Registers

FF FOOOh — FF FFFFh 4K - On-Chip Module Registers

1. The implemented addresses start from the bottom of the allocated address space.
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Register Abbreviations and Access

The following abbreviations are used to indicate the Register Type:
® R/W  =Read/Write.

*R =Read from register (data written to this address is sent to a different register).

o w =Write (see above).

® RO =Read-only. Writing to the register/bit is ignored.

® ROC =Read-only, clear bits. Reading from the register clears all its bits.

® RUP =Bead gnpredictable. Reading from the register returns an unpredictable value; writing to the register is
ignored.

® WO = Write-only. Reading from the register/bit returns 0.
® R/W1C =Read/Write 1 to Clear. Writing 1 to a bit clears it to 0. Writing 0 has no effect.
® R/W1S =Read/Write 1 to Set. Writing 1 to a bit sets its value to 1. Writing 0 has no effect.

Access Rules for Memory and On-Chip Registers

Byte-wide, word-wide or double word-wide transactions to any address within the memory address space may be used to
access memory devices. An exception to this is a core-to-flash write transaction, which should not exceed the configured
write burst length; see Section 4.1.2 on page 55.

The register access width must match the register width; e.g., only byte-wide transactions may be used to access byte-wide
registers. Attempts to read a write-only register or write to a read-only register may cause unpredictable results.

Zeros must be written to reserved bits unless stated otherwise. Reading reserved bits returns an undefined value. When
modifying a register with reserved bits, the data read from a reserved bit can be written back to that bit.

Flash Memory Mapping into Shared BIOS Memory

When the shared BIOS memory is enabled using the SHBM strap input (SHBM=0) or the Shared Memory configuration reg-
isters (LDN=0Fh), the flash memory address range is mapped into the address range of the host. See Section 5.4 on
page 216 for details of the memory mapping mechanism.

1.4.2 Host Address Domain Memory Map
The host address space includes memory space and I/O space.

The 1/0 space used by the WPC8763L is configured via the WPC8763L configuration registers. The configuration register
address is defined by strap inputs (BADDRO0-1) to be either one of two fixed addresses or an address defined by the core
using registers in the MSWC module.

When a Shared BIOS memory mechanism is enabled via the SHBM strap input, the WPC8763L is mapped to enable the
host to boot from a shared flash device. The WPC8763L supports either Memory or Firmware Memory transactions for the
host memory interface, with automatic selection between them. Section 5.4 on page 216 discusses the mapping of memory
between the host and core domains; it also discusses the read and write access protection mechanism from the host and
core domains.

Following the boot process, the Shared Memory configuration registers (see Section 6.1.13 on page 263) enable setting memory
sharing. The configuration setting includes defining the memory protocol in use (Memory or Firmware Memory) and the address
range used in the host address space. The configuration registers allow the defaults set by the SHBM strap input to be overridden.

Host Access to Core RAM

The host and core may use a semaphore mechanism to access the same on-chip RAM space for data interchange. Access
is controlled by the EC. Mapping of either LPC Memory or Firmware Memory transactions to the core bus address space is
based on the Host Access Control registers (see Section 6.1.13 on page 263) for host base address and window size. Two
host address windows may be mapped to the core internal RAM. The size of each window is configurable up to a maximum
of 4 Kbytes and together up to a maximum of 4 Kbytes.

1.4.3 Core Access to Host Modules

The core can access host domain modules through the “Core Access to Host Modules” bridge. The bridge employs an indi-
rect mapping mechanism, as described in Section 5.3 on page 211.

There is only a single set of module registers for host and core use. The bus arbitration guarantees that only one of the two
register accesses occurs at any given time; however, this does not prevent problems that may be caused by conflicting write
transactions. When such a conflict is expected, the core lock mechanism can be used to protect access to one or more of
the modules. The lock can also be used for security reasons, to prevent the host from accessing modules.
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1.0 Introduction (Continued)

To access a register, the core specifies the logical device and the offset of the register within the logical device. Note that
the configuration index and data registers are also considered as a logical device. The core triggers a read by writing 1 to
the read start bit. It then waits for the bit to clear. When the bit clears, the core can read the data from the data register. The

core triggers a write by performing a write to the data register. It then waits for a status bit to clear; when the status bit clears,
the core can proceed to the next operation.
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2.0 Signal/Pin Description and Configuration

128-Pin Low-Profile Plastic Quad Flatpack (LQFP)
Order Number WPC8763LDG
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2.0 Signal/Pin Description and Configuration (Continued)

2.2 BUFFER TYPES

The signal DC characteristics of the pins described in Section 2.4 on page 25 are denoted by a buffer type symbol described
briefly below and in further detail in Section 8.2 on page 279.

Table 2. Buffer Types

Symbol Description
INAD Input, analog to ADC
INcs Input, CMOS compatible, with Schmitt Trigger
INosc Input, from crystal oscillator (not characterized)
INpg Input, PCI 3.3V
INsm Input, SMBus compatible
INT Input, TTL compatible
INTs Input, TTL compatible, with Schmitt Trigger
Opm OuAtput, push-pull output buffer that is capable of sourcing p mA and sinking n
m
oD, Output, open-drain output buffer that is capable of sinking n mA
Opa Output, analog from DAC
Oosc OQutput, to crystal oscillator (not characterized)
Opci Output, PCI 3.3V
PWR Power pin
GND Ground pin

2.3 PIN MULTIPLEXING

Important Note: Table 3 shows only multiplexed pins and the configuration bits for the selection of the multiplexed options
used in the device. A configuration select bit on the right side of the table has priority over configuration
select bits to its left. If none of the configuration select bits are set, the default signal is selected. For ex-
ample, if the bit in Configuration Select 3 column is set, the signal in Alternate Signal 3 column is selected
regardless of the value of the bits in Configuration Select 2 and 1 columns. If the bit in Configuration Select
3 column is cleared and the bit in Configuration Select 2 column is set, the signal in Alternate Signal 2
column is selected regardless of the value of the bit in Configuration Select 1 column, and so on.

Table 3. Pin Multiplexing Configuration

%?;?‘L_:It glitge:;ftf Configuration Select 1 glitge:;?f Configuration Select 2 I;Iit:rr‘r;lat:;e Cogi;iﬁ::rta:t;on
GP1024 HGPIOO01 DEVALT8.HGPO1_SL |
GPIO10 HGPIO00 DEVALT8.HGP0O_SL |LPCPD DEVALT2.LPCPD_SL
GPIO11 HGPIO02 DEVALT8.HGP02_SL |CLKRUN | DEVALT2.CLKRN_SL
GPIO64 SMI DEVALT2.SMI_SL .
GPIO63  PWUREQ DEVALT2.PWUR_SL
GPIO56 TA1 DEVALT3.TA1_SL
GPI1020 TA2 DEVALT3.TA2_SL
GPIO14 HGPIO04 DEVALT8.HGP04_SL TB1 DEVALT3.TB1_SL
GPIO21 A_PWM1 DEVALT5.APWM1_SL
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2.0 Signal/Pin Description and Configuration (Continued)
Table 3. Pin Multiplexing Configuration (Continued)

g?;?:’:lt I;Iit::;?tf Configuration Select 1 glitge;r:tze Configuration Select 2 glitge;gft; cog‘:ﬂ:::a;’ion
GPIO13 B_PWMO DEVALT5.BPWMO_SL
GPI90 ADO DEVALT6.ADCO_SL
GPI91 AD1 DEVALT6.ADC1_SL
GPI192 AD2 DEVALT6.ADC2_SL
GPI193 AD3 DEVALT6.ADC3_SL
GPIO07 HGPIO07 DEVALT8.HGPO7_SL
GP194 DAO DEVALT4.DACO_SL
GPI195 DA1 DEVALT4.DAC1_SL
GPIO61 SCL2
GPIO62 SDAZ DEVALT2.SMB2_SL
GPIO26 PSCLK2
GPIO27 PSDAT2 DEVALT4.PS2_2SL
GPI1025 PSCLK3
GPIO12 PSDATS DEVALT4.PS2_3SL
KBSOUT12 GPIO64 DEVALT7.KBO12_SL
KBSOUT13 GPIO63 DEVALT7.KBO13_SL
KBSOUT14 GPIO62 DEVALT7.KBO14_SL
KBSOUT15 GPIO61 DEVALT7.KBO15_SL | XOR_OUT Test
GPIO60 KBSOUT16 |DEVALT7.KBO16_SL
GPIO57 HGPIO03 DEVALT8.HGP03_SL KBSOUT17.DEVALT7.KBO17_SL
GPIO55 CLKOUT DEVALTO.CLKOUT_SL
GPO47 JENO Strap
GP1042 TCK
GPI1043 TMS
GPI1044 TDI
GPIO46 5T DEVALTO.JTAG_SL
GPIO50 TDO
GPIO52 RDY
KBSOUTO JENK Strap
KBSOUT1 TCK
KBSOUT2 TMS
KBSOUT3 TDI STRPST.JENK
KBSOUT5 TDO
KBSOUT6 RDY
GPQO82 HGPOO00 DEVALT9.HGP0O_SL TRIS Strap
GPIO16 HGPIO04 DEVALT9.HGP04_SL
GPO84 HGPOO01 DEVALT9.HGPO1_SL BADDRO Strap
GPI087 SIN_CR DEVALT1.UART_SL
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2.0 Signal/Pin Description and Configuration (Continued)

Table 3. Pin Multiplexing Configuration (Continued)

2.4 DETAILED SIGNAL/PIN DESCRIPTIONS
This section describes all signals of the WPC8763L device. The signals are organized by functional group.
The “v” symbol in the “5VT” column indicates that those pins are 5-volt tolerant and back-drive protected.

g?;?::lt I;Iitge:;?tf Configuration Select 1 glitgel:r:tze Configuration Select 2 glitge::t; Cogzlgélirta;’ion
GPO83 SOUT_CR DEVALT1.UART_SL BADDR1 [Strap
GPI1006 HGPIO06 DEVALT8.HGP06_SL
GPIO76 SHBM Strap
GPI1066 SWD DEVALTO.SNP_SL

2.4.1 Host Interface
Signal Pin(s) /0 Buffer Type 5VT Power Well Description

CLKRUN 8 I/O | INpc/ODg Vbp Clock Run. Same as PCI CLKRUN. When high, it
indicates that the LPC clock will be stopped. In this
case, the WPC8763L may pull it down to request full
speed of the clock.

GA20 121 o} Oqp0 Vee Gate A20. See Section 5.5.4 on page 235 for signal
operation and behavior when Vpp is off.

KBRST 122 o] Oqp0 Vee Keyboard Reset Output. See Section 5.5.4 on
page 235 for signal operation and behavior when Vpp is
off.

LAD3-0 1, 128, I/O | INpc/Opg Vbp LPC Address-Data. Multiplexed command, address

127, 126 bidirectional data and cycle status.

LCLK 2 I INpc) Vb LPC Clock. PCI clock (0 or 33 MHz).

ECSCI 29 I/O | INyg/Og/1g ¥ Vee EC SCI. Generates an EC SClI interrupt to the chipset.
This signal is typically connected to one of the chipset
GPI inputs.

LFRAME 3 INpcy Vop LPC Frame. Low pulse indicates the beginning of a
new LPC cycle or the termination of a broken cycle.

LPCPD 124 | INpg) Vee Power Down. Indicates that the LPC interface power
will be turned off.

LRESET 7 INpcy Vop LPC Reset. A level low reset to the LPC interface and
host function configuration registers and Shared
Memory host registers.

PWUREQ 123 O O1s0 v Vee Power-Up Request.

SERIRQ 125 I/0 | INpc/Opg) Vbp Serial IRQ. The interrupt requests are serialized over a
single pin, where each IRQ level is delivered during a
designated time slot.

SMI 9 I/O | INtg/ODqo | ¢ Voc | System Management Interrupt.
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2.4.2 SPI Flash Interface

2.0 Signal/Pin Description and Configuration (Continued)

Signal Pin(s) /O Buffer Type 5VT Power Well Description
F_SDI 86 I INTs Vee Serial Data Input.
F_SDO 87 O Opci Vee Serial Data Output.
F_SCK 92 0] Opc) Ve Serial Clock.
F_CS0 90 (0] OPC| VCC Chlp Select 0.
2.4.3 Internal Keyboard Scan
Signal Pin(s) /O  Buffer Type 5VT Power Well Description
KBSIN7-0 61, 60, 59, | | INcs v Vee Keyboard Scan Inputs. The input side of the internal
58, 57, 56, keyboard scan lines.
55, 54
KBSOUT 33,34,35 O ODg v Vee Keyboard Scan Outputs. The output side of the
17-0 36, 37, 38, internal keyboard scan lines.
39, 40, 41,
42, 43, 47,
48, 49, 50,
51, 52, 53
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2.4.4 General-Purpose 1/0 (GPIO)

2.0 Signal/Pin Description and Configuration (Continued)

Signal Pin(s) 1/0 Buffer Type 5VT Power Well Description
GPI1001 64 /O | INtg/Opy ¥V Vee General-Purpose 1/0 Ports with Wake-Up/Interrupt
and Echo Input.
GPI003 95 INTs/OD,
GPIO05-04 108, 96 INTs/OD, Vee General-Purpose 1/O Ports with Wake-Up/Interrupt.
GPIO06 93 INtg/Ong ¥
GPI007 94 INTg/OD,
GPIO10 124 INTg/Ops = v | Vee
GPIO11 8 INtg/Og5 ¥ Voo
GPIO14-12 63, 62, 13 INtg/Ong ¥ Voo
GPIO16 114 INtg/Oos ¥ Vee
GP1021-20 118, 117 INts/Ogiy | ¥V | Vee General-Purpose 1/0 Ports with Echo Output.
GPIO23 119 INtg/Ops ¥ Vee
GPIO24 6 INTs/Opgy Vop General-Purpose 1/O Ports.
GP1027-25 |11, 10, 12 INtg/Ogyy | ¥V | Vee General-Purpose 1/O Ports.
GPIO33-30 (158@65, 120, INtg/Ogp09 ¥V General-Purpose I/0 Ports with LED Drive.
GPIO34 14 INts/Ogyy = ¥V Vee General-Purpose 1/O Ports.
GPIO36 15 4
GPIO40 16 4
GPIO46-42 23, 22, 21, 7
20, 17
GPO47 24 O Oy4 v General-Purpose Output Ports.
GPI053-50 gg 27,26, 1/0 | INtg/Ogyy | vV General-Purpose 1/0 Ports.
GPIO57-55 33, 31, 30 7
GPI060 34 7
GPI061 35 INTs/Oppy | v
67 INg(/Oos | V
GP1062 36 INts/Onq ¥
68 INgp/Ogs | v
GPI1063 37 INTs/Oppy | v
123 7
GPIO64 38 INtg/Ong ¥
9 v
GPI066 81 INtg/Oos = ¥
GPIO72-70 |75, 74,73 7
GPIO75 82 4
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2.0 Signal/Pin Description and Configuration (Continued)

Signal Pin(s) 1/0 Buffer Type 5VT Power Well Description
GPO76 83 O Oy/y v Vee General-Purpose Output Ports.
GPI077 84 /O | INtg/Opy ¥ General-Purpose 1/0 Ports.
GPI1081 91 /O | INtg/Opy ¥V
GPO84-82 112, 111, (e} Og/a v General-Purpose Output Ports.

110
GPI1087 113 /0 | INtg/Opy ¥ General-Purpose 1/O Ports.
GPI97-90 107, 106, | INTs General-Purpose Input Ports with Wake-
105, 101, Up/Interrupt.
100, 99, 98,
97

2.4.5 Host General-Purpose I/0 (HGPIO)

Signal Pin(s) I/O Buffer Type 5VT| Power Well Description
HGPOO00 110 0] Oo/s v Vee General-Purpose 1/0 Ports with Wake-Up/Interrupt.
HGPIO00 124 /O INtg/Ogy ¥V
HGPIOO01 6 I/0 | INTs/Opgy Vop General-Purpose 1/0 Ports with Wake-Up/Interrupt.
HGPOO1 112 0 Oy v Vee
HGPIO02 8 /O | INyg/Ogp5 @V Vpp General-Purpose 1/0 Ports with Wake-Up/interrupt.
HGPIO 114 0r63, /O INtg/Ogy @V Vee General-Purpose 1/0 Ports with Wake-Up/interrupt.
04-03 33
HGPIO06 93 /0 | INyg/Opy ¥V Vee General-Purpose /0 Ports with Wake-up/Interrupt.
HGPIO07 94 I/0 | INys/OD, Vee General-Purpose 1/0 Ports with Wake-up/Interrupt.

2.4.6 Analog Interface

Signal Pin(s) /0 Buffer Type 5VT Power Well Description
AD3-0 100, 99,98, | INAD AVce Analog to Digital Converter Inputs.
97
DA1-0 105, 101 O Opa AVce Digital to Analog Converter Outputs.
VREF 104 | INRer AVee Reference Voltage.

2.4.7 PS/2 Interface

Signal Pin(s) /O | Buffer Type| 5VT Power Well Description

PSCLK3-1 12,10, 72 /O | IN{/Ogqp ¥ Vee PS/2 Channel 1 through 3 Clock signal. This signal
has a quasi-bidirectional buffer (i.e., both O5/1, and

ODy,) - see “Quasi-Bidirectional Drivers” on page 92.

PSDAT3-1 13,11,71 | /O | IN{/Ogqp ¥ Vee PS/2 Channel 1 through 3 Data signal. This signal
has a quasi-bidirectional buffer (i.e., both O5/4, and

ODy,) - see “Quasi-Bidirectional Drivers” on page 92.
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2.0 Signal/Pin Description and Configuration (Continued)

2.4.8 SMBus Interface

Signal Pin(s) 1/0 Buffer Type 5VT Power Well Description
SCL2-1 67, 70 I/O | INgy/OD, ¢ Vee SMBus Serial Clock 1 to 2 Signals. An internal pull-
up for this pin is optional.
SDA2-1 68, 69 /O INgyw/ODy | v Vee SMBus Serial Data 1 to 2 Signals. An internal pull-up
for this pin is optional.

2.4.9 Timers and PWM

Signal Pin(s) /O Buffer Type 5VT| Power Well Description
TA1 .31 I/O | INtg O1pp0 | vV Vee .Timer Pin A for Timers 2 and 1.
TA2 117
TB1 63 I INTs v Vee Timer Pin B for Timer 1.
A_PWM1-0 118, 32 o} Oz v Vee PWM Type A Outputs 1-0.
B_PWMO .62 o} | Og6 v Vee .PWM Type B Output 0.

2.4.10 SensorPath Interface

Signal Pin(s) I/O  Buffer Type 5VT Power Well Description

SWD 81 /O INgy/ODy v Vee SensorPath Data. Bidirectional, SensorPath Data
interface signal to GPIO expande. An internal pull-up
for this pin is optional.

2.4.11 CR_UART

Signal Pin(s) /O | Buffer Type 5VT Power Well Description
SIN_CR 113 I INTs v Vee Receive Data.
SOUT_CR 111 o] Oz 4 Vee Transmit Data.
2.4.12 JTAG
Signal Pin(s) /O | Buffer Type 5VT Power Well Description
RDY 27 (0] Oyy4 v Vee Ready. Nexus specific JTAG transfer ready.
47 0 0y Vv Ve
TDO 25 O Oy v Vee Test Data Output. Serial JTAG Data Output.
48 0] Og6 v Vee
TRST 23 I INTs v Vee Test Reset. TAP Controller reset.
TDI 21 or 50 I INTs v Vee Test Data Input. Serial JTAG Data Input.
T™MS 20 or 51 I INTs v Vee Test Mode Select. Selects TAP controller states.
TCK 17 or 52 I INTs v Vee Test Clock. Serial shift clock for JTAG interface.
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Signal

2.4.13 Miscellaneous

Pin(s)

I/0 Buffer Type

5VT

Power Well

2.0 Signal/Pin Description and Configuration (Continued)

Description

VCC_POR

85

/O INtg/ODg

Vee

Ve Power On Reset Output. Also functions as EC

reset input (see Section 3.2.7 on page 50). Must be
connected to an external pull-up resistor (to V¢

supply) even if the pin is not used.

Signal

2.4.14 Clocks

Pin(s)

/0 Buffer Type

5VT

Power Well

Description

32KCLKIN

77

| INT

AV

32.768 KHz Clock Input.

32KX1

77

| INosc

AVee

32.768 KHz Crystal Oscillator Input. Input from
external crystal oscillator circuitry; see Section 3.3.1

on page 51.

32KX2

79

0 Oosc

AVee

32.768 KHz Crystal Oscillator Output. Output to
external crystal oscillator circuit.

CLKOUT

30

2.4.15 Strap Configuration and Testing

0 O40/10

Vee

Clock Output. Clock Output. Output pin for either the
32.768 KHz clock or the core clock domain (CLK).
Recommended only for debugging.

Signal

Pin(s)

1/0 Buffer Type

5VT

Power Well

Description

—
Ry
wn

BADDR1-0

111, 112

110

JENO, JENK 24, 53

| INTg

| INTs

| INTs

Vee

Vee

/O Base Address. Sampled at V¢ Power-Up reset

or VCC_POR Input reset, to determine the base
address of the configuration index-data register pair as
follows:

® No pull-down resistor: 164Eh-164Fh

® 10 KQ external pull-down
resistor on BADDRO: 2Eh-2Fh

® 10 KQ external pull-down
resistor on BADDR1: Core defined

® 10 KQ external pull-down resistor
on BADDRO and BADDR1:XOR-Tree Test Mode.
Note: TRIS must be 1, i.e., left unconnected.

TRI-STATE. Forces the device to float all its output
and /O pins (except for DAC outputs and 32KX2) if an
external 10 KQ pull-down resistor is connected.
Sampled at V¢ Power-Up reset or VCC_POR Input
reset.

When TRIS is set to 0 (by an external pull-down

resistor), BADDRO or BADDR1 must be 1 (i.e., left
unconnected).

JTAG Select. Sampled at Vs Power-Up reset or
VCC_POR Input reset, to select the JTAG signals to
device pins (see Table 4 on page 31 for details).
Both JENO and JENK, are pulled to 1 by an internal
resistor.

The external 10 KQ pull-down resistor must be
connected to GND.
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2.0 Signal/Pin Description and Configuration (Continued)

Signal Pin(s) 1/0 Buffer Type 5VT Power Well

Description

SHBM 83 | INTg v Vee

Shared Host BIOS Memory. Sampled at V¢ Power-
Up reset or VCC_POR Input reset, to determine the
state of the shared BIOS memory. SHBM is pulled to
1 (disables the shared BIOS memory) by an internal
resistor or set to 0 by an external 10 KQ pull-down
resistor to enable shared BIOS memory.

XOR_OUT 35 o) Ous v Vee

XOR-Tree Output. All the device pins (except power
type and analog type pins) are internally connected in
a XOR-tree structure.

Table 4. JTAG Select Configuration

Functionality of Pins | Functionality of Pins

10 KQ external pull-down resistor

JENO (Pin 24) JENK (Pin 53) 17,20, 21,23 25,27 47, 48, 50, 51, 52
No pull-down resistor GPIO Port signals Keyboard Scan outputs
10 KQ external pull-down resistor No pull-down resistor JTAG signals Keyboard Scan outputs
No pull-down resistor 10 KQ external pull-down resistor GPIO Port signals JTAG signals

llegal Strap Combination

2.4.16 Power and Ground

Signal Pin(s) /O | Buffer Type 5VT Power Well
AGND 103 I GND N/AT

Description

Analog Ground. Serves as ground for the Analog to
Digital Converter (ADC), the Digital to Analog
Converter (DAC) and the 32K oscillator.

AVCC 102 PWR N/A

Analog 3.3V Power supply. Serves as the power
supply for the Analog to Digital Converter (ADC), the
Digital to Analog Converter (DAC) and the 32K
oscillator.

GND 116,89,78, | GND N/A
45, 18, 5

VCC 115,88,76, | PWR N/A
46, 19

Ground. Serves as ground for main, standby and
back-up battery powered internal logic and output
drivers; see Section 3.1.3 on page 47 for details on
connections with AGND.

Standby Digital 3.3V Power Supply. Serves as the
power supply for the core-controlled functions and all
associated 1/O pins.

Reserved 80 N/A N/A N/A

Must be connected to AV¢c.

VCORF 44 I/0 PWR N/A

On-Chip Core Power Converter Filter. On-chip core
power converter output. Powers the core logic of all
the device modules. An external 1 uF ceramic filter
capacitor must be connected between this pin and
GND.

VDD 4 | PWR N/A

Main Digital 3.3V Power Supply. Serves as the
power supply for the LPC interface and some of the
host functions.

1. “Not Applicable.”
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2.5

2.0 Signal/Pin Description and Configuration (Continued)

INTERNAL PULL-UP AND PULL-DOWN RESISTORS

The signals listed below have internal pull-up (PU) and/or pull-down (PD) resistors; see Section 8.3 on page 284 for the values

of each resistor type. Some of the internal resistors are enabled when the respective signals are selected to the device pins. Other
internal resistors are controlled by the respective bits in the PxPULL and PxPUD GPIO configuration registers (see Section 4.4
on page 81). In the second case, the respective bit in the PxDIR register must be set to 0; also, if the signal is powered by Vpp,
the respective bit in the PXENVDD register must be set to 1. Internal resistors not labeled as “programmable” in the tables below
cannot be disabled.

2.5.1 Internal Keyboard Scan

Signal Pin(s) Type Comments

KBSIN7-0 |61, 60, 59, 58, 57, 56, 55, 54 PUszq Programmable, defaults to float
2.5.2 General-Purpose I/0 (GPIO)

Signal Pin(s) Type Comments
GPIOO01 64 PUgo/PDgy Programmable, defaults to float
GPI1O07-03 |94, 93, 108, 96, 95 | PUgo/PDgq | Programmable, defaults to float
GPIO10 124 PU3¢/PD3g Programmable, defaults to PU
GPIO11 8 PU3¢/PD3o Programmable, defaults to float
GPIO14-12 63, 62, 13 | PUgo/PDgq |Programmable, defaults to float
GPIO16 114 PUgo/PDgo Programmable, defaults to PD
GP1021-20 118, 117 PUgy/PDgq | Programmable, defaults to float
GPIO23 119 PUgo/PDgy Programmable, defaults to float
GP1024 6 | PU3o/PD3q | Programmable, defaults to PU
GP1027-25 (11, 10, 12 PUgy/PDgqg | Programmable, defaults to float
GPIO31-30 |120, 109 PUgo/PDgy Programmable, defaults to float
GPI1033-32 66, 65 | PU3o/PD3q | Programmable, defaults to float
GP1034 14 PUgo/PDgqg | Programmable, defaults to float
GPI10O36 15 PUgy/PDgq | Programmable, defaults to float
GPIO40 16 PUgo/PDgo Programmable, defaults to float
GPI046-42 23, 22, 21, 20, 17 | PUgo/PDgq | Programmable, defaults to float
GPO47 24 PU30/PD3o  Programmable, defaults to float!
GPIO53-50 28, 27, 26, 25 PUgo/PDgg Programmable, defaults to float
GPI1057-55 |33, 31, 30 PUgo/PDgq | Programmable, defaults to float
GP1060 34 | PUgo/PDgqg | Programmable, defaults to float
GP1062-61 36, 35 PUgy/PDgq | Programmable, defaults to float

68, 67 PU3o/PDg3q
GP1064-63 38, 37 or 9, 123 | PUgo/PDgq | Programmable, defaults to float
GP1066 81 PU, »5/PD3g| Programmable, defaults to float
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2.0 Signal/Pin Description and Configuration (Continued)

Signal Pin(s) Type Comments
GPIO70 73 PUgo/PDgy Programmable, defaults to float
GPIO71 74 | PUgo/PDgg Programmable, defaults to PD
GPIO72 75 PUgo/PDgq | Programmable, defaults to float
GPIO75 82 PUgy/PDgq | Programmable, defaults to float
GPO76 83 PU30/PD3o  Programmable, defaults to float’
GPI1O77 84 | PUgy/PDgq | Programmable, defaults to PU
GP1081 91 PUgo/PDgq | Programmable, defaults to float
GPO84-82 112, 111, 110 PU30/PD3o  Programmable, defaults to float
GPIO87 113 PUgo/PDgy Programmable, defaults to float

1. For details, see Section 4.4.3 on page 82.

2.5.3 Host General-Purpose I/0 (HGPIO)

Signal Pin(s) Type Comments
HGPIO00 124 PUzq Programmable, defaults to PU
HGPOO00 110 Programmable, defaults to PU
HGPIO01 6 PUgzq Programmable, defaults to PU
HGPOO01 112 Programmable, defaults to PU
HGPIO02 |8 PUgzq Programmable, defaults to PU
HGPIO04-03 114 or 63, 33 PUgq Programmable, defaults to PU
HGPIO07-06 |94, 93 PUgq .Programmable, defaults to PU

2.5.4 PS/2 Interface

Signal Pin(s) Type Comments
PSCLK3-1 |12, 10, 72 PUgq Programmable, defaults to float
PSDAT3-1 13, 11, 71 PUgq Programmable, defaults to float

2.5.5 SMBus Interface

Signal Pin(s) Type Comments
SCL2-1 67, 70 PUszq Programmable, defaults to float
SDA2-1 68, 69 PUszq Programmable, defaults to float
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2.0 Signal/Pin Description and Configuration (Continued)

2.5.7 SensorPath Interface

1. See details in Section 2.5 on page 32.

25.6 Timers
Signal Pin(s) Type Comments
TA1 31 PUgo/PDgo  Programmable via GPIO', defaults to float
TA2 117 PUgo/PDgo  Programmable via GPIO', defaults to float
TB1 63 PUgo/PDgo  Programmable via GPIO', defaults to float

Signal Pin(s) Type Comments
SWD 81 PU; .5 |Programmable, defaults to float
2.5.8 JTAG
Signal Pin(s) Type Comments
TRST 23 PUgq
TDI 21 or 50 PUSO
T™MS 20 or 51 PUgo
TCK 17 or 52 PDgg
2.5.9 Strap Configuration and Testing
Signal Pin(s) Default Type Comments
BADDR1-0 111, 112 PUsq strap
SHBM 83 PUjzq strap
TRIS 110 PUszq strap
JENO 24 PUszq strap
JENK 53 PUgq strap
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2.0 Signal/Pin Description and Configuration (Continued)

2.6 SYSTEM CONFIGURATION

The System Configuration provides the following functions:

® Controls the general WPC8763L configuration

® Provides the status of the WPC8763L straps

® Controls pin multiplexing via the DEVALTX registers

® Controls the connection of some of the GPIO ports to the MIWU

® Controls some of the pull-up resistors (for SMBus and SensorPath pins)

2.6.1 System Configuration Registers

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20.

erwise specified in the register description below.

Register Map

All system configuration registers are powered by V¢ and are set to their default values by Core Domain reset unless oth-

Location Mnemonic Register Name Size Type
FF FOOOh DEVCNT Device Control Byte R/W
FF FOO1h STRPST Straps Status Byte RO
FF FOO2h RSTCTL Reset Control and Status Byte Varies per bit
FF FO10h DEVALTO Device Alternate Function O Byte Varies per bit
FF FO11h DEVALT1 Device Alternate Function 1 Byte R/W
FF FO12h DEVALT2 Device Alternate Function 2 Byte R/W
FF FO13h DEVALT3 Device Alternate Function 3 Byte R/W
FF FO14h DEVALT4 Device Alternate Function 4 Byte R/W
FF FO15h DEVALT5 Device Alternate Function 5 Byte R/W
FF FO35h DEVALT6 Device Alternate Function 6 Byte R/W
FF FO16h Reserved
FF FO17h DEVALT7 Device Alternate Function 7 Byte R/W
FF FO18h DEVALT8 Device Alternate Function 8 Byte R/W
FF FO19h DEVALT9 Device Alternate Function 9 Byte R/W
FF FO20h Reserved
FF FO21h GES1 GPIO Event Select 1 Byte R/W
FF F028h DEVPUO Device Pull-Up 0 Byte R/W
FF FO29h DEVPU1 Device Pull-Up 1 Byte R/W
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2.0 Signal/Pin Description and Configuration (Continued)

Device Control Register (DEVCNT)
Location: FF FOOOh

Type: R/W
Bit 7 6 5 | 4 3 2 1 0
Name Reserved CLKOM
Reset o o o o o o 0 0
Bit Description
7-1 | Reserved.
0 CLKOM (Clock Out Mode). Selects the internal clock signal routed to the CLKOUT pin.
If CKOUT_SL bit in DEVALTO (page 37) is 1:
0: Core clock (CLK); see Section 4.19 on page 181 (default).
1: 32.768 KHz clock (LFCLK).
Otherwise this bit is ignored.

Straps Status Register (STRPST)

STRPST enables the software to read the value set to strap pins. All the strap pins are sampled (and STRPST register is
updated) at Vo Power-Up reset or VCC_POR Input reset.

Location: FF FOO1h

Type: RO
Bit 7 6 5 4 3 2 1 0
Name Reserved TRIS JENK JENO Reserved = BADDR1 BADDRO SHBM
Reset 0 Strap Strap Strap 0 Strap Strap Strap
Bit Description
7 | Reserved.
6 | TRIS (TRI-STATE Test Mode). Controls the TRI-STATE condition of all WPC8763L pins.
0: WPCB8763L pins are floating (TRI-STATE condition).
1: WPCB8763L pins have normal functionality.
5 JENK (JTAG Over KBSOUT Enable). Selects the JTAG interface to the corresponding KBSOUT pins. The value
of this bit is set according to the value of the JENK strap (see Table 4 on page 31).
0: TCK, TMS, TDI, TDO, RDY - JTAG interface.
1: KBSOUT1-3, KBSOUT5-6 - Keyboard Scan outputs.
4  JENO (JTAG Enable). Controls the JTAG_SL bit in DEVALTO register; see page 37. JTAG_SL selects the JTAG signals
to the device pins. The value of this bit is set according to the value of the JENO strap (see Table 4 on page 31).
0: JTAG_SL setto 1.
1: JTAG_SL setto 0.
3 Reserved.
2-1 BADDR1 and BADDRO (Base Address Select). Selects either the base address of the host configuration index-
data register pair or the XOR-Tree Test mode.
For more information see Section 6.1.1 on page 246.
0 | SHBM (Shared Host BIOS Memory). Controls the host BIOS shared memory functionality. This enables the host
to boot from a shared flash device. For more information see Section 5.4.2 on page 216.
0: Shared BIOS memory is enabled.
1: Shared BIOS memory is disabled.
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Reset Control and Status Register (RSTCTL)

2.0 Signal/Pin Description and Configuration (Continued)

Location: FF FO02h
Type: Varies per bit
Bit 7 6 5 4 3 2 1 0
Name DBGRST HIPRST Reserved DBGRST A VCC_POR
_MODE _MODE _STS _STS
Reset 0 0 o o o 0 0 0
Bit Type Description
7 R/W DBGRST_MODE (Debugger Reset Mode Select). Selects the mode of the Debugger reset. Cleared
by Ve Power-Up reset.
0: Debugger Cold reset: All modules, registers and bits that are reset by a Watchdog Cold reset are set
to their default values also by a Debugger reset (default).
1: Debugger Warm reset: Only the core, the debugger interface and the PMC power state are set to their
default values by a Debugger reset.
6 R/W HIPRST_MODE (Host Interface Modules Reset Mode Select). Selects the reset source for both the
host and the core interface registers of the Keyboard and Mouse interface and Power Management
Channels 1 and 2. Cleared by V¢ Power-Up reset or VCC_POR Input reset.
0: The host interface registers and the core interface registers of KBC, PM1 and PM2 are reset only by
Core Domain reset (default).
1: The host interface registers and the core interface registers of KBC, PM1 and PM2 are reset by both
Core Domain reset and either Vpp Power-Up reset or Host Hardware reset.
5-2 Reserved.
1 R/W1C DBGRST_STS (Debugger Reset Status). Indicates the occurrence of a Debugger reset. The type of
Debugger reset (Cold or Warm) is according to the setting of the DBGRST_MODE bit. Cleared by V¢
Power-Up reset or VCC_POR Input reset.
0: No Debugger reset from the last Vo Power-Up reset or VCC_POR Input reset (default).
1: Debugger reset occurred.
0 RO VCC_POR_STS (VCC_POR Input Status). Indicates the occurrence of VCC_POR input reset.
Cleared by V¢ Power-Up reset.
0: No VCC_POR Input reset from the last V¢ Power-Up reset (default).
1: VCC_POR Input reset occurred.

Device Alternate Function 0 Register (DEVALTO)

Location: FF FO10h
Type: Varies per bit
Bit 7 6 5 4 3 2 1 | 0
Name Reserved SNP_SL  JTAG_SL Reserved CKOUT_SL Reserved
Reset 0 0 strap 0 ‘ 0 0 0 ‘ 0
Bit Type Description
6 R/W SNP_SL (SensorPath Select). Selects the SensorPath interface to the corresponding pin.
0: GPIO66 - GPIO port (default).
1: SWD - SensorPath interface.
5 RO JTAG_SL (JTAG Select). Selects the JTAG interface to the corresponding pins. The value of this bit is
set according to the value of JENO strap (see Table 4 on page 31).
0: GPIO42-44, GPIO46 GPIO50, GPIO52 - GPIO ports.
1: TCK, TMS, TDI, TRST, TDO, RDY - JTAG interface.
Revision 1.0 37 www.winbond.com

1€9280dM



WPC8763L

Winbond Confidential - Provided to Wistron under NDA

2.0 Signal/Pin Description and Configuration (Continued)

Bit Type Description
4-3 Reserved.
2 R/W | CKOUT_SL (Clock Out Select). Selects the clock out option to the corresponding pin.
0: GPIO55 - GPIO port (default).
1: CLKOUT (see also CLKOM bit in DEVCNT on page 36) - Clocks.
1-0 Reserved.

Device Alternate Function 1 Register (DEVALT1)
Location: FF FO11h

Type: R/W
Bit 7 8 5 4 3 2 10
Name Reserved UART_SL Reserved
Reset o o o 0 0 o o 0
Bit Description
7-4 Reserved.
3 |UART_SL (CR_UART Select). Selects the CR_UART function to the corresponding pins.
0: GPIO87, GPO83 - GPIO port (default).
1: SIN_CR, SOUT_CR - CR_UART.
2-0 Reserved.

Device Alternate Function 2 Register (DEVALT2)
Location: FF FO12h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name SMB2_SL Reserved PWUR_SL| SMI_SL | CLKRN_SL LPCPD_SL Reserved
Reset 0 o o0 0 0 0 0 0
Bit Description
7 SMB2_SL (SMBus2 Select). Selects the SMB2 function to the corresponding pins. When SMB2_SL bit is set to 0,
both KBO15_SL bitand KBO14_SL bit in DEVALT7 register must be set to 1.
0: GPIO61, GPIO62 - GPIO Ports (default).
1: SCL2, SDA2 - SMB Interface.
4  |PWUR_SL (PWUREQ Select). Selects the PWUREQ function to the corresponding pins. When PWUR_SL bit is set
to 0, KBO13_SL bit in DEVALT7 register must be set to 1.
0: GPIO63 - GPIO Ports (default).
1: PWUREQ - LPC Interface.
3  SMI_SL (SMI Select). Selects the SMI function to the corresponding pins. When SMI_SL bit is set to 0, KBO12_SL
bit in DEVALTY register must be set to 1.
0: GPIO64 - GPIO Ports (default).
1: SMI - LPC Interface.
2 |CLKRN_SL (CLKRUN Select). Selects the CLKRUN function to the corresponding pin.
0: HGPIO02/GPIO11 (see also HGP02_SL bit in DEVALTS8 on page 41) - Host GPIO port or GPIO port (default).
1: CLKRUN - LPC interface.
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2.0 Signal/Pin Description and Configuration (Continued)

Bit Description
1 LPCPD_SL (LPCPD Select). Selects the LPCPD function to the corresponding pin.
0: HGPIO00/GPIO10 (see also HGPOO_SL bit in DEVALT8 on page 41) - Host GPIO port or GPIO port (default).
1: LPCPD - LPC interface.
0 Reserved.

Device Alternate Function 3 Register (DEVALT3)
Location: FF FO13h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved TB1_SL TA2_SL TA1_SL
Reset o o o o 0 0 0 0
Bit Description
7-3 | Reserved.
2 TB1_SL (TB1 Select). Selects the TB1 function to the corresponding pin.
0: GPIO14/HGPIO04 (see also HGP04_SL bit in DEVALTS8 on page 41) - GPIO port or Host GPIO port (default).
1: TB1 - Timer.
1 TA2_SL (TA2 Select). Selects the TA2 function to the corresponding pin.
0: GPIO20 - GPIO port (default).
1: TA2 - Timer.
0 TA1_SL (TA1 Select). Selects the TA1 function to the corresponding pin.
0: GPIO56 - GPIO port (default).
1: TA1-Timer.

Device Alternate Function 4 Register (DEVALT4)
Location: FF FO14h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name PS2_3 SL  PS2 2 SL Reserved DAC1_SL DACO_SL
Reset 0 0 0 0 0 0 0 0
Bit Description
7 |PS2_3_SL (PS/2 #3 Select). Selects the PS/2 interface Channel 3 function to the corresponding pins.
0: GPIO25, GPIO12 - GPIO ports (default).
1: PSCLKS3, PSDATS3 - PS/2 Interface.
6 |PS2 2_SL (PS/2 #2 Select). Selects PS/2 interface Channel 2 to the corresponding pins.
0: GPlO26-27 - GPIO ports (default).
1: PSCLK2, PSDAT2 - PS/2 interface.
5-2 | Reserved.
1 DAC1_SL (DA1 Select). Selects Digital to Analog converter output 1 to the corresponding pin.
0: GPI95 - General-Purpose Input port (default).
1: DAT1 - Digital to Analog interface.
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2.0 Signal/Pin Description and Configuration (Continued)

Bit Description

0 | DACO_SL (DAO Select). Selects Digital to Analog converter output 0 to the corresponding pin.
0: GPI94 - General-Purpose Input port (default).
1: DAO - Digital to Analog interface.

Device Alternate Function 5 Register (DEVALTS5)
Location: FF FO15h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved BPWMO_SL Reserved APWM1_SL Reserved
Reset o o 0 0 o 0 0 0
Bit Description
7-5 Reserved.
4 |BPWMO_SL (B_PWMO Select). Selects the B_PWMO function to the corresponding pin.
0: GPIO13 - GPIO Port (default).
1: B_PWMO - PWM interface. The input buffer of GPIO13 is also selected.
3-2 Reserved.
1 APWM1_SL (A_PWM1 Select). Selects the A_PWM1 function to the corresponding pin.
0: GPIO21 - GPIO Port (default).
1: A_PWM1 - PWM interface. The input buffer of GP1021 is also selected.
0 |Reserved.
Device Alternate Function 6 Register (DEVALT6)
Location: FF FO35h
Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved ADC3 SL ADC2 SL | ADC1_SL | ADCO_SL Reserved (must be ‘11°)
Reset o 0 0 0 0 0 1 1
Bit Description
7-6 | Reserved.

5 | ADC3_SL (AD3 Select). Selects Analog to Digital converter input 3 to the corresponding pin.
0: GPI93 - GPIO ports (default).
1: ADS - Analog to Digital Interface.

4 |ADC2_SL (AD2 Select). Selects Analog to Digital converter input 2 to the corresponding pin.
0: GPI92 - GPIO ports (default).
1: AD2 - Analog to Digital Interface.

3 |ADC1_SL (AD1 Select). Selects Analog to Digital converter input 1 to the corresponding pin.
0: GPI91 - GPIO ports (default).
1: AD1 - Analog to Digital Interface.

2 ' ADCO_SL (ADO Select). Selects Analog to Digital converter input 0 to the corresponding pin.
0: GPI90 - GPIO ports (default).
1: ADO - Analog to Digital Interface.

1-0 Reserved. (The bits must be ‘11’.)
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2.0 Signal/Pin Description and Configuration (Continued)

Device Alternate Function 7 Register (DEVALT7)
Location: FF FO17h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name KBO17_SL | KBO16_SL KBO15_SL KBO14_SL KBO13_SL KBO12_SL Reserved
Reset 0 0 1 1 1 1 o 0
Bit Description
7 KBO17_SL (KBSOUT17 Select). Selects the KBSOUT17 function to the corresponding pin.
0: GPIO57/HGPIO03 (see also HGP0O3_SL bit in DEVALTS8 on page 41) - GPIO port or Host GPIO port (default).
1: KBSOUT17- Keyboard scan.
6 KBO16_SL (KBSOUT16 Select). Selects the KBSOUT16 function to the corresponding pin.
0: GPIOB60 - GPIO port (default).
1: KBSOUT16- Keyboard scan.
5 KBO15_SL (KBSOUT15 Select). Selects the KBSOUT15 function to the corresponding pin. When KBO15_SL bit
is set to 0, SMB2_SL bit in DEVALT2 register must be set to 1.
0: GPIO61 - GPIO port.
1: KBSOUT15 - Keyboard Scan (default).
4  KBO14_SL (KBSOUT14 Select). Selects the KBSOUT 14 function to the corresponding pin. When KBO14_SL bit
is set to 0, SMB2_SL bit in DEVALT2 register must be set to 1.
0: GPIO62 - GPIO port.
1: KBSOUT14 - Keyboard scan (default).
3 KBO13_SL (KBSOUT13 Select). Selects the KBSOUT13 function to the corresponding pin. When KBO13_SL bit
is set to 0, PWUR_SL bit in DEVALT2 register must be set to 1.
0: GPIO63 - GPIO port.
1: KBSOUT13 - Keyboard scan (default).
2 KBO12_SL (KBSOUT12 Select). Selects the KBSOUT12 function to the corresponding pin. When KBO12_SL bit
is set to 0, SMI_SL bit in DEVALT2 register must be set to 1.
0: GPIO64 - GPIO port.
1: KBSOUT12 - Keyboard scan (default).
1-0 | Reserved.

Device Alternate Function 8 Register (DEVALTS)

Note: If two corresponding bits in DEVALT8 and DEVALT9 are set (i.e., select a Host GPIO channel), two pins are con-
nected to the same channel. In this case both pins are controlled by the output of this HGPIOxx channel. The input
of the HGPIOxx channel is connected to the pin controlled by DEVALTS register.

Location: FF FO18h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name HGPO7_SL | HGP06_SL | Reserved | HGP04_SL | HGP03_SL HGP02_SL | HGPO1_SL HGPO00_SL
Reset 0 0 0 0 0 0 0 0
Bit Description
7 |HGPO7_SL (HGPO7 Select). Selects the HGPIO07 function to the corresponding pin.
0: GPIOO07 - GPIO port (default).
1: HGPIOO07 - Host GPIO port.
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2.0 Signal/Pin Description and Configuration (Continued)

Bit Description

6 HGPO06_SL (HGPIOO06 Select). Selects the HGPIO06 function to the corresponding pin.
0: GPIOO06 - GPIO port (default).
1: HGPIOO06 - Host GPIO port.

5 Reserved.

If TB1_SL bit in DEVALT3 (page 39) is 0:
0: GPIO14 - GPIO port (default).

1: HGPIO04 - Host GPIO port.
Otherwise, HGP04_SL is ignored.

3 HGPO03_SL (HGPIOO03 Select). Selects the HGPIO03 function to the corresponding pin.
If KBO17_SL bit in DEVALT7 (page 41) is 0:
0: GPIO57 - GPIO port (default).
1: HGPIOO03 - Host GPIO port.
Otherwise, HGPO3_SL is ignored.

4 'HGPO04_SL (HGPIO04 Select). Selects the HGPIO04 function to the corresponding pin.

2 HGP02_SL (HGPIO02 Select). Selects the HGPIO02 function to the corresponding pin.
If CLKRUN_SL bit in DEVALT2 (page 38) is 0:
0: GPIO11 - GPIO port (default).
1: HGPIOO02 - Host GPIO port.
Otherwise, HGP02_SL is ignored.

1 HGPO1_SL (HGPIOO01 Select). Selects the HGPIOO01 function to the corresponding pin.
If LDRQ_SL bit in DEVALT2 (page 38) is O:
0: GPIO24 - GPIO port (default)
1: HGPIOO01 - Host GPIO port.
Otherwise, HGP0O1_SL is ignored.

0 HGPO00_SL (HGPIOO0O0 Select). Selects the HGPIOQO0 function to the corresponding pin.
If LPCPD_SL bit in DEVALT2 (page 38) is 0:
0: GPIO10 - GPIO port (default).
1: HGPIOO00 - Host GPIO port.
Otherwise, HGPOO_SL is ignored.
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2.0 Signal/Pin Description and Configuration (Continued)

Device Alternate Function 9 Register (DEVALT9)

Note: If two corresponding bits in DEVALT8 and DEVALT9 are set (i.e., select a Host GPIO channel), two pins are con-
nected to the same channel. In this case both pins are controlled by the output of this HGPIOxx channel. The input
of the HGPIOxx channel is connected to the pin controlled by DEVALTS register.

Location: FF FO19h

Type: R/W
Bit 7 | 6 | 5 4 3 | 2 1 0
Name Reserved HGP04_SL Reserved HGPO01_SL | HGP0O_SL
Reset 0 | 0 | 0 0 0 | 0 0 0

Bit Description

7-5 | Reserved.
4 'HGP04_SL (HGPIOO04 Select). Selects the HGPIO04 function to the corresponding pin.
0: GPIO16 - GPIO port (default).
1: HGPIOO04 - Host GPIO port.

3-2 | Reserved.

1 HGPO1_SL (HGPIOO01 Select). Selects the HGPOO1 function to the corresponding pin.
0: GPO84 - GPIO port (default).
1: HGPOO1- Host GPIO port.

0 HGPO00_SL (HGPIOO0O0 Select). Selects the HGPOOO function to the corresponding pin.
0: GPO82 - GPIO port (default).
1: HGPOO0O0- Host GPIO port.

GPIO Event Select 1 Register (GES1)

Some GPIO pins can be configured to generate wake-up events and interrupts. Control over the connectivity of these GPIO
pins to the MIWU is via GES1 register. To generate a MIWU event, each signal pair of GPIO inputs are multiplexed and one
of each pair is selected by the respective bit in GES1 register.

GP14_94_SL MIWU
GPIO14 Input WUIs1
wuis2 } MIWU
Inputs

Figure 1. GPIO Connectivity of GPIO14/GPI94 to MIWU

For the connection of GPIO ports to MIWU inputs, see Table 10 on page 66 in the MIWU.
Location: FF FO21h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved GP16_96 Reserved GP14.94 GP13_93 | GP12_92 | GP11_91 @ GP10_90
_SL _SL _SL _SL _SL _SL
Reset 0 0 0 0 0 0 0 0
Bit Description
7 .Reserved.
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2.0 Signal/Pin Description and Configuration (Continued)
Bit Description
6 | GP16_96_SL (GPIO16 or GPI96 Select). Selects the GPIO input to connect o the respective MIWU input.
0: GPIO16 is selected (default).
1: GPI96 is selected.
5 Reserved.
4 GP14_94_SL (GPIO14 or GPI94 Select). Selects the GPIO input to connect to the respective MIWU input.
0: GPIO14 is selected (default).
1: GPI94 is selected.
3 | GP13_93_SL (GPIO13 or GPI93 Select). Selects the GPIO input to connect to the respective MIWU input.
0: GPIO13is selected (default).
1: GPI93 is selected.
2 GP12_92_SL (GPIO12 or GPI92 Select). Selects the GPIO input to connect to the respective MIWU input.
0: GPIO12 is selected (default).
1: GPI92 is selected.
1 GP11_91_SL (GPIO11 or GPI91 Select). Selects the GPIO input to connect to the respective MIWU input.
0: GPIO11 is selected (default).
1: GPI91 is selected.
0 GP10_90_SL (GPIO10 or GPI90 Select). Selects the GPIO input to connect to the respective MIWU input.
0: GPIO10 is selected (default).
1: GPI90 is selected.
Device Pull-Up Enable 0 Register (DEVPUO)
DEVPUOQ affects the pull-up resistors on the corresponding pins only if the functions described are selected. Otherwise, the
bits of this register have no effect.
Location: FF F028h
Type: R/W
Bit 7 6 50| 4 3 1 0
Name Reserved SMB2_PUE SMB1_PUE
Reset o o o o o 0 0
Bit Description
7-2 | Reserved.
1 SMB2_PUE (SMBus2 Pull-Up). Enables the pull-up resistors of SMB2 pins.
0: SCL2, SDA2 are not pulled up (default).
1: SCL2, SDA2 are pulled up.
0 SMB1_PUE (SMBus1 Pull-Up). Enables the pull-up resistors of SMB1 pins.
0: SCL1, SDA1 are not pulled up (default).
1: SCL1, SDA1 are pulled up.
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2.0 Signal/Pin Description and Configuration (Continued)

Device Pull-Up Enable 1 Register (DEVPU1)

DEVPU1 affects the pull-up resistors on the corresponding pins only if the functions described are selected. Otherwise, the
bits of this register have no effect.

Location: FF FO029h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved SWD_PUE
Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 0

Bit Description

7-1 |Reserved.

0 | SWD_PUE (SWD Pin Pull-Up Enable). If the SensorPath function is selected, SWD_PUE enables the pull-up re-
sistors on the corresponding pin.

0: SWD pin is not pulled up (default).
1: SWD pin is pulled up.
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3.0 Power, Reset and Clocks

3.1 POWER

3.1.1 Power Planes
The WPC8763L has five power planes (wells), as shown in Table 5.
Table 5. WPC8763L Power Planes

Power Plane Description Power I_’Iane Power Pins | Ground Pins
Notation

Powers the LPC interface and host modules (except for

Vv
Host GPIO and MSWC) and some external signals.’ " ¥ o

Host Domain

Powers the core domain modules, the Shared Memory,
Core Domain | “Core Access to Host Modules”, MSWC, Host GPIO Vee VCC GND

modules and their external signals.1

Internal Powers the internal logic of all the device modules except

2
those powered by AVqc. VcorF VCORF GND

Powers the ADC and DAC modules and respective
external signals.1 Also powers some MSWC registers, the AV AVCC AGND
32.768 KHz clock/crystal oscillator signals and some other ce
storage elements.

Analog

1. See the tables in Section 2.4.1 on page 25 to Section 2.4.16 on page 31, specifically the Power Well column, for
how the WPC8763L external interface signals are assigned to various power planes.
2. VcoRr is internally generated from V¢ by an on-chip power converter.

For correct WPC8763L operation, Vo must be active when Vpp is applied. In addition, AVsc must be applied at the same
time that V¢ is applied. Protection is provided only against rise-time differences between the different power planes.

3.1.2 Power States

The WPCB8763L has the following main power states:

® Power Fail
Host domain, core domain and analog power planes are powered off (i.e., Vpp, Ve and AVgc are inactive).

® Power Active
Core domain, internal and analog power planes are powered on; host domain power plane may be on or off (i.e.,
Vee Veorr and AV are active; Vpp may be active or inactive).

Power Active state has several sub-states, depending on the domain:
— The host domain has Host Power On and Host Power Off states according to the Vpp status.
— The core domain and host-core interface have Active, Idle and Deep Idle states; see Section 4.18 on page 177.

The following power states are illegal (i.e., WPC8763L operation is not guaranteed):
® Host domain on and core domain off and/or Analog off (i.e., Vpp active and V¢ inactive and/or AV inactive).
® Core domain on and analog off (i.e., V¢ active and AV inactive) and vice-versa.
Table 6 summarizes the power states related to the WPC8763L power planes.
Table 6. WPC8763L Power States and Related Power Planes

Power State HostDomain CoreDomain Internal Analog
(Vpp) (Vee) (Veorr) = (AVcc)
Power Falil 1

Active, Idle and Deep Idle X + + +
Power Active Host Power Off - + + +
Host Power On + + + +
+ — — —
llegal® x + + -
X - - +

.~ means Off; ‘+' means On; X’ means may be on or off.
2. Operation is not guaranteed.
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3.0 Power, Reset and Clocks (Continued)

3.1.3 Power Connection and Layout Guidelines
The WPC8763L requires a power supply voltage of 3.0V-3.6V for the digital supplies (Vg and Vpp) and 3.135V-3.465V
for the analog power supply (AVcc).

For correct operation, both AV and V¢ should be applied. Although the WPC8763L is protected against damage if oper-
ated with only one supply (AV¢c or Vc), the ADC and DAC modules do not function correctly in this case and might cause
current leakage. Therefore, ADC and DAC modules should be left at their reset condition (disabled) or should be disabled
by firmware until AV is within the limits specified above. In addition, the AV is internally isolated from V¢ to allow the
AV to be externally filtered or driven by a low-noise power supply.

All WPC8763L internal logic is powered by an on-chip power converter, which generates the Vsgrg power supply from the
Ve supply. The Voore power plane is available at the VCORF pin to connect a decoupling capacitor.

Vpps Ve and Vorg Use a common ground return, named digital ground and marked GND. The analog circuits and the 32.768
KHz oscillator, powered by AV, use a separate ground return, named analog ground and marked AGND. This ensures effective
isolation of the analog modules and the 32.768 KHz oscillator from noise caused by the digital modules.

The following directives are recommended for the WPC8763L power and ground connections (see Eigure 2 for the power
supply connections):

Ground Connection
Use two ground planes, one for digital signals (GND) and one for analog signals (AGND). Make the following ground connections:

® Connect the analog ground plane (AGND) to the digital ground plane (GND) at one point only. This point should be
physically located close to the WPC8763L AGND pin.

® Connect the analog ground return pin of the WPC8763L (AGND) to the analog ground plane.

® Connect the decoupling capacitors of the analog supply (AVsc) to the analog ground plane, as close as possible to
the AGND pin.

® Connect the ground reference of the ADC module voltage input signals (Vy in Figure 2) to the AGND plane, close to
the WPC8763L.

® Connect the ground reference of the DAC module voltage output signals (Voyt in Eigure 2) to the AGND plane, close
to the WPC8763L.

® Connect all GND pins of the WPC8763L to the GND plane.

® Locate the decoupling capacitors of the core domain digital supply (Vo) pin close to each VCC-GND pin pair; con-
nect one terminal of each capacitor to the ground plane.

® Locate the filter capacitor of the on-chip power converter (Vcorg) pin close to the WPC8763L; connect one of the ca-
pacitor terminals to the ground plane.

® Locate the decoupling capacitors of the host domain digital supply (Vpp) pin close to the VDD-GND pair; connect one
terminal of each capacitor to the ground plane.

Note that low-impedance ground layers improve noise isolation and reduce ground bounce problems.

Power Connection

All WPC8763L supply pins must be connected to the appropriate power plane, and decoupling capacitors must be used as
recommended below.

Connect the analog supply pin (AV¢c) to a low-noise, 3.3V power supply. If the AVCC pin is connected to the same power
supply as the VCC pin, it is recommended to use an external L-C or R-C filter for the AVCC pin. Figure 2 shows an example
of an L-C filter [Ly and (C1+Cy)].

Decoupling and Filter Capacitors

Use the following capacitors to reduce power supply glitches, ground bounce and EMI (see Figure 2 for the position of ca-
pacitors, e.g., C1, C2, etc.):

® Core domain digital supply (Vcc): Place one 0.1 uF capacitor (C3) as close as possible to each VCC-GND pin pair.
Also, place one 10-47 pF C4 tantalum/ceramic capacitor on the common net, as close as possible to the chip.

® On-chip power converter (Voorr): Place one 1 uF ceramic capacitor (C8) as close as possible to the VCORF pin.

® Host digital supply (Vpp): Place one 0.1 pF capacitor (C5) as close as possible to the VDD-GND pin pair. Also, place
one 10-47 pF tantalum/ceramic capacitor (C6) on the common net, as close as possible to the chip.

® Analog supply (AVcc): Place one 0.1 pF capacitor (C2) and one 10-47 pF tantalum/ceramic capacitor (C1) as close
as possible to the AVCC pin.
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3.0 Power, Reset and Clocks (Continued)

Ana|og Standby Main
Power ? (Optional) } Digital Digital
RV S gy & Power Power
(3.3V) (3.3V)
V|N J Dlglta'
¥ ADn Input
AV WPC8763L
<+> DAn DV|N
= +
80 VDD S (—)
ZL
H VCORF 3
AVCC VcC C4 |cs cs +| C6
AGND GND oo 1 T0.1 ™
7 / ) . 7 §ii

Analog Ground Plane Digital Ground Plane

Figure 2. WPC8763L Power Supply Connection

3.2 RESET SOURCES AND TYPES

The WPC8763L has several input reset types. They are divided in two groups: resets for the core domain and resets for the
host domain.

Reset Types for the Core Domain

® V¢ Power-Up reset
Activated when the V¢ supply is powered up. Note that for correct operation of the chip, AV¢ must also be powered up.
® VCC_POR Input reset
Activated by a low level at the VCC_POR pin except while the VCC_POR signal is active, as a result of a V¢ Power-Up
reset.
® Watchdog Cold reset
Activated when a Watchdog Cold condition is detected by the TWD module; see Section 4.11 on page 133.
® Debugger Cold reset
Activated via a SYSRST_ON (JTAG) command by the Debugger Interface module (see Section 4.20 on page 187) if
DBGRST_MODE bit in RSTCTL register is set to 0; see page 37.
® Debugger Warm reset
Activated also via a SYSRST_ON (JTAG) command, but when DBGRST_MODE bit in RSTCTL register is set to 1.
® Watchdog Warm reset
Activated when a Watchdog Warm condition is detected by the TWD module; see Section 4.11 on page 133.

The Core Domain reset generic group covers the following resets: V¢ Power-Up reset, VCC_POR Input reset, Watchdog
Cold reset and Debugger Cold reset.

Reset Types for the Host Domain

® Vpp Power-Up reset
Activated when the Vpp supply is powered up.

® Host Hardware reset
Activated when LRESET input is asserted.

Unless otherwise noted, reset references throughout the WPC8763L modules default to the following types:
® For core domain functions and host-core interface functions: all reset types for the core domain, described above.
® For host domain functions: all the reset types for host domain described above.

The following sections detail the sources and effects of the various resets on the WPC8763L, per reset type.
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3.0 Power, Reset and Clocks (Continued)

3.2.1 Ve Power-Up Reset

V¢ Power-Up reset is generated by an internal circuit. The WPC8763L performs a V¢ Power-Up reset when V¢ power
is detected as “good” (i.e., V¢ is above Vcon;see Section 8.1.5 on page 279). Note that AV¢ power must be applied to-
gether with V¢ power to the WPC8763L.

V¢ Power-Up reset timing is described in “Core Domain Reset” on page 288.
If the host processor accesses the WPC8763L during internal reset time, the result is:

® The host is stalled (by WPC8763L driving a “Long WAIT” SYNC response on the LPC bus) until after the reset pro-
cess is completed (i.e., after the HOSTWAIT bit in SMC_CTL register is set to 0) and the transaction can be an-
swered by WPC8763L.

® |f HRAPU bit in MSWCTLS register is set to 1, the host is reset by WPC8763L asserting KBRST until the internal re-
set is completed.

On V¢ Power-Up reset, the WPC8763L performs the following:
® Enables the 32.768 KHz crystal oscillator.

® Drives a low level at the VCC_POR output.

® Loads default values to all host-controlled registers.

® Performs all actions done by a VCC_POR Input reset.

3.2.2 VCC_POR Input Reset

VCC_POR Input reset is generated by an externally generated low level at the VCC_POR pin. The occurrence of a
VCC_POR Input reset is indicated by the VCC_POR_STS bit set to 1 in RSTCTL register; see page 37.

VCC_POR Input reset timing is described in “Core Domain Reset” on page 288. The WPC8763L response to a host proces-
sor access during the internal reset time is the same as for Vo Power-Up reset.

On VCC_POR Input reset, the WPC8763L performs the following:

Puts pins with strap options into TRI-STATE mode and enables the internal pull-up/down resistors on the strap pins.
Samples the values of the strap pins.

Sets the High-Frequency Clock Generator (HFCG) to its default frequency.

Resets the TAP controller of the Debugger Interface module.

Loads default values to all the host-controlled registers retained by V¢c.
Performs all actions done by a Watchdog Cold reset.

3.2.3 Watchdog Cold Reset and Debugger Cold Reset

Watchdog Cold reset is generated by the TWD module on detection of a Watchdog Cold condition. The occurrence of a
Watchdog Cold reset is indicated by the WDRST_STS bit set to 1 in TOCSR register if WDRST_MODE bit in TWCFG register
is set to 0; see Section 4.11.3 on page 135.

Debugger Cold reset is generated by the Debugger Interface module on receipt of a SYSRST_ON, JTAG command, if
DBGRST_MODE bit in RSTCTL register is set to 0. The occurrence of a Debugger Cold reset is indicated by the
DBGRST_STS bit set to 1 in RSTCTL register, if DBGRST_MODE bit in RSTCTL register is set to 0; see RSTCTL register

on page 37.
The WPC8763L response to a host processor access during the internal reset time is the same as for Vc Power-Up reset.

On Watchdog Cold reset or Debugger Cold reset, the WPC8763L performs the following:
® Loads default values to all core-controlled registers.
® Performs all the actions done by a Watchdog Warm reset or Debugger Warm reset.

3.2.4 Watchdog Warm Reset and Debugger Warm Reset

Watchdog Warm reset is generated by the TWD module on detection of a Watchdog Warm condition. The occurrence of a
Watchdog Warm reset is indicated by the WDRST_STS bit set to 1 in TOCSR register, if WDRST_MODE bit in TWCFG reg-
ister is set to 1; see Section 4.11.3 on page 135.

Debugger Warm reset is generated by the Debugger Interface module on receipt of a SYSRST_ON, JTAG command, if
DBGRST_MODE bit in RSTCTL register is set to 1. The occurrence of a Debugger Warm reset is indicated by the
DBGRST_STS bit set to 1 in RSTCTL register, if DBGRST_MODE bit in RSTCTL register is set to 1; see RSTCTL register
on page 37.

On Watchdog Warm reset or Debugger Warm reset, the WPC8763L resets the core and the status registers in the Debugger Inter-
face module. It also resets the PMC module to Active mode.
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3.0 Power, Reset and Clocks (Continued)

3.2.5 Vpp Power-Up Reset

Vpp Power-Up reset is generated by an internal circuit. The WPC8763L performs a Vpp Power-Up reset when V¢ power
is detected as “good” (i.e., Vpp is above Vppon; see Section 8.1.5 on page 279). Vpp Power-Up reset timing is described
in “‘Host Domain Reset” on page 289.

On Vpp Power-Up reset, the WPC8763L performs the following action:
® Performs all the actions done by a Host Hardware reset.

3.2.6 Host Hardware Reset

Host Hardware reset is generated by a low level at the LRESET pin. Host Hardware reset timing is described in ‘Host Domain
Reset” on page 289. LRESET assertion generates a Host Hardware reset, regardless of the state of the LPCPD signal (i.e.,
the reset is generated also when the LPC interface is powered down).

Important Note: Every time a Core Domain reset is asserted, LRESET must be asserted too. LRESET must remain as-
serted until the internal reset (as specified in “Core Domain Reset” on page 288) is deasserted.
This requirement is inherently met if the Vpp power supply is controlled by the WPC8763L. Otherwise,
after Core Domain reset is deasserted, LRESET must remain asserted for at least tgstpy1 (see “Core
Domain Reset” on page 288).

On Host Hardware reset, the WPC8763L performs the following:
® Loads default values to all the host-controlled registers retained by Vpp.

® Loads default values to the Host GPIO registers retained by V¢ if the respective VDDLOAD bit in their GPCFG2
configuration register is set to 1.

3.2.7 VCC_POR Generation

The VCC_POR signal (external Vcc Power-Up reset) is an open-drain I/O pin. It is internally pulled low when the WPC8763L
powers up for a period of tporyy (See “Core Domain Reset” on page 288) after Vg rises above Vcon level; see Section 8.1.5
on page 279. Then, the pin is floated. An external pull-up resistor is required to pull the VCC_POR pin high.

VCC_POR pin is also pulled low for tporyw When a Watchdog Cold reset is generated by the TWD module, if the WDC2POR
bit in TWCFG register (see Section 4.11.3 on page 135) is set to 1.

In addition, the VCC_POR signal is used internally to reset the WPC8763L. Pulling this pin low, externally, resets the core
and its modules; see Section 3.2.2 on page 49. The occurrence of a VCC_POR Input reset is indicated by the
VCC_POR_STS bit in RSTCTL register; see page 36 (System Configuration chapter).

3.3 CLOCK DOMAINS
The WPC8763L has three clock domains, as shown in Table 7.
Table 7. WPC8763L Clock Domains

Clock Domain Frequency Source Usage
. Core domain modules, Shared Memory,
See Section 4.19 q ) » ’
Core (CLK, FCLK, FMCLK) on page 181 HFCG Core Access to Host Modules” and
on page 1ol MSWC
LPC (LCLK) 0 or 33 MHz LPC clock input | LPC Bus interface
32K (LFCLK) 30768 KHz Clock ?Sr;Lilltlacl)t:)(r)1n-ch|p HFCG, TWD, PMC, MSWC

1. See Section 3.3.1.

Core Clock Domain

The core clock domain is sourced by the HFCG. On V¢ Power-Up reset and VCC_POR Input reset, the HFCG is set to
generate a core clock (CLK) frequency of 6.67 MHz. The core clock frequency, as well as the frequency of the other clock
domain signals (FMCLK, FCLK), can be modified by the firmware; see Section 4.19 on page 181.

LPC Clock Domain

The LPC interface is driven by the LCLK input. LCLK frequency can be 0 or 33 MHz. The CLKRUN signal may be used as
part of the power management mechanism that stops the LPC clock; see “CLKRUN Functionality” on page 253.
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3.0 Power, Reset and Clocks (Continued)

32K Clock Domain

The 32K clock domain (LFCLK) is the reference for the generation of other clocks in the WPC8763L. LFCLK is used as a
reference clock for the HFCG generator and as an “always-running” clock (LFCLK is running in Deep Idle) in TWD, PMC
and MSWC.

3.3.1 32 KHz Clock Domain Generation
The WPC8763L uses a 32.768 KHz clock signal as the basic clock for the generation of the other internal clocks. The
32.768 KHz clock is generated either by the internal oscillator circuit or by an external oscillator.

Internal Oscillator

The internal oscillator employs an external crystal connected to the on-chip amplifier. The on-chip amplifier is accessible on
the 32KX1 input pin and the 32KX2 output pin. See Figure 3 for the recommended external circuit and Table 8 for a listing
of the circuit components. The oscillator is disabled if the AVc supply is below the minimum values specified in
Section 8.1.1 on page 278.

AVCC
4 To device
4|>°—'—’ modules
Internal
AGND . o . External
32KX1/ N\ 32KX2
32KCLKIN R4 S
Ry~
] .
——cCc1 v ——C2

% AGND 4
Figure 3. Recommended Oscillator External Circuitry

Table 8. Crystal Oscillator Circuit Components

Component Parameters Values Tolerance
Crystal Resonance Frequency | 32.768 KHz Parallel Mode User defined
Type N-Cut or XY-bar
Drive Level 0.5 uW Max
Serial Resistance 40 KQ Max
Quality Factor, Q 35000 Min
Shunt Capacitance 2 pF Max
Load Capacitance, C|_ 9-13 pF
Temperature Coefficient User defined
Resistor R4 Resistance 20 MQ 5%
Resistor R, | Resistance 33 KQ 5%
Capacitor C; | Capacitance 5.6 pF - 6.8 pF 10% - 20%
Capacitor C, |Capacitance 5.6 pF - 6.8 pF 10% - 20%

External Elements

Choose C1 and C2 capacitors (see Figure 3) to match the crystal’s load capacitance. The load capacitance C|_ “seen” by
crystal Y is comprised of C, in series with C, and in parallel with the parasitic capacitance of the circuit. The parasitic capac-
itance is caused by the chip package, board layout and socket (if any), and can vary from 0 to 8 pF. The rule of thumb for
choosing these capacitors is:

CL=(C1 " Cp)/(Cq + Cyp) + CpapasiTic
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3.0 Power, Reset and Clocks (Continued)

To provide an accurate 32.768 KHz frequency, the value of C; and C, capacitors may vary (within the range defined in
Table 8) according to the specific board implementation. See the TBD Application Note for details on how to select the ca-
pacitors’ value and how to lay out the PCB.

Oscillator Start-Up

The oscillator starts to generate 32.768 KHz pulses after approximately t3oxya. from when AV is turned on; see “Low-
Frequency Clock Timing” on page 290.

C, can be trimmed to achieve precisely 32.768 KHz. For high accuracy, use crystal and capacitors with low tolerance and
temperature coefficients.

External Oscillator

32.768 KHz can be applied from an external clock source, as shown in Figure 4.

AVCG To device

. » modules

| 0.1 uF Internal

N 32KCLKIN/ | 32Kx2 External

32KX1
NC
POWER  Clock Generator

0.4 pF
AGND | "

Figure 4. External Oscillator Connections

Connections
Connect the clock to the 32KCLKIN pin, leaving the oscillator output, 32KX2, unconnected.

Signal Parameters

The signal levels should conform to the voltage level requirements for 32KCLKIN/32KX1 stated in Section 8.2.3 on
page 280. The signal should have a duty cycle of approximately 50%.
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3.0 Power, Reset and Clocks (Continued)

3.4 TESTABILITY SUPPORT

The WPC8763L supports two testing techniques:
® |n-Circuit Testing (ICT)
® XOR-Tree Testing
Table 9 shows the strap values required to select each Test mode.
Table 9. Test Mode Selection

Test Mode TRIS BADDR1 = BADDRO
No Test mode selected 1 Other than 00
XOR Tree 1 0 0
ICT 0 1 1
Reserved exclusively for Winbond use 0 Other than 11

341 ICT

The In-Circuit Testing (ICT) technique, also known as “bed-of-nails”, injects logic patterns to the input pins of the devices
mounted on the tested board. It then checks their outputs for the correct logic levels.

The WPC8763L supports this testing technique by floating (TRI-STATE mode) all the device pins. This prevents back-driving
the WPCB8763L pins by the ICT tester when a device normally controlled by WPC8763L is tested (device inputs are driven
by the ICT tester).

To enter TRI-STATE mode, the TRIS pin must be pulled down (by a 10 KQ resistor to GND), the BADDRO and BADDR1
pins must be left unconnected (they are internally pulled to Vgg). The straps are sampled by a V¢ Power-Up reset or
VCC_POR Input reset. When the internal reset (see “Core Domain Reset” on page 288) is completed, all the device output
and 1/O pins are floated (TRI-STATE mode). Exceptions to this are: power supply pins (AVCC, VCC, VDD, VCORF, Re-
served pin 80, AGND, GND), the ADC reference pin (VREF), the VCC_POR pin and the 32KX2 pin, which do not float in
TRI-STATE mode.

3.4.2 XOR-Tree Testing

The WPC8763L device mounted on the board can be tested using the XOR-Tree technique. This test also checks the correct
connection of the device pins to the board.

To enter XOR-Tree mode, BADDRO and BADDR1 pins must be pulled down (by a 10 KQ resistor to GND) and the TRIS pin
must be left unconnected (it is internally pulled to V). The straps are sampled by a V¢ Power-Up reset or VCC_POR Input
reset. When the internal reset (see “Core Domain Reset” on page 288) is completed, the device pins (including BADDRO-1
and TRIS pins) are connected in a XOR-Tree configuration and are isolated from the internal WPC8763L functions.

In XOR-Tree mode, all WPC8763L device pins included in the XOR-Tree chain are configured as inputs except the last pin
in the tree, which is the XOR_OUT output. The buffer type of the input pins included in the XOR tree is the type of the default
signal for the respective pin, except for the following pins, which have INpg, buffer type: LDRQ/GP1024/HGPIO01, CLK-
RUN/GPIO11/HGPIO02, LPCPD/GPIO10/HGPIO00.

The input pins are chained through XOR gates, as shown in Figure 5. The power supply pins (AVCC, VCC, VDD, VCORF,
Reserved pin 80, AGND, GND), ADC input pins (AD0-AD3), ADC reference pin (VREF), DAC output pins (DA0-DA1), GPI196-
97 pins, VCC_POR pin and crystal oscillator pins (32KX1, 32KX2) are excluded from the XOR tree. In XOR-Tree mode, all
pins in the XOR tree have their internal pull-down resistors enabled, with the following exceptions:

® KBSINO-KBSIN7 pins, which have internal pull-up resistors enabled.

® | CLK, LRESET, LFRAME pins, which are floating (i.e., they do not have an internal pulling resistor).

The enabling of the internal pulling resistors allows the pins that are not used to be left unconnected during XOR-Tree testing
without affecting XOR-Tree functionality.

The XOR-tree chain starts with pin 36 (see Figure 5), continues with pins 37 (the next pin in ascending order) through 128,
goes to pin 1, and ends with XOR_OUT pin (35).
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Vsue
A A A ~— ) ;
XOR_OUT.
Start of Chain % End of Chain

X X X

Pin 36 Pin 37 Pin 128 Pin 1 Pin 34 Pin 35
Figure 5. XOR-Tree Chain (Simplified Diagram)

The maximum propagation delay through the XOR tree, from the start of the chain to the end of the chain (XOR_OUT), is
125 ns (not tested; based on design simulation).
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Features:

4.0 Embedded Controller Modules

4.1 FLASH INTERFACE UNIT (FIU)

4.1.1 Overview

The FIU interfaces between the core bus and the external flash memory. It supports SPI interface flash devices with up to
4 Mbytes of memory. The FIU maps the flash memory into the core address space and provides a write protection mechanism.

Shared
Memory
Interface

?

Core Bus

Core
Processor

Debugger
Interface
(SDI+)

?

?

® SPI-Based External Memory
— Interfaces with SPI memory up to 32 Mbits
— Interfaces with one SPI device
— Configurable, maximum block size:
— Read:1 byte or 16 bytes

— Write:1 byte or 4 bytes

— Page programing support
— Configurable SPI interface clock rate: 8 MHz to 50 MHz
— Configurable SPI Fast Read mode with fast clock rate up to 50 MHz
® Memory Access Protection
— Three configurable memory write windows
— Protects the lowest 128 Kbytes of flash memory (Core Boot Block area)

4.1.2 FIU Core Bus Interface

The transactions on the core bus are initiated by one of the following:
— Core
— Shared Memory module
— Debugger interface (SDI+ module)

Figure 6. FIU System Block Diagram

v

FIU

I SPI

External
Flash
Memory

Flash Base Address. See the memory map in Table 1 on page 19.

Core Bus Transactions. The size of a core-to-flash write transaction should not exceed the burst length, as configured by
W_BURST field; otherwise, the transaction is ignored. During the execution of a write access, the flash interface is busy and
therefore stalls any new flash read or write transaction. During a read, the core bus may use a byte, word or double-word
read transaction regardless of the burst size value configured by R_BURST field in BURST_CFG register.

Unsupported Flash Address. The FIU supports flash devices ranging from 128 Kbytes to 4 Mbytes in steps of 128 Kbytes,
the configuration of the flash size is done via FL_SIZE_P1 field in FIU_CFG register. In the WPC8763L the size of the core
address space allocated for the flash memory is 4 Mbytes. If the flash device is smaller than 4 Mbytes, only part of the flash
allocated memory space is in use (i.e., supported). The FIU ignores any access to unsupported addresses and, if IAD_EN
bit in RESP_CFG register is set to 1, an IAD trap is generated by the FIU.
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4.0 Embedded Controller Modules (Continued)

4.1.3 SPI Flash Interface

Flash Configuration. The FIU supports SPI flash devices with a total size ranging from 128 Kbytes to 4 Mbytes. Total flash
size can be any multiple of 128 Kbytes within this range. FL_SIZE_P1 field in FIU_CFG register and DEV_SIZE field in
SPI_FL_CFG register control the flash size as follows:

— The device must be connected to F_CSO0.
— The total flash size, defined by FL_SIZE_P1, must be < the device size, defined by DEV_SIZE.
After reset, the Booter, running from internal ROM, detects the actual size of the flash device(s). To do this, the Booter reads

the size of the flash from the Header area, located at the bottom of the flash, and updates FL_SIZE_P1 field in FIU_CFG
register, FL_DEV bit and DEV_SIZE field in SPI_FL_CFG register.

Note: If the flash is not programed, the Booter must receive the flash size from the Flash Loader via the debugger interface.

Address Translation. The SPI Flash Interface block translates the core address to an SPI address, as shown in Figure 7.

FlU, Core FlU, SPI
Address Space Address Space
FFFFFFh 16 Mbytes FF FFFFh
________ A
4 Mbytes
- Flash
T~ - Device
Flash h A
Size
F_CSO
Flash |Device
Flash Base Header v\ v Size | Size
Address -
00 0000h o0oooonl__Header |v v 00 0000h

Figure 7. Address Translation

Flash Transactions. The SPI burst length is limited according to the number of bytes defined either in R_BURST or
W_BURST fields in BURST_CFG register, or by the number of bytes in the read/write core transaction, if the latter is shorter.
To enhance performance it is recommended to set R_BURST so that a minimum number of separate transactions will be
generated on the FIU interface. To do this, set R_BURST and W_BURST to the maximum read/write burst length supported
by the flash device.

Read Access. Normal read transaction is selected when the F_READ bit in SPI_FL_CFG register is set to 0. Fast read is
selected when the F_READ bit is set to 1.

User Mode Access (UMA). UMA allows the execution of special SPI transactions, such as write control, status read,
sector/block/chip erase and chip ID read, in addition to the standard SPI transactions (write, read and fast read). It provides
flash access by using an indirect address/data mechanism. In this mode no protection is supported.

UMA contains the following registers:

® Transaction Code register (UMA_CODE): contains the command code (i.e., for flash device commands) for the SPI
transaction.

® Address registers (UMA_AB2-0): hold address bits 23-0 of the SPI transaction (UMA_AB2 holds the MSByte).

® Data registers (UMA_DB3-0): hold up to four data bytes of the SPI transaction; the data byte in UMA_DBO holds the
LSB.

® Control/Status register (UMA_CTS): contains various control, configuration and status fields.
® Extended Control/Status register (UMA_ECTS): contains the software control bits for flash device selection.

UMA read transactions ignore the setting of F_READ bit in SPI_FL_CFG register. Instead, a UMA fast read is performed
when the UMA_CODE register value is 0Bh and RD_WR bit in UMA_CTS register is 0.
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4.0 Embedded Controller Modules (Continued)

UMA write transactions may contain more than four data bytes. To perform extended transactions, the first UMA write trans-
action must contain the valid code, address bytes and optional data bytes; the next transactions must contain only data bytes
(UMA_CODE and UMA_AB2-0 registers are also interpreted as data bytes). These data bytes are sent via F_SDO in the
following order: UMA_CODE, UMA_AB2, UMA_AB1, UMA_ABO, UMA_DBO, UMA_DB1, UMA_DB2, UMA_DB3. The
SW_CSO0 bit in UMA_ECTS register must be set to 0 before the first transaction and it must be returned to 1 after the last
transaction. Only write transactions can be performed using this feature; performing read transactions might cause unpre-
dictable behavior.

Flash transactions should not be performed concurrently with UMA transactions. Therefore, flash transactions initiated by
the core (such as instruction fetch), Shared Memory or Debugger Interface, must be disabled before the execution of a UMA
transaction and can be re-enabled after the UMA transaction is completed.

4.1.4 Access Protection

Access to a Write-Protected Flash Address. The FIU provides two protection mechanisms against inadvertent flash pro-
graming (write access to the flash):

® Core Firmware Boot Block (CFBB) protection

® Bulk flash protection

To provide protection for the CFBB, the lower 128 Kbytes of the flash is divided into eight 16-Kbyte blocks; see Figure 8 on
page 57. Each block is protected by the respective bit (CFB_P7-0) in CFBB_PROT register.

Bulk flash protection is based on the following:

® The 4 Mbytes allocated for the flash is write protected by default.

® Write access to the flash is allowed only within a programmable write window.

The FIU supports up to three independent write windows. Each write window has programmable low and high limits (see
Figure 8 on page 57), which are programed via the FWINn_LOW and FWINn_HIGH registers (where n=1, 2 or 3). Any write

window may be set to any address on a boundary of 4 Kbytes, and its size may vary from 4 Kbytes to 4 Mbytes. When either
WIN_LOW or WIN_HIGH is set to 000h, the respective write window is disabled.

To write into any flash address, the address must be within at least one write window; otherwise, the FIU ignores the write
access. Also, in the CFBB area (the lower 128 Kbytes of the flash address space), a write access must be within an enabled
write window and the protection bit for the corresponding CFBB block must be set to 0 (i.e., the block is not protected).

When NMI_EN bit in RESP_CFG register is set to 1, write access to a protected address generates an NMI to the ICU and
sets (1) the PROT_ACC status bit in NMISTAT register.

Core Address Space Flash Address Space
FF FFFFh 16 Mbytes _ 4 Mbytes
_ - R e — N
R b 4 _ - A
- __ — 7 WIN_HIGH
A [~ ~"~"~-~—-~- B - Write
- Window
7 WIN_LOW v Size
Flash
4 Mbytes Block 7 & Size
Flash Block 6
Size Block 5
Block 4 {128
Block 3 |Kbytes
FI:a'sh Base - Block 2
Address T — Block 1
T 16 Kbytes Block 0 w v
00 0000h

Figure 8. Flash Access Protection

Revision 1.0 57 www.winbond.com

1€9280dM



WPC8763L

Winbond Confidential - Provided to Wistron under NDA

as follows:

4.1.6 FIU Registers

Register Map

41,5 Low Power Support

4.0 Embedded Controller Modules (Continued)

Access Protection Locking. To prevent inadvertent changes of the protection settings, a lock mechanism is implemented,

® FL_SIZE_P1 field in the FIU_CFG register is protected by setting FL_PRM_LK bit in PROT_LOCK register to 1.
® CFB_P7-0 bits in CFBB_PROT register are locked when they are set to 1.

® Each set of FWINn_LOW and FWINn_HIGH registers is locked by setting the respective FWINn_LK bit in
PROT_LOCK register to 1.

® All the lock bits above are cleared either by Core Domain reset or by writing an “unlock” data sequence to the
PROT_CLEAR register; see “PROT_CLEAR Register’ on page 62.

The FIU supports low power operation by controlling the clock signal generated by the flash interface.
The F_SCK signal toggles only during transactions (i.e., it is low when the bus is idle).

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20.

All FIU registers are powered by V¢ and are reset by Core Domain reset.

Location Mnemonic Register Name Size Type
FF 0000h FIU_CFG FIU Configuration Byte R/W or RO
FF 0001h BURST_CFG Burst Configuration Byte R/W
FF 0002h RESP_CFG FIU Response Configuration Byte R/W
FF 0003h CFBB_PROT Core Firmware Boot Block Protection Byte R/W1S
FF 0004h FWIN1_LOW Flash Access Window 1, Low Limit Word R/W or RO
FF 0006h FWIN1_HIGH Flash Access Window 1, High Limit Word R/W or RO
FF 0008h FWIN2_LOW Flash Access Window 2, Low Limit Word R/W or RO
FF 000Ah FWIN2_HIGH .Flash Access Window 2, High Limit Word R/W or RO
FF 000Ch FWIN3_LOW Flash Access Window 3, Low Limit Word R/W or RO
FF O00Eh FWIN3_HIGH Flash Access Window 3, High Limit Word R/W or RO
FF 0010h PROT_LOCK Protection Lock Byte R/W1S
FF 0011h PROT_CLEAR  Protection and Lock Clear Byte WO
FF 0012h-FF 0013h Reserved
FF 0014h SPI_FL_CFG SPI Flash Configuration Byte R/W or RO
FF 0015h Reserved
FF 0016h UMA_CODE UMA Code Byte Byte R/W
FF 0017h UMA_ABO UMA Address Byte 0 Byte R/W
FF 0018h UMA_AB1 UMA Address Byte 1 Byte R/W
FF 0019h UMA_AB2 UMA Address Byte 2 Byte R/W
FF 001Ah UMA_DBO UMA Data Byte 0 Byte R/W
FF 001Bh UMA_DBH1 UMA Data Byte 1 Byte R/W
FF 001Ch UMA_DB2 UMA Data Byte 2 Byte R/W
FF 001Dh UMA_DB3 UMA Data Byte 3 Byte R/W
FF 001Eh UMA_CTS UMA Control and Status Byte R/W
FF 001Fh UMA_ECTS UMA Extended Control and Status Byte R/W

www.winbond.com

58

Revision 1.0



Winbond Confidential - Provided to Wistron under NDA

FIU Configuration Register (FIU_CFG)
Location: FF 0000h

4.0 Embedded Controller Modules (Continued)

Type: R/W or RO
Bit 7 6 5 4 3 2 1 | 0
Name Reserved FL_SIZE_P1
Reset o 0 1 | o o o o 1
Bit Type Description
7-6 Reserved.
5-0 | R/W or FL_SIZE_P1 (Flash Size Plus 1). Selects the size of the connected flash. Updated by the Booter from
RO |the flash after reset.
FL_SIZE_P1 = (Number of 128 Kbyte blocks contained by the flash) + 1.
Valid values for FL_SIZE_P1 range from 02h to 21h (default); all other values are reserved.

Burst Configuration Register (BURST_CFG)
Location: FF 0001h

Type: R/W

Bit 7 6 5 4 3 2 1 0
Name Reserved W_BURST Reserved R_BURST
Reset o 0 o 0 o 0 o 0

Bit Type Description

7-6 Reserved.

5-4 R/W |W_BURST (Flash Write Burst). Sets the maximum length of a legal write burst. This value must be set
according to the specification of the flash connected to the WPC8763L. E.g., if a core bus word transaction
is initiated while W_BURST = 0 or if a double-word transaction is initiated while W_BURST < 2, the FIU
ignores the transaction. The value of this field is updated by the Booter from the flash after reset.

Bits

5 4  Write Burst Size
0 0: 1 byte (default).

1 0: 4 bytes.

Other: Reserved.

3-2 Reserved.

1-0 R/W |R_BURST (Flash Read Burst). Sets the maximum length of a legal read burst. This value must be set
according to the specification of the flash connected to the WPC8763L.The value of this field is updated
by the Booter from the flash after reset.

Bits

10 Read Burst Size
0 0: 1 byte (default).

1 1: 16 bytes.

Other: Reserved.
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4.0 Embedded Controller Modules (Continued)

FIU Response Configuration Register (RESP_CFG)
Location: FF 0002h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved NMI_EN IAD_EN
Reset o o o o o 0 0 0
Bit Type Description
7-2 Reserved.
1 R/W 'NMI_EN (NMI Generation Enable). When set to 1, core bus access to a write-protected flash address
generates an NMI to the ICU.
0: Disabled (default).
1: Enabled.
0 R/W IAD_EN (IAD Trap Generation Enable). When set to 1, core bus access to unsupported flash address
generates an IAD Trap to the core.
0: Disabled (default).
1: Enabled.

Core Firmware Boot Block Protection Register (CFBB_PROT)

CFBB_PROT protects the lower 128 Kbytes of flash address space (CFBB). It divides the address range into eight 16 Kbyte
memory blocks; see Figure 8 on page 57. Bit O protects the first memory block, bit 1 protects the next memory block, and so on.

Location: FF 0003h

Type: R/W1S
Bit 7 6 5 4 3 2 1 0
Name CFB_P7 CFB_P6 CFB_P5 CFB_P4 CFB_P3 CFB_P2 CFB_P1 CFB_PO
Reset 0 0 0 0 0 0 0 0
Bit Type Description
7-0 | R'W1S | CFB_P7-0 (Core Firmware Boot Block 7-0 Protect). Each bit write protects the respective CFBB block.
Once set to 1, those bits can be cleared to 0 by reset or by writing the open lock sequence to the
PROT_CLEAR register; see page 62.
0: Writing into the respective CFBB block is enabled (default).
1: Writing into the respective CFBB is disabled.

www.winbond.com

60

Revision 1.0



Winbond Confidential - Provided to Wistron under NDA

4.0 Embedded Controller Modules (Continued)

Flash Access Window 3-1, Low Limit Registers (FWIN3-1_LOW)

FWIN3-1_LOW selects the lower limit of flash access Windows 3-1. It can be set anywhere within the area allocated for the
flash in the core address space; see Figure 8 on page 57.

Location: FWIN1_LOW: FF 0004h; FWIN2_LOW: FF 0008h; FWIN3_LOW: FF 000Ch

Type: R/W or RO
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name Res. WIN_LOW Reserved
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FWIN2-1_LOW
Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
FWIN3_LOW
Bit Type Description
15 Reserved.
14-4 | R/W or | WIN_LOW (Window Low Limit). Selects the low limit address of the write access window. Setting either
RO |WIN_LOW or WIN_HIGH field to 000h disables the window.
WIN_LOW = (Lower limit for window address) / 4 Kbytes.
000h: Window is disabled (default).
020h - 420h: Valid values for WIN_LOW.
Other: Reserved.
3-0 Reserved.

Flash Access Window 3-1, High Limit Register (FWIN3-1_HIGH)

FWIN3-1_HIGH selects the upper limit of flash access Windows 3-1. It can be set anywhere within the area allocated for the
flash in the core address space; see Figure 8 on page 57.

Location: FWIN1_HIGH: FF 0006h; FWIN2_HIGH: FF 000Ah; FWIN3_HIGH: FF 000Eh

Type: R/W or RO
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name Res. WIN_HIGH Reserved
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FWIN2-1_HIGH
Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
FWIN3_HIGH
Bit Type Description
15 Reserved.
14-4 R/W or WIN_HIGH (Window High Limit). Selects the high limit address of the write access window. Setting
RO  either WIN_LOW or WIN_HIGH field to 000h disables the window.
WIN_HIGH = (Upper limit for window address) / 4 Kbytes + 1.
000h: Window is disabled (default).
020h - 420h: Valid values for WIN_HIGH (see Note).
Other: Reserved.
Note: The value of WIN_HIGH must be higher than the value of WIN_LOW; otherwise, the device
might cause unpredictable results.
3-0 Reserved.
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4.0 Embedded Controller Modules (Continued)

Protection Lock Register (PROT_LOCK)
Location: FF 0010h

Type: R/W1S
Bit 7 6 5 4 3 2 1 0
Name Reserved FL_PRM_LK Reserved FWIN3_LK FWIN2_LK FWIN1_LK
Reset 0 0 0 0 0 0 0 0
Bit Type Description
7-5 Reserved.
4 R/W1S FL_PRM_LK (Flash Parameter Lock). When set to 1, locks itself and the following: FL_SIZE_P1 field in
FIU_CFG register and all bits of SPI_FL_CFG register. Once set to 1, this bit can be cleared to 0 by
reset or by writing the open lock sequence to the PROT_CLEAR register; see page 62.
0: Flash parameters can be changed (default).
1: Flash parameters and FL_PRM_LK bit are locked.
3 Reserved.
2 R/W1S FWIN3_LK (Flash Access Window 3 Limits, Lock). When set to 1, locks itself and the contents of the
FWIN3_LOW and FWIN3_HIGH registers. Once set to 1, it can be cleared to 0 by reset or by writing the
open lock sequence to the PROT_CLEAR register; see page 62.
0: FWIN3_LOW and FWIN3_HIGH registers are R/W (default).
1: FWIN3_LOW and FWIN3_HIGH registers and FWIN3_LK bit are read-only.
1 R/W1S FWIN2_LK (Flash Access Window 2 Limits, Lock). Same as FWIN3_LK bit for FWIN2_LOW and
FWIN2_HIGH registers.
0 R/W1S FWIN1_LK (Flash Access Window 1 Limits, Lock). Same as FWIN3_LK bit for FWIN1_LOW and
FWIN1_HIGH registers.

Protection and Lock Clear Register (PROT_CLEAR)
Location: FF 0011h

Type: WO
Bit 7 6 5 4 3 2 1 0
Name Open Lock Sequence (see description)
Reset X X X X X X X X
Bit Type Description
7-0 WO | Open Lock Sequence. Writing a data sequence to this register clears (00h) the contents of CFBB_PROT
and PROT_LOCK registers.
Open lock sequence: 87h, 61h, 63h. A different data value or a out-of-sequence value aborts the whole
sequence. Read returns unpredictable results.
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4.0 Embedded Controller Modules (Continued)

SPI Flash Configuration Register (SPI_FL_CFG)
Location: FF 0014h
Type: R/W or RO

Bit 7 6 5 4 | 3 2 N 0

Name Reserved F_READ DEV_SIZE

Reset 0 0 1 | 0 | o o o 0
Bit Type Description

6 R/W or |[F_READ (Fast Read Select). Selects the SPI read access type (normal or fast). F_READ is updated by
RO the Booter from the flash after reset.

0: Normal read (default).
1: Fastread.

5-0 | R/W or DEV_SIZE (Flash Device Size). Sets the size of the flash device connected to the SPI bus. DEV_SIZE
RO |is updated by the Booter from the flash after reset.

Bits

543210 Device Size

00O0O0O0 1: 128Kbytes.

00O0O010: 256Kbytes.

00010 0: 512Kbytes.

00100 O0: 1Mbyte.

01000 0 2Mbytes.

10000 0 4Mbytes (default).

Other: Reserved; if used, causes unpredictable behavior.

UMA Code Byte Register (UMA_CODE)
Location: FF 0016h

Type: R/W
Bit 7 6 5 4 3 2 1 | 0
Name Transaction Code
Reset o o o o o o o 0
Bit ‘ Type ‘ Description
7-0 R/W | Transaction Code. Holds the transaction code byte used in an UMA transaction to the flash; see “User
Mode Access (UMA).” on page 56).

UMA Address Byte 2-0 Register (UMA_AB2-0)

UMA_ABO: Holds address bits 7-0 used in a UMA transaction to the flash (Address Byte 0).
UMA_AB1: Holds address bits 15-8 used in a UMA transaction to the flash (Address Byte 1).
UMA_AB2: Holds address bits 23-16 used in a UMA transaction to the flash (Address Byte 2).

Location: UMA_ABO: FF 0017h; UMA_AB1: FF 0018h; UMA_AB2: FF 0019h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Address Byte 2-0
Reset o o o o o o o 0
Bit Type Description
7-0 R/W | Address Byte 2-0. Holds the respective address bits used in an UMA transaction to the flash.
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4.0 Embedded Controller Modules (Continued)

UMA Data Byte 3-0 Register (UMA_DB3-0)

UMA_DBO: Holds data byte 0 used in an UMA transaction to the flash (Data Byte 0).
UMA_DB1: Holds data byte 1 used in an UMA transaction to the flash (Data Byte 1).
UMA_DB2: Holds data byte 2 used in an UMA transaction to the flash (Data Byte 2).
UMA_DB3: Holds data byte 3 used in an UMA transaction to the flash (Data Byte 3).

Location: UMA_DBO: FF 001Ah; UMA_DB1: FF 001Bh; UMA_DB2: FF 001Ch; UMA_DBS3: FF 001Dh

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Data Byte 3-0
Reset o o o o o o o 0
Bit Type Description
7-0 R/W Data Byte 3-0. Holds the respective data byte used in an UMA transaction to the flash.

UMA Control and Status Register (UMA_CTS)
Location: FF 001Eh

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name EXEC
- Reserved RD_WR Reserved A_SIZE D_SIZE
DONE
Reset 0 0 0 0 0 o o 0
Bit Type Description
7 R/W1S | EXEC_DONE (Operation Execute/Done). Writing 1 triggers a UMA flash transaction. Writing 0 is ignored.
This bit is set to 0 on Core Domain reset or at the end of a UMA transaction. The bit remains set (high)
while any UMA transaction is in progress.
Note:Modifying the contents of UMA_CTS, UMA_CODE, UMA_AB2-0, UMA_DBS3-0 registers while
EXEC_DONE is set to 1 causes unpredictable results.
0: Writing O is ignored; reading 0 indicates that a UMA transaction is not in progress (default).
1: Writing 1 triggers a UMA flash transaction; reading 1 indicates that a UMA transaction is in progress.
6 Reserved.
5 R/W RD_WR (Read/Write Select). Selects the type (read or write) of the UMA flash transaction to be executed.
0: Read - flash data is read into UMA_DB3-0 registers; the first byte goes into UMA_DBO. (default).
1: Write - the flash is written with data from UMA_DBS3-0 registers; the first byte comes from UMA_DBO.
3 R/W | A_SIZE (Address Field Size Select). Selects the size of the address field (0 or 3 bytes) of the UMA
flash transaction to be executed.
0:  No address field used (default).
1: Three-byte address field from UMA_AB2-0 registers.
2-0 R/W D_SIZE (Data Field Size Select). Selects the size of the data field (0 to 4 bytes) of the UMA flash
transaction to be executed.
Bits
210 Data Field Size
000 No data field (default).
0 0 1: 1 byte data field to/from UMA_DBO register.
0 1 0: 2 byte data field to/from UMA_DB1-0 register.
0 1 1: 3 byte data field to/from UMA_DB2-0 register.
1 0 0: 4 byte data field to/from UMA_DB3-0 register.
Others Reserved.
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4.0 Embedded Controller Modules (Continued)

UMA Extended Control and Status Register (UMA_ECTS)
Location: FF 001Fh

Type: R/W
Bit 7 6 | 5 | 4 3 2 1 0
Name
Reserved Reserved SW_CS0
(must be 1)

Reset 0 | 0 | 0 | 0 | 0 | 0 1 1

Bit Type Description

7-2 Reserved.

4.1.7 Usage Hints

1.

After reset, the flash interface signals are as follows:

— F_SCK drives low level.

— F_SDO drives an undefined level (either low or high).

— F_SDl input is ignored.

— F_CSO0 drives high level.

To initiate UMA transactions:

1. Configure the required UMA address, data and code in the respective registers.
2. Set the correct transaction parameters in the UMA_CTS register.

3. Initiate a UMA transaction by writing 1 to the EXEC_DONE bit.

When UMA transactions are used, direct flash access (i.e., non-UMA: core code fetch, core data access, shared memory
access and Debugger Interface access) is not allowed. Therefore, the following must be performed:

1. Stall any host access to shared BIOS memory in the flash, using STALL_HOST bit in FLASH_SIZE register (see
page 225).
2. Execute core firmware from the internal RAM.

3. Initiate the UMA transaction.

4. During UMA transaction execution, limit data access by either the core firmware, or the Debugger Interface, to
internal RAM and WPC8763L registers only.

5. After EXEC_DONE bit becomes 0, return to normal operation.
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4.0 Embedded Controller Modules (Continued)

4.2 MULTI-INPUT WAKE-UP (MIWU)

The Multi-Input Wake-Up Unit (MIWU) allows the WPC8763L to exit Idle and Deep Idle modes. In addition, it provides signal
conditioning and grouping of external interrupt sources. It supports a total of 40 internal and/or external wake-up sources.

4.2.1 Features

® Supports up to 40 internal and/or external wake-up inputs
® Generates a wake-up signal
® Generates interrupt signals for:
— each of the 40 inputs
— one interrupt for each group of eight inputs, e.g., /0 ports
® User-selectable trigger condition on each input:
— positive edge
— negative edge
® |ndividual enable and pending bits for each input
® Programmable bypass mode connects inputs to ICU without MIWU involvement

4.2.2 Operation

Overview

The MIWU detects a valid software-selectable trigger condition on any of its inputs. On detection of a valid trigger event, the
MIWU generates a wake-up request and/or an interrupt request. The wake-up request is connected to the Power Manage-
ment module (PMC) and may be utilized to exit Idle and Deep Idle modes and return to Active mode. The interrupt requests
are used to signal to the Interrupt Control Unit (ICU) that an edge-triggered (either external or internal) interrupt condition
occurred. Figure 9 shows a block diagram of the Multi-Input Wake-Up module.

The MIWU is active while in Idle and Deep Idle modes. Note, however, that because all device clocks are stopped in these
modes, the detection of a trigger event on an input and the resulting setting of the pending flag are not synchronous to the
core clock.

Table 10 lists the MIWU sources and interrupts used in the WPC8763L.

Table 10. Input Assignments

Source Destination
Name MIWU Input | MIWU Output Interrupt Name

PSCLK1 WUI10 WKINTA PSWUINT

PSCLK2 WUI11 (INT7)

PSCLK3 WulI12

PSDAT1 WUI13

PSDAT2 wul14

PSDAT3 WUI15

Reserved WUI16

Reserved WuUI17

Reserved Wul20 WKO20 INT1

GPIOO1 wul21 WKO21 INT30

Reserved wuli22 WKO22 INT22

GPIO03 wuli23 WKO23 INT8

GPIO04 wul24 WKO24 INT20

GPIO05 WuI25 WKO25 INT19
MSWC Wake-Up Wul26 WKO26 INT16

ToouT! wul27 WKO27 INT31
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4.0 Embedded Controller Modules (Continued)

Table 10. Input Assignments (Continued)

Pending Flags

Input Enable

Source Destination
Name MIWU Input | MIWU Output Interrupt Name

KBSINO WUI30 WKINTC KBSINT

KBSINT WUI31 (INT15)
KBSIN2 WuI32
KBSIN3 WUuI33
KBSIN4 WuI34
KBSIN5 WUI35
KBSING WUI36
KBSIN7 WUuI37

GPIO06 Wul40 WKINTD MIWU2

SensorPath Event! WuI41 (INT7)
Reserved wul42
SMBus1 Wake-Up' WuI43
SMBus2 Wake-Up' wul44
GPIO07 WuUI45
GPIO10 or GPI90? WuUl46
GPIO11 or GPI91? Wui47

GPIO12 or GPI922 WUI50 WKINTE MIWU3

GPIO13 or GPI93? WUI51 (NTT)
GPIO14 or GPI94? WuI52
GPI95 WUI53
GPIO16 or GPI96° Wu1s4
GPI97 WUI55
Host Access Wake-Up® WUI56
LRESET Active Wake-Up* wulis7

1.
2.

3

4.

Trigger Conditions

Configure WUIxx for rising edge detection of the input event.
Selected by GES1 configuration register (see page 43).

. The wake-up input is triggered by host access to one of the logical devices, listed

in “Core Interrupt” on page 253. Configure the WUI56 for rising edge detection.

Set WKEDGS57 bit to 0 (see WKEDGS register on page 70) to generate a wake-
up event on a high-to-low transition of LRESET; set WKEDG57 bit to 1 to gener-
ate a wake-up event on a low-to-high transition of LRESET (see also LPCRSTA
bit in MSWCTLA1 register, on page 241).

Through the WKEDGx registers, the trigger condition on the selected input signal can be selected as either positive edge
(low-to-high transition) or negative edge (high-to-low transition).

An trigger event at the MIWU input sets to 1 the respective pending bit in WKPNDXx register, for the corresponding input signal.

Since the WKPNDXx register holds a pending wake-up condition until it is cleared, the device does not enter Idle or Deep Idle
mode if any wake-up bit is both enabled and pending (set to 1). Consequently, the pending flags must be cleared before
attempting to enter Idle and Deep Idle modes.

The MIWU handles multiple wake-up signals. Set the appropriate bits in the WKENX registers to select which wake-up signal
causes the device to exit Idle and Deep Idle modes.
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4.0 Embedded Controller Modules (Continued)
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Note: Not all MIWU-ICU connections are implemented; for details, see ICU interrupt assignments in Table 10 on page 66.

Figure 9. Multi-Input Wake-Up, Generic Block Diagram
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4.0 Embedded Controller Modules (Continued)

Interrupts

The combined output of all pending and enabled channels of the MIWU generates the wake-up signal, which is fed into both
the Power Management Control module (PMC) and the Interrupt Control Unit (ICU). Therefore, each wake-up of the device can
be followed by a wake-up interrupt. Since the device cannot enter Idle and Deep Idle modes without having the core execute
a “WAIT” instruction, a wake-up interrupt is needed to terminate the “WAIT” instruction on wake-up.

MIWU outputs WKO10-WKOS57 are connected to the Interrupt Control Unit (ICU) to generate an interrupt associated with
the specific MIWU output. The WKOxx output behaves as follows:

® When the respective WKENxx bit is cleared, the WUIxx is connected to the ICU directly (bypassing the edge detec-
tors and pending bits). The ICU can be configured to use the signal as a level or edge triggered interrupt.

® When the respective WKENxx bit is enabled, the output of the pending bit, WKPDxx, is connected to WKOxx.s

Note: To enable and disable ICU interrupts generated by their associated MIWU WKOxx output, use the ICU mask regis-
ter in the ICU.

In addition, the MIWU provides five interrupt request lines: WKINTA, WKINTB, WKINTC, WKINTD and WKINTE; see
Figure 9 on page 68. These are routed to the ICU (except WKINTB) and can request an interrupt if a valid trigger event oc-
curred at any of the enabled input sources within the group of eight inputs associated with the interrupt line. For a detailed
summary of the interrupts available, see Table 10 on page 66.

4.2.3 MIWU Registers
For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20.

MIWU Register Map
All MIWU registers are powered by V¢ and are reset by Core Domain reset.

Location Mnemonic Register Name Size Type
FF F1COh WKEDGH1 Edge Detection Register Byte R/W
FF F1C2h WKEDG2 Edge Detection Register Byte R/W
FF F1C4h WKEDGS3 Edge Detection Register Byte R/W
FF F1C6éh WKEDG4 Edge Detection Register Byte R/W
FF F1C8h WKEDGS5 Edge Detection Register Byte R/W
FF F1CAh WKPND1 Pending Register Byte R/W1S
FF F1CCh WKPCLA1 Pending Clear Register Byte WO
FF F1CEh WKPND2 Pending Register Byte R/W1S
FF F1DOh WKPCL2 Pending Clear Register Byte WO
FF F1D2h WKPND3 Pending Register Byte R/W1S
FF F1D4h WKPCL3 Pending Clear Register Byte WO
FF F1D6h WKPND4 Pending Register Byte R/W1S
FF F1D8h WKPCL4 Pending Clear Register Byte WO
FF F1DAh WKPND5 Pending Register Byte R/W1S
FF F1DCh WKPCL5 Pending Clear Register Byte WO
FF F1DEh WKEN1 Enable Register Byte R/W
FF F1EOh WKEN2 Enable Register Byte R/W
FF F1E2h WKEN3 Enable Register Byte R/W
FF F1E4h WKEN4 Enable Register Byte R/W
FF F1E6h WKEN5 Enable Register Byte R/W
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4.0 Embedded Controller Modules (Continued)

Edge Detection Register (WKEDG1)

WKEDGH1 configures the trigger condition of the input signals WUI10 to WUI17. The register is cleared on reset; this config-
ures all associated input signals to be triggered on a rising edge.

Location: FF F1COh

Type: R/W

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

Name WKED17-WKED10

Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Bit Description

7-0 Edge Selection. For inputs WUI10 through WUI17. Each bit is associated with one of eight inputs.
0: Low-to-High transition (default).
1: High-to-Low transition.

Edge Detection Register (WKEDG2)

WKEDG2 configures the trigger condition of the input signals WUI20 to WUI27. The functionality of this register is identical
to the WKEDG1 register described above.

Location: FF F1C2h
Type: R/W

Edge Detection Register (WKEDG3)

WKEDGS3 configures the trigger condition of the input signals WUI30 to WUI37. The functionality of this register is identical
to the WKEDG1 register described above.

Location: FF F1C4h
Type: R/W

Edge Detection Register (WKEDG4)

WKEDGA4 configures the trigger condition of the input signals WUI40 to WUI47. The functionality of this register is identical
to the WKEDG1 register described above.

Location: FF F1C6h
Type: R/W

Edge Detection Register (WKEDGS5)

WKEDGS5 configures the trigger condition of the input signals WUI50 to WU57. The functionality of this register is identical
to the WKEDG1 register described above.

Location: FF F1C8h

Type: R/W

Pending Register (WKPND1)

WKPND1 latches the selected trigger event associated with input signals WUI10 to WUI17. On reset, the value of WKPND1
register is undefined.

Note: Software can only set the register bits; only the WKPCL1 register can clear them. Writing 0 to any of the bits leaves
its value unchanged. The WKPND1 register format is shown below:

Location: FF F1CAh
Type: R/W1S

Bit 0 | 6 5 a 3 2 1 | 0
Name WKPD17-WKPD10
Reset X X X X X X X X
Bit Description
7-0 'Wake-Up Pending. A set bit (1), indicates that a valid trigger event occurred on the associated input.
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Pending Register (WKPND2)

WKPND?2 latches the selected trigger event associated with the input signals WUI20 to WUI27. For a detailed description of
the register, see the description of the WKPND1 register, above.

Location: FF F1CEh
Type: R/W1S

Pending Register (WKPND3)

WKPND3 latches the selected trigger event associated with the input signals WUI30 to WUI37. For a detailed description of
the register, see the description of the WKPND1 register, above.

Location: FF F1D2h
Type: R/W1S

Pending Register (WKPND4)

WKPNDA4 latches the selected trigger event associated with the input signals WUI40 to WUI47. For a detailed description of
the register, see the description of the WKPND1 register, above.

Location: FF F1D6h
Type: R/W1S

Pending Register (WKPND5)

WKPNDS5 latches the selected trigger event associated with the input signals WUI50 to WU57. For a detailed description of
the register, see the description of the WKPND1 register, above.

Location: FF F1DAh
Type: R/W1S

Enable Register (WKEN1)

WKENT1 enables the wake-up function of the associated input signal, WUI10 to WUI17. On reset, WKEN1 is cleared (0); this
disables the associated input signals. The WKENT1 register format is shown below:

Location: FF F1DEh

Type: R/W
Bit 7 6 5 | a 3 2 1 0
Name WKEN17-WKEN10
Reset o o o o o o o 0
Bit Description
7-0 Wake-Up Enable. If the bit is set (1), a valid trigger event on the associated input generates a wake-up signal
or interrupt request.

Enable Register (WKENZ2)

WKEN?2 enables the wake-up function of the associated input signal, WUI20 to WUI27. For a detailed description of the reg-
ister, see the description of the WKENT1 register, above.

Location: FF F1EOh
Type: R/W

Enable Register (WKEN3)

WKENS3 enables the wake-up function of the associated input signal, WUI30 to WUI37. For a detailed description of the reg-
ister, see the description of the WKENT1 register, above.

Location: FF F1E2h
Type: R/W
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Enable Register (WKEN4)

WKEN4 enables the wake-up function of the associated input signal, WUI40 to WUI47. For a detailed description of the reg-
ister, see the description of the WKENT1 register, above.

Location: FF F1E4h
Type: R/W

Enable Register (WKEN5)

WKENS enables the wake-up function of the associated input signal, WUI50 to WU57. For a detailed description of the reg-
ister, see the description of the WKENT1 register, above.

Location: FF F1E6h
Type: R/W

Pending Clear Register (WKPCL1)

WKPCL1 controls the clearing (0) of the pending bits associated with the WUI10 through WUI17 inputs. This prevents potential hard-
ware/software collisions during read-modify-write. The WKPCL1 register format is shown below:

Location: FF F1CCh

Type: wO
Bit 7 6 5 4 3 2 1 0
Name WKCL17-WKCL10
Bit Description
7-0 Clear Pending Flag. If 1 is written to a bit, the associated pending flag located in WKPND1 is cleared (0).
Writing O to a bit leaves the value of the corresponding pending flag unchanged.

Pending Clear Register (WKPCL2)

WKPCL2 controls the clearing (0) of the pending bits associated with the WUI20 through WUI27 inputs. For a detailed de-
scription of the register, see the description of the WKPCL1 register, above.

Location: FF F1DOh
Type: wO

Pending Clear Register (WKPCL3)

WKPCLS3 controls the clearing (0) of the pending bits associated with the WUI30 through WUI37 inputs. For a detailed de-
scription of the register, see the description of the WKPCL1 register, above.

Location: FF F1D4h
Type: WO

Pending Clear Register (WKPCL4)

WKPCL4 controls the clearing (0) of the pending bits associated with the WUI40 through WUI47 inputs. For a detailed de-
scription of the register, see the description of the WKPCL1 register, above.

Location: FF F1D8h
Type: woO

Pending Clear Register (WKPCLS5)

WKPCLS5 controls the clearing (0) of the pending bits associated with the WUI50 through WUI57 inputs. For a detailed de-
scription of the register, see the description of the WKPCL1 register, above.

Location: FF F1DCh
Type: WO
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4.2.4 Usage Hints
1. On reset, the WKEDGx registers are configured to select positive edge detection for all wake-up inputs. To change the edge
detection of an input signal while preventing the false triggering of a wake-up/interrupt condition:
a. Clear the WKENXxx bit associated with the WUIxx input to disable that input.
b. Write to the WKEDGX register to select the new type of edge detection for the specific input.
c. Clear the WKPNDxx bit associated with the WUIxx input.
d. Set the WKENXxx bit associated with the WUIxx input to re-enable it.
2. After a reset (in this case, the wake-up inputs are left floating, producing unknown data at the MIWU input signals), and
to prevent the false triggering of a wake-up condition, perform the following sequence:
a. If the input originates from an GPIO pin, configure the pin as input.
Clear the WKENX register, or if a WKOxx interrupt is used, disable the interrupt via the ICU.
Write the WKEDGx register to select the desired type of edge detection for each of the pins used.
Clear the WKPNDx register to cancel any pending bits.

Either set the WKENXxx bits associated with the pins to be used (thus enabling them for the wake-up/interrupt func-
tion) or re-enable the interrupt via the ICU.

caov

3. To prevent spurious wake-up events from GPIO pins, which are either powered by Vpp or configured for “Enable by Vpp”,
follow these guidelines:

a. Before Vpp is turned off, disable both wake-up and interrupt from the GPIO pin by setting the relevant bit of WKEN2

and WKEN4-5 registers to 0.
Note that for GPIO01, GPIO03-05, the interrupt is disabled separately by setting the relevant bit of IENAMO-1 regis-
tersto 0.

b. After Vpp power is on:
i. Clear the pending wake-up event by writing 1 to the relevant bit of WKPCL2 and WKPCL4-5 registers.

ii. Enable wake-up and interrupt from the GPIO pin by setting the relevant bit of WKEN2 and WKEN4-5 registers
to 1.

Note that for GPIO01, GPIO03-05, the interrupt is enabled separately by setting the relevant bit of IENAMO-1 regis-
tersto 1.
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4.0 Embedded Controller Modules (Continued)

4.3 INTERRUPT CONTROL UNIT (ICU)

The ICU has 31 channels. It interfaces between the different modules’ interrupt requests and external interrupt requests and
also generates the core interrupt. It generates both maskable and non-maskable interrupts. The ICU has a predetermined
mechanism that allocates priority.

4.3.1 Features

Non-Maskable Interrupts (NMI)

® Gathers all edge-triggered non-maskable interrupt sources
— External GPIO04 interrupt source
— Access to write protected flash addresses

® Holds the status of the current pending NMI requests

® Generates non-maskable interrupt (NMI) to the core

Maskable Interrupts

® 31 active-high level or edge-triggered interrupt sources
® Core vectored interrupt mode

® Fixed priority among interrupt sources

® |ndividual enable/disable for each interrupt source

® Polling support by an Interrupt Status register

® Clear registers for edge-triggered interrupts

4.3.2 Non-Maskable Interrupt (NMI)

The Interrupt Control Unit (ICU) gathers internal and external non-maskable interrupt (NMI) sources and generates an NMI
interrupt to the core when required.

External NMI
The ICU processes the GPIO04 signal to assert the core NMI input.

The GPIO04 signal is an asynchronous input with Schmitt trigger characteristics and an internal synchronization circuit;
therefore, no external synchronizing circuit is needed. The GPIO04 signal generates an NMI on its falling edge.

Internal NMI
The ICU processes an access to write protected flash addresses (see Section 4.1 on page 55) to assert the core NMI input.

Non-Maskable Interrupt Processing
The core performs an “Interrupt Acknowledge” bus cycle when it starts to process a non-maskable interrupt.

After reset, NMI is disabled and must remain disabled until the software initializes the interrupt table, interrupt base and in-
terrupt mode.

Internal NMI generation is always enabled in the ICU module. Therefore, NMI generation that is caused by an access to write
protected flash addresses can be disabled by NMI_EN bit in RESP_CFG register; see page 60.

The external GPIO04 interrupt is enabled by setting ENLCK bit and remains enabled until a reset occurs. This allows the
external NMI feature to be enabled only after the Interrupt Base Register (IMASK) and the Interrupt Stack Pointer (ISP), both
in the core, have been set up.

Alternatively, the external GPIO04 interrupt can be enabled by setting EN bit, which remains enabled until an interrupt event
or a reset occurs. This is useful when the pin toggles frequently but nested NMI interrupts are not desired. In such cases,
the EN bit must be re-enabled before exiting the interrupt service routine.

To prevent a spurious NMI, set either EN bit or ENLCK bit to 1 only after GPIO04 input has been configured for operation.

The NMISTAT register holds the status of the current pending NMI requests. When one of the bits in NMISTAT is setto 1,
an NMI request to the core is issued. The NMI handler should read the NMI Status register (NMISTAT) to decide which re-
quest to respond to. NMISTAT is cleared each time its contents are read, allowing new NMI events to occur.

Note that more than one of the bits in NMISTAT register might be set to 1. In addition, if a second NMI occurs while an NMI
is in process, the second NMI might read NMISTAT and clear it; therefore, the first NMI reads a value of 0 from NMISTAT.
For proper operation, the NMI handler must read NMISTAT. If more than one bit is set to 1, the NMI handler must handle all
the sources.
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4.3.3 Maskable Interrupts

The ICU receives level or edge-triggered interrupt request signals from 31 sources and generates a vectored interrupt to the
core, when required. Priority among the interrupt sources (named INT1 to INT31) is fixed. Each interrupt source can be in-
dividually enabled or disabled by software control through:

® |CU interrupt enable registers
® |nterrupt enable bits in the modules that request the interrupts

Pending interrupts, enabled or disabled, can be polled using the Status registers. The core supports INTO, but the ICU re-
serves INTO so that it is not connected to any interrupt source.

Maskable Interrupt Vectors

Interrupt vector numbers are always positive and are in the range 10h to 2Fh. The IVCT register contains the interrupt vector
of the enabled and pending interrupt with the highest priority. Interrupt vector 10h corresponds to INTO with the lowest pri-
ority; vector 2Fh corresponds to INT31 with the highest priority.

The core performs an “Interrupt Acknowledge” bus cycle on receiving an enabled maskable interrupt request from the ICU.
During the interrupt acknowledge cycle, a byte is read from address FF FEOOh (IVCT register). The byte read is used as an
index in the Dispatch Table to determine the address of the interrupt handler.

Although INTO is not connected to any interrupt source, the IVCT register can return the value 10h. This happens, for exam-
ple, when the interrupt request is removed before the interrupt acknowledge cycle. The entry in the Dispatch Table should
point to a default interrupt handler that handles this error condition.

Pending Interrupts

Edge-triggered interrupts are latched by the Interrupt Status register. A pending edge-triggered interrupt is cleared by writing
a 1 to the corresponding bit in one of the Edge Interrupt Clear registers (IECLRO or IECLR1).

A pending level-triggered interrupt is cleared when the interrupt source is not active; note that the interrupt should be cleared
in the device/module that drives it by clearing the event status bit.

Interrupt mask bits (IENAM register bits) and pending interrupt bits (ISTAT register bits) should be cleared to 0 only when
interrupts are disabled; i.e., when bits | and/or E in PSR register (a core register) are 0. Bits in IENAM may be set at any time.
Interrupt Priorities

The priorities of the maskable interrupts are hard-wired and thus fixed. The interrupts are named INTO to INT31, where INTO
has the lowest priority and INT31 has the highest priority.

External Interrupt Inputs

When a MIWU input is disabled and the respective WKOxx output of the MIWU is connected to the ICU, the MIWU input is
fed directly to the ICU. In this case, the interrupt inputs are asynchronous. They are recognized by the WPC8763L during
cycles in which the input setup and hold time requirements are satisfied.

Interrupt Assignment

Table 11 shows the mapping of the ICU maskable interrupts to different functions. For information on mask bits and the clear
mechanism for the status bit in internal level interrupts, refer to descriptions of the module that is the interrupt source.

Table 11. ICU Interrupt Assignments

Nulr'\rll.lt;er Source Type Details Priority
INTO - - Error condition occurred (spurious interrupt) Lowest
INT1 Reserved Level-High  Reserved
INT2 Internal Level-High | Host I/F Keyboard/Mouse channel Output Buffer Empty
INT3 Internal Level-High | Host I/F Power Management Channel 1 or Channel 2 Output

Buffer Empty
INT4 Reserved Level-High Reserved
INT5 Reserved Level-High Reserved
INT6 Internal Level-High | Core Bus Watcher interrupt
INT7 Internal and Level-High | MIWU PSWUINT or MIWU2
External/MIWU
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Table 11. ICU Interrupt Assignments (Continued)

Nulr'\rll.ll;er Source Type Details Priority
INT8 External/MIWU Level-High | External Interrupt GPIO03 through the MIWU
INT9 Internal Level-High | MFT16-1 Interrupt (MFT16_INT1 or MFT16_INT2)
INT10 Internal Level-High  ADC interrupt (ADCI)
INT11 Externa/MIWU| Level-High | MIWU MIWU3
INT12 Reserved Level-High Reserved
INT13 Internal Level-High | SMB1 module interrupt
INT14 Internal Level-High | SMB2 module interrupt
INT15 External/MIWU Level-High Internal Keyboard Scan Interrupt (KBSINT from MIWU)
INT16 Internal/MIWU Level-High  MSWC interrupt through the MIWU
INT17 Reserved Level-High Reserved
INT18 Internal Level-High | CR_UART (Tx Interrupt or Rx Interrupt)
INT19 External/MIWU Level-High | External Interrupt GPIO05 through the MIWU
INT20 External/MIWU Level-High | External Interrupt GPIO04 through the MIWU
INT21 Internal Level High | PS/2 shift mechanism (PSINT1)
INT22 Reserved Level-High Reserved
INT23 Internal Level-High | MFT16-2 Interrupt (MFT16_INT1 or MFT16_INT2)
INT24 Internal Level-High | Shared Memory Interrupt
INT25 Internal Level-High Host I/F Keyboard/Mouse channel Input Buffer Full
INT26 Internal Level-High | Host I/F Power Management Channel 1 or Channel 2 Input
Buffer Full
INT27 Reserved Level-High Reserved
INT28 Reserved Level-High Reserved
INT29 Reserved Level-High  Reserved
INT30 External/MIWU Level-High | External Interrupt GPIOO1 through the MIWU
INT31 Internal/MIWU | Edge Rising | TWD system tick (TOOUT), through the MIWU Highest
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4.3.4

ICU Register Map

ICU Registers
For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20.

4.0 Embedded Controller Modules (Continued)

All' ICU registers are powered by V¢ and are reset by Core Domain reset.

Location Mnemonic Register Name Size Type
FF FEOOh IVCT Interrupt Vector Byte RO
FF FEO2h NMISTAT NMI Status Byte ROC
FF FEO4h EXNMI External NMI Interrupt Control and Status Byte | Varies per bit
FF FEOAh ISTATO Interrupt Status 0 Word RO
FF FEOCh ISTAT1 Interrupt Status 1 Word RO
FF FEOEh IENAMO Interrupt Enable and Mask O Word R/W
FF FE10h IENAMA1 Interrupt Enable and Mask 1 Word R/W
FF FE12h IECLRO Edge Interrupt Clear 0 Word WO
FF FE14h IECLR1 Edge Interrupt Clear 1 Word WO
Interrupt Vector Register (IVCT)
IVCT holds the vector number of the interrupt vector. It is set to 10h on reset.
Location: FF FEOOh
Type: RO
Bit 7 5 4 3 | 1 0
Name 0 INTVECT
Reset 0 0 o 1 0 o0 | o
Bit Description

7-6 | These bits return 0 when read.

IVCT is read. It may contain invalid data when INTVECT is updated.

NMI Status Register (NMISTAT)

Location: FF FEO2h

5-0 |INTVECT (Interrupt Vector). Contains the encoded value of the enabled pending interrupt with the highest
priority; the valid values range from 10h to 2Fh. Valid during an interrupt acknowledge core bus cycle in which

NMISTAT holds the status of the current pending Non-Maskable Interrupt (NMI) request. It is cleared on reset and each time
its contents are read. See the description of the EXNMI register below for additional details.

Type: ROC

Bit 7 | & | 5 4 3 1 0

Name Reserved PROT_ACC EXT

Reset o o o o o 0 0
Bit Description

7-2 Reserved.

1 'PROT_ACC (Flash Write Protected Access Non-Maskable Interrupt Request). A PROT_ACC non-maskable
interrupt request is caused by a write to protected flash addresses; see Section 4.1 on page 55.

0: No PROT_ACC non-maskable interrupt request occurred.
1: PROT_ACC non-maskable interrupt request occurred.
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4.0 Embedded Controller Modules (Continued)

Bit

Description

0 EXT (External Non-Maskable Interrupt Request). An external non-maskable interrupt is caused (EXT bit is set
to 1) by a falling edge of the signal input at the GPIO04 pin.

0: No external non-maskable interrupt request occurred (default).
1: External non-maskable interrupt request occurred.

External NMI Interrupt Control and Status Register (EXNMI)

EXNMI holds the current value of the GPIO04 signal (PIN bit) and controls the NMI interrupt generation based on a falling
edge of the GPIO04 signal. EN and ENLCK are cleared on reset. When writing to this register, all reserved bits must be
written with O for the device to function properly.

Location: FF FEO04h
Type: Varies per bit

Bit 7 6 5 4 3 2 1 0
Name Reserved ENLCK PIN EN
Reset X ‘ X ‘ X ‘ X ‘ 0 0 X 0

Bit Type Description

7-3 Reserved.

2 R/W1S ENLCK (EXNMI Interrupt Enable Lock). When set to 1, the external NMI feature is enabled and
locked; it is cleared by Core Domain reset only (i.e., it cannot be cleared by software). After setting this
bit, an NMI interrupt is generated every time the GPIO04 signal changes its value from high to low.
Note that when ENLCK is set, EN bit is ignored.

0: External NMI feature disabled (default).
1: External NMI feature enabled and locked.

1 RO PIN (EXNMI Pin Value). Contains the current (non-inverted) GPIO04 signal value. Data written to it is
ignored.

0 R/W |EN (EXNMI Interrupt Enable). If this bit is set to 1, an NMI interrupt is generated when the GPIO04
signal changes its value from high to low. Cleared by hardware on reset and when an interrupt occurs
(i.e., when EXT bit in NMISTAT register is set). It can be set and cleared by software; however, software
can set this bit only when EXT is cleared. This bit is ignored when ENLCK is set.

0: External NMI interrupt disabled (default).
1: External NMI interrupt enabled.

on reset.

Interrupt Status Register 0 (ISTATO0)
ISTATO indicates which maskable interrupts are pending regardless of the state of the corresponding IENA bits. It is cleared

Location: FF FEOAh

Type: RO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
Name IST15-0

Reset o 0o o o o0 O O0O O O O O O 0 0 0 O
Bit Description

15-0 |IST15-0 (Interrupt Status). Each bit indicates if an interrupt event was sent to the ICU; IST15 to ISTO correspond
to INT15 to INTO, respectively. Since INTO is not used, ISTO always reads 0. Each bit is encoded as follows:

0: Interrupt input to ICU not pending (default).
1: Interrupt input to ICU pending.
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4.0 Embedded Controller Modules (Continued)

Interrupt Status Register 1 (ISTAT1)

ISTAT1 indicates which maskable interrupts are pending regardless of the state of the corresponding IENA bits.
Location: FF FEOCh

Type: RO

Bit 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Name IST31-16

Reset o o o o o0 O O O O O 0 0 ©0 0 0 o0
Bit Description

15-0 |IST31-16 (Interrupt Status). Each bit indicates if an interrupt event was sent to the ICU. IST31 to IST16
correspond to INT31 to INT16, respectively. Each bit is encoded as follows:

0: Interrupt input to ICU not pending (default).
1: Interrupt input to ICU pending.

Interrupt Enable and Mask Register 0 (IENAMO)

IENAMO controls the enable/disable of the maskable interrupt sources INTO to INT15. It is cleared (0000h) on reset.
Location: FF FEOEh

Type: R/W

Bit 15 14 13 12 11 10 9 8 7 6. 5 4 3 2 1 0
Name IENA15-0

Reset o o o o o0 O 0 O0O 0 O O O0 0 0 0 O
Bit Description

15-0 IENA15-0 (Interrupt Enable). Each bit enables or disables the corresponding interrupt request INTO to INT15;
e.g., IENA15 controls INT15. Since INTO is not used, IENAO has no effect on the operation of the ICU.

0: Interrupt disabled (default).
1: Interrupt enabled.

Interrupt Enable and Mask Register 1 (IENAM1)

IENAM1 controls the enable/disable of the maskable interrupt sources INT16 to INT31. It is cleared (0000h) on reset.
Location: FF FE10h

Type: R/W

Bit 15 14\13\12 110 9 8 7 6 5 4 3 2 1 0
Name IENA31-16

Reset o 0 0 0 o o o o o o o o0 o o o0 o
Bit Description

15-0 IENA31-16 (Interrupt Enable). Each bit enables or disables the corresponding interrupt request INT16 to INT31;
e.g., IENA16 controls INT16.

0: Interrupt disabled (default).
1: Interrupt enabled.
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Edge Interrupt Clear Register 0 (IECLRO)

IECLR is used to clear pending, edge-triggered interrupts.
Location: FF FE12h

Type: WO

Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name IEC15-1 Res.
Bit Description

15-1 |IEC15-1 (Edge Interrupt Clear). Each bit clears the corresponding bit in ISTATO register. Writing to the bit
positions of level-triggered interrupts has no effect. Read always returns FFFFh. IEC15 to IEC1 correspond to
INT15 to INT1, respectively. Each bit is encoded as follows:

0: No effect.
1: Pending, edge-triggered interrupt cleared.

0 Reserved.

Edge Interrupt Clear Register 1 (IECLR1)
IECLR is used to clear pending, edge-triggered interrupts.
Location: FF FE14h

Type: wO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name IEC31-16

Bit Description

15-0 IEC31-16 (Edge Interrupt Clear). Each bit clears the corresponding bit in ISTAT1 register. Writing to the bit
positions of level-triggered interrupts has no effect. Read always returns FFFFh. IEC31 to IEC16 correspond to
INT31 to INT16, respectively. Each bit is encoded as follows:

0: No effect.
1: Pending, edge-triggered interrupt cleared.

4.3.5 Usage Hints

Initializing

The recommended initialization sequence is:

Initialize both the INTBASE register and the interrupt stack pointer of the core.
Prepare the interrupt routines of the interrupts used.

Clear the edge interrupt used.

Set the relevant bits of the modules.

Set the relevant bits in IENAM register.

Set EXNMI register.

Enable core interrupt.

N o o~ wbd =

Clearing

Clearing an interrupt request before it is serviced may cause a spurious interrupt (i.e., when the core detects an interrupt not
reflected by IVCT). Clear interrupt requests only when interrupts are disabled. Clear IENAM bits and ISTAT bits while the
core interrupts are disabled (i.e., bits | and/or E in PSR register are cleared).

Nesting

The IENAM registers can be used by interrupt handlers to allow interrupt nesting. When the core acknowledges an interrupt, it
disables maskable interrupts by clearing bit | in PSR register and performs the interrupt service routine. This routine can enable
nested interrupts by setting bit | in PSR register and can use the IENAM registers to control which interrupts are allowed.
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4.4 GENERAL-PURPOSE I/0 (GPIO) PORTS

The WPC8763L includes General-Purpose I/O (GPIO) ports that support input/output, input only and output only configura-
tions. The programing model is the same for all port types. When a port has an unsupported feature, the register field con-
trolling that feature is reserved. Modifying the reserved field may cause undetermined results.

The GPIO pins are organized in ports. Each port is 8-bits wide and includes up to eight GPIO pins (some ports may have
fewer than eight GPIO pins). When some GPIO pins in a port are not implemented, the corresponding port registers bits are
reserved.

4.4.1 Features

® General-Purpose Input/Output (GPIO) Port.
— Each pin functions as input and/or output signal.
— Direction register controls the direction for each bidirectional GPIO pin.
— Weak pull-up and/or pull-down.
— Configurable output drive disable, on Vpp powered off.

— Back-drive protection on all GPIO pins except for pins noted in Section 2.4.4 on page 27.
® Some GPIO pins can be configured to echo the state of other pins; see Section 4.6.1 on page 88.

® Some GPIO pins have event detection capability, to generate wake-up/interrupt; see Section 4.2 on page 66.

4.4.2 GPIO Port Functional Description

Output Buffer

The output buffer is a TRI-STATE buffer. The output type for each pin is listed in the device pin list; see Section 2.4 on
page 25. The output buffer characteristics are defined in the device electrical specifications; see Section 8.2 on page 279.

Input Buffer

The input type for each pin is listed in the device pin list. The input buffer characteristics are defined in the device electrical
specifications. After reset, it is recommended that the firmware configures the not-connected GPIO pins to internal pulling;
see “Weak Pull-Up and Pull-Down” on page 81.

Weak Pull-Up and Pull-Down

A port pin may support weak internal pull-up and/or pull-down. The pull up/down is enabled by PxPULL register bits. Selec-
tion between pull-up and pull-down is via the PxPUD register bits. When only one type of weak pulling is supported, setting
the PxPUD register bit to an unsupported type may cause undetermined results. When weak pulling is not supported by a
pin, setting the corresponding PxPULL register bit to logic 1 has no effect.

When the alternate pin functionality is selected, internal pulling is changed (enabled or disabled) according to the pulling
requirements of the alternate function (see Section 2.5 on page 32). However, for alternate functions (listed in Section 2.5
on page 32) that do not specifically require internal pulling, the default pulling state is not changed and can be controlled via
the corresponding PxPULL[y] bit.

Port Direction

The Port Direction register (PxDIR) controls the direction of the port. If set to 1, it enables the output buffer (i.e., the pin
direction is output). If set to 0, it puts the output buffer in TRI-STATE mode (i.e., the pin direction is input); in this case, if the
corresponding bit in PxPULL register is set, it also enables the pull-up or pull-down.

Data Output

The Data Output (PXDOUT) register holds the data to be driven onto the pin when the respective pin is configured as GPIO
and its direction is set as output.

Data Input

The Data Input (PxDIN) register returns the current value/state of the pin.

Enable by Vpp

The Drive Enable by Vpp Present (PXENVDD) register enables automatic shut-down of the output buffer and of the pull-
up/down when Vpp supply is powered off (i.e., when Vpp is detected “off’ by the WPC8763L). When an output pin does not
support this functionality, the corresponding PXENVDD has no effect on the buffer and on the pull-up/down disable.
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4.0 Embedded Controller Modules (Continued)

Open Drain

To use a standard GPIO pin, or an open-drain GPIO pin (see Section 4.4.3) as an inverting open-drain output buffer, the firm-
ware should set the corresponding bit in PxXDOUT register to 0 and then use PxDIR register to set the value to the port pin.

When the signal direction is set as output (PxDIR register bit is set to 1), a value of 0 is driven by the pin. When the direction
is set for input (PxDIR register bit is set to 0), the pin is in TRI-STATE mode (i.e., not driven).
Echo Function

Some GPIO pins can echo the value of a different GPIO pin. When echo is enabled (see Section 4.6.1 on page 88), the current
level at the echoed GPIO input pin (and not the respective bit in the PxDOUT register) is used to drive the output buffer.

4.4.3 Non-Standard GPIO Ports
The following GPIO ports/pins are different from the standard GPIO model.

® GPI90-GPI97 pins are input only, without weak pull-up or weak pull-down. Therefore, setting the PxDIR, PxPULL and
PxPUD bits has no effect.

® GP047, GPO76, GPO82-84 pins are output only; therefore they do not have a Data Input register. Their weak pull-up
or weak pull-down can be enabled if the output buffer is disabled (i.e., if the respective bit in PxDIR register is set to 0).

® GPIO03-GPIO05 and GPIOQ7 pins have an open-drain output buffer (i.e., they drive only low level).

4.4.4 GPIO Ports Memory Map

The GPIO port registers are arranged in a unified structure. Each port is allocated 16 bytes starting at base address xx xxx0h
and ending at address xx xxxFh. All ports have the same address offsets for the various registers; therefore, moving func-
tions from port to port only involves changing the base address of the port used.

Port Number Base Address
GPIOO0 FF F200h
GPIO1 FF F210h
GPIO2 FF F220h
GPIO3 FF F230h
GPIO4 FF F240h
GPIO5 FF F250h
GPIO6 FF F260h
GPIO7 FF F270h
GPIO8 FF F280h

GPI9 FF F290h

4.4.5 GPIO Port Registers

For a summary of the abbreviations used for Register Type, see “Reqister Abbreviations and Access” on page 20.
All GPIO ports registers are powered by V¢ and are reset by Core Domain reset.

GPIO Register Map

Location Mnemonic Register Name Size Type
GPIOx Base + 00h PxDOUT Port GPIOx Data Out Byte R/W
GPIOx Base + 01h PxDIN Port GPIOx Data In Byte RO
GPIOx Base + 02h PxDIR Port GPIOx Direction Byte R/W
GPIOx Base + 03h |PxPULL Port GPIOx Pull-Up or Pull-Down Enable Byte R/W
GPIOx Base + 04h PxPUD Port GPIOXx Pull-Up/Down Selection Byte R/W
GPIOx Base + 05h ' PxENVDD Port GPIOx Drive Enable by Vpp Present Byte R/W
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4.0 Embedded Controller Modules (Continued)

Port GPIOx Data Out Register (PxDOUT)

Writing to PxDOUT sets the output values of the GPIO pins. Reading from PxDOUT returns the last value written to the reg-
ister. This register is reset to 00h.

Location: Offset 00h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name GPIOXx Port Data Out
Reset o o o o 0o 0o o | o0
Bit Type Description
7-0 R/W  GPIOx Port Data Out. Each of these bits controls the state of a GPIO pin when the GPIO pin is
configured as output. When open-drain operation is required, the respective pin bit should be set to
0. In this case, the corresponding PxDIR register bit is used to control the output state.

Port GPIOx Data In Register (PxDIN)
Reading from PxDIN returns the current value of the GPIO pins in the port. Not-implemented bits return 0.
Location: Offset 01h

Type: RO
Bit 7 6 5 4 3 2 1 0
Name GPIOXx Port Data In
Bit ‘ Type Description
7-0 RO | GPIOx Port Data In. The value read from each of these bits reflects the actual status of the
respective GPIO pin.

Port GPIOx Direction Register (PxDIR)
PxDIR configures the direction of the GPIOXx pins. Itis cleared on reset, which configures all the pins in port GPIOx as inputs.
Location: Offset 02h

Type: R/W
Bit 7 6 5 | a 3 2 1 | 0
Name GPIOx Port Direction
Reset o 0 | o o o o o 0
Bit Type Description
7-0 R/W | GPIOx Port Direction. Each of these bits controls the output buffer of a GPIO pin. This bit is also
used in open-drain mode as the data out control. Setting this bit drives the respective GPIO output
low. Clearing this bit sets the output in TRI-STATE mode.
0: The pin is configured as input (output buffer is disabled) (default).
1: The pin is configured as output (output buffer is enabled).
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4.0 Embedded Controller Modules (Continued)

Port GPIOx Pull-Up or Pull-Down Enable Register (PxPULL)

PxPULL controls the pull-up or pull-down for the related pin. On reset, it is cleared, disabling all pull-ups except when oth-
erwise noted in “Power-Up Configuration” on page 85.

Location: Offset 03h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name GPIOx Port Pull-Up or Pull-Down Enable
Reset See Section 4.4.6 on page 85
Bit Type Description
7-0 R/W  GPIOx Port Pull-Up or Pull-Down Enable. Each of these bits controls the pull-up or pull-down
enable of a GPIO pin. The pulling type is selected in the PxPUD register.
0: The pin pull-up or pull-down are disabled.
1: The selected pull-up or pull-down for the pin is enabled.

Port GPIOx Pull-Up/Down Selection Register (PxPUD)

PxPUD elects between pull-up or pull-down for GPIOx port pins. It is reset to 00h unless otherwise noted in “Power-Up Con-
figuration” on page 85.

Location: Offset 04h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name GPIOXx Port Pull-Up/Down Select
Reset See Section 4.4.6 on page 85
Bit Type Description
7-0 R/W  GPIOx Port Pull-Up/Down Select. Each of these bits selects either pull-up or pull-down for a GPIO
pin.
0: Pull-up selected for the pin.
1: Pull-down selected for the pin.

Port GPIOx Drive Enable by Vpp Present (PXENVDD)

PxXENVDD controls the Drive Enable by Vpp Present option for the port GPIOXx pins. On reset, it is set for all the port pins
supporting the Drive Enable by Vpp Present option unless otherwise noted in “Power-Up Configuration” on page 85.

Location: Offset 05h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name GPIOx Port Drive Enable by Vpp Present Control
Reset See Section 4.4.6 on page 85
Bit Type Description
7-0 R/W  |GPIOx Port Drive Enable by Vpp Present Control. Each of these bits selects the Drive Enable
by Vpp Present functionality for a GPIO pin.
0: Pin output buffer and pull-up/pull-down are controlled only by PxDIR, PxPULL and PxPUD bits.
1: Pin output buffer and pull-up/pull-down are disabled when Vpp supply is powered-off, regardless
of PxDIR state.
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following Core Domain reset.

4.4.6 Power-Up Configuration
The following table lists the default values of the PxDIR, PxPULL, PxPUD and PxENVDD registers for each GPIOx port,

4.0 Embedded Controller Modules (Continued)

2. The GPIO pin is powered by Vpp, therefore the bit is not implemented.

Port Number PXDIR PXPULL PXPUD PXENVDD
GPIOO 0000 0X0X'b 0000 0X0Xb 0000 0X0Xb 0000 0X0Xb
GPIO1 X0X0 0000b X1X0 0001b X1X0 0000b X1X0 00X21b
GPIO2 0000 0X00b 0001 0X00b 0000 0X00b 000X2 0X00b
GPIO3 X0X0 0000b X0X0 0000b X0X0 0000b X1X1 0000b
GPIO4 0000 00XO0b 0000 00X0b 0000 00XO0b 1111 11X1b
GPIO5 000X 0000b 000X 0000b 000X 0000b 000X 1111b
GPIO6 X0X0 0000b X0X0 0000b X0X0 0000b X0X0 0000b
GPIO7 000X X000b 100X X010b 000X X010b 000X X111b
GPIO8 0XX0 000Xb 0XX0 000Xb 0XX0 000Xb 1XX1 110Xb

GPI9 N.A. N.A. N.A. 0000 0000b
1.X=NA.
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4.0 Embedded Controller Modules (Continued)

4.5 KEYBOARD SCAN

4.51

Internal keyboard scanning is supported by up to 18 open-drain output signals and eight input signals. Switch-based key-
board matrices are supported by CMOS Schmitt trigger inputs that have internal pull-up resistors. For power efficiency, the
inputs include interrupt and wake-up capability so that pressing/releasing keys can be identified without scanning the key-
board matrix in either Active, Idle or Deep Idle mode. The keyboard interrupt is controlled by the MIWU; see Table 10 on

page 66.

Overview

4.5.2 Keyboard Scan Registers
All Keyboard Scan registers are powered by V¢. They are set to their default values by Core Domain reset.

Keyboard Scan Register Map

Location Mnemonic Register Name Size Type
FF F6C4h KBSIN Keyboard Scan In Byte RO
FF F6C5h KBSINPU Keyboard Scan In Pull-Up Enable Byte R/W
FF F6C6h KBSOUTO Keyboard Scan Out 0 Word R/W
FF F6C8h KBSOUT1 Keyboard Scan Out 1 Word R/W
Keyboard Scan In Register (KBSIN)
Location: FF F6C4h
Type: RO
Bit 7 6 5 4 3 2 1 0
Name KBSIN7 KBSIN6 KBSIN5 KBSIN4 KBSIN3 KBSIN2 KBSIN1 KBSINO
Bit Description
7-0 | KBSIN7-0 (Keyboard Scan In Bits 7-0). When read, returns the level of the KBSIN7-0 signals.
Keyboard Scan In Pull-Up Enable Register (KBSINPU)
Location: FF F6C5h
Type: R/W
Bit 7 6 5 4 3 2 1 0
Name KBSINPU7 | KBSINPU6 KBSINPU5 KBSINPU4 KBSINPU3 KBSINPU2 KBSINPU1| KBSINPUO
Reset 0 0 0 0 0 0 0 0
Bit Description
7-0 KBSINPU7-0 (Keyboard Scan In Pull-Up Enable Bits 7-0). When set to 1, a pull-up resistor is connected to
the respective KBSIN pin.
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Keyboard Scan Out 1 Register (KBSOUT1)

4.0 Embedded Controller Modules (Continued)
Keyboard Scan Out 0 Register (KBSOUTO)
Location: FF F6C6h
Type: R/W
Bit 15 14 13 12 11 10 9 8
Name KBSOUT15 KBSOUT14 KBSOUT13 KBSOUT12 KBSOUT11| KBSOUT10 KBSOUT9 KBSOUTS
Reset 1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
Name KBSOUT7 KBSOUT6 KBSOUT5 KBSOUT4 KBSOUT3 KBSOUT2 KBSOUT1 KBSOUTO
Reset 1 1 1 1 1 1 1 1
Bit ‘ Description
15-0 KBSOUT1 5-0 (Keyboard Scan Out Bits 15-0). Controls the open-drain driver of the respective KBSOUT15-0
pin.

Location: FF F6C8h
Type: R/W
Bit 15 14 13 12 11 10 9 8
Name Reserved
Reset 0 0 o 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Name Reserved KBSOUT17 KBSOUT16
Reset 0 0 o 0 0 0 1 1
Bit Description
15-2 |Reserved.
1-0 KBSOUT17-16 (Keyboard Scan Out Bits 17-16). Controls the open-drain driver of the respective
KBSOUT17-16 pin.
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4.0 Embedded Controller Modules (Continued)

4.6 SYSTEM GLUE FUNCTIONS

The System Glue module includes the following functions:
® GPIO echo function control (IOEE register).
® SMBus wake-up support.

4.6.1 GPIO Echo Function

Some GPIO pins may be paired to generate an input to output echoing with software masking. The input GPIO ports are
GPIO01 and GPIO03. The output ports are GPIO21 and GPIO23 respectively. The echo function outputs reflect the values
of the echo inputs only when the respective Echo Enable bit in IOEE register is set and the respective GPIO output pin is
configured to output. The input pin can also be configured for event detection, generating wake-up and/or interrupt; see
Section 4.2 on page 66.

Table 12. GPIO Echo Functions Routing and Echo Enable Bit Assignments

Input Port Echo Enable Bit Output Port
GPIOO01 EEP1 bit in IOEE register GPIO21
GPIOO03 EEP3 bit in IOEE register GPIO23

4.6.2 SMBus Wake-Up Support

To manage SMBus wake-up efficiently, an indication of activity on the SMBus ports is provided. The bits of the SMBus Start
Detection Register (SMB_SBD) indicate if a Start condition is detected at an SMBus port. If a Start condition is detected at
an SMBus port and the respective bit in SMB_EEN register is set to 1, an event is generated to the MIWU. SMBus port 1
events are connected to WUI43, MIWU input (see Figure 10 on page 88). SMBus port 2 events are connected to WUI44
MIWU input.

WUI43 and WUI44, MIWU inputs also generate INT7 to the ICU via WKINTD, MIWU output.

r— — — — "7 r—— — —r — — — 7
SDA1 Start Bit | | | |
SCL1 Detection | | SRGERCD | I wul43
| SMB1EEN
SMB1 Module | | |
L — — — —
MIwu
F— === | | |
SDA2 Start Bit | | | |
SCL2 Detection [ SMB2SBD | || wuies
| | SMB2EEN
SMB2 Module | | |
©— =~ | SMBSBD | SMB_EEN,
Register __ Register

Figure 10. SMB Start Condition Events Connectivity to MIWU

For a connectivity table of SMBus port events to MIWU inputs, see Table 10 on page 66 in the MIWU.

4.6.3 System Glue Registers
All System Gilue registers are powered by V. They are set to their default values by Core Domain reset.

System Glue Register Map

Location Mnemonic Register Name Size Type
FF F6COh IOEE Input to Output Echo Enable Byte R/W
FF F6C1h Reserved
FF F6C2h SMB_SBD SMBus Start Bit Detection Byte R/W1C
FF F6C3h SMB_EEN SMBus Event Enable Byte R/W
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4.0 Embedded Controller Modules (Continued)

Input to Output Echo Enable Register (IOEE)

IOEE is read/write and byte-wide. It enables echoing of some General-Purpose Input ports to specified General-Purpose

Output ports. The IOEE bits have an impact only when the output and Input GPIOs are configured as GPIO ports.
Location: FF F6COh

Type: R/W
Bit 7 | 6 | 5 | 4 3 2 1 0
Name Reserved EEP3 Reserved EEP1 Reserved
Reset 0 | 0 | 0 0 0 0 0 0

Bit Description

7-4 | Reserved.

input and output ports (see Table 12 on page 88).
0: Echo Disabled (default).
1: Echo Enabled.

3  EEP3 (Echo Enable Port 3). Enables the echo of function of GPIO03 to GPIO23. Controls the respective GPIO

2 Reserved.

input and output ports (see Table 12 on page 88).
0: Echo Disabled (default).
1: Echo Enabled.

1 EEP1 (Echo Enable Port 1). Enables the echo of function of GPIO01 to GPIO21. Controls the respective GPIO

0 Reserved.

SMBus Start Bit Detection Register (SMB_SBD)

SMB_SBD indicates when a Start condition is detected at an SMBus port. In this case, an event is generated to the MIWU

if the respective bit in SMB_EEN register is set.
Location: FF F6C2h

Type: R/W1C
Bit 7 6 5 4 3 2 1 0
Name Reserved SMB2SBD SMB1SBD
Reset o o o o o 0 0 0
Bit Description
7-2 |Reserved.
1 SMB2SBD (SMBus 2 Start Bit Detection). Indicates that an SMBus Start condition was detected on SMBus 2
port of SMB 2 module. Write 1 to clear this bit after SMB2_SL bit in DEVALT2 register (see page 38) is modified.
0: No Start condition was detected (default).
1: Start condition was detected on SMBus 2 port (SDA2 and SCL2 pins).
0 |SMB1SBD (SMBus 1 Start Bit Detection). Indicates that an SMBus Start condition was detected on SMBus 1
port of SMB 1 module.
0: No Start condition was detected (default).
1: Start condition was detected on SMBus 1 port (SDA1 and SCL1 pins).
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4.0 Embedded Controller Modules (Continued)

SMBus Event Enable Register (SMB_EEN)

The detection of a Start condition at one of the SMBus ports sets one of the status bits of the SMB_SBD register and gen-
erates an event if the respective bit in the SMB_EEN register is 1 (see also SMB_SBD register).

Location: FF F6C3h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved SMB2EEN SMB1EEN
Reset o o o o o 0 0 0
Bit Description
7-2 | Reserved.
1 SMB2EEN (SMBus 2 Event Enable). Enables an event to be asserted if SMB_SBD.SMB2SBD bit is set.
0: Eventis disabled (default).
1: SMBus 2 Start condition event is enabled.
0 |SMB1EEN (SMBus 1 Event Enable). Enables an event to be asserted if SMB_SBD.SMB1SBD bit is set.
0: Eventis disabled (default).
1: SMBus 1 Start condition event is enabled.
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4.0 Embedded Controller Modules (Continued)

4.7 PS/2 INTERFACE

The PS/2 protocol is an industry-standard, PC-AT-compatible interface for keyboards. It uses a two-wire bidirectional TTL
interface for data transmission. Several vendors also supply PS/2 mouse products and other pointing devices that employ
the same type of interface.

The WPC8763L provides three PS/2 data transfer channels. Each channel has two quasi-bidirectional signals that serve as
direct interfaces to an external keyboard, mouse or any other PS/2-compatible pointing device. Since the three channels are
identical, the connector ports are interchangeable.

4.7.1 Features

® Three PS/2 channels.

® Enable/Disable for each of the three channels.
® Automatic hardware shift mechanism.

® Hardware support for PS/2 auxiliary device protocol.

® Processor interrupts at the beginning and end of data transfer.
® Optional software-based PS/2 implementation.

4.7.2 General Description
In the previous generation of keyboard controllers, firmware executed the PS/2 device interface by toggling the interface
signals. The WPC8763L supports this bit toggling mode via either polling or interrupt-driven clock edge detection.

The PS/2 device firmware is significantly simplified through the use of a hardware accelerator mechanism. The accelerator
includes an 8-bit shift register, a state-machine, and control logic that handle both the incoming and outgoing data. The PS/2
module reduces the code overhead, performance requirements and overall interrupt latency of the core firmware. The hard-
ware is designed to meet the PS/2 device interface as defined in Keyboard and Auxiliary Device Controller (Types 1 and 2),
August 1988.

Naming Conventions

In this section, the following naming conventions are used:

® The term “channel” describes the interface to one of the PS/2 devices and its two associated signals (clock and data).
® The term “shift mechanism” refers to the hardware accelerator.

® The term “PS/2 interface” refers to the entire mechanism.

Interface Signals

The PS/2 interface includes six external signals (PSCLK3-1 and PSDAT3-1) and six registers.

Module Block Diagram

A schematic description of the PS/2 interface is shown in Figure 11. The interface to the three channels is symmetric; only
channel 1 is detailed in the figure.

PS/2 I/F Registers rI_CFanFeIE _________________ 1
r— — — 1 r.. - - - - -"""-—"—— = | I
r— — — =" I_Ch_anlelg _________________ I I
lr====1 " Channel 1 T AT T TN !
I
| RDAT1 | ! L
' woatt é Do IS
III ! S R PSDAT1
!, row 4 N
III CLK1 | i 8
N | |
I_| | o _ _ — _ 1 a PSCLK1
] o
r— — - =1
| | EN1 DATH DATO1 CLKI1 CLKO1
EN2 DATI2 DATO2 CLKI2 CLKO2
I I EN3 DATI3 DATO3 CLKI3 CLKO3
I ENSM | . .
L Shift Mechanism

Figure 11. PS/2 Interface Functional Diagram
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4.0 Embedded Controller Modules (Continued)

Quasi-Bidirectional Drivers

The quasi-bidirectional drivers have an open-drain output, an internal pull-up and a low-impedance pull-up. The open-drain
output pulls the signal low when the output buffer data is 0. The weak pull-up is active when the output buffer data is 1 and
WPUEN in PSCON register is set (1). The low impedance pull-up is active when the WPC8763L changes the output data
buffer from 0 to 1, thereby reducing the low-to-high transition time. The length of time that the low-impedance pull-up is active
is determined by HDRYV field in PSCON register.

Interrupt Signal

The firmware can use an interrupt-driven mechanism to implement the PS/2 device interface via PSINT1. More details on
the use of the interrupt are provided in “Interrupt Generation” on page 94. Figure 12 shows the interrupt mechanism with the
associated enable bits.

EOT bit (PSTAT)
EOTIE bit (PSIEN)

PSINT1

SOT bit (PSTAT)
SOTIE bit (PSIEN)

Figure 12. PS/2 Interface Interrupt Signal

Power Modes

The PS/2 interface is active only when the WPC8763L is in Active mode. The shift mechanism should be disabled before
entering Idle or Deep Idle mode. In Idle and Deep ldle modes, the state of output signals cannot be changed (i.e., the firm-
ware cannot write to PSOSIG register, and the shift mechanism does not function).

When the WPC8763L needs to wake up on a Start bit detection by the MIWU, the PS/2 channels that can serve as wake-
up event sources must be enabled before entering Idle or Deep Idle mode. To enable them, set to 1 their corresponding CLK
bits in PSOSIG register.

The MIWU can be used to identify a start bit in Idle or Deep Idle mode and to return the WPC8763L to Active mode. The
MIWU receives PSCLK3-1 and PSDAT3-1 signals as inputs (see Table 10 on page 66). The MIWU should be programed to
identify a falling edge on the clock or data lines of the enabled channels. In this configuration (clock or data), a start bit causes
the WPCB8763L to switch from Idle or Deep Idle mode to Active mode. Once Active mode is reached, the firmware should
cancel the transaction that started and then enable retransmission of the information by the device.

PS/2 Interface Operation

The PS/2 interface has two basic operating methods:
® With the shift mechanism disabled

® With the shift mechanism enabled

The following sections describe how to use the PS/2 interface with each of these operating methods.

4.7.3 Operating With the Shift Mechanism Disabled

The shift mechanism is disabled when EN bit in PSCON register is cleared (0). In this state, the PS/2 clock and data signals
are controlled by the firmware, which performs the PS/2 protocol by manipulating the PS/2 clock and data signals.

Clock Signal Control

CLK3-1 bits in PSOSIG register control the value of the respective clock signals (PSCLK3-1). When one of these bits is
cleared (0), the relevant pin is held low. When set (1), the open-drain output is open and the respective clock signal is either
floating or held high by the pull-up. In this case, an external device can force the respective clock signal low.

When reading PSISIG register, bits RCLKS3-1 indicate the current state of the corresponding clock signal.

Data Signal Control

WDATS-1 bits in PSOSIG register control the value of the respective data signals (PSDAT3-1). When one of these bits is
cleared (0), the relevant data signal is held low. When set (1), the open-drain output is open and the respective data signal
is held high by the pull-up. In this case, an external device can force the respective data signal low.

When reading PSISIG register, bits RDAT3-1 indicate the current state of the corresponding data signal.
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4.0 Embedded Controller Modules (Continued)

4.7.4 Operating With the Shift Mechanism Enabled

The shift mechanism is designed to offload the bit level handling of the data transfer from the firmware to a hardware mech-
anism; this improves system tolerance to interrupt latency. The mechanism includes a shift register and a state machine that
controls the PS/2 protocol.

Figure 13 shows the shift mechanism PS/2 data transfer sequence. There are three basic modes: Disabled, Receive and
Transmit. Different states in each mode define the progress of the data transfer. The rest of this section details the use of
the shift mechanism for implementing a PS/2 data transfer.

Reset the Shift Mechanism

Clearing either the shift mechanism enable bit (EN = 0 in PSCON register) or all channel clock bits (CLK3-1 = 0) resets the
shift mechanism. Setting CLK3-1 to 0 is recommended to prevent glitches on the clock signals. In reset state, PSTAT register
is cleared (00h), and the state of the PS/2 clock and data signals (PSCLK3-1 and PSDAT3-1) is set according to the value
of their control bits (CLK3-1 and WDAT3-1, respectively).

When the shift mechanism is reset while in an unknown state or in Transmit Idle state, the firmware should set (1) WDAT3-
1 before the shift mechanism is reset.

Enable the Shift Mechanism

To enable the shift mechanism, verify that PSOSIG register is set to 47h and then set (1) EN bit in PSCON register. This
puts the shift register state machine in Receive Inactive or Transmit Inactive state (XMT is 0 or 1, respectively, in PSCON
register). In either of these states, the clock signals (PSCLK3-1) are low and the data signals PSDAT3-1 are either floating
or pulled high.

PS/2 Reset

Disabled

EN=0
(Shift Reset)

Transmit
Inactive

CLK1, CLK2,
and CLK3 =1

Transmit
Idle

EN=0
(Shift Reset)

Receive
Inactive

CLK1, CLK2,
and CLK3 =1

Receive
Idle

Start Bit Start Bit
Detected Detected
Active Active
CLK1, CLK2,
Line Control and CLK3 =0 Stop Bit
Bit Detected (Shift Reset) Detected

End of End of
Transmission Reception

Transmit Mode Receive Mode

Figure 13. Shift Mechanism State Diagram
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4.0 Embedded Controller Modules (Continued)

Shift Status
The PSTAT register indicates the current status of the shift mechanism. The data transfer process can be in one of three states:
® Shifter Empty:
The shift mechanism is in Receive Inactive, Receive Idle, Transmit Inactive or Transmit Idle state. The PSTAT is
cleared because none of the enabled devices sent a start bit.

® Start Bit Detected:
The shift mechanism is in Receive Active or Transmit Active state. This indicates that a start bit was identified for at least
one of the channels and the shift process has begun. SOT bit in PSTAT register indicates the detection of the start bit;
ACH field in PSTAT register indicates the active channel (the channel on which the start bit was detected).

® End Of Transaction:
The shift mechanism is in End Of Reception or End Of Transmission state. This indicates that the last bit of the trans-
fer sequence was detected (and the data can therefore be read from PSDAT register) or that the data transmission
was completed (for receive and transmit, respectively). EOT bit in PSTAT register indicates transfer completion. If a
parity error was detected in the received data, PERR bit in PSTAT register is set. If a stop bit was detected low in-
stead of high, RFERR bit in PSTAT register is set.

Input Signal Debounce

The WPC8763L performs a debounce operation on the clock input signal before determining its logical value. IDB field in
PSCON register determines the number of clock cycles for which the input signal must be stable to allow a change in its
value to be detected.

Interrupt Generation

The PSINT1 is an interrupt signal generated by the shift mechanism to allow an interrupt-driven firmware interface.

The ICU should be programed to detect high-level interrupts on the PSINT1 interrupt; see Section 4.3 on page 74 for details
on the ICU. SOTIE and EOTIE bits in PSIEN register mask the interrupt signaling for SOT and EOT bits, respectively, in
PSTAT register.

Receive Mode

Receive Inactive

When the shift mechanism is enabled and bit XMT=0 in PSCON register, the shift mechanism enters Receive mode in the
Receive Inactive state. When one (or more) channel is enabled, Receive Idle state is entered by setting the channel enable
bit (CLK3-1 for channels 3-1, respectively). In this state, the shift-mechanism sets the clock and data lines of the enabled
channels high (1) and waits for a start bit.

Receive Idle

In the Receive Idle state, the PS/2 interface waits for input from any one of the enabled channels. The first of the enabled
channels to send a start bit is selected for handling by the shift mechanism. The other two channels are disabled by forcing
0 on their clock lines.

Start Bit Detection
The start bit is identified by a falling edge on the clock signal while the data signal is low (0).

If the start bit is identified simultaneously in more than one channel, only one channel (the one with the lowest number) is
selected for receive and the transfer on the other channel is aborted. For example, channel 1 has priority over channels 2and
3, channel 2 has priority over channel 3. The data transfer in the non-selected channels is aborted before 10 data bits have
been sent (by forcing the clock signal to 0), and the transmitting PS/2 device will resend its data when its interface is re-
enabled by the firmware. This mechanism ensures that no incoming data is lost.

When the hardware sets (1) SOT bit and designates the selected channel in ACH field, this indicates receipt of the start bit
in PSTAT register. In addition, if SOTIE bit is set in PSIEN register, an interrupt signal to the ICU is set high. The firmware
may use this interrupt to start a time-out timer for the data transfer.

Receive Active

After identifying the start bit, the shift mechanism enters the “Receive-Active” state. In this state the clock signal of the se-
lected device (PSCLK1, PSCLK2, PSCLKS3) sets the data bit rate. On each falling edge of the clock, new data is sampled
on the data signal of the active channel (i.e., PSDAT1 PSDAT2, PSDATS3).

Following the start bit, eight bits of data are received (clocks 2 through 9); a parity bit follows (10th clock) and then a stop bit
(11th clock). The stop bit is indicated by a falling edge of the clock with the data signal high (1). If the 11th clock is identified
with data low, the receive frame error bit (RFERR in PSTAT register) is set, but the clock is treated as the stop bit.

After the parity is received, the shift mechanism checks the incoming data for parity errors. If there are eight data bits with a
value of 1 and the parity bit is even, PERR bit in PSCON register is set, indicating a parity error.
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End Of Reception

When the stop bit is detected, the shift mechanism enters the End Of Reception state. In this state, the shift mechanism:
® Disables all the clock signals by forcing them low.
® Sets the End Of Transaction status bit (EOT = 1 in PSTAT register).

® |f EOTIE bit in PSTAT register is set, the interrupt signal to the ICU is asserted (1).

The shift mechanism stays in this state until it is reset.

Figure 14 shows the receive byte sequence, as defined by the PS/2 standard.

1st 2nd 10th 11th

CLK CLK CLK g CLK CLK

Figure 14. PS/2 Receive Data Byte Timing

Transmit Mode

Transmit Inactive
When the shift mechanism is enabled and XMT bit in PSCON register is set (1):

® The shift mechanism enters Transmit mode in Transmit Inactive state with all clock signals low and data signals high
(PSOSIG = 47h).

® The firmware writes the data to be transmitted to the PS/2 data register (PSDAT).

® The data line of the channel to be transmitted is forced low by the firmware clearing its data bit (WDAT3-1 for chan-
nels 3-1, respectively).

Transmit Idle

The Transmit Idle state can be entered by setting the channel enable bit (CLK3-1 for channel 3-1, respectively). This enables
the channel to be used for transmission. In this state, the shift-mechanism sets the clock of the enabled channel high (1),
holds the data line of that channel low and waits for a start bit. When a PS/2 device senses the clock signal high with the
data signal low, it identifies a transmit request from the WPC8763L.

The two channels that is not in use are disabled by forcing 0 on their clock lines.

Start Bit Detection
The start bit is identified by a falling edge on the clock signal while the data signal is low (0).

When a start bit is detected, data transmission begins by outputting bit 0 (LSB) of the transmitted data and setting data bits
WDATS3-1 in PSOSIG register. This allows bit 0 of the transmitted data to be output on the PS/2 data signal (PSDAT1,
PSDAT2, PSDATS3, according to the active channel).

In addition, the hardware sets the SOT bit (to 1) and stores the active channel number in ACH field, indicating transmission
of the start bit in PSTAT register. Note that if SOTIE bit in PSIEN register is set, an interrupt signal to the ICU is set high.
The firmware can use this interrupt to start a time-out timer for the data transfer.

Transmit Active

After identifying the start bit, the shift mechanism enters the Transmit Active state. The clock signal of the selected device
(PSCLK1, PSCLK2, PSCLKQ) sets the data bit rate.

After each of the next seven falling edges of the clock line, one more data bit (bits 1 through 7) is driven on the data line of
the active channel (PSDAT1, PSDAT2, PSDATS3).

On the ninth falling edge of the clock, the parity bit is output. The parity bit is high (1) if the number of bits with a value of 1
in the transmitted data is even (i.e., odd parity).

The tenth falling edge causes a 1 to be output as a stop bit. The data signal remains high to allow the PS/2 device to send
the line control bit.

The auxiliary device then completes the transfer by sending the line-control bit. The line-control bit is identified by the data
signal at low level after the 11th falling edge of the clock.
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End Of Transmission

The End Of Transmission state is entered when the line-control bit is detected. In response, the shift mechanism holds all
clock signals low, and if the internal pull-up is enabled, all data signals are pulled high by the internal pull-up.

The End Of Transaction flag (EOT in PSTAT register) is set to indicate that the transmit operation was completed; in addition,
if EOTIE bit in PSIEN register is set, the interrupt signal to the ICU is set high.

The shift mechanism stays at this state until it is reset.
Figure 15 shows the transmit byte sequence, as defined by the PS/2 standard.

I/O 1st 2nd § 9th 10th 11th

Inhibit CLK CLK CLK CLK CLK /=
o N/ N NN\ N\

Figure 15. PS/2 Transmit Data Byte Timing

Transfer Abort

At each stage of a receive or transmit operation, the transaction can be aborted by clearing all three channel enable bits
(CLK3-1) in PS/2 Output Signal register (PSOSIG) to 0. This resets the shifter state machine and puts it in the Enabled In-
active state. If the shift mechanism is in Transmit Inactive or Transmit Idle state, WDAT3-1 bits should also be set.

4.7.5 PS/2 Interface Registers

These registers are reset by Core Domain reset. For a summary of the abbreviations used for Register Type, see “Reqister
Abbreviations and Access” on page 20.

PS/2 Register Map

Location Mnemonic Register Name Size Type
FF F300h PSDAT PS/2 Data Register Byte R/W
FF F302h PSTAT PS/2 Status Register Byte RO
FF F304h PSCON PS/2 Control Register Byte R/W
FF F306h PSOSIG PS/2 Output Signal Register Byte R/W
FF F308h PSISIG PS/2 Input Signal Register Byte RO
FF F30Ah PSIEN PS/2 Interrupt Enable Register Byte R/W

PS/2 Data Register (PSDAT)
In Receive mode, PSDAT holds the data received in the last message from the PS/2 device. In Transmit mode, the data to
be shifted out is written to this register. When the PS/2 interface is reset, the contents of this register become invalid.

On reset, the PS/2 interface is set to Receive mode. In this mode, PSDAT should only be read when EOT bit in PSTAT reg-
ister is set to 1.

Setting the transmit enable bit in PSCON register to 1 (XMT = 1 in PSCON register) puts the PS/2 interface in Transmit
mode. PSDAT should only be written when in Transmit mode and when all three channel enable bits CLK3-1 in PSOSIG
register are cleared (0).

Location: FF F300h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Data
Bit Description
7-0 Data. Contains the data received in the last message (or the data to be transmitted in the next transmission).
Bit 0 is the first bit to be shifted (LSB).
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PS/2 Status Register (PSTAT)

PSTAT contains the status information on the data transfer on the PS/2 ports. All non-reserved bits are cleared (0) on reset
when CLK1, CLK2 and CLK3 in PSOSIG are cleared and when EN bit in PSCON register is cleared. Reading PSTAT does
not clear any of its bits.

Location: FF F302h

Type: RO

Bit 7 6 5 4 2 1 0

Name Reserved RFERR ACH PERR EOT SOT

Reset X 0 o o 0 0 0
Bit Description

7 Reserved.

6 | RFERR (Receive Frame Error). When set to 1, indicates that the stop bit in a received frame was detected low
instead of high.

5-3 |ACH (Active Channel). Defines which PS/2 channel is currently active (i.e., a start bit was detected). If more than
one channel become active simultaneously, only the one with the highest priority (lowest number) is flagged.

Bits

5 4 3 Description

0 0 0: None of the channels is active (default).
0 0 1: Channelf.

0 1 O0: Channel2.

1 0 0: Channel 3.

Others:  Reserved.

2 |PERR (Parity Error). When set to 1, indicates that a parity error was detected in the last data reception. PERR
must be ignored during data transmission.

1 EOT (End Of Transaction). When set to 1, indicates that a PS/2 data transfer was completed, i.e., a stop bit
was detected at Receive mode or a line control bit was detected at Transmit mode.

0 | SOT (Start Of Transaction). When set to 1, indicates that a start bit was detected. The ACH field (bits 5-3 of
this register) indicates on which channel it was detected.

PS/2 Control Register (PSCON)

PSCON controls the operation of the PS/2 interface by enabling it and controlling the data transfer direction. On reset, it is
set to 00h.

Location: FF F304h

Type: R/W

Bit 7 6 \ 5 \ 4 3 \ 2 1 0

Name WPUEN IDB HDRV XMT EN

Reset 0 0 \ 0 \ 0 0 \ 0 0 0
Bit Description

7  WPUEN (Weak Pull-Up Enable).
0: Disables the pull-up. In this state, for proper PS/2 operation, the system must ensure that PS/2 interface signals
are not left floating (default).
1: Enables the internal pull-up of the output buffer. The pull-up remains active as long as the buffer does not drive
the signal to low level.
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Bit Description

6-4 |IDB (Input Debounce). Defines the number of WPC8763L clock cycles during which the clock input is
expected to be stable before the shift mechanism identifies its new value. This protects the shift mechanism
from false edge detections. The number of WPC8763L clock cycles for which the input should be stable before
an edge is detected is:

Bits

6 5 4 Description

0 0 O0: One cycle (default).
0 0 1: Twocycles.

0 1 0: Fourcycles.

0 1 1: Eightcycles.

1 0 0: 16 cycles.

1 0 1: 32cycles.

3-2 |HDRV (High Drive). Defines the behavior of the quasi-bidirectional buffers on transition from low to high. It
defines the period of time for which the output is pulled high with a low-impedance drive (when the WPC8763L
changes the output level from low to high). This period is a function of the WPC8763L clock as follows:

Bits
3 2 Description
0 O Disabled (default).
0o f1: Low-impedance drive for one clock cycle.
1 0: Low-impedance drive for two clock cycles.
1 1 Low-impedance drive for three clock cycles.
1 XMT (Transmit Enable).
0: Receive mode.
1: Causes the PS/2 interface to enter Transmit mode.
0 EN (Shift Mechanism Enable).
0: The hardware shift mechanism is disabled; the software both controls and monitors the PS/2 signals using
PSOSIG and PSISIG registers (default).
1: The hardware shift mechanism is enabled. The enabled channels are controlled by PSOSIG register; Trans-
mit/Receive mode is controlled by XMT bit.

PS/2 Output Signal Register (PSOSIG)

PSOSIG sets the value of the PS/2 port signals. When the shift mechanism is enabled, the clock control bits in this register
define the active channel(s). On reset, it is set to 47h.

Location: FF F306h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved (must be ‘01°) CLK3 CLK2 CLK1 WDAT3 WDAT2 WDAT1
Reset 0 1 0 0 0 1 1 1
Bit Description
7-6 | Reserved. Must be ‘01.
5 CLK3 (Enable Channel 3)
0: Forces the PSCLK3 pin low (0) and disables channel 0 of the shift mechanism.
1: Depends on whether or not the shift mechanism is enabled.
e When the shift mechanism is enabled (EN bit in PSCON register is set to 1), channel 3 of the PS/2 ports
is enabled.
¢ When the shift mechanism is disabled (EN bit in PSCON register is set to 0), the clock line output buffer
data is 1 (i.e., the signal is pulled high by the pull-up, if enabled, and may be pulled low by an external device).
4 CLK2 (Enable Channel 2). Same as CLKS, but for channel 2.
3 CLK1 (Enable Channel 1). Same as CLKS, but for channel 1.
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Bit

Description

WDAT3 (Write Data Signal Channel 3). Controls the data output to channel 3 data signal (PSDAT3). Use of
this bit depends on whether or not the shift mechanism is enabled.

e When the shift mechanism is disabled (EN bit in PSCON register is set to 0), the data in WDATS is output to
PSDATS3 signal.

— If WDATS3 is cleared (0), the output buffer data is 0 (i.e., PSDAT3 is forced low).
— If WDATS is set (1), the output buffer data is 1 (i.e., PSDAT3 is pulled high by the internal pull-up and may
be pulled low by an external device).

¢ When the shift mechanism is enabled (EN=1), WDATS3 should be set to 1, except when the shift mechanism is
in Transmit mode. In this case, when in transmit-inactive and it is intended to transmit data to channel 3, the
firmware should clear WDATS3 bit to force the transmit signaling (low) to the PS/2 device.
Note: WDATS is set by the hardware after the WPC8763L detects a start bit (i.e., on entering Transmit Active
state). If a transmission is aborted before Transmit Active state, WDAT3 should be set (1) prior to dis-
abling the channel.

WDAT2 (Write Data Signal Channel 2). Controls the data output to the channel 2 data signal (PSDAT2). For
more information, see the description of WDATS3.

WDAT1 (Write Data Signal Channel 1). Controls the data output to channel 1 data signal (PSDAT1). For more
information, see the description of WDAT3.

Note: When CLK1, CLK2, CLK3 are 0, the shift mechanism is reset. In this case, the PSTAT register and the shift state
machine are reset to their initial state.

PS/2 Input Signal Register (PSISIG)
PSISIG provides the current value of the PS/2 port signals.
Location: FF F308h

Type: RO
Bit 7 6 5 4 3 2 1 0
Name Reserved RCLK3 RCLK2 RCLK1 RDAT3 RDAT2 RDAT1
Bit Description
7-6 | Reserved.
5 RCLKS3 (Read Clock Signal Channel 3). When read, returns the current value of the channel 3 clock signal
(PSCLKS3).
4  RCLK2 (Read Clock Signal Channel 2). When read, returns the current value of the channel 2 clock signal
(PSCLK2).
3 RCLK1 (Read Clock Signal Channel 1). When read, returns the current value of the channel 1 clock signal
(PSCLK1).
2 | RDAT3 (Read Data Signal Channel 3). The current value of the channel 3 data signal (PSDAT3).
1 RDAT2 (Read Data Signal Channel 2). The current value of the channel 2 data signal (PSDAT2).
0 RDAT1 (Read Data Signal Channel 1). The current value of the channel 1 data signal (PSDAT1).

Revision 1.0

99 www.winbond.com

1€9280dM



WPC8763L

Winbond Confidential - Provided to Wistron under NDA
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PS/2 Interrupt Enable Register (PSIEN)

PSIEN enables/disables interrupts generated by the PS/2 module. To prevent spurious interrupts, the bits in PSIEN register
should be cleared to 0 only when interrupts are disabled (i.e., in the core, | or E bits in PSR register are 0) or when the cor-
responding interrupts in the ICU are masked. Bits in PSIEN register may be set to 1 at any time. On reset, non-reserved bits
of PSIEN are cleared.

Location: FF F30Ah

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved (must be 00h) EOTIE SOTIE
Reset o o o o o 0 0 0

Bit Description

7-2 | Reserved.

1 EOTIE (End Of Transaction Interrupt Enable). Used to enable interrupt generation on End Of Transaction
detection.

0: EOT bit in PSTAT register does not affect the interrupt signal (default).

1: The interrupt signal (PSINT1) to the ICU is active (1) when EOT bit in PSTAT register is set.

Note: Once set, EOT is not cleared until the shift mechanism is reset. Therefore, EOTIE should be cleared on
the first occurrence of an EQT interrupt. EOTIE should be set (1) when the PS/2 module is programed to
handle the next transfer.

0 SOTIE (Start Of Transaction Interrupt Enable). Used to enable interrupt generation on Start Of Transaction
detection.

0: SOT bitin PSTAT register does not affect the interrupt signal (default).

1: The interrupt signal (PSINT1) to the ICU is active (1) when SOT bit in PSTAT register is set.

Note: Once set, SOT is not cleared until the shift mechanism is reset. Therefore, SOTIE should be cleared on
the first occurrence of an SOT interrupt. SOTIE should be set (1) when the PS/2 module is programed to
handle the next transfer.
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4.0 Embedded Controller Modules (Continued)

4.8 MULTI-FUNCTION 16-BIT TIMER (MFT16)

The WPC8763L includes two Multi-Function Timer (MFT) modules. The registers of each module are prefixed with Tn, and
the signals are suffixed with an n (where n is the module number). Each MFT16 module satisfies a wide range of application
requirements. The module includes:

® Clock Source Unit that contains a prescaler and one clock source selector for each counter.
® Main Timer/Counter and Control unit that contains two counters, two reload registers for PWM, Input Capture or

Counter modes and two compare registers.

Core Clock
(CLK)
Clock
32K Clock Source
_(LFCLK) 1 unit
L

Counter 1

® Mode select and control unit that defines the function of the I/O pins and interrupts.
Figure 16 shows the contents of a MFT16 module functional units.

Reload/Capture A
TnCRA

Timer/Counter 1

Clock

Counter 2

TnCNT1

Compare A
TnCPA

Reload/Capture B
TnCRB

Timer/Counter 2

External Event

Clock

TnCNT2

Compare B
TnCPB

Toggle/Capture, Compare, Interrupt

——» Interrupt A

[ e X TAn

Vi

- » Interrupt B

o || M- X T8n

Features

Figure 16. MFT16 Functional Diagram

PWM/Capture/Counter Mode Select

and Control

Two 16-bit programmable timers/counters.

Two 16-bit reload/capture registers. Used as reload or capture registers, depending on the mode of operation.
Two 16-bit timer or capture/compare registers, which hold a value to be compared with the counter or capture regis-

ter. An interrupt can be generated on compare match.

® A 5-bit programmable clock prescaler.
® Clock source selectors (one for each counter). These enable each counter to operate in:

— Pulse accumulate mode

— External event mode

— Prescaled core clock mode
— Slow-speed clock (LFCLK) input mode
Two 1/O pins (TAn and TBn), with programmable edge detection; these operate as:

— Capture inputs

— Capture and preset inputs
— External event (clock) inputs

— PWM outputs

Two interrupts, one for each counter, that can be generated/ triggered by:

— Timer underflow
— Timer reload
— Input capture
— Compare match

TA2 output is connected to both a WPC8763L pin and the ADC timer trigger, internal input. TB2 input is not connected to a
WPC8763L pin.

Six pending bits, which can be polled by software, are associated with the two interrupts.
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4.0 Embedded Controller Modules (Continued)
4.8.2 Clock Source Unit
The clock source unit, as shown in Figure 17, contains two clock selectors for each counter and a 5-bit clock prescaler.
Prescaler Register No Clock Counter 1
TPRSC Counter 1 Clock
Clock ——»
Select
Reset A4
5-Bit Prescaled Clock
Core Clock Prescaler Counter
(CLK) Counter 2
Pulse Counter 2 Clock
Accumulate Clock >
Select
' External
Event
TBn X Synchronizer \1/ 1\ ven
]
82K Clock | Synchronizer
(LFCLK) y
Figure 17. Clock Prescaler and Selec_:tor
Prescaler

The 5-bit clock prescaler consists of a prescaler register and a 5-bit counter, allowing the timer to run with a prescaled clock.
The core clock is divided by the value contained in TNPRSC+1. The minimum counter clock frequency is thus the core clock
divided by 32; the maximum counter clock frequency is equal to the core clock. The prescaler register, TnPRSC, can be read
or written by software at any time. The prescaler counter is a 5-bit down counter that cannot be read or written by software.
The 5-bit counter and the prescaler register TNnPRSC are cleared on reset.

External Event Clock

The TBn I/O pin can be selected as an external event input clock source for either of the two 16-bit counters. The polarity of
the input signal is programmable to trigger a count if either a rising or a falling edge is detected on TBn. The minimum pulse
width of the external signal is one core clock cycle; therefore, the maximum frequency with which the counter can run in this
mode is limited to half the core clock frequency.

Note: An external event clock is not available for TNCNT1 in Dual Input Capture mode (mode 2) and for TnCNT2 in Input
Capture and Timer mode (mode 4) because these modes require TBn as an input. external event clock is not avail-
able for either counters in Dual Independent Capture mode (mode 5).

Pulse Accumulate Mode

In Pulse Accumulate mode, the counter can also be clocked while an external signal on TBn is either high or low. In this
configuration, the output of the prescaler is gated with an external signal applied on TBn input. This mode can be used to
obtain a cumulative count of prescaler output clock pulses, as shown in Figure 18.

Note: Pulse Accumulate mode is not available for TNCNT1 in Dual Input Capture mode (mode 2) and for TnCNT2 in Input
Capture and Timer mode (mode 4) because these modes require TBn as an input. Pulse accumulate mode is not
available in Dual Independent Capture mode (mode 5) for either counters.

Prescaler
o b LI LT LT L UL L L L L L

TBn

Counter
Clock

Figure 18. Pulse Accumulate Mode
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Slow-Speed Clock (LFCLK)

A slow-speed clock of 32.768 KHz (LFCLK) can be used as a clock source for the two 16-bit counters. The MFT16 synchro-
nizes the slow-speed clock with the core clock.

Some power save modes stop the core clock completely. When this occurs, the timer stops counting LFCLK until the core
clock resumes.

Counter Clock Source Select

The clock source unit contains two clock source selectors that allow the clock source to be selected independently for each
of the two 16-bit counters from one of the following sources:

® No clock, in which case the counter is stopped and capture events are ignored.
® Prescaled core clock.

® External event count based on TBn.

® Pulse Accumulate mode based on TBn.

® Slow Speed Clock (LFCLK) i.e., 32.768 KHz.

4.8.3 Timer/Counter and Control Unit

The Timer/Counter and Control unit consists of two 16-bit counters, TNnCNT1 and TnCNT2, in addition to two 16-bit re-
load/capture registers, TNCRA and TnCRB and two compare registers, TnCPA and TnCPB. The timers are down counters
capable of triggering events on underflow detection (count roll-over from 0000h to FFFFh). In addition, the unit contains the
mode control logic, which allows the timer to operate in any of five operation modes described below.

Different interrupts can be triggered on certain conditions, and the functionality of the 1/0 pins changes depending on the
mode of operation. Therefore, the interrupt control and the I/O control are an integral part of the timer/counter unit.

Operation Modes
The MFT16 can be configured to operate in any one of five modes, as summarized in Table 13 and described in this section.

Table 13. Operation Modes

Mode

Description

Timer/Counter 1
(TnCNT1)

Reload/Capture A
(TnCRA)

Reload/Capture B
(TnCRB)

Timer/Counter 2
(TnCNT2)

PWM and system
timer or external
event counter

Counter for PWM

Auto Reload A
= PWM time 1

Auto Reload B
= PWM time 21gd

System Timer or
external event
counter

Dual input capture

Capture A and B

Capture counter 1

Capture counter 1

System Timer

input capture

value on TAn event

value on TBn event

2 and system timer time base value on TAn event |value on TBn event

3 Dual independent Time base for first Reload register for Reload register for Time base for
timer timer TnCNT1 TnCNT2 second timer

4 Input capture and Time base for first Reload register for Capture counter 2 Capture B time base
timer timer TnCNTA value on TBn event

5 Dual independent Capture A time base | Capture counter 1 Capture counter 2 Capture B time base
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Mode 1, PWM and Counter

PWM can be used to generate pulses of known width and duty cycle on the TAn pin. The timer is clocked by the selected
clock. An underflow causes the timer register to be reloaded, alternately, from the TnCRA and TnCRB registers and, if en-
abled, causes TAn output to toggle. Thus the values stored in TnCRA and TnCRB registers control the high time and low
time of the signal produced on TAn. In PWM mode, TnNCNT2 can be used as either a simple system timer or an external
event counter. The counter can be loaded by software with a specific value; the counter then generates an interrupt after the
preprogramed number of external events is received on TBn input.

Figure 19 shows a block diagram of the timer operating in mode 1. In PWM mode, TnCNT1 functions as the time base for
the PWM timer. Counter 1 counts down at the clock rate selected via the counter 1 clock selector. When an underflow occurs,
the timer register is reloaded alternately from the TnCRA and TnCRB registers, and counting proceeds downward from the
loaded value. On reset, and every time this mode is entered, the first reload in this mode is from the TnCRA register. Once
enabled, the counter starts counting down from the value currently in TnCNT1. At the first underflow, the timer is loaded from
TnCRA; on the second underflow, it is loaded from TnCRB; on the third underflow, it is loaded from ThnCRA, and so on. Note
that every time the counter is stopped through the selection of “No-Clock” in the counter 1 clock selector (TnCKC), it obtains
its first reload value after it has been restarted from TnCRA register.

The timer can be configured to toggle TAn output signal on underflow. This results in the generation of a clock signal on TAn,
with the width and duty cycle controlled by the values stored in TNnCRA and TnCRB registers. This PWM clock is core-inde-
pendent because once the timer is set up, no further interaction is required by software (i.e., the core) to generate a contin-
uous PWM signal. Software can select the initial value of the PWM output signal as either high or low; see “Timer I/O
Functions” on page 110 for additional details. The timer can be configured to generate separate interrupts on reload from
TnCRA and TnCRB. The interrupts can be enabled or disabled under software control. The TANPND or TnBPND flags, re-
spectively, which are set by the hardware on occurrence of a timer reload, indicate which interrupt occurred; see
Section 4.8.5 on page 109 for detailed information.

In this mode of operation, TNCNT2 can be used as a “simple” system timer, an external event counter or a pulse accumulate
counter. Counter TNCNT2 counts down with the clock selected via the counter 2 clock selector, and TNCNT2 can be config-
ured to generate an interrupt on underflow if the interrupt is enabled by TnDIEN bit; see Section 4.8.5 on page 109 for de-
tailed information.
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Timer 1 Timer/Counter 1 q -
I <7
Clock TnCNT1 >TOG.GLE = [X] TAn
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Figure 19. Mode 1, PWM and Counter
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4.0 Embedded Controller Modules (Continued)

Mode 2, Dual Input Capture

Dual Input Capture mode can be used to measure either the frequency of an external clock that is slower than the selected
clock source frequency or the elapsed time between external events. A transition received on the TAn or TBn pin causes a
transfer of TNCNT1 contents to TnCRA or TnCRB register, respectively. In this mode, TNnCNT2 can be utilized as a system
timer that is preloaded by software and generates an interrupt on underflow.

Figure 20 shows a block diagram of the timer operating in mode 2. In this mode of operation, the time base of the capture
timer is formed by counter 1, which counts down with the clock selected via the counter 1 clock selector. In Dual Input Cap-
ture mode, TAn and TBn pins function as capture inputs. A transition received on TAn pin causes a transfer of the timer
contents to TnCRA register. Similarly, a transition received on the TBn pin causes a transfer of the timer contents to TnCRB
register. TAn and TBn inputs can be configured to perform a counter preset to FFFFh on reception of a valid capture event.
In this case, the current value of the counter is transferred to the corresponding capture register; following this, the counter
is preset to FFFFh. Using this approach enables control over the on-time, off-time or cycle time of an external signal, thus
reducing core overhead.

The pulse width of the input signal on TAn and TBn must be equal to or greater than one core clock cycle; see Section 8.5.8
on page 295 for additional details. The values captured in TnCRA register at different times reflect the elapsed time between
transitions on the TAn pin. The same is true for TNCRB register and the TBn pin. Each input pin can be configured to sense
either rising or falling edge transitions.

The timer can be configured to generate interrupts on reception of a transition on either TAn or TBn. The interrupts can be
enabled or disabled separately for TAn or TBn by TnAIEN and TnBIEN bits, respectively. An underflow of TNCNT1 can also
generate an interrupt if the interrupt was enabled by TnCIEN bit. All three interrupts have individual pending flags; see
Section 4.8.5 on page 109 for detailed information.

TnCNT2 can be used as a “simple” system timer in this mode of operation. The TnCNT2 counter counts down with the clock
selected via the counter 2 clock selector, and TNnCNT2 can be configured to generate an interrupt on underflow if the interrupt
was enabled by TnDIEN bit; see Section 4.8.5 on page 109 for detailed information.

Note that TNCNT1 cannot operate in the “Pulse Accumulate” or “External Event Counter” clock source modes of operation
because TBn input is used as a capture input. Selecting either Pulse Accumulate mode or External Event Counter mode for
TnCNT1 causes it to stop. However, all available clock source modes may be selected for TNCNT2. Thus it is possible to
use TnCNT2 to determine the number of capture events on TBn or the elapsed time between capture events on TBn.
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Figure 20. Mode 2, Dual Input Capture
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4.0 Embedded Controller Modules (Continued)

Mode 3, Dual Independent Timer

Dual Independent Timer mode can be used for a wide variety of system tasks such as the periodic core interrupt generation,
based either on the prescaled clock or external events on TBn. The timer can also toggle TAn pin on underflow, allowing the
simple generation of a core-independent 50% duty cycle signal on TAn. In mode 3, TnCNT1 counts down and reloads from
TnCRA on underflow while TnCNT2 is reloaded from TnCRB on underflow. Both counters can also be operated using the
prescaled core clock. Eigure 21 shows a block diagram of the timer in mode 3.

TnCNT1 counts down at the rate of the selected clock; see “Counter Clock Source Select” on page 103 for additional details.
On underflow, TNCNT1 is reloaded from TnCRA register and counting proceeds. If enabled, the TAn pin toggles on under-
flow of TNCNT1. Software can select the initial value of the TAn output signal as either high or low; see “Timer I/O Functions”
on page 110 for additional details. In addition, the TnAPND interrupt pending flag is set, and, if TnAIEN bit is set to 1, a timer
interrupt 1 is generated; see Section 4.8.5 on page 109 for detailed information. Since TAn toggles on every underflow, a
50% duty cycle PWM signal can be generated on TAn without requiring interaction by the core.

TnCNT2 counts down at the rate of the selected clock; see “Counter Clock Source Select” on page 103 additional details.
On every underflow of TNnCNT2, the value contained in TnCRB register is loaded into TNCNT2, and counting proceeds down-
wards from that value. In addition, the TnDPND interrupt pending flag is set, and a timer interrupt 2 is generated if TnDIEN
bit is set to 1; see Section 4.8.5 on page 109 for detailed information.
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Figure 21. Mode 3, Dual Independent Timer
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4.0 Embedded Controller Modules (Continued)

Mode 4, Input Capture and Timer

This operating mode offers a combination of a single timer (with automatic reload) and a single capture timer. In this mode,
TnCNT1 operates as a timer that is reloaded from TnCRA on underflow. It is possible to toggle TA on every underflow of
TnCNT1 and thus generate a 50% duty cycle signal on TAn. TNCNT2 forms the time base of the capture timer. The value
on TnCNT2 is transferred to TNCRB when a valid event on TBn is detected.

This mode is a combination of modes 3 and 2. It allows TNCNT2 to operate as a single-input capture timer concurrently with
TnCNT1. (TnCNT1 can be used as a system timer, as described in mode 3.) Figure 22 shows a block diagram of the timer
in mode 4.

TnCNT1 starts counting down once a clock has been enabled. On underflow, TnCNT1 is reloaded from TnCRA register, and
counting proceeds downwards from that value. If enabled, the TAn pin toggles on every underflow of TnCNT1. Software can
select the initial value of the TAn output signal as either high or low; see Section 4.8.6 on page 110 for additional details. In
addition, the TnAPND interrupt pending flag is set, and a timer interrupt 1 is generated if TnAIEN bit is set to 1; see
Section 4.8.5 on page 109 for detailed information. Since TAn toggles on every underflow, a 50% duty cycle signal can be
generated on TAn without requiring any interaction of software (i.e., without requiring any interaction with the core).

TnCNT2 starts counting down once a clock has been enabled. When a transition is received on TBn, the value contained in
TnCNT2 is transferred to TNCRB, and the interrupt pending flag (TNBPND) is set. A timer interrupt 1 is generated if it is en-
abled. A preset of the counter to FFFFh on detection of a transition on TBn can be enabled. In this case, the current value
of TnCNT2 is transferred to TnCRB, followed by a preset of the counter to FFFFh. TnCNT2 starts counting downwards from
FFFFh until the next transition is received on TBn, which causes the procedure of capture and preset to be repeated. Un-
derflow of TNCNT2 sets the TnDPND interrupt pending flag and can also generate a timer interrupt 2 if the interrupt was
enabled; see Section 4.8.5 on page 109 for detailed information. The input signal on TBn must have a pulse width equal to
or greater than one core clock cycle; see Section 8.5.8 on page 295 for additional details. TBn can be configured to sense
either rising or negative edge transitions.

Notes:

® TnCNT2 cannot operate in the Pulse Accumulate or External Event Counter modes because TBn input is used as a
capture input. Selecting either Pulse Accumulate mode or External Event Counter mode for TNCNT2 causes TnCNT2
to stop.

® All available clock source modes may be selected for TNnCNT1. Thus it is possible to use TNnCNT1 to determine the
number of capture events on TBn or the elapsed time between capture events on TBn.
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Figure 22. Mode 4, Input Capture and Timer
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4.0 Embedded Controller Modules (Continued)

Mode 5, Dual Independent Input Capture

Dual Independent Input Capture mode can be used to measure either the frequency of two external clocks that are slower
than the selected clock source frequency or the elapsed time between external events. A transition received on the TAn pin
causes a transfer of TNCNT1 contents to TnCRA. A transition received on the TBn pin causes a transfer of TNCNT2 contents
to TnCRB.

Figure 23 shows a block diagram of the timer operating in mode 5. In mode 5, the time base of each capture timer is formed
by counters 1 and 2, which count down with the clock selected via the clock selectors. In Dual Independent Input Capture
mode, TAn and TBn pins function as capture inputs. A transition received on TAn pin causes a transfer of timer 1 contents
to TNCRA register. Similarly, a transition received on the TBn pin causes a transfer of timer 2 contents to TnCRB register.
TAn and TBn inputs can be configured to perform counter preset to FFFFh on reception of a capture event. Each input pre-
sets the associated timer. In this case, the current value of the counter is transferred to the corresponding capture register;
following this, the counter is preset to FFFFh. Using this approach enables control over the on-time, off-time or cycle time of
an external signal, thus reducing core overhead.

The pulse width of the input signal on TAn and TBn must be equal to or greater than one core clock cycle; see Section 8.5.8
on page 295 for additional details. The values captured in TnCRA register at different times reflect the elapsed time between
transitions on the TAn pin. The same applies for TNCRB register and the TBn pin. Each input pin can be configured to sense
either rising or falling edge transitions.

The timer can be configured to generate interrupts on reception of a transition on either TAn or TBn. The interrupts can be
enabled or disabled separately for TAn or TBn by TAnIEN and TnBIEN bits. An underflow of TNCNT1 or TnCNT2 can also
generate an interrupt if the interrupt was enabled by TnCIEN or TnDIEN bit, respectively. All four interrupts have individual
pending flags; see Section 4.8.5 on page 109 for detailed information.

Note that TnCNT1 and TnCNT2 cannot operate in the Pulse Accumulate or External Event Counter modes of operation be-
cause TBn input is used as a capture input. Selecting either Pulse Accumulate mode or External Event Counter mode for

either counter causes it to stop.
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Figure 23. Mode 5, Dual Independent Input Capture
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4.0 Embedded Controller Modules (Continued)

4.8.4 Compare Function

The MFT16 supports two compare functions. Compare function A can be assigned to Counter 1 or to Capture Register A.
Compare function B can be assigned to Counter 2 or to Capture Register B. Each compare function compares a 16-bit value
in the compare register TNCPA or TnCPB, with the value in the assigned counter or capture register. The compare module
can be configured to generate an interrupt on any combination of three terms, ‘equality’, ‘higher than’ and ‘lower than’. The
comparison is done between the value in the assigned counter or capture register, and the value in the TnCPA/B register.
The ‘higher than’ term for comparator A is true when TnCNT1 or TnCRA (depending on the configuration) is higher than
TnCPA. The ‘higher than’ term for comparator B is true when TnCNT2 or TnCRB (depending on the configuration) is higher
than TnCPB. When selecting the counter for comparison, the compare is performed every count. If the capture register is
selected for compare, the comparison is performed only when a capture event is detected and after the capture register is
updated.

Each compare function can generate an interrupt when one of the enabled terms is met during comparison, and if an inter-
rupt is enabled for that compare function. Each compare function has its own pending flag, TnEPND or TnFPND.

The compare function is available in all MFT16 modes of operation and is independent of the state and mode of the timers.
Note that no compare is performed if a compare function is assigned to a capture register and the capture event is disabled.

4.8.5 Timer Interrupts

The MFT16 contains a total of six interrupt sources that are mapped to two different system interrupts. Each source has a
pending flag associated with it and can be enabled or disabled under software control to generate an interrupt. The pending
flags are TnXPND, where n is the module and X is a letter from A to F. An interrupt enable flag, TnXIEN, is associated with
each interrupt pending flag. Interrupt sources A, B, C or E can generate a timer interrupt 1; interrupt source D or F can gen-
erate a timer interrupt 2. Note that not all interrupt sources are available in all modes. Table 14 shows which events can trig-
ger an interrupt in each mode of operation:

Table 14. MFT16 Interrupts

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
System Interrupt
Pending Dual Dual
Interrupt Flag PWM and Dual Input Independent Input C_apture Independent
Counter Capture X and Timer
Timer Input Capture
TnAPND TnCNT1 reload  Input capture on | TNnCNT1 reload @ TnCNT1 reload | Input capture on
from TnCRA TAn transition from TnCRA from TnCRA TAn transition
TnBPND TnCNT1 reload | Input Capture on N/A Input Capture on | Input capture on
T from TnCRB TBn transition TBn transition TBn transition
imer
Int. 1 TnCPND N/A TnCNT1 under- N/A N/A TnCNT1 under-
flow flow
Compare Match | Compare Match | Compare Match | Compare Match | Compare Match
TnEPND for TNCNT1 or for TNCNT1 or for TNCNT1 or for TNCNT1 or for TNCNT1 or
TnCRA TnCRA TnCRA TnCRA TnCRA
TnCNT2 under- | TnCNT2 under- | TnCNT2 reload | TnCNT2 under- | TnCNT2 under-
TnDPND
. flow flow from TnCRB flow flow
Timer
Int. 2 Compare Match =~ Compare Match | Compare Match | Compare Match = Compare Match
TnFPND for TNCNT2 or for TNnCNT2 or for TNnCNT2 or for TNnCNT2 or for TNnCNT2 or
TnCRB TnCRB TnCRB TnCRB TnCRB
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4.8.6 Timer I/O Functions

There are two 1/O pins associated with each of the MFT16 modules: TAn and TBn, where n denotes the module on a given
device. The functionality of TA and TB depends on the mode of operation and the value of TAEN and TBEN bits. Table 15
shows the function of TA and TB versus the selected mode of operation. Note that if TA functions as a PWM output, the
initial and present value of TA is defined by TAOUT. For example, to start with TA high, TAOUT must be set (1) prior to
enabling the timer clock.

4.0 Embedded Controller Modules (Continued)

Table 15. MFT16 I/O Functions

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
/0 TnAEN Dual Dual
TnBEN PWM and Dual Input Independent Input C_apture Independent
Counter Capture X and Timer
Timer Input Capture
TnAEN=0 Output = Capture TNCNT1 Output = Output = Capture TNCNT1
TnBEN=X TnAOUT into TnCRA TnAOUT TnAOUT into TNCRA
TAn TnAEN=1 Toggle Outputon | Capture TnCNT1 Toggle Outputon | Toggle Outputon = Capture TnCNT1
underflow of into TnCRA and underflow of underflow of into TNCRA and
TnBEN=X TnCNT1 preset TNCNT1 TnCNTA TnCNT1 preset TNCNT1
Ext. Event or Ext. Event or
TnAEN=X Capture TNnCNT1 Capture TNCNT2 | Capture TnCNT2
ThBEN=0 Pulse Accumulate into TNACRB Pulse Accumulate into TNCRB into TNCRB
Input Input
TBn
TnAEN=X Ext. Event or Capture TNCNTH1 Ext. Event or Capture TNnCNT2 | Capture TNnCNT2
Pulse Accumulate = into TNCRB and Pulse Accumulate = into TnCRB and @ into TnCRB and
TnBEN=1 Input preset TnCNT1 Input preset TNCNT2 | preset TnCNT2

4.8.7 Operation in Development System

The MFT16 supports freezing the counters during breakpoints while operating in development systems. If FREEZE bit is as-
serted, all timer counter clocks are stopped and the current values of timer/counter registers TNCNT1 and TnCNT2 are frozen.
Once FREEZE becomes inactive, counting resumes from the previous value; see Section 4.20.3 on page 187 for more details.

www.winbond.com

110

Revision 1.0



Winbond Confidential - Provided to Wistron under NDA

4.0 Embedded Controller Modules (Continued)

4.8.8 MFT16 Registers
For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20.

MFT16 Register Map

All MFT16 registers are powered by V. All MFT16 registers are set to their default values by Core Domain reset unless

otherwise specified in the register description below.

Location Mnemonic Register Name Size Type
MFT16-n Base + 00h .TnCNT1 Timer/Counter 1 Word R/W
MFT16-n Base + 02h TnCRA Reload/Capture A Word R/W
MFT16-n Base + 04h TnCRB Reload/Capture B Word R/W
MFT16-n Base + 06h | TnCNT2 Timer/Counter 2 Word R/W
MFT16-n Base + 08h TnPRSC Clock Prescaler Byte R/W
MFT16-n Base + OAh .TnCKC Clock Unit Control Byte R/W
MFT16-n Base + 0Ch .TnMCTRL Timer Mode Control Byte R/W
MFT16-n Base + OEh TnICTRL Timer Interrupt Control Register Byte R/1WS
MFT16-n Base + 10h TnICLR Timer Interrupt Clear Byte wO
MFT16-n Base + 12h TnIEN Timer Interrupt Enable Byte R/W
MFT16-n Base + 14h TnCPA Compare A Word R/W
MFT16-n Base + 16h .TnCPB Compare B Word R/W
MFT16-n Base + 18h .TnCPCFG Compare Configuration Register Byte R/W

Timer/Counter Register 1 (ThnCNT1)
TnCNT1 is not affected by reset and thus contains random data on power-up.
Locations: MFT16-1 - FF F340h

MFT16-2 - FF F380h

Type: R/W
Bit 5 14 13 12 .11 10 9 8 7 6 5 4 3 2 1 0 |
Name TCNT1
Reset X X | x X x X/ x x| x x| x x x x x X
Reload/Capture Register A (TnCRA)
TnCRA is not affected by reset and thus contains random data on power-up.
Locations: MFT16-1 - FF F342h
MFT16-2 - FF F382h
Type: R/W
Bit 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Name TCRA
Reset X X | X X X X X X X X X X X X X X
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4.0 Embedded Controller Modules (Continued)

Reload/Capture Register B (ThCRB)
TnCRB is not affected by reset and thus contains random data on power-up.
Locations: MFT16-1 - FF F344h

MFT16-2 - FF F384h

Type: R/W

Bit 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Name TCRB

Reset X X | X X X X X X/ X x| X X X X x X

Timer/Counter Register 2 (ThnCNT2)
TnCNT2 is not affected by reset and thus contains random data on power-up.
Locations: MFT16-1 - FF F346h

MFT16-2 - FF F386h

Type: R/W

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name TCNT2

Reset X X | X X X X X X/ X X X X X X x X

Clock Prescaler Register (TnPRSC)
TnPRSC defines the timer clock prescaler ratio. It is set to 00h on reset.
Locations: MFT16-1 - FF F348h

MFT16-2 - FF F388h

Type: R/W

Bit 7 6 5 a 3 2 1 | 0

Name Reserved CLKPS

Reset o o 0 o o o o 0
Bit Description

7-5 |Reserved.

4-0 CLKPS (Clock Prescaler). The timer clock is generated by dividing the core clock by CLKPS+1. Therefore, the
maximum timer clock frequency is equal to the core clock (CLKPS=00000), and the minimum timer clock is the
core clock divided by 32 (CLKPS=11111).

Clock Unit Control Register (ThCKC)

TnCKC defines the clock source selection for each timer counter. It is set to 00h on reset, thus disabling TnCNT1 and
TnCNT2 clocks.

Locations: MFT16-1 - FF F34Ah
MFT16-2 - FF F38Ah

Type: R/W
Bit 7 | 6 5 | 4 | 3 2 | 1 | 0
Name Reserved C2CSEL C1CSEL
Reset 0 | 0 0 | 0 | 0 0 | 0 | 0
Bit Description
7-6  Reserved.
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4.0 Embedded Controller Modules (Continued)

Bit
5-3

2-0

Description
C2CSEL (Counter 2 Clock Select). Defines the clock mode for TNnCNT2.
Bits
5 4 3 Description
0 0 0: No Clock (Counter 2 stopped and capture events for TNnCNT2 are ignored) (default).
0 O 1: Prescaled core clock.
0 1 O0: External eventon TBn.
0 1 1: Pulse Accumulate.
1 0 O0: Slow-speed clock (LFCLK).
Other: Reserved.
C1CSEL (Counter 1 Clock Select). Defines the clock mode for TNnCNT1:
Bits
2 1 0 Description
0 0 0: No Clock (Counter 1 stopped and capture events for TNnCNT1 are ignored) (default).
0 O 1: Prescaled core clock.
0 1 0: External eventon TBn.
0 1 1: Pulse Accumulate.
1 0 O0: Slow-speed clock (LFCLK).
Other: Reserved.

Timer Mode Control Register (ThMCTRL)
TnMCTRL defines the operation mode of timer/counter and TAn and TBn I/O pins. It is set to 00h on reset.
Locations: MFT16-1 - FF F34Ch

MFT16-2 - FF F38Ch

Type: R/W
Bit 7 6 5 4 3 2 1 | 0
Name TAOUT TBEN TAEN TBEDG TAEDG MDSEL
Reset 0 0 0 0 0 o o 0
Bit Description
7 |TAOUT (TAn Output Data). When TAn is used as a PWM output, in addition to the hardware control (which
sets or resets the TAOUT bit on a toggle event), TAOUT allows software control over the level of TAn output.
When read, TAOUT reflects the current value driven at the TAn output.
TAOUT can also be used to set the initial value of TAn output in PWM mode. Note that if the hardware attempts
to toggle this bit at the same time as the software is writing to it, the software write takes precedence over the
hardware update.
This bit has no effect on TAn pin, when TAn pin is used as input.
0: TAn is driven low (default).
1: TAnis driven high.
6 TBEN (TBn Enable). When set to 1, enables TBn to function as a preset input if operating in Dual Input
Capture mode (mode 2), Input Capture and Timer mode (mode 4) or Dual Independent Input Capture mode
(mode 5). The bit has no effect while operating in modes 1 or 3; see Table 15 on page 110 for additional
information.
5 |TAEN (TAn Enable). When set to 1, enables TAn to function either as a preset input or as a PWM output,
depending on the mode of operation; see Table 15 on page 110 for additional information.
4 TBEDG (TBn Edge Polarity).
0: A high-to-low transition on TBn causes the action defined by the mode of operation, e.g., input capture or ex-
ternal event count (default).
1: A low-to-high transition on TBn results in the defined action.
Note:In Pulse Accumulate mode, when this bit is set to 1, the count is enabled if TBn is high. When this bit is
set to 0, the counter is enabled if TBn is low.
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4.0 Embedded Controller Modules (Continued)

Bits
210
0 0 O
0O 0 f1:
0 1 O:
0o 1 1:
1 0 O
Other:

Description

Mode 1 (default).

Mode 2.
Mode 3.
Mode 4.
Mode 5.
Reserved.

Bit Description
3 |TAEDG (TAn Edge Polarity).
0: A high-to-low transition on TAn causes the action defined by the mode of operation, e.g., input capture (default).
1: A low-to-high transition on TAn results in the defined action.
2-0 MDSEL (Mode Select). Defines the MFT16 mode of operation.

MFT16-2 - FF F38Eh

Timer Interrupt Control Register (TnICTRL)

TnICTRL contains the interrupt pending bits for the timer interrupt sources. It is set to 00h on reset.
Locations: MFT16-1 - FF F34Eh

Type: R/W1S
Bit | 6 5 4 3 2 1 0
Name Reserved TFPND TEPND TDPND TCPND TBPND TAPND
Reset | 0 0 0 0 0 0 0
Bit Description
7-6 Reserved.
5  TFPND (Timer Interrupt Source F Pending). When asserted, indicates that an interrupt condition (see Table 14
on page 109) occurred. Can be set by either hardware or software.
This bit cannot be cleared (set to 0) directly. It can be cleared via the Timer Interrupt Clear register.
A write of 0 to TFPND is ignored. The bit is cleared on reset.
4  TEPND (Timer Interrupt Source E Pending). Same as TFPND but for a different condition; see Table 14.
3  TDPND (Timer Interrupt Source D Pending). Same as TFPND but for a different condition; see Table 14.
2  TCPND (Timer Interrupt Source C Pending). Same as TFPND but for a different condition; see Table 14.
1 TBPND (Timer Interrupt Source B Pending). Same as TFPND but for a different condition; see Table 14.
0 TAPND (Timer Interrupt Source A Pending). Same as TFPND but for a different condition; see Table 14.
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4.0 Embedded Controller Modules (Continued)
Timer Interrupt Clear Register (TnICLR)
TnICLR enables clearing the interrupt pending bits of TnICTRL register.
Locations: MFT16-1 - FF F350h
MFT16-2 - FF F390h
Type: wO
Bit 7 6 5 4 3 2 1 0
Name Reserved TFCLR TECLR TDCLR TCCLR TBCLR TACLR
Bit Description
7-6  Reserved.
5 TFCLR (Timer Pending F Clear). Writing a 1 clears the TFPND flag in TnICTRL register.
0: Has no effect on TFPND. The previous value of TFPND is maintained.
1: Causes the TFPND flag to be cleared (0).
4 ' TECLR (Timer Pending E Clear). Writing a 1 clears the TEPND flag in TnICTRL register.
0: Has no effect on TEPND. The previous value of TEPND is maintained.
1: Causes the TEPND flag to be cleared (0).
3 TDCLR (Timer Pending D Clear). Writing a 1 clears the TDPND flag in TnICTRL register.
0: Has no effect on TDPND. The previous value of TDPND is maintained.
1: Causes the TDPND flag to be cleared (0).
2 TCCLR (Timer Pending C Clear). Writing a 1 clears the TCPND flag in TnICTRL register.
0: Has no effect on TCPND. The previous value of TCPND is maintained.
1: Causes the TCPND flag to be cleared (0).
1 TBCLR (Timer Pending B Clear). Writing a 1 clears the TBPND flag in TnICTRL register.
0: Has no effect on TBPND. The previous value of TBPND is maintained.
1: Causes the TBPND flag to be cleared (0).
0 TACLR (Timer Pending A Clear). Writing a 1 clears the TAPND flag in TnICTRL register.
0: Has no effect on TAPND. The previous value of TAPND is maintained.
1: Causes the TAPND flag to be cleared (0).
Timer Interrupt Enable Register (TnlEN)
TnlEN contains the interrupt enable for the timer interrupt sources. It is cleared on reset.
Locations: MFT16-1 - FF F352h
MFT16-2 - FF F392h
Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved TFIEN TEIEN TDIEN TCIEN TBIEN TAIEN
Reset 0 0 0 0 0 0 0 0
Bit Description
7-6 Reserved.
5 TFIEN (Timer Interrupt F Enable).
0: No system interrupt occurs, but the associated pending flag TFPND is set (default).
1: Enables a system interrupt based on the occurrence of a condition, as listed in Table 14 on page 109.
4 TEIEN (Timer Interrupt E Enable).
0: No system interrupt occurs, but the associated pending flag TEPND is set (default).
1: Enables a system interrupt based on the occurrence of a condition, as listed in Table 14
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Bit Description
3 TDIEN (Timer Interrupt D Enable).
0: No system interrupt occurs, but the associated pending flag TDPND is set (default).
1: Enables a system interrupt based on the occurrence of a condition, as listed in Table 14.
2 | TCIEN (Timer Interrupt C Enable).
0: No system interrupt occurs, but the associated pending flag TCPND is set (default).
1: Enables a system interrupt based on the occurrence of a condition, as listed in Table 14.
1 TBIEN (Timer Interrupt B Enable).
0: No system interrupt occurs, but the associated pending flag TBPND is set (default).
1: Enables a system interrupt based on the occurrence of a condition, as listed in Table 14.
0 TAIEN (Timer Interrupt A Enable).
0: No system interrupt occurs, but the associated pending flag TAPND is set (default).
1: Enables a system interrupt based on the occurrence of a condition, as listed in Table 14.
Compare Register A (TnCPA)
The value of TnCPA is compared with the value of TnCNT1 or TnCRA registers, depending on the CPASEL bit of the
TnCPCFG register.
Locations: MFT16-1 - FF F354h
MFT16-2 - FF F394h
Type: R/W
Bit 5 14 13 12 M 10 9 8 7 6 5 4 3 2 0
Name TCPA
Reset o/ o/ 0o 0o 0o o0 O O O 0O 0 0 0 0 0
Compare Register B (TnCPB)
The value of TnCPB is compared with the value of TNCNT2 or TnCRB registers, depending on the CPBSEL bit of the
TnCPCFG register.
Locations: MFT16-1 - FF F356h
MFT16-2 - FF F396h
Type: R/W
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 0
Name TCPB
Reset ©o o o0 0 0 0 O 0O O O 0 0 0 O 0
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Compare Configuration Register (ThnCPCFQG)
TnCPCFG contains configurations of the compare functions and interrupt generation. It is set to 00h on reset.
Locations: MFT16-1 - FF F358h

MFT16-2 - FF F398h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name HIBEN EQBEN LOBEN CPBSEL HIAEN EQAEN LOAEN CPASEL
Reset 0 0 0 0 0 0 0 0
Bit Description
7 | HIBEN (High Indication Enable for Comparator B). When set, enables the setting of TFPND flag in TnICTRL
register when the TnCNT2 or TnCRB register value (depending on CPBSEL) is higher than the TnCPB value.
0: ‘Higher than’ comparison result has no effect on TFPND flag (default).
1: ‘Higher than’ comparison result sets TFPND flag.
6  EQBEN (Equal Indication Enable for Comparator B). When set, enables the setting of TFPND flag in TnICTRL
register when the TnCNT2 or TnCRB register value (depending on CPBSEL) is equal to the TnCPB value.
0: ‘Equal’ comparison result has no effect on TFPND flag (default).
1: ‘Equal’ comparison result sets TFPND flag.
5 LOBEN (Low Indication Enable for Comparator B). When set, enables the setting of TFPND flag in TnICTRL
register when the TnCNT2 or TnCRB register value (depending on CPBSEL) is lower than the TnCPB value.
0: ‘Lower than’ comparison result has no effect on TFPND flag (default).
1: ‘Lower than’ comparison result sets TFPND flag.
4 | CPBSEL (Compare Function B Select). Compare function B configuration bit.
0: TnCPB register is compared with the value of counter 2 (TNnCNT2 register). Compare is performed on every
count (default).
1: TnCPB register is compared with the value of Capture register B (TnCRB register). Compare is performed only
on capture events after the capture register is updated.
3  HIAEN (High Indication Enable for Comparator A). When set, enables the setting of TEPND flag in TnICTRL
register when the TNnCNT1 or TnCRA register value (depending on CPASEL) is higher than the TnCPA value.
0: ‘Higher than’ comparison result has no effect on TEPND flag (default).
1: ‘Higher than’ comparison result sets TEPND flag.
2 EQAEN (Equal Indication Enable for Comparator A). When set, enables the setting of TEPND flag in TnICTRL
register when the TnCNT1 or TnCRA register value (depending on CPASEL) is equal to the TnCPA value.
0: ‘Equal’ comparison result has no effect on TEPND flag (default).
1: ‘Equal’ comparison result sets TEPND flag.
1 LOAEN (Low Indication Enable for Comparator A). When set, enables the setting of TEPND flag in TnICTRL
register when the TnCNT1 or TnCRA register value (depending on CPASEL) is lower than the TnCPA value.
0: ‘Lower than’ comparison result has no effect on TEPND flag (default).
1: ‘Lower than’ comparison result sets TEPND flag.
0 CPASEL (Compare Function A Select). Compare function A configuration bit.
0: TnCPA register is compared with the value of counter 1 (TNCNT1 register). Compare is performed on every
count (default).
1: TnCPA register is compared with the value of Capture register A (TNCRA register). Compare is performed only
on capture events after the capture register is updated.
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4.0 Embedded Controller Modules (Continued)

4.9 PULSE WIDTH MODULATOR (PWM)

This chapter describes a PWM module. A device may include “n” such modules.

The PWM module generates “m” 16-bit PWM outputs; each may have a different duty cycle. A common 16-bit clock pres-
caler and a 16-bit down counter determine the cycle time, the minimal possible pulse width and the duty cycle steps.

The PWM module can be configured to provide up to 16-bit PWM resolution. The combined prescaler value (PRSCn) and
down counter preset value (CTRn) determine the cycle time. The resolution is set by the value of CTRn, which determines
the number of PWM steps per cycle.

The notation for the PWM output signals is “n_PWMm”; notation for the common registers is “NAMER”; notation for the duty
cycle channel registers is “NAMEmn”.

The WPC8763L includes two PWM modules, PWM A and PWM B (“n” is either A or B). The PWM A module has two outputs
(“m” is from 0 to 1); the PWM B module has one output (“m” is 0). Note that the current state of A_PWM1 can be read via
GPIO21, and the current state of B_PWMO can be read via GPIO13.

4.9.1 Features

® “‘m” PWM outputs

® Common16-bit programmable prescaler

® Common16-bit programmable down counter
16-bit duty cycle control per output
Programmable polarity per output

® Low power mode

4.9.2 Functional Description

The PWM generates m, 16-bit PWM outputs, n_PWMO0 to n_PWMm. Duty Cycle registers 0 to m (DCRmn) control the duty
cycle of n_PWMO to n_PWMm output signals, respectively. The Cycle Time register (CTRn) controls the cycle time and duty
cycle steps of all outputs.

The PWM uses the core clock as a reference for its activities. The prescaler divider divides the core clock by a programmable
ratio of 1:1 through 1: 65536, as defined by the Clock Prescaler register (PRSCn).

The PWM output cycle period is CTR+1 cycles of the prescaler output clock. The 16-bit down counter counts, using the out-
put clock from the prescaler divider, starting from the value held in CTRn register down to 0. When it reaches 0, the down
counter restarts from the CTR value.

The DCRmn register defines the number of clock cycles in which n_PWMm signal is high during the down-counter cycle.

If Inverse PWMm bit (INVPm) in PWM Control register (PWMCTLn) is active (1), the n_PWMm output signal is inverted,
regardless of the DCRmn or CTRn values of the down counter.

Figure 24 is a functional block diagram of the PWM module.

16-Bit, Clock 16-Bit,
Prescaler Register Cycle Time Register
v v
Core > 16-Bit 16-Bit
i ; )
Clock Prescaler Counter Down Counter
Down Counter = 0
r—— - — 750 — — = - — [ — — A r—— - - - - — — = - — /1
| 16-Bit, | | 16-Bit, |
v v Compare Compare v
o[RS T R SRl
| LY 16-Bit,  oomens | 16-Bit, Q 9 |
| Duty Cycle | | Duty Cycle v ¢ |
A 4 Register 0 Register m 01
| INVPO— p\0 1 | | INVPm|
L—_ - - - - | I -
n_PWMO n_PWMm

Figure 24. PWM Block Diagram
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4.9.3 Cycle Time and Duty Cycle Calculation

The PWM module supports duty cycles in the range of 0% to 100%.

The n_PWMm output signal cycle time is: (PRSCn + 1) x (CTRn + 1) x T x Where:

® Tk is the core clock cycle time (i.e., the PWM input clock).

® The cycle time may range from 2 x Tg g to 65536 x 65536 X Tg k-

The n_PWMm output signal duty cycle (in %, when INVPm is 0) is: ((DCRmn + 1) / (CTRn + 1)) x 100
Special cases:

® |f the DCRmn value is greater than the CTRn value, the n_PWMm signal is always low.

® If DCRmn value is equal to the CTRn value, the n_PWMm signal is always high.

INVPm bit may be used to invert the n_PWMm signal.

4.9.4 Power Modes

The PWM is in low power mode when Power Mode bit (PWR) in PWM Control Register (PWMCTLN) is 0. In this mode, the
PWM input clock is disabled (stopped), but the registers are accessible and maintained. The n_PWMm signal is 0 when IN-
VPm bit is 0; it is 1 when INVPm bit is 1.

The PWM is in normal power mode when PWR bit in PWMCTLn register is 1. In this mode, the PWM module is enabled, its
registers are accessible and its clock is functional.

The PRSCn and CTRn registers should be updated during Low Power mode. Otherwise, an unpredictable transient may be
generated on n_PWMm output signals.

4.9.5 PWM Registers
For a summary of the abbreviations used for Register Type, see “Reqister Abbreviations and Access” on page 20.

PWM Register Map
All PWM registers are powered by V¢ and are reset by Core Domain reset.

Location Mnemonic Register Name Size Type
n_PWM Base + 00h PRSCn Clock Prescaler Word R/W
n_PWM Base + 02h CTRn Cycle Time Word R/W
n_PWM Base + 04h PWMCTLn PWM Control Byte R/W
n_PWM Base + 06h DCROn Duty Cycle Channel 0 Word R/W
n_PWM Base + 08h DCR1n Duty Cycle Channel 1 Word R/W

Clock Prescaler Register (PRSCn)
PRSChn controls the cycle time and the minimal pulse width. It is set to 0000h on reset.
Locations: A_PWM - FF F440h

B_PWM - FF F480h

Type: R/W

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name PRSC15-0

Reset o\o\o\o\o o 0o o ©0 O0 0O O 0 0 0 O
Bit Description

15-0 PRSC (Prescaler Divider Value). The divider of the Input Clock is the number defined by PRSC15-0 + 1. For
example, a value of 0000h results in a divide by 1; a value of FFFFh results in a divide by 65536.

The contents of this register should be changed only when the PWM module is in low power mode. Otherwise,
there may be unpredictable results.
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Cycle Time Register (CTRn)
CTRn controls the cycle time and duty cycle steps. It is set to FFFFh on reset.
Locations: A_PWM - FF F442h

B_PWM - FF F482h

Type: R/W

Bit 5 14 13 12 1 10 9 8 7 6 5 4 3 .2 1 0
Name CTR15-0

Reset 111 T 1111 1.1 1 11
Bit Description

15-0 [CTR (Cycle Time Value). The 16-bit down counter divides the prescaler output clock by CTR + 1. For example,
a value of 0000h results in a divide by 1; a value of FFFFh results in a divide by 65536.

The contents of this register should be changed only when the PWM module is in low power mode. Otherwise,
there may be unpredictable results.

PWM Control Register (PWMCTLn)
PWMCTLn controls the PWM power mode and the polarity of n_PWMO0 to n_PWMm outputs. It is set to 00h on reset.
Locations: A_PWM - FF F444h

B_PWM - FF F484h

Type: R/W

Bit 7 6 5 4 3 2 1 | 0

Name PWR Reserved INVP1-0

Reset 0 o o o o 0 o 0
Bit Description

7 |PWR (Power Mode). Controls the operating mode of the PWM.

0: Low Power mode. PWM input clock is disabled (stopped). PWM registers are accessible and maintained.
n_PWMm signal is 0 when INVPm bit is 0; n_PWMm signal is 1 when INVPm bit is 1 (default).

1: Normal Power mode. PWM module is enabled. Its registers are accessible and its clock is functional.

6-2 Reserved.

1-0 |INVP1-0 (Inverse PWM Outputs). Each bit controls the corresponding polarity of n_PWMO0 to n_PWM1; e.g.,
INVPO controls n_PWMO. Note that INVP1 is not supported in B_PWM module.

0: The n_PWMm output signal is not inverted (default).
1: The n_PWMm output signal is inverted.
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Duty Cycle Registers 0 to 1 (DCRmn)
DCRmn (m = 0 to 1) control the duty cycle of n_PWMm output signal. They are set to 0000h on reset.
Locations: A_PWM Channel 0 - FF F446h
Channel 1 - FF F448h
B_PWM Channel 0 - FF F486h
Type: R/W
Bit 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 0
Name DCR15-0
Reset o 0o o o0 o0 ©0 0O O O O O 0 0O 0 0 0
Bit Description
15-0 DCR (Duty Cycle Value). DCR field defines the number of clocks in which the n_PWMm signal is high out of
the n_PWMm total cycle time. When INVPm bit of PWMCTLn register is set to 1 this behavior is inverted.
The n_PWMm output signal duty cycle (in %, when INVPm is 0) is: ((DCRmn + 1) / (CTRn + 1)) x 100
For Special cases, see Section 4.9.3 on page 119.
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4.10 CORE UNIVERSAL ASYNCHRONOUS RECEIVER-TRANSMITTER (CR_UART)

The CR_UART is a full-duplex asynchronous receiver-transmitter that supports a wide range of software programmable
baud rates and data formats. It handles automatic parity generation and provides several error detection schemes.

4.10.1 Features

® Full-duplex, double-buffered receiver-transmitter
® Asynchronous operation
® Programmable baud rate
® Numerous framing formats
— seven, eight or nine data bits
— one or two stop bits
— odd, even, mark, space or no parity

Hardware support of parity-bit generation during transmission and parity-bit check during reception

Interrupt on transmit buffer empty, receive buffer full or receive error conditions (each with separate enable bits)
Software-controlled break transmission and detection

Internal diagnostic capability

Automatic error detection

— Parity Error

— Framing Error

— Data Overrun Error

® 9-bit Attention mode

4.10.2 Functional Overview

Figure 25 shows the CR_UART block diagram. The CR_UART is composed of the following functional units:
® Transmitter

® Receiver

® Baud rate generator

® Control and error detection

> Transmitter SOUT_CR
Baud
Clock iCLK (Core Clock)
Control and
Error Detection Baud Rate
< > b v Generator
Parity
Generate/Check Baud
Clock
v
< Receiver < SIN_CR

Peripheral Bus

Figure 25. CR_UART Block Diagram
Transmitter

The Transmitter consists of an 8-bit Transmit Shift register and an 8-bit Transmit buffer. Data is loaded in parallel from the
buffer into the shift register and then transmitted serially on the SOUT_CR pin.

Receiver

The Receiver consists of an 8-bit Receive Shift register and an 8-bit Receive buffer. Data is received serially into the shift
register from the SIN_CR pin. After eight bits have been received, the contents of the shift register are transferred in parallel
to the Receive buffer.
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Baud Rate Generator

The Baud Rate Generator generates the baud clock. It consists of two registers and a two-stage counter. The registers are
used to specify a prescaler value and baud rate divisor. The first stage of the counter divides the CLK clock in 0.5 increments
based on the value of the prescaler. The second stage of the counter divides the output of the first stage in integer increments
based on the value of the baud rate divisor.

Control and Error Detection

This function contains the control registers, control logic, error detection circuitry and parity generation/check. It supports:
® Selection of the data format, mode of operation and parity type

® Generation and detection of parity bit

Reporting of parity errors

Detection and reporting of data overrun and frame errors

Interrupts on transmit buffer empty, receive buffer full, and receive error conditions

Generation and detection of line breaks

4.10.3 Functional Description

Operation of the CR_UART includes Normal mode and two special modes (Attention and Diagnostic).

Normal Mode

CR_UART Normal mode enables the WPC8763L to communicate with other devices using two communication signals:
transmit (SOUT_CR) and receive (SIN_CR).

In Normal mode, Transmit Shift register (TSFT) and Transmit Buffer register (UTBUF) double buffer the data for transmis-
sion. To transmit a character, a data byte is loaded into UTBUF register (a read/write register). Then the data is transferred
to TSFT register. While TSFT register is shifting out the current character (LSB first) via the SOUT_CR pin, UTBUF register
is loaded by software with the next byte to be transmitted. When TSFT completes transmitting the last stop bit of the current
frame, the contents of UTBUF are transferred to TSFT register and the Transmit Buffer Empty flag (TBE) is set. The TBE
flag is automatically reset by the CR_UART when the software loads a new character into UTBUF register. During transmis-
sion, the XMIP bit is set high by the CR_UART. This bit is reset only after the CR_UART has sent the last stop bit of the
current character and UTBUF register is empty. TSFT register is not user accessible.

In Normal mode, the baud rate generator is always used as the CR_UART clock, and the input frequency to the CR_UART
is 16 times the baud rate (i.e., there are 16 clock cycles per bit time).

Receive Shift register (RSFT) and Receive Buffer register (URBUF) double buffer the data being received. The CR_UART
receiver continually monitors the signal on the SIN_CR pin for a low level to detect the beginning of a start bit. On sensing
this low level, the CR_UART waits for seven input clock cycles and samples SIN_CR three times. If all three samples indicate
a low level, the receiver considers this as a valid start bit, and the remaining bits in the character frame are each sampled
three times around the mid-bit position. For any bit following the start bit, the logic value is found by majority voting, i.e., the
two samples with the same value define the value of the data bit. Figure 26 shows the process of start-bit detection and bit
sampling. Serial data input at the SIN_CR pin is shifted into RSFT register. After the complete character is received, the
contents of RSFT register are copied into URBUF register, and the Receive Buffer Full flag (RBF) is set. The RBF flag is
automatically reset when software reads the character from URBUF register. The RSFT register is not user accessible.

16| |1| |2| (3] |4]| |5| (6] |7| |8| (9| 10 [11| n2l 13 [14 (5 (6 |1
iSample l l lSampIe

START BIT DATA (LSB)

16| |1| |2| |3] |4| |5| |6| |7| 8| |9 (10 [1] {120 13 {4 {15 6| |1
>< iliSample ><

DATA BIT

Figure 26. CR_UART Normal Mode
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Attention Mode

Attention mode is available for networking the WPC8763L with other processors. This mode requires 9-bit data format with
no parity bit. The number of start/stop bits are user selectable. In this mode, two types of 9-bit characters are sent on the
network: address characters consisting of eight address bits and a ‘1’ in the ninth bit position and data characters consisting
of eight data bits and a ‘0’ in the ninth bit position.

While in Attention mode, the CR_UART receiver monitors the communication flow but ignores all characters until an address
character is received. When the address character is received, the contents of Receive Shift register are copied to the re-
ceive buffer. The RBF flag is set and an interrupt (if enabled) is generated. The ATN bit is automatically reset to zero, and
the CR_UART begins receiving all subsequent characters. The software must examine the contents of URBUF register and
respond by accepting the subsequent characters (by leaving the ATN bit reset) or waiting for the next address character (by
setting ATN bit again).

Except for what has been described above, operation of the CR_UART transmitter is not affected by the selection of this
mode. The value of the ninth bit to be transmitted is programed by setting the STPXB9 bit accordingly. The value of the ninth
bit received is read from RB9 bit.

Diagnostic Mode

This mode is used for diagnostic tests of the CR_UART. In this mode, the SOUT_CR and SIN_CR pins are internally con-
nected, and data that is shifted out of Transmit Shift register is immediately transferred to Receive Shift register. This mode
supports only 9-bit data format with no parity bit. The number of start and stop bits is user selectable.

Frame Format Selection

The format shown in Figure 27 consists of one start bit, seven data bits (excluding parity) and one or two stop bits. If parity-
bit generation is enabled (by setting the PEN bit), a parity bit is generated and transmitted following the seven data bits.

1 START 7-BIT DATA S |FRAME

1a START 7-BIT DATA 28 FRAME

1b SE/I*WE‘T 7-BIT DATA PA | S FHE?\//IVE

1c SE/I*TRT 7-BIT DATA PA 2S FH/E\A/AVE

Figure 27. Seven Data Bit Frame Options

The format shown in Figure 28 consists of one start bit, eight data bits (excluding parity) and one or two stop bits. If parity
bit generation is enabled by setting the PEN bit, a parity bit is generated and transmitted following the eight data bits.

2 ST 8-BIT DATA S | eV
2a —SE/?TRT 8-BIT DATA 25 |ERaNE
ob —STB/I*ﬁT 8-BIT DATA PA | s |NEW.
2¢ —SE\TRT 8-BIT DATA PA 28 FHE‘,\’,YE

Figure 28. Eight Data Bit Frame Options
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The format shown in Figure 29 consists of one start bit, nine data bits and one or two stop bits. This format also supports
CR_UART Attention mode. When operating in this format, all eight bits of UTBUF and URBUF are used for data. The ninth
data bit is transmitted and received using two bits in the control registers, STPXB9 and RB9. Parity is not generated or
checked in this mode.

START NEW
3 BIT 9-BIT DATA S |FRAME

START] NEW
3a BIT 9-BIT DATA 25 ' |FRAME

Figure 29. Nine Data Bit Frame Options

Baud Rate Generator

The Baud Rate Generator provides the basic baud clock from the core clock (CLK). The core clock passes through a two-
stage divider chain consisting of a 5-bit baud rate prescaler (UPSC) and an 11-bit baud rate divisor (UDIV10-0).

The correspondences between the 5-bit prescaler select (UPSC) and prescaler divide factors are shown in Table 16.
Table 16. Prescaler Factors

UPSC Prescaler Factor UPSC Prescaler Factor
00000 NO CLOCK 10000 8.5
00001 | 1 | 10001 9
00010 15 10010 9.5
00011 2 10011 10
00100 25 10100 10.5
00101 . 3 ! 10101 11
00110 3.5 10110 11.5
00111 4 10111 12
01000 4.5 11000 12.5
01001 . 5 . 11001 13
01010 5.5 11010 13.5
01011 6 11011 14
01100 6.5 11100 14.5
01101 . 7 . 11101 15
01110 7.5 11110 15.5
01111 8 11111 16

A prescaler factor of zero corresponds to “NO CLOCK”. The “NO CLOCK” condition is the CR_UART Power-Down mode.
In this mode, the CR_UART clock is turned off in order to reduce power consumption. The user should set the prescaler
factor to zero (“NO CLOCK”) before selecting a new baud rate. Changing the baud rate while the USART is in operation
might cause incorrect data to be received or transmitted.

The baud rate is calculated by:

BR = CLK/ (16 x DIV x P)
where:
BR is the baud rate.
CLK'is the core clock.
DIV = UDIV10-0 + 1 (see “Baud Rate Divisor Register (UBAUD)” on page 131).
P is the “Prescaler Factor’ selected by UPSC (see Table 16 on page 125).

The baud rate clock is 16 times the baud rate.
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Interrupts
The CR_UART is capable of generating interrupts on one of the following conditions:
® Receive Buffer Full

® Receive Error

® Transmit Buffer Empty

Figure 30 shows a diagram of the interrupt sources and the associated enable bits.

FE

DOE ] y
: w—b RX Interrupt
] L

» TX Interrupt

Figure 30. CR_UART Interrupt Routing

The interrupts can be individually enabled or disabled using Enable Transmit Interrupt (ETI), Enable Receive Interrupt (ERI)
and Enable Receive Error Interrupt (EEI) bits in UICTRL register.

A transmit interrupt is generated when both the TBE and ET] bits are set. To remove this interrupt request, the software must
either disable the interrupt by clearing the ETI bit or write to UTBUF register (thus clearing the TBE bit).

A receive interrupt is generated on two conditions:

® |f both the RBF and ERI bits are set. To remove this interrupt request, the software must either disable the interrupt
(by clearing the ERI bit) or read from URBUF register (thus clearing the RBF bit).

® |f both the ERR and the EEI bits are set. To remove this interrupt request, the software must either disable it (by
clearing the EEI bit) or read USTAT register, which causes ERR flag to be cleared.
Break Generation and Detection

A line break is generated when BRK bit is set in MDSL register. The SOUT_CR line remains low until the user resets the
BRK bit.

A line break is detected if SIN_CR remains low for a time equivalent to 10 bit times or longer, after a missing stop bit has
been detected.
Parity Generation and Detection

Parity is only generated or checked with 7- and 8-bit data formats. It is not generated or checked in Diagnostic Loopback
mode, Attention mode or in Normal mode with 9-bit data format. Parity generation and checking is enabled and disabled via
PEN bit in UFRS register. PSEL field in UFRS register is used to select odd, even, mark or space parity.

Freeze Mode

The CR_UART module supports breakpoint operation by preserving some of the status bits of the USTAT and UICTRL reg-
isters. While the UARTFEN bit in DBGFRZENT register (on page 188) is set to 1, the PE, FE, DOE and BKD bits are not
cleared by a read from USTAT register, and RBF bit is not cleared by a read from URBUF register.
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4.0 Embedded Controller Modules (Continued)
4.10.4 CR_UART Registers
For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20. All
CR_UART registers are powered by V¢ and are reset by Core Domain reset unless otherwise specified in the register de-
scription below.
CR_UART Register Map
Location Mnemonic Register Name Size Type
FF F680h UTBUF Transmit Data Buffer Byte R/W
FF F682h URBUF Receive Data Buffer Byte RO
FF F684h UICTRL .Interrupt Control Byte Varies per bit
FF F686h USTAT .Status Byte RO
FF F688h UFRS Frame Select Byte R/W
FF F68Ah UMDSL Mode Select Byte R/W
FF F68Ch UBAUD Baud Rate Divisor Byte R/W
FF F68Eh UPSR Baud Rate Prescaler Byte R/W
Transmit Data Buffer Register (UTBUF)
Location: FF F680h
Type: R/W
Bit 7 e 5 | 4 3 | 0
Name UTBUF
Reset o o o o | 0 | | 0
Bit Description
7-0 UTBUF. Holds the data byte to be transmitted.
Receive Data Buffer Register (URBUF)
Location: FF F682h
Type: RO
Bit 7 6 5 4 3 | 0
Name URBUF
Reset X X X X X | | X
Bit Description
7-0 'URBUF. Holds the received data byte.
Interrupt Control Register (UICTRL)
Contains the interrupt enable bits and the interrupt status flags.The register is set to 01h on reset.
Location: FF F684h
Type: Varies per bit
Bit 7 6 5 a 3 0
Name EEI ERI ETI Reserved RBF TBE
Reset 0 0 0 o o0 1
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4.0 Embedded Controller Modules (Continued)

Bit Type Description

7 R/W | EEIl (Enable Receive Error Interrupt). An RX interrupt is generated when the ERR flag is set,

indicating that a receive error occurred.
0: Disable receive error interrupt (default).
1: Enable receive error interrupt.

6 R/W | ERI (Enable Receive Interrupt). An RX interrupt is generated when the RBF flag is set.

0: Disable receive interrupt (default).
1: Enable receive interrupt.

5 R/W | ETI (Enable Transmit Interrupt). A TX interrupt is generated when the TBE flag is set.

0: Disable transmit interrupt (default).
1: Enable transmit interrupt.
4-2 Reserved.

1 RO RBF (Receive Buffer Full). The bit is set by the hardware when the CR_UART has received a
complete data frame and has transferred the data from RSFT register to URBUF register. The bit is
automatically cleared when RBUF register is read.

0: Receive buffer not full; new data has not been transferred to URBUF since the last time it was read (default).
1: Receive buffer full; URBUF contains new data.
0 RO TBE (Transmit Buffer Empty). The bit is set by the hardware when the CR_UART transfers data from

UTBUF register to TSFT register for transmission. It is automatically cleared on the next write to
UTBUF register. The bit is set on reset.

0: Transmit buffer not empty.
1: Transmit buffer empty (default).

Status Register (USTAT)
Contains the receive and transmit status bits. The register is cleared to 00h on reset.
Location: FF F686h

Type: RO
Bit 7 6 5 4 3 2 1 0
Name Reserved XMIP RB9 BKD ERR DOE FE PE
Reset 0 0 0 0 0 0 0 0
Bit Type Description
7 Reserved.
6 RO XMIP (Transmit). Indicates that the CR_UART is transmitting data. It is reset by hardware at the end
of the last frame bit.
0: CR_UART is not transmitting (default).
1: CR_UART is transmitting.
5 RO RB9 (Received Bit 9). Contains the ninth data bit of the last frame received when operating with the

9-bit data format.
0: ‘0’ received in ninth bit position (default).
1: ‘1’ received in ninth bit position.
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Bit

Type

Description

RO

BKD (Break Detect). If set, indicates that a line break condition has occurred. A break condition is
detected if SIN_CR remains low for a least ten bit times after a missing stop bit has been detected at
the end of a frame. The bit is cleared under the following conditions:

— On aread of USTAT register, if the break condition on SIN_CR is no longer present.

— If the read of USTAT register did not cause the bit to be cleared because the break condition on
SIN_CR was still in effect, the hardware clears the bit as soon as the break condition no longer exists
(i.e., SIN_CR returns to a high level).

0: No break condition on SIN_CR (default).
1: A break condition detected on SIN_CR.

RO

ERR (Receive Error). Is set when DOE, FE or PE is set. It is cleared if DOE, FE and PE are all zero.
0: No DOE, FE or PE error has occurred, since the last time USTAT register was read (default).
1: A DOE, FE or PE error has occurred, since the last time USTAT register was read.

RO

DOE (Data Overrun Error). If no framing error was detected (i.e., FE bit is 0), DOE bit is set when a
new character is received and transferred to RBUF before the software has read the previous
character. The bit is cleared by the hardware when USTAT register is read.

0: No data overrun error detected (default).
1: Data overrun error detected since the last time USTAT was read.

RO

RO

FE (Framing Error). Is set when the CR_UART does not receive a valid stop bit at the end of a frame.
The bit is cleared by the hardware when USTAT register is read.

0: No framing error detected (default).

1: Framing error detected on a received byte since the last time USTAT was read.

PE (Parity Error). If no framing error was detected (i.e., FE bit is 0), PE bit is set when a parity error is
detected within a received character. The bit is cleared by the hardware when USTAT register is read.
0: No parity error detected (default).

1: Parity error detected in a received byte since the last time USTAT was read.

Frame Select Register (UFRS)

Controls the selection of the frame format, including number of data bits, number of stop bits and parity. The register is
cleared to 00h on reset.

Location: FF F688h

Type: R/W
Bit 7 6 5 4 3 2 10
Name Reserved PEN PSEL XB9 STP CHAR
Reset 0 0 o 0 0 0 o 0
Bit Type Description
7 Reserved.
6 R/W | PEN (Parity Enable). Enables or disables the generation of a parity bit generation and parity check.

Note that there is no parity bit when operating in the nine data bits-per-frame mode. In this case, PEN
bit has no effect.

0: Parity disabled (default).
1: Parity enabled.
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Bit Type Description
5-4 R/W | PSEL (Parity Select). Controls the mode of parity bit generation and checking. Note that there is no
parity bit when operating in the nine data bits-per-frame mode. In this case, PSEL field has no effect.
Bits
5 4 Description
0 O: Odd parity (default)
0o 1: Even parity
1 0: Mark (1)
1 1: Space (0)
3 R/W | XB9 (Transmitted Bit 9). Contains the value of the 9th data bit for transmission only. The bit has no
effect while operating with seven or eight data bits per frame.
0: Transmit ‘0’ as 9th data bit (default).
1: Transmit ‘1’ as 9th data bit.
2 R/W |STP (Stop Bits). Programs the number of stop bits to be transmitted.
0: One stop bit transmitted (default).
1: Two stop bits transmitted.
1-0 R/W |CHAR (Character Length). Selects the number of data bits per frame. Note that the parity bit is not

included in the number of data bits.
Bits
10 Description
: Frame contains eight data bits (default)
Frame contains seven data bits
Frame contains nine data bits
Loopback mode selected; frame contains nine data bits.

- a0 0
- O =+ O

Mode Select Register (UMDSL)
Controls the Attention mode and line break generation. The register is cleared to 00h on reset.
Location: FF F68Ah

Type: R/W
Bit 7 6 | 5 4 3 2 1 0
Name Reserved BRK ATN Reserved
Reset o o o o 0 0 0 0
Bit Type Description
7-3 Reserved.
2 R/W | BRK (Break Transmit). Setting the bit to 1 causes SOUT_CR to go low. SOUT_CR remains low until
BRK bit is set to 0.
0: Normal transmission (default).
1: Transmit Line Break (SOUT_CR at low level).
1 R/W | ATN (Attention Mode). Selects the Attention mode of operation. Cleared by hardware after reception
of an address frame that is a 9-bit character with a ‘1’ in the ninth bit position.
0: Disable Attention mode (default).
1: Enable Attention mode.
0 Reserved.
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Baud Rate Divisor Register (UBAUD)

to 00h on reset.
Location: FF F68Ch

Contains the lower eight bits of the baud rate divisor. The UPSR register contains the upper three bits. The register is cleared

Type: R/W

Bit 7 6 5 4 3 2 1 0
Name UDIV7-0

Reset 0 0 0 0 0 0 0 0

Baud Rate Prescaler Register (UPSR)

Location: FF F68Eh

Contains the prescaler value and the upper three bits of the baud rate divisor. The register is cleared to 00h on reset.

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name UPSC UDIV10-8
Reset o o o o 0 o o 0
Bit Description
7-3 UPSC (Prescaler Select). Holds the 5-bit prescaler value. For the conversion to the prescaler factor, see “Baud
Rate Generator” on page 125.
2-0 |UDIV10-8 (Baud Rate Divisor). Holds the upper three bits of the baud rate divisor. UDIV10-0 is used to
generate the baud rate clock, as shown in “Baud Rate Generator” on page 125.
4.10.5 Usage Hints

Calculating the Baud Rate
The equation for calculating the baud rate is:

BR = CLK/ (16 x DIV x P)
where:
® BR is the baud rate.
® CLK is the core clock.
® DIV = UDIV10-0 + 1 (see “Baud Rate Divisor Register (UBAUD)” on page 131).
® P is the “Prescaler Factor” selected by UPSC (see Table 16 on page 125).

Assuming a core clock of 5 MHz and a desired baud rate of 9600, the (DIV x P) term, according to the equation above, is:

DIV x P = (5x10°)/(16x9600) = 32.552

The (DIV x P) term is then divided by each prescaler factor in Table 16 on page 125 to obtain a value closest to an integer.
The factor for this example is P = 6.5; therefore,

DIV = 32.552/6.5=5.008 (DIV =5)
The baud rate register is programed with a baud rate divisor of 4 (DIV = UDIV10-0 + 1). This produces a baud clock of:

BR = (5x10°)/(16x5x6.5) = 9615.385

error = (9615.385-9600) /9600 = 0.16

%
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Note that the percent error is much lower than would be possible without the non-integer prescaler factor. Refer to the table
below for more examples.

Core Clock | Required Baud Rate DIV P Actual Baud Rate Percent Error
4 MHz 9600 2 13 9615.385 0.16
5 MHz 9600 5 6.5 9615.385 0.16
10 MHz 19200 5 6.5 19230.769 0.16
20 MHz 19200 5 13 19230.769 0.16
25 MHz 9600 13 125 9615.385 0.16
25 MHz 19200 6 13.5 19290.123 0.47
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4.11 TIMER AND WATCHDOG (TWD)

The Timer and Watchdog module (TWD) generates the clocks and interrupts used for timing periodic functions in the system.
It also provides watchdog protection over software execution.

The TWD provides flexibility in system configuration by enabling the configuration of various clock ratios. After setting the
TWD configuration, the software can lock it to provide a higher level of protection against subsequent erroneous software
action. Once a section of the TWD is locked, only reset or the unlock sequence releases it. Figure 31 shows the TWD block
diagram.

Peripheral Bus
. ____________________________________|

I

32K Clock 5"3(‘;0?;3;3'9 TOIN o
{ J »
(LFCLK) i

|  TWDTORegister |

° > 16-Bit Timer —Tiﬂ LOI\C/’V‘[JJT tod o
an
WDSDM [~ »| Watchdog
Service
WDCNT Logic

v . Watchdog Cold
Watchdog " Reset
Watchdog Counter Event
ven _Watchdog Warm
"Reset
WDCTOI bit WDRST_MODE bit
(TWCFG Register) (TWCFG Register)
FREEZE

(OBD Enwv. only)

Figure 31. Timer and Watchdog Block Diagram

4.11.1 Features

32.768 KHz input clock

Programmable prescale counter

16-bit programmable periodic interrupt timer

8-bit watchdog counter

Watchdog reset signal generation in response to failure detection, such as:
— Watchdog service performed too early

— Watchdog service performed too late

— Wrong data used in a service by data match

Two selectable watchdog reset options (Cold and Warm)

Watchdog input clock selector

Watchdog Freeze input

Configuration lock option for fully protected watchdog

Watchdog stop and unlock options using a special command sequence
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4.11.2 Functional Description

Input Clock

All TWD counting activities are based on the 32K clock (LFCLK). The watchdog can count using a division of the LFCLK
clock (either TOOUT or TOIN).

Prescale

A prescale counter divides the LFCLK input clock (32.768 KHz) by a factor of 2MP'V. MDIV in TWCP register is in the range
of 0 through 5 (i.e., divide ratio of 1:1 through 1:32). The prescaled output is used as an input clock for a 16-bit timer (TWDTO)
and is referred to as TOIN.

TWD Timer 0
The TWD Timer 0 is a 16-bit, programmable, automatically retriggered down counter. It counts on the rising edge of TOIN. It
starts from the value loaded to TWDTO register down to 0 and then restarts counting from TWDTO at the next TOIN cycle.

When the counter reaches 0, TOOUT is set (1) for one TOIN cycle. This makes the Timer O cycle:
(TWDTO + 1) x TOIN-cycle.

TOOUT is input to MIWU and ICU and can be used as the time base for activities such as system tick.

When TWDTO is loaded with a new value, the counter uses it the next time it restarts counting (i.e., after reaching 0). If RST
in Timer Control register (TOCSR) is written 1, the timer is restarted on the next rising edge of TOIN.

Notes:

® RST bit in TOCSR register is cleared after completing this load.

® When MDIV in TWCP register is 0, the timer counter might skip one count when loaded with a new value.

Watchdog Operation

The watchdog is an 8-bit down counter, operating on the rising edge of its currently selected clock source. On reset, it is
stopped (i.e., it does not count and no watchdog event signal is generated).

Start. The watchdog is started by a write to the Watchdog Count register (WDCNT), regardless of WDSDME bit in TWCFG
register. Then, the watchdog begins counting down from the value written in WDCNT. In addition, if the “service on data
match” is enabled (WDSDME bit is 1), writing 5Ch to WDSDM register also starts the watchdog counter from the value cur-
rently in WDCNT. Once the watchdog starts counting down, only a Core Domain reset, Watchdog Warm reset or stop se-
quence can stop it.

Touch. If the watchdog is running, a restart (“touch”) operation is performed according to the mode selected by WDSDME

in TWCFG register:

® WDSDME = 0: By a write to the Watchdog Count register (WDCNT); however, if LWDCNT in TWCFG register is 1,
the data written is ignored.

® WDSDME = 1: By writing 5Ch to the Watchdog Service Data Match (WDSDM) register. In this case, writing to
WDCNT register (if LWDCNT is 0) only updates the value to be loaded into the counter at the next
touch operation.

Event. A watchdog event signal is triggered if one of the following occurs:

® The counter reaches 0 (too late service).

® The watchdog is written to more than once per three watchdog clock cycles, for the currently selected clock (too early
service).

® While the watchdog is running, data other than either the stop sequence (when WDSDME in TWCFG register is set
to 1) or 5Ch is written to WDSDM register.

Watchdog Stop and Register Unlock

Stop. In addition to Core Domain reset and Watchdog Warm reset, the watchdog can be stopped by writing the “stop se-
quence” to the WDSDM register, regardless of the setting of WDSDME bit in TWCFG register. The stop sequence is: 87h,
61h, 63h; any other value, or an out-of-sequence value, resets the sequence and, if WDSDME bit in TWCFG register is set
to 1, triggers a watchdog event. The current operation status of the watchdog counter is indicated by WD_RUN bit in TOCSR
register.

A watchdog operation can be restarted, as explained in "Watchdog Operation”, above.
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Unlock. If the TWD registers are locked (i.e., by setting the LTWCFG, LTWCP, LTWDTO or LWDCNT bits in TWCFG reg-
ister to 1), they can be unlocked by writing the “unlock sequence” to the WDSDM register while the watchdog is stopped.
The unlock sequence is also: 87h, 61h, 63h; any other value or a out-of-sequence value resets the sequence.

Watchdog Clock Source Selection

Select the clock source as follows:
® WDCTO1 bit in TWCFG register is 0:  TOOUT
® WDCTO1 bit in TWCFG register is 1:  TOIN

Changing the watchdog clock source may cause it to gain or lose one clock cycle.

Notes:

® When MDIV in TWCP register is 0, the watchdog counter may skip one count when loaded with a new value.
® After activating the watchdog, avoid entering Idle or Deep Idle mode in the first four LFCLK clock cycles.

Watchdog Reset Generation

The watchdog event can be routed to either a Watchdog Cold reset or a Watchdog Warm reset by WDRST_MODE bit in
TWCFG register.

In addition, a Watchdog Cold reset (i.e., a watchdog event with WDRST_MODE bit set to 0) can be enabled to trigger a
VCC_POR reset pulse by the WDC2POR bit in TWCFG register.

The occurrence of a watchdog event is indicated by WDRST_STS bit in TOCSR register.

TWD Control and Configuration

The TWD Configuration register (TWCFG) allows you to:

® Generate a system reset (VCC_POR) if a Watchdog Cold reset occurs.

Select the type of reset to be generated: Watchdog Cold or Watchdog Warm.

® Set the watchdog clock source: TOIN or TOOUT.

® Enable watchdog “service on data match” (write to WDSDM register).

® Define which of TWCFG, TWCPR, TWDTO, TOCSR and WDCNT registers is/are locked.

Once LTWCFG, LTWCP, LTWDTO or LWDCNT (in TWCFG register) is set, its respective resources are locked and can be
cleared only by reset or by the unlock sequence. Setting any of these registers prevents runaway software from tampering
with the respective watchdog function.

Operation in Idle and Deep Idle Modes
The TWD is active in both Idle and Deep Idle modes: the counters continue to function, and interrupts and error signals are issued.

Since writes to TWCP, TWDTO0 and WDCNT may be delayed by up to three LFCLK clock cycles, the software must avoid entering
Idle and Deep Idle modes during this period. WDTLD bit in TOCSR register indicates when it is safe to change power modes.

4.11.3 TWD Registers

For a summary of the abbreviations used for Register Type, see “Reqister Abbreviations and Access” on page 20. All TWD
registers are powered by V¢ and are reset by Core Domain reset unless otherwise specified in the register description be-
low.

TWD Register Map

Location Mnemonic Register Name Size Type

FF F4COh TWCFG Timer and Watchdog Configuration Byte Varies per bit
or RUP

FF F4C2h TWCP Timer and Watchdog Clock Prescaler Byte R/W or RUP
FF F4C4h TWDTO TWD Timer 0 Word R/W or RUP
FF F4C6h TOCSR TWDTO Control and Status Byte Varies per bit
FF F4C8h WDCNT Watchdog Count Byte WO or Touch
FF F4CAh WDSDM Watchdog Service Data Match Byte WO
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Timer and Watchdog Configuration Register (TWCFG)
TWCFG defines the watchdog reset mode, clock input and service method and enables TWD register locking. The non-re-
served bits are initialized to 0 on reset.
Location: FF F4COh
Type: Varies per bit or RUP
Bit 7 6 5 4 3 2 1 0
Name WDRST
WDC2POR MODE WDSDME | WDCTOI LWDCNT LTWDTO LTWCP LTWCFG
Reset 0 0 0 0 0 0 0 0
Bit Type Description
7 R/W 'WDC2POR (Watchdog Routing to VCC_POR). When set to 1, enables a Watchdog Cold reset to
trigger a reset pulse at the VCC_POR pin; see Section 3.2.7 on page 50. No reset pulse is triggered
by a watchdog event if WDRST_MODE bit is set to 1 (Watchdog Warm reset).
WDC2POR is set to its default value by Ve Power-Up reset or VCC_POR Input reset.
0: VCC_POR pulse triggered only by V¢ power-up (default).
1: VCC_POR pulse triggered also by a Watchdog Cold reset.
6 R/W |WDRST_MODE (Watchdog Reset Mode Select). Selects the type of reset generated by the
occurrence of a watchdog event; see Section 3.2 on page 48.
WDRST_MODE is set to its default value by Ve Power-Up reset or VCC_POR Input reset.
0: Generate Watchdog Cold reset (default).
1: Generate Watchdog Warm reset.
5 R/W |WDSDME. Selects the watchdog touch mechanism.
0: Watchdog touched by writing to WDCNT register (default).
1: Watchdog touched by writing 5Ch to WDSDM register (“service on data match”).
4 R/W |WDCTOI.
0: Selects TOOUT clock as the watchdog clock (default).
1: Selects TOIN clock as the watchdog clock.
3 R/W1S [LWDCNT. Once set, can be cleared either by reset or by the unlock sequence. When WDSDME is 0,
touch operations (i.e., writing to WDCNT register) may be performed, regardless of the setting of
LWDCNT.
0: Enables write to WDCNT register (default).
1: Any data written to WDCNT register is ignored; reading from it returns unpredictable values.
2 R/W1S [LTWDTO. Once set, can be cleared either by reset or by the unlock sequence.
0: Enables read/write from/to TWDTO and TOCSR registers (default).
1: TWDTO and TOCSR cannot be written to and TWDTO cannot be read. Any data written to TWDTO or
TOCSR is ignored. An exception to this is WDRST_STS bit, which can be written even when TOCSR
register is locked. Reading from TWDTO returns unpredictable values.
1 R/W1S LTWCP. Once set, can be cleared either by reset or by the unlock sequence.
0: Enables read/write from/to TWCP register (default).
1: Any data written to TWCP is ignored; reading from it returns unpredictable values.
0 R/W1S [LTWCFG. Once set, can be cleared either by reset or by the unlock sequence.
0: Enables read/write from/to TWCFG register (default).
1: Any data written to TWCFG is ignored; reading from it returns unpredictable values.
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Timer and Watchdog Clock Prescaler Register (TWCP)

TWCP defines the prescale ratio of the input clock and generates the TOIN clock. The non-reserved bits are initialized to 0
on reset.

Location: FF F4C2h
Type: R/W or RUP

Bit 7 6 5 4 3 2 1 | 0

Name Reserved MDIV

Reset 0 | 0 | 0 | 0 | 0 0 | 0 \ 0
Bit Description

7-3 |Reserved.

2-0  MDIV. Defines the prescale ratio of the input clock. The prescale ratio is 2MDIV_ The value of MDIV must be in
the range of 0-5, providing a prescale ratio of 1 to 32.

MDIV valid values are:

Bits
10 Clock Ratio

00: 1:1 (default)
01:1:2

10:1:4

11:1:8

00:1:16

01 1:32

Other Reserved

- =4 O Oo0o oNdN

TWD Timer 0 Register (TWDTO)

TWDTO defines the TOOUT interrupt rate. It is initialized to FFFFh on reset.
Location: FF F4C4h

Type: R/W or RUP

Bit 5 14 13 12 1. 10 9 8 7 6 5 4 3 2 1 0
Name PRESET
Reset 11 11 11111 11
Bit Description

15-0 PRESET. Defines the counter PRESET value. When the counter reaches 0, it restarts counting down from this
value. The TOOUT frequency is the TOIN frequency divided by (PRESET+1). The allowed values of the PRESET
field are 0001h through FFFFh.
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TWDTO Control and Status Register (TOCSR)

TOCSR controls the operation and provides the status of the TO timer. The non-reserved bits are cleared (0) on reset.
Location: FF F4C6h

Type: Varies per bit
Bit 7 6 5 4 3 2 1 0
Name
Reserved WD_RUN wrg:zT WDLTD Reserved TC RST
Reset o 0 0 0 0 0 0 0
Bit Type Description
7-6 Reserved.
5 RO |WD_RUN (Watchdog Run Status). Indicates the current operation status of the watchdog counter.
0: Watchdog counter is stopped (default).
1: Watchdog counter is running.
4 RW1C WDRST_STS (Watchdog Reset Status). When set to 1, indicates the occurrence of a watchdog event
(which in turn generates either a Watchdog Cold or Warm reset).
Writing 1 clears this bit; writing 0 is ignored. WDRST_STS is set to its default value by Vs Power-Up
reset or VCC_POR Input reset. This bit is not locked by LTWTO bit in TWCFG register.
0: No watchdog event occurred from the time the bit was last cleared (default).
1: Either Watchdog Cold reset or Watchdog Warm reset was generated.
3 RO 'WDLTD (Watchdog Last Touch Delay). Is set when a valid watchdog touch is performed. Cleared
after the watchdog counter is updated. (After the watchdog counter is updated, it is safe to switch to
Idle or Deep Idle mode.)
2 Reserved.
1 RO |TC (Terminal Count). Read-only bits that indicates that the counter has reached 0 (terminal count).
Cleared each time the register is read. Data written to it is ignored.
0 R/W1S |RST (Reset). Synchronizes the TWD Timer 0 to a software command. When set (1), forces the Timer
0 to reload from TWDTO register and to restart counting on the next input clock rising edge. Cleared
by the input clock rising edge, which indicates that the counter has resumed its automatic retriggerable
operation. Writing 0 to this bit is ignored.

Watchdog Count Register (WDCNT)

WDCNT holds the value to be loaded into the watchdog counter when the counter is touched. The counter then starts count-
ing down from the PRESET value. A write to WDCNT functions as a “touch” operation even if WDCNT is locked, in which
case, the watchdog counter is restarted using the value loaded in PRESET field before WDCNT was locked (i.e., the new
PRESET value is ignored). A watchdog event signal is triggered if WDCNT is written more than once per three watchdog
clock cycles. This register is initialized to OFh on reset.

Location: FF F4C8h

Type: WO or “Touch”
Bit 7 | 6 5 4 3 2 1 0
Name PRESET
Reset o 0 o 1 1 1 1
Bit Description
7-0 |PRESET. Defines the counter preset value. A value of 00h is invalid.
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4.0 Embedded Controller Modules (Continued)

Watchdog Service Data Match Register (WDSDM)

If WDSDME in TWCFG register is set to 1, the watchdog counting restarts from the value in WDCNT, when WDSDM is writ-
ten with 5Ch. If any other data (except for the stop/unlock sequence) is written to this register, it triggers a watchdog event
signal. A watchdog event signal is also triggered if 5Ch is written more than once per three watchdog clock cycles.

WDSDM also serves to stop the watchdog operation and to unlock the TWD registers by writing the stop/unlock sequence,
as described in “Watchdog Stop and Register Unlock” on page 134. When WDSDME bit in TWCFG register is set to 0, a
write to this register, except for the stop/unlock sequence, is ignored.

Location: FF F4CAh

Type: wO
Bit 7 6 5 4 3 2 1 0
Name RSDATA

Bit Description

7-0 RSDATA.

4.11.4 Usage Hints

TWD protects watchdog operation from software tampering. To achieve the highest level of protection:

1. Program TWDTO prescale and TMWTO timers to the desired values.

2. Configure the watchdog clock to use TOIN or TOOUT using WDCTOI bit in TWCFG register.

3. Configure the type of reset (Cold or Warm) to be generated, using WDRST_MODE bit in TWCFG register.
4

Program WDCNT to the maximum period between watchdog touch operations. Note that from this point, the watchdog
starts operating and must be touched periodically to prevent a watchdog event signal.

Configure the watchdog to use “service on data match”, and lock all the TWD registers by setting bits 0-3 and bit 5 of TWCFG to 1.

Touch the watchdog by writing 5Ch to WDSDM at the appropriate rate (i.e., no more than once every three watchdog
clock cycles, and no less than the period programed to WDCNT).

o o

Revision 1.0 139 www.winbond.com

1€9280dM



WPC8763L

Winbond Confidential - Provided to Wistron under NDA

4.0 Embedded Controller Modules (Continued)

4.12 ANALOG TO DIGITAL CONVERTER (ADC)

The WPC8763L includes an 8-bit resolution Analog to Digital Converter (ADC). Up to four external voltage inputs can be
measured. Measurement can be triggered by software, by a timer event, or automatically, in Autoscan mode.

Each input channel is assigned a separate result register, which is updated at the end of the conversion.

4.12.1 Features

® \oltage measurement

— four external voltage inputs

— 8-bit resolution

— External voltage reference (VRgr)

— 0V to VRgf input voltage range

— High-impedance, ground-referenced inputs

— Input capacitance of 50 pF (typical)

— Integral Non Linearity better than +2.3 LSB

— Offset better than +2.5 LSB

— Full Scale Error better than +2.5 LSB

— Monotonic

— Accuracy better than +3 LSB
® Separate result register per each input channel
® Sampling sequence and timing

— 125 ps conversion time

— Cyclic scan of inputs, for user selectable input channels
® Measurement Trigger

— Software trigger

— Timer pulse-based trigger

— Repetitive Scan (Autoscan) mode for selected inputs

— Single (One-Shot) or Repetitive conversion, for software trigger and scan
® Power consumption

— Zero current when disabled

— Low operating current

4.12.2 Functional Description

Inputs. The ADC has four inputs:
® Four External Voltage Inputs (ADO to AD3).

Analog Multiplexer. A 4-to-1 analog multiplexer selects one of the inputs for measurement by connecting it to the A/D con-
verter input.

Successive Approximation A/D Converter. The high-resolution A/D converter receives the selected input voltage and con-
verts it. The result of the conversion is an 8-bit, unsigned integer digital value.

Reference Voltage. The A/D converter reference voltage is supplied from an external reference voltage, via the VREF pin.

Conversion Modes. The A/D converter selects an input source and initiates a conversion in one of three conversion modes
(see Table 17 on page 141):

® Software-Triggered. In this mode, the core initiates the conversion by selecting the required input and setting START
bit in ADCCNF register to 1. The multiplexer is set to the input selected by SADDR field in ASCADD register. When
the conversion is completed, the result is written to the corresponding data register and the End Of Conversion Event
flag is set. If the interrupt is enabled, the End Of Conversion Event flag generates an interrupt to the core.
If Repetitive mode is selected (ADCRPTC bit in ADCCNF register is set to 1), a new conversion starts immediately.
Otherwise, the software must start a new conversion by setting the START bit to 1.
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® Timer-Triggered. This mode is selected by setting ADCTTE bit in ADCCNF register to 1. In this mode, the timer

(MFT16-2) output TA2 initiates the A/D conversion. The multiplexer is set to the input selected by TTADDR field in
ASCADD register. After the conversion ends, the conversion result is written to the corresponding data register and
the End Of Timer-Triggered Conversion Event flag is set. If the interrupt is enabled, the End Of Timer-Triggered Con-
version Event flag generates an interrupt to the core.

A new conversion is performed on each pulse generated at TA2 output as long as ADCTTE bit is set to 1. Using the timer
trigger to measure more than one input requires changing the contents of TTADDR field after every conversion.

Scan. This mode is selected by setting ADCMD field in ADCCNF register to ‘01’. The core initiates the conversion by
setting the START bit in ADCCNF register to 1. In this mode, selected inputs are scanned and converted. The input
combination is selected by setting the corresponding bits in ADCCS register. Every set bit enables an input to be con-
verted in the scan (any input combination may be selected). When the scan is complete, the End Of Conversion Cy-
cle Event flag is set. If the interrupt is enabled, the End Of Conversion Cycle Event flag generates an interrupt to the
core. An interrupt can also be generated for every completed conversion within the scan.

If the Repetitive mode is selected (ADCRPTC bit in ADCCNF register is set to 1), a new scan starts immediately. Other-

wise, the software must start a new scan by setting the START bit to 1.

Timer-Triggered mode can be performed “in parallel” with Software-Triggered mode. Conversions from the two modes are
interleaved: a new triggered conversion from one mode waits to be performed until the completion of the currently performed
conversion from the other mode. There is no priority between the modes regarding conversion execution.

Software-Triggered mode or Timer-Triggered mode cannot be selected together with Scan mode.
At the end of each A/D conversion, the result is stored in the corresponding data register.

Table 17. ADC Conversion Modes

Trigger Source

Software (START = 1)

Conversion Mode

Channel
(ADCMD = 00)

One-Shot/Repetitive
One-shot (ADCRPTC = 0):
START is cleared after conversion start

Repetitive (ADCRPTC = 1):
START is cleared by software (write 1 to STOP)

Converted Channel(s)

Single channel,
selected by SADDR

Scan (ADCMD = 01)

One-shot (ADCRPTC = 0):
START is cleared after conversion start

Repetitive (ADCRPTC = 1):
START is cleared by software (write 1 to STOP)

Multiple channels,
selected by ADCCS

Timer (ADCTTE = 1)

Channel
(ADCMD = 00)

A conversion is performed on each timer pulse’
until ADCTTE is cleared by software (write 0)

1. The conversion is triggered when the TA2 internal signal goes high.

Conversion Data Registers. Each A/D converter input (internal or external) has a corresponding data register that is up-
dated after the input value is converted by the A/D converter.

Timing Control. This block reduces the frequency of the core clock (CLK) to the lower value required by the ADC.

Single channel,
selected by TTADDR
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Figure 32. ADC Functional Diagram

4.12.3 Voltage Measurement

The ADC performs a linear conversion of the input voltage signal to an 8-bit, unsigned digital representation. The input signal
should be applied relative to the AGND pin and should range from 0V to Vgg (Full Scale).

Use the equations in the following table to calculate the input voltage. The calculation is based on the reading from the
Channel x Data Buffer (CHDAT field in CHNxDAT register).

Input Channel Calculation’ ‘

ADO to AD3 (external inputs) Vi = CHDAT(9-2) * Vggg / 256 ‘

1. See Section 8.4.1 on page 285 for the dynamic range relevant for each input.

4.12.4 ADC Operation

Reset

Section 3.2 on page 48 describes the WPC8763L reset types. The ADC is affected by Core Domain reset, as described below:

® All control, configuration and status registers are reset to their default values, as indicated in Section 4.12.5 on
page 145.
® The clock division factor is set to its maximum value (for the slowest ADC operation speed).

® The ADC is disabled, with all interrupt sources masked and all event status bits are reset.

ADC Clock

The ADC clock is generated by dividing the core clock by a factor of between 1 and 64, as defined in SCLKDIV field in ATCTL
register; see page 148. The ADC clock frequency must be Fac| k; see Section 8.4.1 on page 285. SCLKDIV must be pro-
gramed prior to enabling the ADC (i.e., while ADCEN of ADCCNF register is 0).
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Enabling and Disabling the ADC

Enabling the ADC. The ADC module is enabled by setting ADCEN bit in ADCCNF register to 1. When the ADC module is
enabled after reset, the first conversion starts after a delay of tgpp (see Section 8.4.1 on page 285) from the moment the
measurement is enabled (see START and ADCTTE bits in ADCCNF register on page 146).

Disabling the ADC. When either of the following conditions occurs, the ADC module is disabled:
® Core Domain reset is asserted.
® The software resets ADCEN bit in ADCCNF register.

When disabled, all ADC module activities are halted and the module’s current consumption from AV is lowered.

Initializing the ADC

The ADC module must be initialized before it is started by setting either the START or the ADCTTE bits. To do this, set these
fields/registers, as follows:

1. Core Clock Division Factor - SCLKDIV field in ATCTL register.

ADC Operation Mode - ADCMD field in ADCCNF register.

ADC Repetitive Mode - ADCRPTC bit in ADCCNF register.

Setup the MFT16-2 timer to generate the TA2 pulse (if Timer-Triggered mode is used).

ADC module Enable - ADCEN bit in ADCCNF register.

Setting Up the MFT16-2 Timer. To set up the timer for the correct pulse generation (see Section 4.8 on page 101):

A A

1. Set Reload/Capture A register (T2CRA) to a value “N” according to the formula:

TTimer—Triggered ADC cycle = 2 % (N+ 1) « taokosc
Where t3ok0sc is the period of the LFCLK clock (32.768 KHz — see “Low-Frequency Clock Timing” on page 290).
2. Set the Timer Mode Control register (T2MCTRL) as follows:
— Set TAOUT bit to 1 (this starts TA2 toggle sequence, beginning with high level).
— Set TAEN bit to 1 (this enables TA2 output from timer to the ADC module).
— Set MDSEL field to ‘010’ (this sets MFT16-2 to Mode 3).
3. Set TAIEN bit in Timer Interrupt Enable (T2IEN) register to 0 (this disables interrupt from Timer 1 reload).

4. Set C1CSEL field in Clock Unit Control register (T2CKC) to ‘100’ (this selects LFCLK as the clock input and starts the
operation of Timer 1).

ADC Operation Stop

Software-Triggered, Channel and Scan Conversion Modes. In these modes, when STOP bit in ADCCNF register is set
to 1 by software, START bit is set to 0 and ADC operation is stopped immediately (i.e., in-progress or pending conversions
are aborted or discarded, respectively).

Note that, when STOP is set to 1, a Timer-Triggered measurement that is either in-progress or pending is aborted or dis-
carded, respectively. However, the Timer-Triggered Conversion mode remains active.

Timer-Triggered Conversion Mode. In this mode, ADC operation is stopped by setting ADCTTE bit in ADCCNF register to
0. If a Timer-Triggered measurement is pending, it is discarded; if the measurement is in-progress, ADC operation stops
after the measurement ends. To stop ADC operation immediately (i.e., to discard any in-progress measurement), set STOP
bit in ADCCNF register to 1 after setting ADCTTE bit to 0.

Interrupt Structure
The ADC Interrupt is generated for any of the events listed in Table 18. The ADC interrupt is connected to the ICU.

Table 18. ADC Interrupt Structure

Register Mask Bit Register

Event Flag Mnemonic Mnemonic

Description

EOCEV ADCSTS INTECEN ADCCNF End Of Conversion Event

EOCCEV ADCSTS | INTECCEN  ADCCNF End Of Conversion Cycle Event

EOTCEV | ADCSTS INTETCEN = ADCCNF End Of Timer-Triggered Conversion Event
OVFEV ADCSTS INTOVFEN ADCCNF Data Overflow Event
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4.0 Embedded Controller Modules (Continued)

When an event flag and its related enable bit are set, the ADC Interrupt request is asserted. The software must reset the event
flag (or reset its mask bit) to deassert the ADC Interrupt request.

The ADC Interrupt is routed to the ICU as an ADCI signal; see Section 4.3 on page 74.

ADC Operating Principles

The ADC module can operate in two modes:

Single Channel Operation Mode

This mode includes the Software-Triggered and Timer-Triggered conversion modes. Measurement starts when either
START bit is set (for Software-Triggered mode) or, if ADCTTE bit is set, a pulse is generated by the MFT16-2 timer (for Tim-
er-Triggered mode). This initiates voltage conversion of the selected channel by ASCADD register. When the A/D conver-
sion process starts, the input is selected. The resulting -bit digital value is stored in the respective CHNnDAT register, and
the NEW flag is set.

Multiple Channels Operation Mode

This mode includes the Scan conversion mode. Measurement starts when START bit is set. All the channels selected by
the ADCCS register are converted one by one in ascending order. Once the conversion cycle starts, START bit is cleared if
ADCRPTC bit is set to 0. When all the selected channels are converted, EOCEV bit in ADCSTS register is set.

The software can read the measurement result for each channel immediately after it is converted (EOCEYV flag can be used).
Alternatively, the results can be read at the end of the cycle when EOCCEV flag is set.

The ADC conversion cycle duration is calculated using the formula below (N is the number of enabled channels):
Tapc cycle = N« (tee)
Where:tcc - Channel Conversion time; see Section 8.4.1 on page 285.

If the channel selection is not changed, the same inputs are measured during the next ADC cycle. This gives a sampling
rate of a full Taopc ¢ycle for a specific input.

Operation Sequences

The following fields or bits must be set-up while conversions are disabled:

® ADCRPTC bit in ADCCNF register.

® ADCMD field in ADCCNF register.

® TTADDR and/or SADDR fields in ASCADD register.

® CCn bits in ADCCS register.

After the ADC module is properly enabled and initialized, one of the following example sequences can be used:

EOCEV-Driven Sequence, for Single Channel Operation Mode

Write the number of the channel to be converted to ASCADD register.
Select One-Shot or Repetitive mode by setting ADCRPTC in ADCCNF.
Set START in ADCCNF to start a conversion.

Wait for EOCEV flag to be set.

Read the measured data from CHDAT in CHNnDAT register.

Clear the EOCEV flag by writing 1 to it.

If Repetitive mode was selected, the operation repeats from step 4.

No ook~ o~

EOTCEV-Driven Sequence for Single Channel Operation Mode

Write the number of the channel to be converted to ASCADD register.
Set ADCTTE in ADCCNF to enable the timer trigger.

Wait for EOTCEV flag to be set.

Read the measured data from CHDAT in CHNnDAT register.

Clear the EOTCEV flag by writing 1 to it.

Return to step 3 for another measurement.

Clear ADCTTE to stop the measurements.

No o ko~
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Register Map

Overflow Detection

4.12.5 ADC Registers

All ADC registers are powered by V¢ and are set to their default values by Core Domain reset.
For a summary of the abbreviations used for Register Type, see “Reqister Abbreviations and Access” on page 20.

ADC Operation Stop Sequence
1. Depending on the active conversion mode(s), stop ADC operation as follows:

— By writing 1 to STOP bit in ADCCNF register.

— By writing 0 to ADCTTE bit, then writing 1 to STOP bit, both in ADCCNF register.
2. Wait 1 us for ADC operation to stop.
3. Clear the event flags (OVFEV, EOTCEV, EOCCEV, EOCEV) in ADCSTS register by writing 1 to them.
4. Reconfigure the ADC registers before restarting ADC operation.

Reading Measurement Results

4.0 Embedded Controller Modules (Continued)

EOCCEV-Driven Sequence for Multiple Channels Operation Mode
Select the channels to be converted by writing to ADCCS register.
Select One-Shot or Repetitive mode by setting ADCRPTC in ADCCNF.
Set START in ADCNF to start a Scan conversion.

Wait for EOCCEV flag to be set.
Read the measured data from CHDAT in CHNnDAT register for each selected channel.
Clear the EOCCEYV flag by writing 1 to it.

If Repetitive mode was selected, the operation repeats from step 4.

A separate result register is allocated for each ADC module input for a total of four result registers. An End Of Conversion
can be detected either by using an interrupt or by polling the status flags. Once an End Of Conversion is detected, the user
may read the newly converted data from the specific result register. In Software-Triggered and Timer-Triggered modes, the
input select field in ASCADD register holds the number of the last converted input.

An overflow occurs when a conversion result is written to a CHNnDAT register before the previous measurement of this
channel was read. If an overflow occurs for a channel, the new measurement result overrides the old data in CHNnDAT reg-
ister, and OVFEYV flag in ADCSTS register is set. In this case, the result of the previous measurement is lost.

Location Mnemonic Register Name Size Type
FF F800h ADCSTS ADC Status Word | Varies per bit
FF F802h ADCCNF ADC Configuration Word | Varies per bit
FF F804h ATCTL ADC Timing Control Word R/W
FF F806h ASCADD ADC Single Channel Address Word R/W
FF F808h ADCCS ADC Scan Channels Select Word R/W
FF F840h CHNODAT Channel 0 Data Buffer Word RO
FF F842h CHN1DAT Channel 1 Data Buffer Word RO
FF F844h CHN2DAT Channel 2 Data Buffer Word RO
FF F846h CHNS3DAT Channel 3 Data Buffer Word RO
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ADC Status Register (ADCSTS)

ADCSTS indicates the global status of the ADC module.
Location: FF F800h

Type: Varies per bit
Bit 5 | 14 13 12 1 10 9 8
Name Reserved
Reset o o o o o o o | 0
Bit 7 6 5 4 3 2 1 0
Name Reserved OVFEV EOTCEV EOCCEV EOCEV
Reset 0 o o 0 0 0 0 0

Bit | Type Description

15-4 Reserved.

3 R/W1C OVFEV (Data Overflow Event). Indicates that the measurement data in one of the CHNnDAT registers

was overwritten with new data before being read. When a data overflow occurs, NEW bit (in CHNnDAT)
remains set and new data overrides the current data in CHNnDAT register.

0: No overflow (default).
1: Overflow.

2 | R/W1C EOTCEV (End Of Timer-Triggered Conversion Event). Indicates that a channel conversion, triggered

by a timer pulse, was completed.
0: No Timer-Triggered conversion was completed since the bit was last cleared (default).
1: A Timer-Triggered conversion was completed.

1 R/W1C EOCCEV (End Of Conversion Cycle Event). Indicates that a Scan conversion cycle was completed

(all the selected channels were measured). For each of the enabled channels, the data for the channel
is stored in the respective CHNNDAT register and, if the register was not read during the current cycle,
NEW bit in the respective CHNNnDAT register is set.

0: No Scan conversion cycle was completed since the bit was last cleared (default).
1: A Scan conversion cycle was completed.

0 |R/W1C EOCEV (End Of Conversion Event). Indicates that a channel conversion, triggered by the START bit,

was completed. This relates both to a Channel mode conversion and to any conversion in Scan mode.
0: No Software-Triggered conversion was completed since the bit was last cleared (default).
1: A Software-Triggered conversion was completed.

ADC Configuration Register (ADCCNF)

ADCCNF controls the operation and global configuration of the ADC module.
Location: FF F802h

Type: Varies per bit

Bit 5 14 13 12 11 10 9 8
Name Reserved STOP Reserved [INTOVFEN INTETCEN
Reset o o 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
Name INTECCEN INTECEN ADCTTE START ADCRPTC ADCMD ADCEN
Reset 0 0 0 0 0 0 0 0

Bit ‘ Type Description
15-12 ‘ Reserved.
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Bit Type Description
11 WO | STOP (ADC Stop Conversion). When set to 1, stops a Software-Triggered or Scan conversion by
setting START bit to 0. Writing O is ignored; reading from it returns 0.
0: ADC operation is controlled by START bit (default).
1: Stops a Software-Triggered or a Scan conversion by clearing the START bit.
10 Reserved.
R/W | INTOVFEN (Interrupt from Data Overflow Event Enable). Enables generation of an ADC interrupt on
a Data Overflow event (OVFEV in ADCSTS register).
0: Disabled (default).
1: Enabled - ADC Interrupt from OVFEV.
8 R/W | INTETCEN (Interrupt from End Of Timer-Triggered Conversion Event Enable). Enables generation
of an ADC interrupt on an End Of Timer-Triggered Conversion event (EOTCEV in ADCSTS register).
0: Disabled.(default).
1: Enabled - ADC Interrupt from EOTCEV.
7 R/W | INTECCEN (Interrupt from End Of Cyclic-Conversion Event Enable). Enables generation of an ADC
interrupt on an End Of Cyclic-Conversion event (EOCCEV in ADCSTS register).
0: Disabled (default).
1: Enabled - ADC Interrupt from EOCCEV.
6 R/W | INTECEN (Interrupt from End Of Conversion Event Enable) Enables generation of an ADC interrupt
on an End Of Conversion event (EOCEV in ADCSTS register).
0: Disabled (default).
1: Enabled - ADC Interrupt from EOCEV.
5 R/W | ADCTTE (ADC Timer-Triggered Conversion Enable). Enables conversions triggered by a pulse from
the internal Timer (MFT16-2).
0: Timer-Triggered conversions disabled (default).
1: Timer-Triggered conversions enabled (possible only in Channel conversion mode).
4 R/W1S | START (ADC Start Conversion). When set to 1, starts a Software-Triggered or Scan conversion. If
ADCRPTC bit is 0, START bit is cleared when either the Software-Triggered conversion starts or the
Scan cycle starts. To stop repetitive conversions (when ADCRPTC bit is 1), START bit must be cleared
by software writing 1 to STOP bit. Writing 0 is ignored.
0: Software-Triggered or Scan conversions are disabled (default).
1: Start a Software-Triggered or Scan conversion.
3 R/W | ADCRPTC (ADC Repetitive Mode). Enables repetitive operation of the ADC.
0: One-Shot: Software-Triggered and Scan conversions are performed one time (START bit is cleared
when the single conversion or the Scan cycle starts), when started by the software (default).
1: Repetitive: Software-Triggered and Scan conversions are performed continuously (START bit remains
set after the single conversion or the Scan cycle starts) after being started by the software.
2-1 R/W | ADCMD (ADC Conversion Mode). Selects the conversion mode of the ADC module.
Bits
21 Conversion Mode
0 0: Channel conversion mode. A single conversion is triggered either by software or by the Timer (default).
0 1: Scan conversion mode. A scan cycle is triggered by software.
10 Reserved.
11 Reserved.
0 R/W | ADCEN (ADC Module Enable). Controls the operation of the ADC module, to minimize power
consumption; see “Interrupt Structure” on page 143.
0: ADC disabled (default).
1: ADC enabled.
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ADC Timing Control Register (ATCTL)

ATCTL controls the division of the system clock to the ADC clock.
Location: FF F804h

4.0 Embedded Controller Modules (Continued)

core clock frequency is set separately; see Figure 43 on page 181. The resulting ADC clock frequency should be

equal to Fac k; see Section 8.4.1 on page 285.

Type: R/W
Bit 5 14 13 12 10 9 8
Name Reserved Reserved (must be ‘011’)
Reset o o o o 0 o 1 1
Bit 7 6 5 a 3 2 i | 0
Name Reserved SCLKDIV
Reset o o0 1 1 1 1 1 1
Bit Description
15-11 Reserved.
10-8 Reserved. Must be ‘011’
7-6 | Reserved.
5-0 SCLKDIV (Core Clock Division Factor). Controls the division of the core clock to obtain the ADC clock. The

Range: 0 to 63 (default is 63). The core clock is divided by: SCLKDIV+1.

ADC Single Channel Address (ASCADD)

ASCADD selects the channels to be used by the two single Channel conversion modes.
Location: FF F806h

The channel number value is sampled when the conversion starts.

Values of not-implemented channels are illegal and may result in unpredictable ADC behavior.

Type: R/W
Bit 15 | 14 13 12 11 10 9 8
Name Reserved TTADDR
Reset o o 0 o o o o 0
Bit 7 6 5 a 3 2 1 0
Name Reserved SADDR
Reset o 0o o0 o o o | o o0
Bit Description
15-13 | Reserved.
12-8 | TTADDR (Timer-Triggered Address). Channel number to be converted by a Timer-Triggered conversion.
Values of not-implemented channels are illegal and may result in unpredictable ADC behavior.
7-5 |Reserved.
4-0 |SADDR (Software-Triggered Address). Channel number to be converted by a Software-Triggered conversion.
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ADC Scan Channels Select (ADCCS)

ADCCS selects channels to be converted during a Scan cycle.
Location: FF F808h

Type: R/W
Bit 5 14 13 | 12 | 11 10 9 8
Name Reserved
Reset o o o o o o o 0
Bit 7 6 5 4 3 2 1 0
Name Reserved cc3 (o]0 ccit cco
Reset o o o 0 0 0 0 0
Bit Description
15-0 CCn (Convert Channel n).
0: ADC does not convert channel n in the next Scan cycle (default).
1: ADC converts channel n in the next Scan cycle.

Channel n Data Buffer (CHNnDAT)

CHNNDAT (buffer) holds the data measured by Channel n.
Location: FF F840h+n-2;nis0to3

Type: RO

Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Name NEW Reserved CHDAT Reserved
Reset o X X X X X x\x\x\x\x\x\x\x X X
Bit Description

15 |NEW (New Conversion Result). New channel data is available for reading. Cleared when the register is read
(default 0).

14-10 |Reserved.

9-2 |CHDAT (Channel Data). Channel n voltage data, measured by the A/D converter. To calculate the voltage, see
Section 4.12.3 on page 142. CHNnDAT holds a new result when NEW bit is also set. The value at reset is
undefined.

Range: 0 to 255 (0 to VEsg,); 8-bit, unsigned value with 1 LSB = Vg, / 256; Vggy is Vigg, VEg) OF VEgs, according
to the channel number.

1-0 'Reserved.
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4.12.6 Usage Hints

Power Supply and Layout Guidelines
For more information, see Section 3.1.3 on page 47.

Power Consumption

ADC power consumption from the analog supply (AV¢c) is practically zero if the ADC is disabled by setting ADCEN in
ADCCNF register to 0.

When the ADC is enabled, the current consumption depends on the ADC clock frequency. To minimize consumption of cur-
rent, disable the ADC when not in use; see details in “Enabling and Disabling the ADC” on page 143.

Back-Drive Protection

To maintain the high performance of the analog circuits, ADO-3 pins are not back-drive protected. Therefore, the voltage
applied to these pins must be within the AGND to AV + 0.5V range; otherwise, the device may be damaged. External
circuits should not drive currents into these pins when the WPC8763L is not powered up.

Connecting an External Voltage Reference
If ADC functionality is not used (i.e., the ADC is disabled), connect the VREF pin to AGND.

Measuring Out of Range Voltages

The ADC is capable of measuring positive input voltages from 0V to Vggg or Vggs. Input voltages outside this range should
either be divided or level-shifted, as required.

For positive input voltages higher than Vegg or Vegg, place a resistor divider in front of the WPC8763L input pin; see
Figure 33a. The divider should be calculated so that its output is lower than the full-scale value (Vggg or Vegg) for the maximum
input signal voltage.

For negative input voltages, place a resistive level-shifter in front of the WPC8763L input pin; see Figure 33b. The level-
shifter should be calculated so that its output is higher than OV for the minimum input signal voltage.

VIN (12V) —>

ADn

. ADn
Ce= Rz

AGND

a. V|N > VFSE b. V|N <0

Figure 33. Measurement of Positive and Negative Voltages

Filtering the Noise on Input Signals

Noise may be coupled to the input signal for various reasons, including close proximity to digital circuits. The slow change
rate of the input signals makes it possible to use an external Low Pass Filter (LPF). This can be implemented by placing a
capacitor (Cg) between the divider output and AGND, as shown in Figure 33. The cutoff frequency of this LPF should be at
least 22 times the maximum signal frequency required to be measured with 10-bit accuracy (a smaller capacitor may be used
when a lower accuracy is acceptable). The following formula demonstrates the calculation of the components.

f(-?)dB) :l/ (Z*R*Req*CF)
where: Req=(R1 *RQ)/(R1 +R2)
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4.13 DIGITAL TO ANALOG CONVERTER (DAC)

The DAC converts digital input values to analog signals. The DAC supports two channels for handling up to two independent
conversions in parallel.

4.13.1 Features

® 8-bit resolution

® Independent 2-channel D/A converter

® Fast settling time, 1 us typical, on 50 pF capacitive load

Output range from AGND to AV

Independent enable/disable for each channel

Both converters can be automatically disabled in Idle or Deep Idle mode

Low power consumption when enabled; minimal power consumption when disabled
Outputs drive OV when disabled

4.13.2 Functional Description

The DAC has two independent digital-to-analog converters. Each converter generates an output in the range of OV to AV,
with 8-bit resolution. The converters drive the two output pins DAO-1, as shown in Eigure 35. An output impedance of 3 KQ
allows a settling time of about 1 ps on a 50 pF load.

When a DAC channel is enabled, its output is defined by the value written to its DACDATN register. DACDATO-1 control
DAO-1, respectively. The maximum output voltage is (255 + 256) « AV and is obtained for a value of FFh. The minimum
output, 0V, is obtained for a value of 00h.

The reference voltage of the converters is the AV analog power supply voltage. This allows full swing of the outputs from
0V to nearly AVgc.

After reset, all four channels are disabled, and the voltage on the DAO-1 outputs is OV.

In Idle or Deep Idle mode, the DAC channels may be enabled or disabled (to reduce power consumption). Two control
modes are provided:

® Automatic disable of all channels on entering Idle or Deep Idle mode
® Selective disable of channels by software before entering Idle or Deep Idle mode

4.13.3 D/A Conversion

Output Signal

The DAC performs a linear conversion of the input digital value (DACDATA) to a unipolar analog output signal, relative to
the analog ground pin (AGND).

Voltage Ratio to AVge
T - = — = = B

255/256 —

254/256

3/256

2/256

1/256

0 » Level Data
o 1 2 3 254 255 (256) [LSBits]

Figure 34. Channel Data to Output Voltage Ratio Conversion
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4.0 Embedded Controller Modules (Continued)

When the value of DACDATA field is 00h, the respective output has an output signal of OV (AGND). When the value of
DACDATA field is FFh, the respective output has an output signal of (255/256) « AV¢. For other values, as shown in

Figure 34:
Vouyr = (DACDATA) « (AVee / 256)
Reference Voltage
The analog output voltages are converted relative to a reference voltage. The reference voltage of the converters is the analog pow-
er supply. To ensure good signal quality at the WPC8763L output, use a low-noise analog power supply.
Conversion Time

When a DAC channel is enabled, the conversion is started by writing to DACDATN registers. The output settling time is de-
fined as the time the DAC requires to get to within 1/2 LSB of the final value; see “Output Settling Time” on page 154.

Analog
Power
AVCC 3.3V

WPC8763L AVeg o
e » tooth
+ . rgooduﬁars r.g
AVce VREF DAC
DACO > fa DAO

DAC

Control
P Register

Idle or .
Deep Idle Peripheral Bus

Figure 35. DAC Functional Diagram
4.13.4 Operation

Initializing the DAC

The WPC8763L wakes up after power-up with all the D/A channels disabled (DACENO-1 bits in DACCTRL register are
cleared to 0). In this state, all DAC activities are halted and the DAC current consumption is lowered to zero.

Enabling and Disabling the DAC

Enabling the DAC. Each channel of the DAC is enabled independently by setting its DACEN bit. After being enable, the
DAC channel settles to the value stored in DACDATN register after the specified settling time.

Disabling the DAC. To reduce current consumption, the DAC channels can be disabled independently by clearing the cor-
responding DACENN (n=0 to 1) bit in DACCTRL register. In this case, the output pin drives 0V even if the respective DAC-
DATn register does not contain 00h.

All DAC channels are automatically disabled when entering Idle or Deep Idle mode, if ENIDLE bit in DACCTRL register is
cleared to 0. This happens regardless of the state of DACENnN (n=0 to 1) bit in DACCTRL register. In this case, the DAO-1
outputs drive 0V.

If ENIDLE bit is set to 1, entering the Idle or Deep Idle mode does not affect DAC operation, and DAO-1 outputs drive the
voltage level set by DACDATnN (n=0 to 1) registers.
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4.13.5 DAC Registers

The DAC interfaces with the core using one control and two data registers. These registers are reset by Core Domain reset.
For a summary of the abbreviations used for Register Type, see “Reqister Abbreviations and Access” on page 20.

DAC Register Map

Location Mnemonic Register Name Size Type
FF F880h DACCTRL | DAC Control Byte R/W
FF F882h DACDATO DAC Data Channel 0 Byte R/W
FF F884h DACDATA1 DAC Data Channel 1 Byte R/W
DAC Control Register (DACCTRL)
DACCTRL controls the operation of the DAC module. It is cleared (00h) on reset.
Location: FF F880h
Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved ENIDLE Reserved DACEN1 DACENO
Reset 0 0 0 0 0 0 0 0
Bit Description

7-5 |Reserved.

4  ENIDLE (Enable in Idle). Controls the DAn (n = 0 to 1) outputs in Idle or Deep Idle mode.
0: Disabled - DAn outputs drive OV (default).
1: Enabled - DAn outputs according to DACENN bits and DACDATN registers.

3-2 |Reserved.

1 DACEN1 (DAC Channel 1 Enable). Same as DACENO bit description, using DA1 output and DACDAT 1
register.

0 DACENO (DAC Channel 0 Enable). Enables the DAC channel. The DAO output pin drives a voltage level
according to the value written into the corresponding DACDATO register.

When cleared, the DAO output pin drives OV.
0: Disabled (default).
1: Enabled.

DAC Data Channel 0-1 Registers (DACDATO0-1)
DACDATO-3 hold the data to be loaded into Channels 0-1 of the DAC. They are cleared (00h) on reset, but are not affected
when the respective channel is disabled.
Location: Channel 0 - FF F882h
Channel 1 - FF F884h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name DACDATA
Reset o o o o o o o 0
Bit Description
7-0 DACDATA (DAC Data). 8-bit unsigned binary value used for the D/A operation.
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4.0 Embedded Controller Modules (Continued)

4.13.6 Usage Hints

Power Consumption

When a channel is enabled and no load is connected, the DAC current consumption depends on the value set in DACDAT
register. Minimum current is consumed when the data is 00h; maximum current is consumed when the data is 55h.

DAC Output Protection
To maintain high performance of the analog circuits, the DAn (n = 0 to 1) pins are not back-drive protected. Therefore, the
voltage applied to these pins must be within the AGND to AV range; otherwise, the device may be damaged.

External circuits should not drive currents into these pins when the WPC8763L power is off because this may cause the in-
ternal Power-Up reset circuit to fail.

DAC Load Protection

Before setting DACENO-1 in DACCTRL register to 1, DACDATN registers (n=0 to 1) must be initialized either to 00h or ac-
cording to the required output level.

Output Voltage Accuracy

Besides the intrinsic accuracy of the D/A channels; see Section 8.4.2 on page 286, the output voltage accuracy directly de-
pends on the accuracy of the AV power supply, which serves as reference voltage. To improve the accuracy of the output
voltage, the actual AV value, measured by the ADC module (see Section 4.12 on page 140), should be used when com-
puting the value of DACDATA field in DACDATN registers; see Section 4.13.3 on page 151.

The external load on DAO-1 pins may also affect the final output voltage of the DAC. Since the output resistance of these
pins is typically 3 KQ, use high-impedance loads; if high-accuracy or high-output currents are required, use external analog
drivers.

For worst case calculation, if the output resistance is 4 KQ (maximum limit), the external load (R|) must not be lower than
2 MQ; see Figure 36. In this case, the error caused by the load is lower than 1/2 LSB.

To work with loads of 3 KQ (1 mA at 3V) with an error lower than 1/2 LSB, the output resistance of the external driver should
be lower than:

Romxr < 3 KQ / (2+256) = 5.8Q

Output Settling Time

The DAC output settling time depends on the external load characteristics and the required accuracy. Figure 36 shows the
equivalent circuit used for evaluating DAC behavior. Each DAC output has a typical output impedance of 3 KQ. For example,
if the total load is a 50 pF capacitor only, the output settles to 1/2 LSB within 1 ps. The total load capacitance comprises the
analog output capacitance (Cpp) and the external load capacitance (C\).

DAC Output Application
Equivalent Circuit Load Circuit
RO

Vout

17 Le i
wl| | T

Figure 36. DAC Output Equivalent Circuit

Filtering Noise on Output Signals

Output signals may have unwanted noise caused by nearby digital circuits. When using slow changing signals in a noisy
environment, a low-pass filter (LPF) may be added externally. The LPF, which can be implemented as a simple R-C circuit,
may also be required in applications where the DAC outputs control sensitive circuits such as audio amplifiers. The cutoff
frequency of the LPF should be above the required signal frequency.
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4.14 SMBUS (SMB) INTERFACE
The WPC8763L includes two SMBus Interface (SMB) modules. The registers of each module are prefixed with SMBn, and
the signal names are suffixed with ‘n’, where ‘n’ is module number 1 or 2.

Each SMBus interface is a two-wire serial interface that is compatible with the SMBus physical layer. The module can be
configured as either a bus master or slave and can maintain bidirectional communication with multiple master and slave de-
vices. As a slave device, the SMB module can issue a request to become the bus master.

The SMB interface provides full support for a two-wire SMBus synchronous serial interface. It permits easy interfacing to a
wide range of low-cost memories and I/O devices, including EEPROMs, SRAMSs, timers, A/D converters, D/A converters,
clock chips and peripheral drivers.

4.14.1 Features

® SMBus compliant

® SMBus master

® SMBus slave, supporting:
— Two user-defined addresses
— Gilobal (broadcast) address
— ARP address

® Supports polling- or interrupt-controlled operation
® Generates a wake-up signal on detection of a Start condition in Idle or Deep Idle mode
® Optional internal pull-up on SDAn and SCLn pins

4.14.2 Functional Description

The SMBus protocol uses a two-wire interface for bidirectional communication between the ICs connected to the bus. The
two interface lines are the Serial Data Line (SDLn) and the Serial Clock Line (SCLn). These lines should be connected to a
positive supply via a pull-up resistor and remain high even when the bus is idle.

The SMBus protocol supports multiple master and slave transmitters and receivers. Each IC has a unique address and can
operate as a transmitter or a receiver. Some ICs are receivers only.

During data transactions, the master device initiates the transaction, generates the clock signal and terminates the transac-
tion. For example, when the SMB initiates a data transaction with an attached SMBus-compliant peripheral, the SMB be-
comes the master. When the peripheral responds and transmits data to the SMB, their master/slave relationship (data
transaction initiator and clock generator) is unchanged even though their transmitter/receiver functions are reversed.

Data Transactions

One data bit is transferred during each clock pulse. Data is sampled during the high state of the serial clock (SCLn). Conse-
quently, throughout the clock’s high period, the data should remain stable; see Figure 37. Any change on the SDAn line while
SCLn is in high state during a transaction causes the current transaction to abort. New data should be sent during the low
SCLn state. This protocol permits a single data line to transfer both command/control information and data, using the syn-

chronous serial clock.
| |
| |

span_/" : :>< : AN
SCan

Data Line  Change
Stable: of Data
Data Valid Allowed

Figure 37. Bit Transfer

Each data transaction is composed of a Start condition, a number of byte transfers (set by the software) and a Stop condition
to terminate the transaction. Each byte is transferred with the most significant bit first. An Acknowledge signal must follow
each byte (8 bits). The following sections provide further details of this process.

At each clock cycle, the slave can stall the master while it handles the previous data or prepares new data. The slave does
this, for each bit transferred or on a byte boundary, by holding SCLn low to extend the clock low period. Typically, slaves
extend the first clock cycle of a transfer if a byte read has not yet been stored or if the next byte to be transmitted is not yet
ready. Some microcontrollers with limited hardware support for the SMBus extend the access after each bit, thus giving the
software time to handle this bit.
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The SMBus master generates Start and Stop conditions (control codes). Following a Start condition, the bus is considered
busy. It retains this status for a given amount of time following a Stop condition. A high-to-low transition of the data line
(SDAN) while the clock (SCLn) is high indicates a Start condition. A low-to-high transition of the SDAn line while the SCLn is
high indicates a Stop condition (Figure 38).

som TNU__ TN LT
| |

son | IN—" N1 1

P

L — L —
Start Stop
Condition Condition

Figure 38. Start and Stop Conditions

In addition to the first Start condition, a Repeated Start condition can be generated in the middle of a transaction. This allows
either another device to be accessed or a change in the direction of the data transfer.
Acknowledge Cycle
The Acknowledge cycle consists of two signals:
® Acknowledge Clock pulse - sent by the master with each byte transferred
® Acknowledge signal - sent by the receiving device; see Figure 39

Acknowledge Signal
from Receiver

MSB Lo
SCLn T 1\ 3-8 /7 -8./9 .
'S ACK . '? .
Start Stop
Condition Condition
Byte Complete Clock Line Held
Interrupt within Low by Receiver
Receiver while Interrupt
is Serviced

Figure 39. SMBus Data Transaction

The master generates the Acknowledge clock pulse on the ninth clock pulse of the byte transfer. The transmitter releases
the SDAnN line (permitting it to go high) to allow the receiver to send the Acknowledge signal.The receiver pulls down the
SDAn line during the Acknowledge clock pulse, thus signalling that it has correctly received the last data byte and is ready
to receive the next byte. Figure 40 shows the Acknowledge cycle.

Transmitter roe . Transmitter Stays Off the
DataOutput ~ '\'_/ X X X" X"/ <«—— BusDuringthe

Y Acknowledge Clock
Receiver S Acknowledge
Data Output -~ , . /€ Signal from Receiver

SCLn B WAWA R DAV
'S
Start
Condition
Figure 40. SMBus Acknowledge Cycle

“Acknowledge After Every Byte” Rule

The master generates an Acknowledge clock pulse after each byte transfer. The receiver sends an Acknowledge signal after
every byte is received.
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There are two exceptions to the “acknowledge after every byte” rule:

® When the master is the receiver, it must indicate to the transmitter an “end of data” by not acknowledging (negative
acknowledge) the last byte clocked out of the slave. This negative acknowledge still includes the Acknowledge clock
pulse (generated by the master), but the SDAn line is not pulled down.

® When the receiver is full or otherwise occupied or if a problem occurs, it sends a negative acknowledge to indicate
that it cannot accept additional data bytes.

Addressing Transfer Formats

Each device on the bus has a unique address. Before any data is transmitted, the master transmits the address of the slave
being addressed. The slave device should send an Acknowledge signal on the SDAn line once it recognizes its address.

The address consists of the first seven bits after a Start condition. The eighth bit contains the direction of the data transfer (R/W).
A low-to-high transition during a SCLn high period indicates a Stop condition and ends the transaction of SDAn (Eigure 41).

scln TN /T 7 \/ASN_/TI7\ SN/ \ASNS T
co [ [l [
Start — Stop
Condition Address R/W ACK Data ACK Data ACK  condition

Figure 41. A Complete SMBus Data Transaction

When the address is sent, each device in the system compares this address with its own. If there is a match, the device
considers itself addressed and sends an Acknowledge signal. Depending on the state of the R/W bit (1=read, O=write), the
device acts as a transmitter or a receiver.

The SMBus protocol allows a general call address to be sent to all slaves connected to the bus. The first byte sent specifies
the general call address (00h); the second byte specifies the general call meaning (for example, “Write slave address by
software only”). Slaves that require data acknowledge the call and become slave receivers; other slaves ignore the call.

Arbitration on the Bus

Multiple master devices on the bus require arbitration between their conflicting bus access demands. Control of the bus is
initially determined according to address bits and clock cycle. If more than one master tries to address the same slave, data
comparisons determine the outcome of this arbitration. In Master mode, the device immediately aborts a transaction if the
value sampled on the SDAnN line differs from the value driven by the device; however, if the master is receiving data, the lines
may be driven low by the slave without causing an abort.

The SCLn signal is monitored for clock synchronization to allow the slave to stall the bus. The actual clock period is the long-
est of either the master or slave stall period. The clock high period is determined by the master with the shortest clock high
period, on the bus.

When an abort occurs during address transmission, a master that identifies the conflict should give up the bus and switch
to Slave mode. It should then continue to sample SDAnN to see if it is being addressed by the winning master on the bus.

4.14.3 Master Mode

Requesting Bus Mastership

An SMBus transaction starts with a master device requesting bus mastership. It asserts a Start condition, followed by the
address of the device it wants to access. If this transaction is completed successfully, the software may assume that the
device has become the bus master.

For the device to become the bus master, the software should perform the following steps:

1. Configure INTEN in SMBnCTL1 register to the desired operation mode (Polling or Interrupt) and set START in the same
register. This causes the SMB to issue a Start condition on the SMBus as soon as the SMBus is free (some conditions,
such as when BB in SMBNnCST register is set to 0, can delay the Start condition). It then stalls the bus by holding SCLn low.

2. Ifabus conflict is detected (i.e., if another device pulls down the SCLn signal before the WPC8763L does), BER in SMBnST
register is set.

3. lIf there is no bus conflict, MASTER and SDAST in SMBnST register are set.
4. IfINTEN in SMBnCTL1 register is set, and either BER or SDAST in SMBNST register is set, an interrupt is sent to the core.
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Sending the Address Byte

Once the WPCB8763L is the active master of the SMBus (MASTER in SMBnNST register is set), it can send the address on
the bus. The address sent should not be any of the following:

® The WPC8763L’s own address, as defined by ADDR in SMBnADDR1 register, if SAEN in SMBnADDR1 is set to 1.
® The WPC8763L’s own address, as defined by ADDR in SMBnADDR2 register, if SAEN in SMBnADDR?2 is set to 1.
® The global call address, if GCMATCH in SMBnCST register is set.

® The ARP address, if ARPMATCH in SMBnST register is set.

To send the address byte, use the following sequence:

1. For areceive transaction where the software requires only one byte of data, the software should set ACK in SMBnCTL1
register. If only an address needs to be sent (e.g., for quick read/write protocols) or if the device requires stall for some
other reason, set STASTRE in SMBnCTL1 register to 1.

2. Write the address byte (7-bit target device address) and the direction bit to SMBnSDA register. This causes the module to
generate a transaction. At the end of this transaction, the acknowledge bit received is copied to NEGACK in SMBnST reg-
ister. During the transaction, the SDAn and SCLn lines are continuously checked for conflict with other devices. If a conflict
is detected, the transaction is aborted, BER in SMBnNST register is set and MASTER in SMBNST register is cleared.

3. If STASTRE in SMBnCTL1 register is set and the transaction was completed successfully (i.e., both BER and NEGACK
in SMBNST register are cleared), STASTR in SMBnST register is set. In this case, the SMB stalls any further SMBus
operations (i.e., holds SCLn low). If INTEN in SMBnCTL1 register is set, it also sends an interrupt to the core.

4. Ifthe requested direction is transmit and the start transaction was completed successfully (i.e., neither NEGACK nor BER
in SMBnST register is set and no other master has accessed the device), SDAST in SMBnST register is set to indicate
that the module awaits attention.

5. If the requested direction is receive, the start transaction was completed successfully and STASTRE in SMBnCTL1 reg-
ister is cleared, the module starts receiving the first byte automatically.

6. Check that both BER and NEGACK in SMBNST register are cleared. If INTEN in SMBnCTL1 register is set, an interrupt
is generated when either BER or NEGACK is set.

Master Transmit
After becoming the bus master, the device can start transmitting data on the SMBus.
To transmit a byte, the software should:

1. Check that BER and NEGACK bits in SMBnST register are cleared and SDAST bit is set. In addition, if STASTRE bit in
SMBNCTLA1 register is set, clear STASTR bit in SMBnST register by writing 1 to it.

2. Write the data byte to be transmitted to SMBnSDA register.

When the slave responds with a negative acknowledge, NEGACK in SMBNST register is set and SDAST in SMBnST register
remains cleared. In this case, if INTEN bit in SMBnCTL1 register is set, an interrupt is sent to the core.

Master Receive
After becoming the bus master, the device can start receiving data on the SMBus.
To receive a byte, the software should:

1. Check that SDAST bit in SMBnNST register is set and BER bit is cleared. In addition, if STASTRE bit in SMBnCTL1 reg-
ister is set, clear STASTR bit in SMBNnST register by writing 1 to it.

2. If the next byte is the last byte that should be read, set ACK bit in SMBnCTL1 register to 1. This causes a negative ac-
knowledge to be sent.

3. Read the data byte from SMBnSDA register.

Master Stop

To end a transaction, set STOP in SMBnCTL1 register before clearing the current stall flag (i.e., SDAST, NEGACK or STAS-
TR in SMBNST register). This causes the module to send a Stop condition immediately and to clear STOP in SMBnCTL1
register. A Stop condition may be issued only when the WPC8763L is the active bus master (MASTER in SMBnST register
is setto 1).

Master Bus Stall

The SMB module can stall the SMBus between transfers while waiting for the core’s response. The SMBus is stalled by hold-
ing the SCLn signal low after the acknowledge cycle. Note that this is interpreted as the start of the following bus operation.
The user must make sure that the next operation is prepared before the flag that causes the bus stall is cleared.
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The flags that can cause a bus stall in Master mode are:

® Negative acknowledge after sending a byte (NEGACK in SMBnST register is set to 1).

® SDAST in SMBNST register is set to 1.

® STASTRE in SMBNCTL1 register is set to 1 after a successful start (STASTR in SMBnST is set to 1).

Repeated Start

A repeated start is performed when the WPC8763L is already the bus master (MASTER in SMBNST register is set). In this case,
the SMBus is stalled and the SMB module awaits core handling due to a negative acknowledge (NEGACK in SMBNST register
is set to 1), an empty buffer (SDAST in SMBnST is set to 1) and/or a stall after start (STASTR in SMBnST is set to 1).

For a repeated start:

1. Set START in SMBNnCTL1 register to 1.

2. In Master Receive mode, read the last data item from SMBnSDA.

3. Follow the address send sequence, as described in “Sending the Address Byte” on page 158.
4

. Ifthe SMB is awaiting handling because STASTR in SMBnNST is set to 1, clear it only after writing the requested address
and direction to SMBnSDA.

Master Error Detection

The SMB detects an illegal Start or Stop condition (i.e., a Start or Stop condition within the data transfer or the acknowledge
cycle) and a conflict on the data lines of the SMBus. If an illegal condition is detected, BER is set and Master mode is exited
(MASTER in SMBNST register is cleared).

Bus Idle Error Recovery

When a request to become the active bus master (start) or a restart operation fails, BER in SMBnST register is set to indicate
the error. In some cases, both the WPC8763L and the other device may identify the failure and leave the bus idle. In this
case, the start sequence may not finish and the SMBus may remain deadlocked.

To recover from deadlock, use the following sequence:

1. Clear BER in SMBNST register and BB in SMBnCST register.

2. Wait for a time-out period to check that there is no other active master on the bus (i.e., BB in SMBnCST remains cleared).
3. Disable and then re-enable the SMB to put it in non-addressed Slave mode. (This completely resets the module.)

It is possible that some of the slaves did not identify the bus error. To recover from this error, use the following sequence:
1. Request bus mastership for the SMB module.

2. If SMB module becomes the bus master, generate a Start condition.

3. Send an address byte.

4. Generate a Stop condition (this synchronizes all the slaves).

4.14.4 Slave Mode
A slave device waits in Idle mode for a master to initiate a bus transaction. When an SMB module is enabled, it acts as a
slave device (i.e., MASTER in SMBnST register is cleared).

Once a Start condition on the bus is detected, the WPC8763L checks whether the address sent by the current master match-
es any of the following possibilities:

® The ADDR value in SMBnADDR1 register, if SAEN in this register is set to 1.

® The ADDR value in SMBnADDR?2 register, if SAEN in this register is set to 1.

® The global call address (00h), if GCMEM in SMBnCTL1 register is set to 1.

® The global ARP address (110 0001b), if ARPMEN in SMBnCTL3 register is set to 1.

The address match is checked even when MASTER in SMBnST register is set. If a bus conflict (on SDAn or SCLn) is

detected, BER is set, MASTER is cleared and the WPC8763L continues to search the received message for a match.

If an address match (ADDR, ARP or global call) is detected:

1. The WPC8763L asserts its SDAnN pin during the acknowledge cycle, regardless of the setting of ACK bit in SMBnCTL1
register.

2. MATCH in SMBNnCST register, MATCHAF in SMBnST register (or GCMATCH if it is a global call address match, or ARP-
MATCH if it is an ARP address match) and NMATCH in SMBNST register are set. If XMIT in SMBnST register is set (i.e.,
Slave Transmit mode), SDAST in the same register is also set to indicate that the buffer is empty.

3. IfINTEN in SMBnCTLA1 register is set, an interrupt is generated if both INTEN and NMINTE in SMBnCTL1 register are set.

4. The software then reads XMIT in SMBNST register to identify the direction requested by the master device; it then clears
NMATCH in the same register so that future byte transfers are identified as data bytes.
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Slave Receive and Transmit

Slave Receive and Transmit are performed after a match is detected and the data transfer direction is identified. After a byte
transfer, the SMB module extends the acknowledge clock until the software reads or writes SMBnSDA register. The receive
and transmit sequences are identical to those used in the master routine.

Slave Bus Stall

When operating as a slave, the WPC8763L stalls the SMBus by extending the first clock cycle of the subsequent byte in the
following cases:

® SDAST in SMBnNST register is set.
® NMATCH in SMBnST register and NMINTE in SMBNnCTL1 register are set.

Slave Error Detection

The SMB detects illegal Start and Stop conditions (occurring during the data transfer or during the acknowledge cycle) on
the SMBus. If a transaction is terminated by a Stop condition as a result of a stalled clock (SCLn), the Stop condition is illegal.
When an illegal Start or Stop condition is detected, BER is set and MATCH and GMATCH and ARPMATCH are cleared,
setting the module as an unaddressed slave.

4.14.5 Power-Down

When the WPC8763L is in Idle or Deep Idle mode, the SMB module is not active but retains its registers. An exception is the
SMBNCTLA1 register, which is reset in Idle or Deep Idle mode. If wake-up is enabled (by the SMBXEEN bit in SMB_EEN reg-
ister) on detection of a Start condition, a wake-up signal is issued to the MIWU; see Section 4.6.2 on page 88. The wake-up
signal can be used to switch the WPC8763L to Active mode.

Following the Start condition that woke up the WPC8763L, the SMB module cannot check the address byte for a match. The
SMB responds with a negative acknowledge (does not drive the SDA line during the ACK, SCL cycle, regardless of the set-
ting of ACK bit in SMBnCTL1 register). The master device should resend both the Start condition and the address after the
WPCB8763L has had time to wake up.

Before entering Idle or Deep Idle mode, make sure that BUSY in SMBNnCST register is inactive. This guarantees that the
WPC8763L does not stop responding after it acknowledges an address that was sent.
4.14.6 SDA and SCL Pin Configuration

The SDAn and SCLn are open collector signals that the user can choose to enable or disable. SDAn and SCLn also have
internal pull-up resistors that the user can enable. For more information about configuring these pins, see Section 2.3 on
page 23 and DEVPUO register in Section 2.6 on page 35.

4.14.7 SMB Clock Frequency Configuration

The SMB module enables the user to set the SMBus clock frequency. The SCLn clock period is set by SCLFRQ in
SMBNCTL2 and SMBNCTL3 registers. The clock low period can be extended by stall periods initiated by the SMB module
or by another SMBus device. In case of a conflict with another bus master, a shorter clock high period may be forced by the
other bus master until the conflict is resolved.

4.14.8 SMB Registers

All SMB registers are powered by V. They are set to their default values by Core Domain reset unless otherwise specified
in the register description below.

SMB Register Map

Location Mnemonic Register Name Size Type
SMBn Base + 00h SMBnSDA SMB Serial Data Byte R/W
SMBn Base + 02h SMBnST SMB Status Byte | Varies per bit
SMBn Base + 04h SMBnCST SMB Control Status Byte | Varies per bit
SMBn Base + 06h SMBNnCTLA SMB Control 1 Byte R/W
SMBn Base + 08h SMBnADDR1 SMB Own Address 1 Byte R/W
SMBn Base + 0Ah SMBnCTL2 SMB Control 2 Byte R/W
SMBn Base + 0Ch SMBnADDR2 SMB Own Address 2 Byte R/W
SMBn Base + OEh SMBnCTL3 SMB Control 3 Byte R/W
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SMB Serial Data Register (SMBnSDA)

SMBnNSDA is a shift register used to transmit and receive data. The most significant bit is transmitted/received first and the
least significant bit is transmitted/received last. Reading or writing to the SMBnSDA is allowed either when SDAST in
SMBNST register is set or, in case of repeated starts, after setting the START bit. An attempt to access the register in other

cases may produce unpredictable results.
Locations: SMB1 - FF F500h

SMB2 - FF F540h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Data

Bit Description

7-0 Data.

Type:
Bit

SMB Status Register (SMBnST)

SMBNST maintains current SMB status. Some of its bits may be cleared by software. It is cleared (00h) on reset and when
the module is disabled.

Locations: SMB1 - FF F502h

SMB2 - FF F542h
Varies per bit

7 6 5 4 3 2 1 0

Name

SLVSTP

SDAST BER NEGACK | STASTR NMATCH | MASTER XMIT

Reset

0 0 0 0 0 0 0 0

Bit

Type

Description

7

R/W1C

SLVSTP (Slave Stop). When set, indicates that a Stop condition was detected after a slave transfer
(i.e., after a slave transfer in which MATCH, ARPMATCH or GCMATCH was set). Writing 1 to SLVSTP
clears it. It is also cleared when the module is disabled. Writing 0 to SLVSTP is ignored.

RO

SDAST (SDA Status). When set, indicates that the SDA data register is waiting for data (Transmit
mode - master or slave) or holds data that should be read (Receive mode - master or slave). This bit
is cleared when reading from SMBnSDA register during a receive or when written to during a transmit.
When START in the SMBnCTLA1 is set, reading SMBnSDA register does not clear SDAST. This
enables the SMB to send a repeated start in Master Receive mode.

R/W1C

BER (Bus Error). Set by the hardware either when an invalid Start/Stop condition is detected (i.e.,
during data transfer or acknowledge cycle) or when an arbitration problem is detected (such as a
stalled clock transaction). Writing 1 to BER clears it. It is also cleared when the module is disabled.
Writing O to BER is ignored.

R/W1C

NEGACK (Negative Acknowledge). Set by hardware when a transmission is not acknowledged on the
ninth clock (in this case, SDAST is not set). After a Stop condition, writing 1 to NEGACK clears it. It is
also cleared when the module is disabled. Writing 0 to NEGACK is ignored.

R/W1C

R/W1C

STASTR (Stall After Start). Set by the successful completion of the sending of an address (i.e., a Start
condition sent without a bus error or negative acknowledge) if STASTRE in SMBnCTL1 register is set.
This bit is ignored in Slave mode. When STASTR is set, it stalls the SMBus (by pulling down the SCL
line) and suspends any further action on the bus (e.g., receiving the first byte in Master Receive mode).
In addition, if INTEN in SMBnCTL1 register is set, it also causes the SMB module to send an interrupt
to the core. Writing 1 to STASTR clears it. It is also cleared when the module is disabled. Writing O to
STASTR has no effect.

NMATCH (New Match). Is set when the address byte following a Start condition or a repeated start
causes an address match, ARP address match or a global call match. NMATCH is cleared by writing
1 to it. Writing O to NMATCH is ignored. If INTEN in SMBnCTL1 register is set, an interrupt is sent
when this bit is set.
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Bit Type
1 RO

Description

MASTER (Master Mode).
0: Arbitration loss (BER is set) or Stop condition occurred (default).
1: SMB in Master mode (successful request for bus mastership).

XMIT (Transmit Mode).
0: SMB not in master/slave Transmit mode (default).
1: SMB in master/slave Transmit mode.

SMB Control Status Register (SMBnCST)

SMBNCST maintains current SMB status and controls several SMB module functions. The non-reserved bits are cleared
(00h) on reset and when the module is disabled. An exception is TSDA, which reflects the current value of the SDA pin.

Locations: SMB1 - FF F504h

SMB2 - FF F544h
Type: Varies per bit
Bit 7 6 5 4 3 2 1 0
Name ARPMATCH MATCHAF  TGSCL TSDA GCMATCH MATCH BB BUSY
Reset 0 0 0 X1 0 0 0 0

1. According to the current value of the SDA pin.

Bit Type

Description

7 RO

ARPMATCH (ARP Address Match). In Slave mode, set (1) when ARPMEN in SMBnCTL3 register is
set and the address byte (the first byte transferred after a Start condition) is 110 0001b. It is cleared
by a Start, Repeated Start or Stop condition (including illegal Start or Stop condition).

6 RO

MATCHAF (Match Address Field). When MATCH bit is set, MATCHAF bit indicates which slave
address was matched. MATCHAF is cleared for a match with ADDR in SMBnADDR1 register and is
set for a match with ADDR in SMBnADDR?2 register.

TGSCL (Toggle SCL Line). Enables toggling the SCL line during the process of error recovery. When
the SDA line is low, writing 1 to this bit toggles the SCL line for one cycle. Writing 1 to TGSCL is
ignored if any of the following conditions is true:

® The SDA line is high.

® The SMB module is in Slave mode and a transaction is performed on the bus.

TGSCL bit is cleared when the SCL line toggle is completed.

TSDA (Test SDA Line). Reads the current value of the SDA line. This bit can be used while

recovering from an error condition in which the SDA line is constantly pulled low by a slave that went
out of synch. Data written to this bit is ignored.

GCMATCH (Global Call Match). In Slave mode, set (1) when GCMEN in SMBnCTL1 register is set
and the address byte (the first byte transferred after a Start condition) is 00h. It is cleared by a Start
Repeated Start or Stop condition (including illegal Start or Stop condition).

MATCH (Address Match). In Slave mode, set (1) when SAEN in SMBnADDR1 or SMBnADDR2
register is set and the first seven bits of the address byte (the first byte transferred after a Start
condition) match the 7-bit ADDR field in the respective register. It is cleared by Start, Repeated Start
or Stop condition (including illegal Start or Stop condition).

1 R/W1C

BB (Bus Busy). When set (1), indicates the bus is busy. It is set either when the bus is active (i.e., a
low level on either SDA or SCL) or by a Start condition. It is cleared when the module is disabled or
on detection of a valid Stop condition or by writing 1 to this bit; see Section 4.14.9 on page 166 for a
description of the use of this bit.
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Bit

Type Description

RO BUSY. When set (1), indicates that the SMB module is in one of the following states:
— Generating a Start condition.
— In Master mode (MASTER in SMBNST register is set).
— In Slave mode (MATCH, GMATCH or ARPMATCH in SMBNnCST register is set).

— In the period between detecting a Start condition and completing the reception of the address byte;
after this, the SMB either becomes not busy or enters Slave mode.

The BUSY bit is cleared by the completion of any of the above states or by disabling the module. It
should always be written O.

SMB Control Register 1 (SMBnCTL1)

SMBNCTLA1 is byte-wide, read/write. It configures and controls the SMB module. It is cleared (00h) on reset.
Locations: SMB1 - FF F506h

SMB2 - FF F546h

Type: R/W

Bit 7 6 5 4 3 2 1 0
Name STASTRE = NMINTE GCMEN ACK Reserved INTEN STOP START
Reset 0 0 0 0 0 0 0 0

Bit Description

7  STASTRE (Stall After Start Enable). When set (1), enables the Stall After Start mechanism. In this case, the
SMB stalls the bus after the address byte. When STASTRE is cleared, STASTR bit in SMBnST register cannot
be set.

6 NMINTE (New Match Interrupt Enable). When set, enables the interrupt on a new match (i.e., when NMATCH
in SMBNST register is set). The interrupt is issued only if INTEN in SMBnCTL1 register is set.

5 | GCMEN (Global Call Match Enable). When set, enables the matching of an incoming address byte to the
general call address (Start condition followed by address byte of 00h) while the SMB is in Slave mode. When
cleared, the SMB does not respond to a global call.

4  ACK (Acknowledge). When acting as a receiver, holds the value of the next acknowledge cycle. It should be

set when a negative acknowledge must be issued on the next byte. Cleared (0) after each acknowledge cycle.
It cannot be reset by software.

In Transmit mode, ACK is ignored. It is also ignored when it is generated for the Address Byte, in Slave Receive
mode.

Reserved.

INTEN (Interrupt Enable). When cleared (0), the SMB interrupt is disabled. When set, interrupts are enabled.
An interrupt is generated (the interrupt signals to the ICU are high) on one of the following events:

— An address match is detected (NMATCH in SMBNST register is set to1 and NMINTE in SMBnCTL1 register is
setto 1).

— Abus error occurs (BER in SMBnST register is set to 1).
— A negative acknowledge is received after sending a byte (NEGACK in SMBnST register is set to 1).
— Acknowledgment of each transaction (same as the hardware set of SDAST in SMBnST).

— In Master mode, if STASTRE in SMBnCTL1 register is set to 1 after a successful start (STASTR in SMBnST
register is set to 1).

— Detection of a Stop condition while in Slave mode (SLVSTP in SMBNST register is set to 1).

STOP. In Master mode, setting this bit generates a Stop condition, which completes or aborts the current
message transfer. This bit clears itself after the Stop condition is generated.
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Bit
0

Description

START. Should be set to generate a Start condition on the SMBus.

— If the WPC8763L is not the active bus master (MASTER in SMBnST register is set to 0), setting START gen-
erates a Start condition as soon as the SMBus is free (BB in SMBnCST register is set to 0). An address trans-
mission sequence should then be performed.

— Ifthe WPC8763L is the active master of the bus (MASTER in SMBNST register is set to 1), when START is set,
a write to SMBnSDA register generates a Start condition. SMBnSDA data, containing the slave address and
the transfer direction, is then transmitted.

In case of a Repeated Start condition, the set bit can be used to switch the direction of the data flow between
the master and the slave or to choose another slave device. without requiring a Stop condition in either case.

This bit is cleared either when the Start condition is sent or on detection of a bus error (BER in SMBnST

register is set to 1).

START should be set only when in Master mode or when requesting Master mode.

SMB Own Address Register (SMBnADDR1, SMBnADDR2)

SMBnADDR1, SMBnADDR2 (respectively):
Locations: SMB1 - FF F508h, FF F50Ch

SMBNnADDR1 and SMBnADDR2 hold the module SMBus addresses. They are cleared (00h) on reset.

SMB2 - FF F548h, FF F54Ch

Type: R/W
Bit 7 6 5 4 » | 2 1 0
Name SAEN ADDR
Reset 0 o o o o o o 0
Bit Description
7  SAEN (Slave Address Enable). When set (1), indicates that the ADDR field holds a valid address and enables
the match of ADDR to an incoming address byte. When cleared (default), the SMB does not check for an
address match.

6-0 |ADDR (Address). Holds the 7-bit SMBus address of the WPC8763L. When in Slave mode, the first seven bits
received after a Start condition are compared to this field (the first bit received is compared to bit 6, the next bit
to bit 5 and so on until the last bit, which is compared to bit 0). If the address field matches the received data
and SAEN in SMBnADDR register is set to 1, a match is declared.

If SAEN is 1, ADDR value in each SMBnADDR register must be different; equal ADDR values may produce
unpredictable results.
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SMB Control Register 2 (SMBnCTL2)

SMBNCTL2 enables/disables the module and determines the SMB clock rate. It is cleared (00h) on reset and while the mod-
ule is disabled (i.e., when ENABLE in SMBnCTL2 register is 0).

Locations: SMB1 - FF F50Ah

SMB2 - FF F54Ah

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name SCLFRQ6-0 ENABLE
Reset o o o o o o 0 0
Bit Description
7-1 | SCLFRQ6-0 (SCL Frequency bits 6 through 0). This field, together with SCLFRQ8-7 in SMBCTL3 register,
defines the SCL period (low time and high time) when the WPC8763L serves as a bus master. The clock low
time and high time are defined as follows:
tgep, = 4 + SCLFRQ .« tepx
tscrn = tsctm = tsen / 2
where tg  is the WPC8763L clock cycle when in Active mode; see Section 8.5.3 on page 290.
SCLFRQ may be programed to values in the range of 00 0001000b (8) through 11 1111111b (511). Values
outside this range give unpredictable results.
0 ENABLE. When set, the SMB module is enabled. When cleared, the SMB module is disabled, SMBnCTL1,
SMBNnST and SMBnCST are cleared and the internal clock are halted.

SMB Control Register 3 (SMBnCTL3)
SMBNCTL3 expands the clock prescaler field and enables the match to ARP addresses. It is cleared (00h) on reset.
Locations: SMB1 - FF F50Eh

SMB2 - FF F54Eh

Type: R/W
Bit 7 6 5 | a 3 2 1 | 0
Name Reserved ARPMEN SCLFRQ8-7
Reset o o o o 0 0 o 0
Bit Description
7-3 | Reserved.

2 ARPMEN (ARP Match Enable). When set, enables the matching of an incoming address byte to the SMBus
ARP address (110 0001b) while the SMBus is in Slave mode. When cleared, the SMBus does not respond to
an ARP address.

1-0 SCLFRQ8-7 (SCL Frequency bits 8 and 7). Extends SCLFRQ field and is concatenated with bits 0-6, which
are part of SMBnCTL2 register; see the SCLFRQ6-0 description in SMBnCTL2 for detailed use of SCLFRQ.
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4.14.9 Usage Hints
1.

When the SMB is disabled, BB in SMBNCST register is cleared. After the SMB is enabled (by setting ENABLE in
SMBNCTL2 register), the SMB must synchronize with the bus activity status before issuing a request to become the bus
master for the first time. To do this, the software should check that there is no activity on the bus by checking the BB bit
after the time-out period allowed by the bus.

When waking up from Idle or Deep Idle mode, before checking MATCH in SMBnCST register, check BUSY in SMBnCST
register to make sure that the address transaction is completed.

The BB bit can help solve a deadlock in which two or more devices detect a usage conflict on the bus and both cease
being bus masters at the same time. In this situation, the BB bits of both devices are active (because each “detects” an-
other master currently performing a transaction, while in fact there is no transaction). This potentially causes the bus to
stay locked until a device on the bus sends a Stop condition (through STOP in SMBnCTL1 register).

The BB bit allows the software to monitor bus usage so that it can detect whether the bus remains unused over a certain
period of time (BB remains cleared). It also prevents sending a STOP signal in the middle of the transaction of another
device on the bus.

In some cases, the bus may get stuck with the SCL and/or SDA lines active, such as when an erroneous Start or Stop
condition occurs in the middle of a slave receive session.

If the SCL line is stalled active, the module that holds the bus must release it.

If the SDA line is stalled active, the sequence below releases the bus (note: Normally, SCL may be toggled only by the

bus master; this sequence is a recovery mechanism which is an exception that should only be used if there is no other
master on the bus):

a. Disable and re-enable the SMB module to put it in non-addressed Slave mode.
b. Set START in SMBnCTL1 register to attempt to issue a Start condition.

c. Check if the SDA line is active (low) by reading TSDA in SMBnCST register. If it is active, issue a single SCL cycle
by writing 1 to TGSCL in the same register. If it is not active, go to step “e”.

d. Check if MASTER in SMBnNST register is set, which indicates that the Start condition was sent. If it is not set, repeat
steps “c” and “d” until the SDA is released.

e. Clear BB. This enables START to be executed. Continue according to “Bus Idle Error Recovery” on page 159.
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4.15 SENSORPATH BUS INTERFACE (SPB)

4.15.1 Overview

The SPB module contains the hardware necessary for efficient communication with SensorPath devices. The SensorPath
transactions are initiated by the core. The SPB module handles all the physical aspects of the transaction including symbol
encoding and decoding, attention request detection, reset generation and detection.

4.15.2 Functional Description

SensorPath Bus

The SPB module communicates with SensorPath devices such as GPIO expanders and Non-Volatile memories via the Sen-
sorPath bus, as defined in the SensorPath Specification Revision TBD, date TBD. The SPB module is the bus master on
the SensorPath bus and supports Normal (asynchronous) mode.

The SensorPath bus uses timing encoding based on the SPB_CLK internal clock to provide the following types of bit signals
(symbols) over the bus (the SPB module supports all five types):
Data bit 0
® Data bit 1
® Start bit
® Attention request
® Reset
The SPB module supports SensorPath bus speeds of x1 and x4. Adjust to the maximum SensorPath bus speed allowed by

the connected SensorPath devices by changing the SPB_CLK internal clock accordingly. The SPB_CLK clock is generated
from the FCLK signal (HFCG module) by dividing it in two stages, as follows:

1. By the Clock prescaler — The division factor is set by CLK_PSC field in CLK_CFG register. Its value must be set by firm-
ware according to the current FCLK frequency (see Table 21 on page 182) to generate a 2.88 MHz clock signal; see
Table 19 on page 175.

2. By the Bus Speed Divider — The division factor is set by BSPEED field in SPB_CFG register. Its value must be set by
firmware according to the current speed of the SensorPath bus (x1 and x4) to generate the SPB_CLK clock signal (the
basic clock of the SPB module).

Since the “Reset” timing is fixed, regardless of the current speed of the SensorPath bus, the Bus Speed Divider is forced
to generate the x1 SPB_CLK (360 KHz) during the transmission of the “Reset” symbol.

In terms of the number of SPB_CLK cycles, the detection levels and transmit timing of the SensorPath symbols are independent
of the current speed of the SensorPath bus.

To filter out noise from the SWD signal, the received signal is debounced. The debouncer ignores any level changes shorter
than three cycles of the DBC_CLK clock. The DBC_CLK clock is generated from the FCLK signal (HFCG module) by dividing
it in two stages, as follows:

1. By the Debounce prescaler — The division factor is set by the DB_PSC bit in CLK_CFG register. Its value must be set by
firmware according to the current FMCLK frequency; see Table 19 on page 175.

2. By the Bus Speed Divider — The division factor is set by the BSPEED field in SPB_CFG register. Its value must be set by firm-
ware according to the current speed of the SensorPath bus (x1 and x4). For more information, see Table 19 on page 175.

The decoded “Start Bit”, “Attention Request” and “Reset” symbols, as well as the “Acknowledge” (ACK) and Parity (EP) data bit
symbols, are handled by the SPB Controller; the “Data Bit 0” and “Data Bit 1” symbols are stored in the 32-bit shift register. In a
similar way, the encoded “Start Bit” and “Reset” symbols, as well as the “Acknowledge” (ACK) and Parity (EP) data bit symbols,
are generated by the SPB Controller; the “Data Bit 0” and “Data Bit 1” symbols come from the 32-bit shift register.

If a SensorPath data bit or “Start Bit” collides with an “Attention Request”, the data bit or “Start Bit” is resent automatically.

A “Reset” operation on the bus can be initiated by either the SPB module or a SensorPath device by generating a “Reset” symbol.
After sending a “Reset” symbol or after detecting a “Reset” symbol sent by a SensorPath device, the SPB module sends a se-
quence of 16 data bits with a value of 0 without a preceding start bit.

SensorPath Device Access
The access to the internal registers of the SensorPath devices is initiated by the core via the SPB module.

Write Access. For a write access, the firmware must write the operation code (in OPER field), the number of the target Sensor-
Path device (in DEV_NUM field), the register address within the device (in the INT_ADDR field), the number of relevant data bytes
(in the DAT_SIZE field) and the data to be written (in the SPB_DATO - SPB_DATS3 registers). Then, the firmware must set the
OP_EXEC bit to 1 to trigger the execution of the write transaction.

Note that since the data in the SPB_DATO - SPB_DATS registers is right-aligned, only the relevant data bytes (as specified in
DAT_SIZE field) must be written; the remaining data bytes are ignored.
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When the SensorPath write transaction is finished, the OP_DONE flag in SPB_BUST register is set to 1. In addition, if errors were
detected, one or more error flags in SPB_BUST register are set to 1.

Read Access. For a read access, the firmware must write the operation code (in OPER field), the number of the target Sensor-
Path device (in DEV_NUM field), the register address within the device (in the INT_ADDR field) and the number of relevant data
bytes (in the DAT_SIZE field). Then, the firmware must set the OP_EXEC bit to 1 to trigger the execution of the read transaction.

When the SensorPath read transaction is finished, the OP_DONE flag in SPB_BUST register is set to 1. In addition, if errors were
detected, one or more error flags in SPB_BUST register are set to 1.

Then, the read data can be retrieved from the SPB_DATO - SPB_DATS3 registers. Note that since the data in the SPB_DATO -
SPB_DATS3 registers is right-aligned, only the relevant data bytes (as specified in DAT_SIZE field) may be read; the remaining
bytes contain undefined data.

Bus Reset. To reset the bus interface of the SensorPath devices, the firmware can use one of the following options:

® To generate a bus reset while the bus is idle, the firmware must write the operation code (in OPER field) and set the
OP_EXEC bit to 1 to trigger the execution of the reset operation.

® To generate a bus reset while another transaction is being performed (the bus reset overrides the current transaction),
the firmware must set the FRESET bit to 1 to trigger the execution of the reset operation. Then, FRESET returns auto-
matically to 0 and the “Reset” symbol is sent.

In both cases, after both the “Reset” symbol and sequence of 16 ‘0’ bits are sent, BRST bit in SPB_BUST register is set to 1. In
this case OP_DONE bit remains 0.

Attention Request. When a SensorPath device either contains new data or has detected an error, it sends an “Attention Re-
quest” symbol to the SPB module. When the SPB module detects the “Attention Request”, it sets the ATTN bitin SPB_BUST
register to 1. In response, the firmware should scan all the devices connected to the SensorPath bus to identify the source
of the “Attention Request”.

Selecting Bus Speed

After the SPB modaule is reset, the SensorPath bus speed is set to the basic speed, x1 (360 KHz clock). This speed is selected
by BSPEED field in SPB_CFG register (this field is reset to ‘000’).

To set a higher SensorPath bus speed, the firmware must proceed as follows:

1. Reset the SensorPath bus by setting the FRESET bit in SPC_CTL register.

2. Wait for BRST bit in SPB_BUST register to become 1 (this indicates that the “Reset” operation was completed).

3. Optionally, read the Device Number Register in all the connected SensorPath devices to identify the highest speed sup-
ported by all the devices. This operation should be performed only if it is not known which bus speed is supported by devices
connected to the SensorPath bus.

4. Write this speed (or the new desired speed) to BSPEED field in SPB_CFG register.

5. Reset for the second time the SensorPath bus by writing 1 to FRESET bit in SPC_CTL register. The SensorPath devices
use the sequence of 16 ‘0’ bits to tune their clocks to the new SensorPath bus speed.

SPB Module Power Control

To minimize power consumption when the SPB module is idle, the module supports a low power operation mode. This is the
default operation mode after the SPB module is reset. The firmware must enable the SPB module (set it to Active mode) by setting
the SPB_EN bit in SPB_CFG register to 1.

When the SPB module is enabled:

® All the SPB module registers can be accessed by the core.

® The SPB module can perform transactions over the SensorPath bus.

® An SPB event can be generated only by IRQ (SPB event generation by wake-up is disabled).

Entering Low Power Mode. To enter this mode from Active mode, the firmware must disable the SPB module by setting
SPB_EN bit in SPB_CFG register to 0. If a transaction is currently being performed, SPB_EN bit remains 1.

Note: If SPB_EN bit cannot be set to 0, the firmware must retry writing 0 to SPB_EN bit until it accepts this value (this indicates
that the SPB module was disabled).

When the SPB module is disabled:

® The module clocks (FCLK and its derivatives) are stopped. The core clock (CLK), used for registers access, and LF-
CLK clock, used for wake-up, continue to run.

® Only SPB_WKST, SPB_CFG and CLK_CFG registers can be accessed by the core.
® The output buffer of the SWD signal is floated (TRI-STATE mode).
® An SPB event can be generated only by wake-up (SPB event generation by IRQ is disabled).
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Exiting Low Power Mode. To return from the low power operation mode, the SPB module senses the SWD signal to detect
a low level. This is caused by either an “Attention Request” or a “Reset” sent by one of the SensorPath devices.

When a low level is detected, the SPB module performs the following:

® Generates an active wake-up signal at the SPB event output. This is connected to the MIWU, which both wakes up the
system (from Idle or Deep Idle states) and generates an interrupt to the ICU module.

® Sets the WK_BUSY bit in SPB_WKST register to 1.

® Checks the duration of the low level at SWD input to identify the cause of the wake-up (either “Attention Request” or
“Reset”).

After identifying the source of the wake-up, the SPB module clears the WK_BUSY bit and updates WK_RST bit in SPB_WKST
register, accordingly. In response to the interrupt caused by the SPB wake-up event, the firmware must do the following:

1. Wait for the WK_BUSY bit to become 0.

2. Check the cause of the wake-up by reading WK_RST bit.
3. Clear WK_RST bit (if set) by writing 1 to it.

4. Enable the SPB module by setting SPB_EN bit to 1.

If the wake-up was caused by a “Reset” (WK_RST bit was 1), the firmware must set FRESET bit in SPB_CTL register to 1,
thus triggering a reset operation.

If the wake-up was caused by an “Attention Request” (WK_RST bit was 0), the firmware must scan the SensorPath devices,
to identify which device requested “attention”.

SPB Module Event Generation

An SPB event is generated either by an SPB wake-up (when the module is disabled) or by an SPB IRQ (when the module is
enabled). The SPB event is connected to WUI41 input of the MIWU (see Section 4.2 on page 66), which both wakes up the
system and generates an interrupt to the ICU module (INT7).

The SPB IRQ is generated if one of the following events occurs:
® SensorPath operation completed (i.e., flagged by OP_DONE bit in SPB_BUST register).
® “Attention Request” was sent by one of the SensorPath devices (i.e., flagged by ATTN bit in SPB_BUST register).

® “Reset” operation, initiated by either the SPB module or a SensorPath device, was completed —(1.¢., flagged by BRST
bit in SPB_BUST register).

® SensorPath bus failure detection (i.e., flagged by BUS_FAIL, LONG_RST or ERR_DET bit in SPB_BUST register).
Each of the above events has an enable bit in SPB_CFG register, which controls interrupt generation.

4.15.3 SPB Module Registers
For a summary of the abbreviations used for Register Type, see “Reqister Abbreviations and Access” on page 20.
All SPB registers are powered by V¢ and are set to their default values by Core Domain reset.

Register Map

Location Mnemonic Register Name Size Type
FF F140h SPB_CTL SPB Control Byte | Varies per bit
or RUP
FF F141h SPB_BUST SPB Bus Status Byte R/W1C or
RUP
FF F142h SPB_WKST SPB Wake Status Byte | Varies per bit
FF F143h SPB_INTA SPB Internal Address Byte | R/W or RUP
FF F144h SPB_DAT_O SPB Data Byte 0 Byte = R/W or RUP
FF F145h SPB_DAT _1 SPB Data Byte 1 Byte | R/W or RUP
FF F146h SPB_DAT_2 SPB Data Byte 2 Byte | R/W or RUP
FF F147h SPB_DAT_3 SPB Data Byte 3 Byte | R/W or RUP
FF F148h SPB_CFG SPB Configuration Byte R/W
FF F149h CLK_CFG SPB Clock Configuration Byte R/W
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4.0 Embedded Controller Modules (Continued)

SPB Control Register (SPB_CTL)
SPB_CTL controls the SPB module operation and selects the accessed SensorPath device number.
Location: FF F140h

Varies per bit or RUP

Bit

7 6 5 | 4 | 3 2 | 1 | 0

Name

FRESET | OP_EXEC DEV_NUM

Reset

0 0 0 | 0 | 0 0 | 0 | 0

Bit
7

Type
W18

Description

FRESET (SensorPath Force Reset). Initiates a “Reset” operation on the SensorPath bus even if a
SensorPath transaction is currently being executed (the “Reset” overrides the transaction). In this case,
OP_EXEC bit and OPER field are ignored. Writing 1 to this bit initiates a “Reset” operation; writing 0 is
ignored. Always returns 0 when read.

0: No action (default).

1: Force a “Reset” operation (“Reset” symbol and sequence of 16 data bits with a value of 0).

WO

OP_EXEC (Operation Execute). Writing 1 to this bit triggers the execution of the operation selected by
OPER field. If the SensorPath bus is busy executing another operation, setting OP_EXEC bit to 1 is
ignored. Always returns 0 when read.

0: No action (default).
1: Execute the operation set in OPER field.

R/W

OPER (Operation Select). Selects the SensorPath bus operation to be executed.
Bits

54 Operation

Reserved (default).

Write data to SensorPath Device register.

Read data from SensorPath Device register.

Reserved.

Reset the SensorPath bus (“Reset” symbol and sequence of 16 data bits with a value of 0).
Reserved.

0
0
1
1

—ocooo
Qe w

0
Other:

2-0

R/W

DEV_NUM (Target Device Number). The SensorPath device number to be sent on the SensorPath
bus during the transaction operation selected by OPER field.

0: Reserved (default).
1-7: Device number on the SensorPath bus.

SPB Bus Status Register (SPB_BUST)

SPB_BUST indicates the status of the SensorPath bus transaction.
Location: FF F141h

Type: R/W1C or RUP
Bit 7 6 5 4 3 2 1 0
Name BUS_FAIL OP_DONE PERR ACK_ERR | LONG_RST| ERR_DET ATTN BRST
Reset 0 0 0 0 0 0 0 0
Bit Type Description
7 R/W1C BUS_FAIL (Bus Failure). When set to 1, indicates that the SWD signal is “stuck” at high level. If this
bit cannot be cleared to 0, the firmware must flag it as a major failure of the SensorPath bus.
Writing 1 clears this bit; writing 0 is ignored.
0: Normal bus operation (default).
1: SWD signal is “stuck” at high level.
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Bit Type Description

6 R/W1C OP_DONE (Operation Done Status). When set to 1, indicates that the execution of the operation
selected by OPER field was performed (finished).

Writing 1 clears this bit; writing 0 is ignored.
0: Bit reset, or operation in process (default).
1: Operation executed.

5 R/W1C PERR (Parity Error). When set to 1, indicates that a parity error was detected during a transaction on

the SensorPath bus.

Writing 1 clears this bit; writing 0 is ignored.

0: Correct transaction (default).

1: Parity error detected during transaction execution.

4 R/W1C ACK_ERR (Acknowledge Error). When set to 1, indicates that ACK was not received by the SPB
module during a transaction on the SensorPath bus.
Writing 1 clears this bit; writing 0 is ignored.

0: Correct transaction (default).
1: ACK missing at the end of the transaction.

3 R/W1C LONG_RST (Long “Reset” Detected). When set to 1, indicates that a “Reset” symbol with a duration
longer than the minimum specified value was detected on the SensorPath bus. The firmware must then
check if BRST bit is set to 1 (indicating that the “Reset” operation ended and the SensorPath bus was
released). If BRST remains 0 after more than 500 ms, the SWD signal is “stuck” at low level and the
firmware must flag this as a major failure of the SensorPath bus.

Writing 1 clears this bit; writing 0 is ignored.

0: Bit reset, or no “Reset” operation was detected on the SensorPath bus (default).

1: A “Reset” operation (initiated either by SPB module or by a SensorPath device) was detected on the
SensorPath bus.

2 R/W1C ERR_DET (Bus Error Detect). When set to 1, indicates that the detected SWD symbol is different from
the sent symbol. ERR_DET is not affected by an “Attention Request” or a slave-generated “Reset”. It
therefore indicates an invalid state of the SensorPath bus.

Writing 1 clears this bit; writing O is ignored.
0: Normal bus operation (default).
1: SensorPath bus error detected.

1 R/W1C ATTN (Attention Request). When set to 1, indicates that an “Attention Request” was received by the

SPB module from a SensorPath device.
Writing 1 clears this bit; writing 0 is ignored.
0: Normal operation (default).

1: “Attention Request” was received.

0 R/W1C BRST (SensorPath Bus Reset). When set to 1, indicates that the SensorPath bus was reset either by
the SPB module or by a SensorPath device. Set only at the end of the SensorPath bus “Reset”
operation (after the sequence of 16 ‘0’ bits was sent), indicating that the reset process was completed
and the bus is active.

Writing 1 clears this bit; writing O is ignored.
0: Normal operation (default).
1: SensorPath bus was reset.
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SPB Wake Status Register (SPB_WKST)
SPB_WAKST indicates the wake-up status of the SPB module.
Location: FF F142h

Type: Varies per bit
Bit 7 6 5 4 2 1 0
Name WK_BUSY WK_RST Reserved
Reset 0 0 o o | o o 0
Bit Type Description
7 RO |WK_BUSY (Busy After Wake-Up). When set to 1, indicates that following a wake-up condition at SWD
signal, the wake-up detector is in the process of identifying the source of the wake-up (either “Attention
Request” or “Reset”).
0: No wake-up, or WK_RST flag is valid (default).
1: Wake-up detector busy (the WK_RST flag is not valid yet).
6 R/W1C WK_RST (Wake-Up Source Detect). Indicates the source of the last wake-up condition. Not valid
while WK_BUSY bit is 1.
Writing 1 clears this bit; writing 0 is ignored.
0: Bit reset, or wake-up by “Attention Request (default).
1: Wake-up by “Reset”.
5-0 Reserved.

SPB Internal Address Register (SPB_INTA)

Location: FF F143h

SPB_INTA selects the transaction data size and the register address within the accessed SensorPath device.

Type: R/W or RUP
Bit 7 6 5 4 3 2 1 | 0
Name DAT_SIZE INT_ADDR
Reset 0 0 0 0 0 0 0 0
Bit Type Description
7-6 R/W | DAT_SIZE (Data Size). The data size (number of active bytes) of the target SensorPath device register
accessed by the transaction.
Bits
76 Data Size
0 0: 1 active data byte (8 bits) - data in SPB_DAT_0 (default).
0 1: 2 active data bytes (16 bits) - data in SPB_DAT_0, SPB_DAT _1.
1 0: 3 active data bytes (24 bits) - data in SPB_DAT_0, SPB_DAT_1, SPB_DAT_2.
1°1: 4 active data bytes (32 bits) - data in SPB_DAT_0, SPB_DAT_1, SPB_DAT_2, SPB_DAT_3.
5-0 R/W | INT_ADDR (Internal Address). The internal address of the target SensorPath device accessed by the
transaction. Valid values are 00h (default) to 3Fh.
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SPB Data Byte 0 Register (SPB_DAT_0)

SPB_DAT_0 contains data byte 0, which is written to the target SensorPath device or read from the target.
Location: FF F144h

Type: R/W or RUP
Bit 7 6 5 4 3 2 1 | 0
Name Data Bits 7-0
Reset o o o o o o o 0
Bit Type Description
7-0 R/W | Data Bits 7-0. Bits 7-0 of the SensorPath Device register. The data bits are right-aligned (data bit 0 maps
to the LSB of the SensorPath Device register). Only the number of bytes defined in DAT_SIZE field in
SPB_INTA register is required to be written or read by the firmware. When read, the bytes beyond the
number defined in DAT_SIZE might contain invalid data.

SPB Data Byte 1 Register (SPB_DAT_1)
SPB_DAT_1 contains data byte 1, which is written to the target SensorPath device or read from the target.
Location: FF F145h

Type: R/W or RUP
Bit 7 6 5 4 3 2 1 0
Name Data Bits 15-8
Reset o o o o o o o 0
Bit Type Description
7-0 R/W  Data Bits 15-8. Bits 15-8 of the SensorPath Device register.

SPB Data Byte 2 Register (SPB_DAT_2)

SPB_DAT_2 contains data byte 2, which is written to the target SensorPath device or read from the target.
Location: FF F146h

Type: R/W or RUP
Bit 7 6 5 4 3 2 1 0
Name Data Bits 23-16
Reset o ~o o o o o 0o | o
Bit Type Description
7-0 R/W  Data Bits 23-16. Bits 23-16 of the SensorPath Device register.
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SPB Data Byte 3 Register (SPB_DAT_3)

SPB_DAT_3 contains data byte 3, which is written to the target SensorPath device or read from the target.
Location: FF F147h

Type: R/W or RUP
Bit 7 6 5 4 3 2 1 0
Name Data Bits 31-24
Reset o o o o o o o 0
Bit Type Description
7-0 R/W  Data Bits 31-24. Bits 31-24 of the SensorPath Device register.

SPB Configuration Register (SPB_CFG)
SPB_CFG configures the SPB module.
Location: FF F148h

Type: R/W
Bit 7 6 5 4 3 2 1 | 0
Name SPB_EN DONE_IEN ATT_IEN BRST_IEN FAIL_IEN BSPEED
Reset 0 0 0 0 0 o o 0
Bit Type Description
7 R/W |SPB_EN (SPB Module Enable). When set to 1, enables the operation of the SPB module; see "SPB
Module Power Control”. When set to 0, only the SPB_WKST, SPB_CFG and CLK_CFG registers can
be accessed by the core.
If 0 is written to SPB_EN while a transaction is currently being performed, its value does not change. If
0 is written when the bus is idle, its value changes to 0.
0: SPB module disabled (default).
1: SPB module enabled.
6 R/W DONE_IEN (“Done” Interrupt Enable). When set to 1, enables interrupt generation (IRQ) by a set
OP_DONE bit in SPB_BUST register.
0: Interrupt disabled (default).
1: Interrupt enabled.
5 R/W | ATT_IEN (“Attention” Interrupt Enable). When set to 1, enables interrupt generation (IRQ) by a set
ATTN bit in SPB_BUST register.
0: Interrupt disabled (default).
1: Interrupt enabled.
4 R/W | BRST_IEN (“Bus Reset” Interrupt Enable). When set to 1, enables interrupt generation (IRQ) by a set
BRST bit in SPB_BUST register.
0: Interrupt disabled (default).
1: Interrupt enabled.
3 R/W | FAIL_IEN (“Failure” Interrupt Enable). When set to 1, enables interrupt generation (IRQ) when one of
the following bits in SPB_BUST register is set: BUS_FAIL, LONG_RST, ERR_DET.
0: Interrupt disabled (default).
1: Interrupt enabled.
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Bit Type Description

2-0 R/W | BSPEED (Bus Speed). Selects the current speed of the SensorPath bus by controlling the value of the
Bus Speed Divider.

Bits

210 Speed

0 0 0: Basic speed - SPB_CLK frequency is 360 KHz (default).

0 1 0: Speed x4 - SPB_CLK frequency is 1.44 MHz.

Other: Reserved.

SPB Clock Configuration Register (CLK_CFG)
CLK_CFG configures the SPB module clock dividers.
Location: FF F149h

Type: R/W
Bit 7 6 5 4 3 2 | T 0
Name Reserved DB_PSC | Reserved CLK_PSC
Reset 0 0 0 o o 1 | 1 | 0
Bit Type Description
7 Reserved.
6 R/W DB_PSC (Debounce Prescaler). Controls the division factor of the Debounce Prescaler; see Table 19.
0: Divide FCLK by 1 (default).
1: Divide FCLK by 2.
5 Reserved.
4-0 R/W  CLK_PSC (Clock Prescaler). Controls the division factor of the Clock Prescaler to generate a 2.88 MHz
clock signal from the FCLK clock. FCLK is divided by CLK_PSC + 1 (see Table 19).
The default value is 6 (i.e., FCLK is divided by 7).

Table 19. Clock Prescaler Settings

FMCLK Freq. 50 MHz 40 MHz 33 MHz
FPRED Field-2 Oh 1h 2h oOh 1h Oh 1h
FCLK Freq. 50 MHz = 25 MHz 16.67 MHz 40 MHz = 20 MHz = 33 MHz 16.5 MHz
DB_PSC Bit 1 0 0 1 0 0 0
CLK_PSC Field 10h 08h 05h 0Dh 06h 0Ah 05h

1. FPRED field in HFCGP register; see Section 4.19.3 on page 183.
2. Other FPRED field values are allowed but their use is not recommended when the SPB module
is active.
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4.16 ON-CHIP RAM

The WPC8763L contains 4 Kbytes of on-chip RAM.

The system RAM can be byte, word or double-word accessed. Each system RAM read or write is one cycle long and does
not include any wait states; see Section 1.4.1 on page 19 for the system RAM memory map.

4.17 ON-CHIP ROM

The WPC8763L contains 1 Kbyte of on-chip ROM. The core code execution starts at address 0 in the ROM.

The on-chip ROM contains the core boot code (the Booter program; see Chapter 7 on page 275). ROM contents cannot be
modified.
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4.18 POWER MANAGEMENT CONTROLLER (PMC)

The Power Management Controller (PMC) module improves the efficiency of WPC8763L operation by adjusting the chip’s
power consumption to the level of activity required by the application. This module works together with the High-Frequency
Clock Generator (HCFG) and the core to control the activity of the WPC8763L. It also interacts with the Multi-Input Wake-Up
(MIWU), Interrupt Control Unit (ICU) and the debugger interface for wake-up events.

4.18.1 Features

® Core domain power modes:
— Active
— Idle
— Deep Idle
— Power Off
® Power mode switching by software and/or hardware control.
® High-frequency clock source Enable/Disable control.
® The other core domain modules are controlled via power mode indications.

4.18.2 The Core Domain Power Modes

Table 20 summarizes the main properties of the various modes and shows the activity levels of the various clocks while in
these power states.

Table 20. Core Domain Power Mode Summary

Mode Vcc Supply LFCG  LFCLK “';:oﬁl?e F"("{'I‘(K’ ::;‘fsf:r: I/O Pins
Active' On On Active On Active | Functional @ Functional
Idle On On Active On Stopped | preserved? | Most preserved; a few functional
Deep Idle On On Active Off Off Preserved?  Most preserved; a few functional
Power Off Off On Off Off Off Undefined = High impedance

1. When no core activity is required, the core can execute the WAIT instruction while in Active mode to reduce
power consumption. This state is referred to as “Active Executing WAIT” in some places in the specification, but
it is not a separate power state as far as WPC8763L clocks are concerned.

2. MIWU, TWD and PMC modules are functional; RAM and the registers of other modules are preserved.

Active Mode

In Active mode, the core and the external flash operate at the frequency generated by the HFCG. This frequency may be
changed dynamically using the HFCGP register in the HFCG module.

In this mode, power consumption can be lowered by selectively disabling modules and/or by the core executing the WAIT
instruction. When WAIT is executed, the core stops executing new instructions until it receives an interrupt signal.

After Core Domain reset, Watchdog Warm reset or Debugger Warm reset, the WPC8763L is in Active mode.

Idle Mode

In Idle mode, the clock is stopped for most of the core domain modules, but the HFCG is enabled. Only the PMC and a limited
number of core domain modules (such as MIWU and TWD) continue to operate at the LFCLK rate. When required, they can
wake up the core domain and resume instruction execution by the core.

For modules that are active in Idle mode, details of their activity are included in each module description.
Wake-up events are generated by the MIWU according to the enabled internal and external events.

Deep Idle Mode

The Deep Idle mode is similar to the Idle mode, with the difference that the HFCG is disabled (thus the clock is stopped for
most of the core domain).
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Power Off Mode

When V¢ and AV power are both turned off, the core domain reaches its lowest activity level. The contents of the mem-
ories (except for the on-chip ROM) and registers are lost. When both V¢ and AV power return, a Vg Power-Up reset is
generated.

4.18.3 Switching Between Power Modes

The switching from one power mode to another is performed as described below. Figure 42 shows the power modes of the
Core Domain reset, Watchdog Warm reset

core domain and the transitions between them.
or Debugger Warm reset

(where applicable) IDLE =

IDLE = 1 and DHF =1
and WAIT

Deep Idle
Power Off

Figure 42. Power Modes and Transitions

VCC and AVCC Off VCC and AVCC On

Wake-Up Event

The wake-up event has three sources:

® A maskable wake-up event (from MIWU)

® A Non-Maskable Interrupt (NMI)

® A debugger wake-up event (from the debugger interface)

Once a wake-up event is detected, it is latched until an interrupt acknowledge bus cycle is detected or a reset is applied.

VCC_POR Input Reset

An asserted VCC_POR Input reset causes a transition to Active mode from any power mode (except Power Off mode).
Decreasing Power Consumption

Entering Idle Mode

To enter Idle mode, perform the following:

Set both | and E bits in the core PSR register to 1, to enable maskable interrupts.

Set the bits in the ICU IENAMO-1 registers to 1, according to the required wake-up events.
Set the bits in the MIWU WAKEN1-5 registers to 1, according to the required wake-up events.
Set IDLE bit in PMCSR register to 1.

Execute the WAIT instruction to start Idle mode.

U

Entering Deep Idle Mode

To enter Deep Idle mode, perform the same steps as in “Entering Idle Mode”, adding to step 4, “and set DHF bit in PMCSR
register to 1”.

Entering Power Off Mode

Switch to Power Off mode by turning off the supply to the WPC8763L VCC and AVCC pins. Note that Vpp must also be
turned off.
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Increasing Activity

Wake-Up from Idle and Deep Idle Modes to Active Mode

A hardware wake-up event causes the core domain to switch directly from Idle or Deep Idle mode to Active mode. The fol-
lowing sequence is performed:

1. DHF in PMCSR register is cleared, thus enabling the high-frequency clock (if it was disabled).

2. After waiting for the high-frequency clock to become active (i.e., OHFC in PMCSR register is set), the core domain
switches to Active mode.

When in Active mode, IDLE bit in PMCSR register is cleared.

Since the core was executing a WAIT instruction, it resumes operation by entering an interrupt routine (an enabled maskable
interrupt, NMI or ISE).

Exit from Power Off Mode

When in Power Off mode, activity can be resumed only by switching to Active mode. This is done by applying both V¢ and
AV power to the WPC8763L, which performs a Vo Power-Up reset, as described in Section 3.2 on page 48.

Power Mode Switch Protection

The PMC module includes a mechanism that protects the WPC8763L from malfunctions caused by missing or unstable clock
signals.

Clock Toggling Indication

OHFC and OLFC bits in PMCSR register indicate the current status of the high- and low-frequency clock inputs, respectively.
The current status is based on indications from the HFCG module.

The PMC does not use the high-frequency clock when OHFC bit is 0 and does not use the low-frequency clock when OLFC is 0.

During reset, the core clock domains do not toggle until OHFC is 1. During power mode change, if there is a request to switch
to a non-stable or non-toggling clock, the power mode change is stalled until the respective clock is stable.

4.18.4 PMC Registers
For a summary of the abbreviations used for Register Type, see “Reqister Abbreviations and Access” on page 20.

PMC Register Map
All PMC registers are powered by V.

‘ Location Mnemonic Register Name Size Type ‘

‘FF F100h PMCSR Power Management Controller Status Byte | Varies per bit‘

Power Management Controller Status Register (PMCSR)

PMCSR is set to its default value by Core Domain reset, Watchdog Warm reset or Debugger Warm reset.
Location: FF F100h
Type: Varies per bit

Bit 7 6 5 4 3 2 1 0
Name OLFC OHFC  Must be 1 Reserved IDLE DHF Reserved
Reset 0 0 1 0 0 0 0 0

Bit Type Description

7 RO |OLFC (Oscillating Low-Frequency Clock).

0: Indicates that the low-frequency clock (LFCLK) received by the PMC is disabled, not available or not sta-
ble. When OLFC is 0, the PMC does not switch from Active mode to Idle or Deep Idle mode (default).

1: Indicates that the low-frequency clock received by the PMC is available and stable.
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Bit Type Description
6 RO |OHFC (Oscillating High-Frequency Clock).
0: Indicates that the high-frequency clock (FMCLK) received by the PMC is disabled, not available or
not stable. When OHFC is 0, the PMC does not switch to Active mode (default).
1: Indicates that the high-frequency clock received by the PMC is available and stable.
5 Reserved. The bit must be 1.
4-3 Reserved.
2 R/W |IDLE. When set to 1, the core domain enters Idle or Deep Idle mode on the execution of a WAIT
instruction.
Can be set and cleared by software; it is cleared by hardware when a wake-up event is detected.
1 R/W |DHF (Disable High-Frequency Oscillator). When set to 0, the HFCG is enabled. In Active mode, the
HFCG is enabled regardless of the DHF value.
In Deep Idle mode, DHF is used to reduce power consumption. When set to 1, the HFCG is disabled
and the high-frequency clock is not generated. In Power off mode, the HFCG is disabled regardless
of the DHF value.
Can be set and cleared by software; it is cleared by the hardware when a hardware wake-up event is
detected.
0 Reserved.

2.
3.
4. When the bit is read 0, the firmware can configure the PMC module to enter Idle or Deep Idle mode; see “Decreasing

4.18.5 Usage Hints

Entering Idle or Deep Idle

Before entering Idle or Deep Idle mode, the firmware must check if an LPC transaction to the Shared BIOS memory or to
the Shared RAM Access windows is not currently being executed. To do this, the firmware must perform the following:

1.

Read bit 6 of WKPNDS5 register; see Section 4.2.3 on page 69.
If the bit is set to 1, clear it by writing 1 to bit 6 of WKPCL5 register.
Repeat items “1” and “2” as long as bit 6 of WKPND5 register remains set to 1.

Power Consumption” on page 178.
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4.19 HIGH-FREQUENCY CLOCK GENERATOR (HFCG)

The HFCG generates the high-frequency clock (FMCLK), which is based on the 32 KHz Clock domain (32.768 KHz, LFCLK
clock signal). Based on the FMCLK, the HFCG also generates the flash clock (FCLK) and the core clock (CLK). Clock gen-
eration is controlled by the PMC module; see Section 4.18 on page 177.

To generate the FMCLK, the HFCG includes a programmable frequency multiplier. The FCLK and CLK clocks are derived
from FMCLK via programmable prescalers.

4.19.1 Features

® Programmable frequency multiplier for a wide range of output frequencies.

® Programmable prescaler to generate the core and flash clocks from FMCLK.

® The default core clock domain frequency is set on Ve Power-Up reset or VCC_POR Input reset.

4.19.2 Functional Description
Figure 43 shows the block diagram of the HFCG module.

From PMC Module

Deep Idle State Idle State
Enable OSCCLK FMCLK
Clock Valid v
From LFCLK »| Frequency Flash Clock
(32.768 KHz) Multiplier Prescaler
(FPRE)
) FCLK To FIU and SPB
Modules
Core Clock
Prescaler
(CPRE) To Core
Domain
CLK » Modules

Figure 43. HFCG Module Block Diagram

The frequency multiplier includes a 6-bit programmable (N) value and a 16-bit programmable (M) value; these values define
the OSCCLK frequency. During a frequency change, the FMCLK output is held low to prevent the system from using an
unstable clock.

The HFCG operation is tightly coupled with the PMC. The HFCG receives Idle state and Deep Idle state signals from the PMC.
Idle state disables the FMCLK, FCLK and CLK signals. The Deep Idle state disables the operation of the frequency multiplier.

FMCLK Clock Frequency Setting

To change the FMCLK frequency:

1. Write the N value to HFCGN register.

2. Write the low byte of the M value to HFCGML register.

3. Write the upper byte of the M value to HFCGMH register.
4. Set LOAD in HFCGCTRL1 register to 1.

Table 21 shows the available settings and their corresponding M and N values. After reset, the Booter updates the HFCGML,
HFCGMH and HFCGN registers from the flash.
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Table 21. Frequency Multiplier Setting

FMCLK Frequency  HFCGMH HFCGML HFCGN Notes
50 MHz 0Bh ECh 02h
40 MHz 09h 89h 02h Default
33 MHz 07h DEh 02h

Note: When read, the HFCGML, HFCGMH and HFCGN registers return the last M and N values loaded into the frequency
multiplier (i.e., loaded either by setting the LOAD bit in HFCGCTRL register to 1 or by reset). Therefore, reading the
HFCGML, HFCGMH and HFCGN registers after reset, returns the default M and N values.

Flash Clock (FCLK) Generation

The flash clock (FCLK) is derived from FMCLK via a 4-bit prescaler (FPRE). The FCLK frequency may be set in the range
of 10 MHz to 50 MHz. Valid division factor for FCLK ranges from 1 to 4; see Table 22. After reset, the Booter updates FPRED

field in HFCGP register from the flash.

Core Clock (CLK) Generation

The core clock (CLK) is derived from FCLK via a 4-bit prescaler (CPRE). The CLK frequency may be set in the range of
4 MHz to 25 MHz. Valid division factors for CLK are shown in Table 22. After reset, the Booter updates CPRED field in

HFCGP register from the flash.

Table 22. Flash and Core Clock Frequency Settings

FMCLK Freq. FPRED Field| FCLK Freq. |CPRED Field! CLK Freq. Notes

1h 25 MHz
2h 16.67 MHz

Oh 50 MHz
3h 12.5 MHz
7h 6.25 MHz
Oh 25 MHz
1h 12.5 MHz

1h 25 MHz
2h 8.33 MHz

50 MHz 3h 6.25 MHz

Oh 16.67 MHz
1h 8.33 MHz

2h 16.67 MHz
2h 5.56 MHz
3h 4.17 MHz
Oh 12.5 MHz

Avoid these CLK frequencies if SPB

3h 12.5 MHz 1h 6.25 MHz module is used.
2h 4.17 MHz
1h 20 MHz
2h 13.33 MHz

40 MHz Oh 40 MHz

3h 10 MHz
7h 5 MHz
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4.0 Embedded Controller Modules (Continued)

FMCLK Freq. FPRED Field| FCLK Freq. |CPRED Field! CLK Freq. Notes
Oh 20 MHz
ih 1h 10 MHz
2h 6.67 MHz
3h 5 MHz
Avoid this CLK frequency if SPB module
40 MHz Oh 1333 MHz " sed.
2h 13.33 MHz 1h 6.67 MHz Avoid this CLK frequency if SPB module
is used (default).
2h 4.44 MHz _ y
oh 10 MHz Avoid thgse CLK frequencies if SPB
3h module is used.
1h 5 MHz
1h 16.5 MHz
2h 11 MHz
Oh
3h 8.25 MHz
7h 4.13 MHz
Oh 16.5 MHz
1h 8.25 MHz
33 MHz 1h 16.5 MHz
2h 5.5 MHz
3h 4.13 MHz
oh Oh 11 MHz
1h 5.5 MHz | Avoid these CLK frequencies if SPB
Oh 8.25 MHz module is used.
3h 8.25 MHz
1h 4.13 MHz

4.19.3 HFCG Registers
For a summary of the abbreviations used for Register Type, see “Reqister Abbreviations and Access” on page 20.

HFCG Register Map

All HFCG registers are powered by V¢ and are set to their default values by V¢ Power-Up reset or VCC_POR Input reset.
The HFCGCTRL and HFCGP registers are set to their default values by Core Domain reset.

1. CPRED values that do not appear in the table generate a CLK frequency outside of the 4 MHz to 25 MHz range.

Location Mnemonic Register Name Size Type
FF FO80h HFCGCTRL HFCG Control Byte | Varies per bit
FF FO82h HFCGML M Low Byte Value Byte R/W or RO
FF F084h HFCGMH M High Byte Value Byte R/W or RO
FF FO86h HFCGN N Value Byte R/W or RO
FF FO88h HFCGP HFCG Prescaler Byte R/W
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HFCG Control Register (HFCGCTRL)

HFCGTRL is reset by Core Domain reset.
Location: FF FO80h

Type: Varies per bit
Bit 7 6 5 4 3 2 1 0
Name Reserved LOCK Reserved LOAD
Reset o o o o 0 0 0 0
Bit Type Description
7-2 Reserved.
2 W1S LOCK (Disable Writing to all HCFG registers). Write 1 to disable write access to all HCFG registers
except HFCGP register. Only reset clears this bit.
0: Write access is enabled (default).
1: Write access is disabled.
Reserved.
0 WO LOAD (Load M and N Values). Write 1 to set the frequency multiplier frequency by loading the
HFCGML, HFCGMH and HFCGN data into the frequency multiplier. This bit always returns 0.

HFCGM Low Value Register (HFCGML)
HFCGML contains the lower eight bits of the frequency multiplier M value. It is reset by V¢ Power-Up reset and VCC_POR

Input reset.
Location: FF FO82h

Type: R/W or RO
Bit 7 6 5 4 3 2 1 0
Name HFCGM7-0
Reset See text
Bit Description
7-0 HFCGM7-0. When written, holds the lower eight bits of the M value to be loaded into the frequency multiplier.

When read, this field returns the value currently in the frequency multiplier. HFCGM7-0 is updated by the
Booter from the flash after reset.

See Table 21 on page 182 for valid HFCGM7-0 values. The default value is 89h.

HFCGM High Value Register (HFCGMH)

HFCGMH contains the upper eight bits of the frequency multiplier M value. It is reset by V¢ Power-Up reset and VCC_POR
Input reset.

Location: FF F084h

Type: R/W or RO
Bit 7 6 5 4 3 2 1 0
Name HFCGM15-8
Reset See text
Bit Description
7-0 'HFCGM15-8. When written, holds the upper eight bits of the M value to be loaded into the frequency multiplier.
When read, this field returns the value currently in the frequency multiplier. HFCGM15-8 is updated by the
Booter from the flash after reset.
See Table 21 on page 182 for valid HFCGM7-0 values. The default value is 09h.
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HFCGN Value Register (HFCGN)
HFCGN contains six bits of the frequency multiplier N value. It is reset by Vi Power-Up reset and VCC_POR Input reset.
Location: FF FO086h

Type: R/W or RO
Bit 7 6 5 4 3 2 1 | 0
Name Reserved HFCGN5-0
Reset o 0 o o o o 1 | 0
Bit Description
7-6  Reserved.
5-0  HFCGN5-0. When written, holds the six bits of the N value to be loaded into the frequency muiltiplier. When read,
returns the value currently in the frequency multiplier. HFCGNS5-0 is updated by the Booter from the flash after reset.
See Table 21 on page 182 for valid HFCGN5-0 values. The default value is 02h.

HFCG Prescaler Register (HFCGP)
HFCGP is reset by Core Domain reset.
Location: FF FO88h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name FPRED CPRED
Reset o o 1 0 o o o 1
Bit Description
7-4 FPRED (Flash Prescaler Divider Value). The divider of FMCLK is the number defined by FPRED + 1, e.g., a
value of 00h results in a divide by 1; a value of 3h results in a divide by 4. Valid FPRED values are Oh to 3h;
see Table 22 on page 182. FPRED is updated by the Booter from the flash after reset.
The default value is 2h.
3-0 CPRED (Core Prescaler Divider Value). The divider of the flash clock (FCLK divided by CPRED) is the
number defined by CPRED + 1, e.g., a value of Oh results in a divide by 1; a value of 3h results in a divide by
4. Valid division factors for CLK are shown in Table 22 on page 182. CPRED is updated by the Booter from the
flash after reset.
The default value is 1h.
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4.19.4 Usage Hints

Changing the FCLK and/or CLK Frequency

To change both FPRED and CPRED fields in HFCGP register, perform two write transactions to HFCGP register. Each
transaction must change only one of the fields; the other must remain unchanged. The order in which the FPRED and
CPRED fields are changed must ensure that the maximum allowed CLK frequency is not exceeded.

For example, at FMCLK = 50 MHz, to change the FCLK and CLK frequencies from FCLK = 16.67 MHz and CLK = 16.67
MHz, to FCLK = 50 MHz and CLK = 16.67 MHz, perform:

1. Change CPRED from Oh to 2h (FCLK = 16.67 MHz and CLK = 5.56 MHz).
2. Wait at least 16 CLK cycles for the CLK frequency to change.
3. Change FPRED from 2h to Oh (FCLK = 50 MHz and CLK = 16.67 MHz).

Changing the FMCLK Frequency
To increase the FMCLK frequency, first decrease the FCLK and/or CLK frequency (see section above) to ensure that they
do not exceed the maximum allowed value during the change.

For example, to change from FMCLK = 33 MHz, FCLK = 33 MHz and CLK = 16.5 MHz, to FMCLK =50 MHz, FCLK =25 MHz
and CLK = 25 MHz, perform:

1. Change FPRED from 0h to 1h (FMCLK = 33 MHz, FCLK = 16.5 MHz and CLK = 8.25 MHz).
Wait at least 16 CLK cycles for the FCLK frequency to change.

Change CPRED from 1h to Oh (FMCLK = 33 MHz, FCLK = 16.5 MHz and CLK = 16.5 MHz).
Wait at least 16 CLK cycles for the CLK frequency to change.

Change M and N from 07DEh and 02h to OBECh and 02h, respectively, as explained in “EMCLK Clock Frequency Set-
ting” on page 181 (FMCLK = 50 MHz, FCLK = 25 MHz and CLK = 25 MHz).

o s wDb
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4.20 DEVELOPMENT AND DEBUG SUPPORT

4.20.1 Debugger Interface (SDI+)

The SDI+ is an on-chip debug interface, compliant with the Nexus 5001 Forum TM Standard for Global Embedded Processor
Debug Interfaces (Revision 1.0, 15th December 1999), Class 1+. It implements all basic functions for application develop-
ment and testing. The debugger interface can also be used to program the flash memory.

The debugger interface is enabled in OBD mode only. For the SDI+ module architecture, refer to the CR16C SDI+ Nexus
Class 1+ compliant CR16C Debug Interface Architecture Specification, Revision 1.1, July 2003.

Note: Depending on JENO and JENK strap setting, it is not possible to use either GP1042-44, GPIO46, GPIO50 and
GPIO52 pins or KBSOUT1-3 and KBSOUT5-6 pins while using the debugger interface because these pins are
used by the debugger interface.

Features

® Communication between SDI+ and a debugging tool via a standard IEEE1149.1 (JTAG) port.

® Fight hardware breakpoints/watchpoints, triggered on instruction execution or data access.

® Single-stepping of instructions.

® Access to memory mapped resources, by means of SDI+ -based Direct Memory Access (DMA) functionality.
® Access to core internal registers.

® Supports flash or other memory programing that use the SDI+ -based DMA.

[ ]

Wakes up the WPC8763L from Idle or Deep Idle mode.

4.20.2 Debugger Reset Types

The debugger interface can generate two types of reset: Debugger Cold reset and Debugger Warm reset. Both reset types
are generated by sending a SYSRST_ON command, followed by a SYSRST_OFF command, via JTAG. DBGRST_MODE
bitin RSTCTL register (see page 37) selects the type of reset generated by the SDI+ in response to these JTAG commands.

Debugger Cold Reset

Debugger Cold reset is generated if DBGRST_MODE bit in RSTCTL register is set to 0. This reset type loads default values
to most of the core-controlled WPC8763L modules; see Section 3.2.3 on page 49.

A Debugger Cold reset sets DBGRST_STS bit in RSTCTL register to 1.

Debugger Warm Reset

A Debugger Warm reset is generated if DBGRST_MODE bit in RSTCTL register is set to 1. This type of reset loads default
values only to the core registers and to the status registers in the Debugger Interface module (JTAG interface). It also wakes
up the core system to Active mode.

A Debugger Warm reset sets DBGRST_STS bit in RSTCTL register to 1.

4.20.3 Freezing Events

The WPC8763L can prevent real-time events from interfering with the operation of the debugger by changing the status of
the WPCB8763L. This is done by disabling maskable interrupts and using SDI+ Automatic Freeze mode. If enabled, Automatic
Freeze mode “freezes” the watchdog counter and disables destructive reads.

When the WPC8763L is set to IRE environment, the SDI+ module is held in reset; therefore, Automatic Freeze mode is dis-
abled.

Disabling Maskable Interrupts

Clearing the core | or E bits in PSR register disables the maskable interrupts. The | bit is cleared automatically when a trap,
interrupt or reset occurs.

Freezing the Watchdog Counter

To freeze the watchdog counter, use SDI+ Automatic Freeze mode. This mode prevents the watchdog from generating the
reset that occurs if the watchdog is not “touched” in time; see Section 4.11 on page 133. The watchdog counter holds its
value while it is frozen and resumes counting after “freeze” ends.

If an application fails to touch the watchdog in time, a reset event might be generated before orimmediately after the “freeze”
onset. As a result, the WPC8763L is reset.

Automatic Freeze mode must be disabled before returning to the application.
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Disabling Additional Modules

The Keyboard and Mouse Controller, Power Management Channels 1 and 2, all SMB modules, all MFT16 modules and the
CR_UART module can be frozen by SDI+. Freezing is enabled when the respective bits in DBGFRZENT1 register is set; the
bits can be set to meet the specific needs of different applications.

Disabling Destructive Reads

When “freeze” is enabled, destructive reads do not change the system state (i.e., they return the read data but do not clear
bit, set bits or send signals). This allows the debugger to check the values of these bits. NMISTAT register is an exception
to this rule and is not affected by “freeze”. Core access to host domain registers are destructive but are not affected by
“freeze”. Note that host operations continue without being affected by “freeze”.

4.20.4 Debugger Interface, Core Registers
For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20.

All debugger interface registers are powered by V¢ and are set to their default values by Core Domain reset.

Register Map

Location Mnemonic Register Name Size Type
FF FO30h DBG_DID Debugger Interface JTAG Device ID Double-Word RO
FF FO34h DBGFRZEN1 Debug Freeze Enable 1 Byte R/W

Debugger Interface JTAG Device ID (DBG_DID)

The value of DBG_DID is scanned by the JTAG interface during the IDCODE instruction.
Location: FF FO30h

Type: RO

Bit CAIIE: T O 0 S e R L O R S R R R A
Name VER Part Number Manufacturer ID

Reset Oh FE22h 01Fh

Bit Description

31-28 |VER (JTAG Version).
27-12 JTAG Part Number. The WPC8763L Part Number field value is FE22h.
11-0 |JTAG Manufacturer ID. The Winbond JTAG Manufacturer ID is 01Fh.

Debug Freeze Enable 1 Register (DBGFRZEN1)

If Automatic Freeze mode is activated in the SDI+, and the relevant bit in DBGFRZENT is set, freezing of the respective
module is enabled during debug. DBGFRZENT1 is set to FFh on reset.

Location: FF F034h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved HIFEN Reserved = UARTFEN | SMB2FEN | SMB1FEN = MFT2FEN MFT1FEN
Reset 1 1 1 1 1 1 1 1

Bit Description

7 Reserved.

6 | HIFEN (Host Interface Freeze Enable). Controls the freezing of the Host Interface modules (Keyboard and
Mouse Controller interface and Power Management Channels 1 and 2). When HIFEN is set, in Automatic
Freeze mode, the IBF bit in HIKMST register is not cleared by a core read from the input buffer (HIKMDI).

0: Automatic Freeze mode has no effect on the Host Interface modules.
1: Freezes the Host Interface modules during Automatic Freeze mode (default).
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Bit

Description

Reserved.

UARTFEN (CR_UART Freeze Enable). Controls the freezing of the CR_UART module. When UARTFEN is set,
in Automatic Freeze mode, CR_UART data transmission and reception is frozen, the PE, FE, DOE and BKD bits
are not cleared by a read from USTAT register and RBF bit is not cleared by a read from URBUF register.

0: Automatic Freeze mode has no effect on the CR_UART module.
1: Freezes the CR_UART module during Automatic Freeze mode (default).

SMB2FEN (SMB2 Freeze Enable). Controls the freezing of the SMB2 module. When SMB2FEN is set, in Automatic
Freeze mode, the SDAST bit in SMB2ST register is not cleared by a core access to the SMB2SDA register.

0: Automatic Freeze mode has no effect on the SMB2 module.
1: Freezes the SMB2 module during Automatic Freeze mode (default).

SMB1FEN (SMB1 Freeze Enable). Same as SMB2FEN bit, but for SMB1 module.

MFT2FEN (MFT16-2 Freeze Enable). Controls the freezing of the MFT16-2 module. When set, during Automatic
Freeze mode, all timer counter clocks are stopped, and the current values of timer/counter registers T2CNT1 and
T2CNT2 are frozen. When Automatic Freeze mode becomes inactive, counting resumes from the previous value.

0: Automatic Freeze mode has no effect on the MFT16-2.
1: Freezes the MFT16-2 module during Automatic Freeze mode (default).

MFT1FEN (MFT16-1 Freeze Enable). Same as MFT2FEN bit, but for MFT16-1 module.

4.20.5

a.
b.

g.

a.
b.

may be

Flash Programing. To program the flash memory, use the debugger interface-based DMA mechanism, as follows:

Exit Debug. To exit from Debug mode, perform the following:

JTAG Synchronization. If the core clock (CLK) frequency is lower than the JTAG clock (TCK) frequency, synchronization

tion Shift Register (JINR) via the TDO pin. When the SB status flag returns to 0, this indicates that the read or write operation,
performed via the JTAG interface, is complete, i.e.:

® The written data was updated in the WPC8763L registers.
® The status flags affected by the read were updated.

Usage Hints

Set DBGRST_MODE bit in RSTCTL register to 0 (Debugger Cold reset).

Send a SYSRST_ON command to put the WPC8763L in reset (except the debugger interface itself). This clears the
flash lock bits in the FIU.

Send a SYSRST_OFF command (release the modules from reset), leaving the core in Debug mode.

Open Core Bus write access to the flash array by adjusting the Flash Access Window 3 High and Low limits to the
actual flash size; see Section 4.1 on page 55.

Use the FIU for programing the flash using standard write accesses to the flash via the Core Bus; see the specific
flash datasheet.

If the attached flash supports burst write access, 32-bit data may be used by the DMA to speed up the programing
process.

Use the FIU “UMA” feature to perform “housekeeping” flash operations (erase, write control, read status, etc.).

Send a SYSRST_ON command to put the WPC8763L in reset (except the Debugger Interface itself).
Send a SYSRST_OFF command (release the modules from reset) without Debug mode.

lost. To maintain synchronization, use the Synchronization Busy (SB) bit, which is shifted out from the JTAG Instruc-
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4.21 CORE BUS WATCHER

4.21.1 General Description

The Core Bus Watcher (“Watcher”), which is connected to both the Core bus and the Peripheral bus, monitors the Core bus
and logs bus errors and illegal accesses by the core. The Watcher status can be checked either by polling certain registers
or by interrupt.

The Watcher monitors for the occurrence of an lllegal Address transfer or a Core bus ERROR response. On detection of
either event, the Watcher logs the relevant address and control signal values. In addition, an interrupt output is asserted (if
enabled).

Features

® Core bus ERROR response and lllegal Address (IAD) transfer detection
® Maskable interrupt generation

4.21.2 Functional Description

lllegal Address (IAD) Transfer

When an IAD transfer on the Core bus occurs, and the result is either an O.K. or an ERROR response, the relevant address
and control signals are logged, and the CIA flag in WSTAT register is set.

When enabled (via IEN bit in WCNTRL register), the interrupt output is also asserted, and all subsequent IAD transfers and
ERROR responses are ignored until CIA bit in WSTAT register is cleared (via the ICL bit in WICLR register).
ERROR Response

When an ERROR response on the Core bus occurs, the relevant address and control signals are logged and the ERR flag
is set.

When enabled (by IEN bit in WCNTRL register), the interrupt output is also asserted, and all IAD transfers and ERROR re-
sponses are ignored until ERR bit in WSTAT register is cleared (via ICL bit in WICLR register).

Note: An ERROR response is still performed if it results from an IAD transfer; therefore, both CIA and ERR flags are set
from a single transfer.

4.21.3 Core Bus Watcher Registers
For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20.

All Watcher registers are powered by V¢ and are set to their default values by Core Domain reset.

Register Map

Location Mnemonic Register Name Size Type
FF F700h WADR Watcher Address Double-Word RO
FF F704h WSTAT Watcher Status Double-Word RO
FF F708h WICLR Watcher Interrupt Clear Double-Word WO
FF F70Ch WCNTRL Watcher Control Double-Word | Varies per bit
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Watcher Address Register (WADR)
WADR is used to record the Core bus address when an IAD or an ERROR response on the Core bus occurs.
Location: FF F700h

Type: RO
Bit 3130 29 28 27 26 25 24 23 222120 19 18 17 16 151413121110 9 8 7 6 5 4 83 2 1 0
Name CADR
Reset 0000 0000h
Bit Description
31-0 CADR (Core Bus Address). Holds the address value for either a Core bus slave ERROR response or an illegal
address transaction.

Watcher Status Register (WSTAT)
WSTAT is used to record the Core bus control signals and the type of error detected.
Location: FF F704h

Type: RO
Bit 31\30\29\28\27\26\25\24\23\22\21\20 19 18\17\16 15\14\13\12\11\10\ 9\ 8\ 7\ 6\ 5\ 4\ 3\ 2. 1]0
Name Reserved % CSl Reserved g E
Reset 0000 0000h

Bit Description

31-20 Reserved.

19 | CWR (Core Bus Write). Is set to 1 on a Core bus write transaction, if an IAD transfer or ERROR response was
detected.

18-16 CSI (Core Bus Size). Records the size of the Core bus transaction if an IAD transfer or ERROR response was
detected.

15-2 ' Reserved.

1 CIA (Core Bus IAD Error). Is set if an illegal address transfer is detected. Can only be cleared by setting ICL
bit in WICLR register.

0: lllegal address transfer was not detected (default).
1: lllegal address transfer was detected.

0 ERR (ERROR Response). Is set if an ERROR response is detected on the Core bus. Can only be cleared by
setting ICL bit in WICLR register.

0: Error response was not detected (default).
1: Error response was detected.

Watcher Interrupt Clear Register (WICLR)

WICLR is used to clear the interrupt flags.
Location: FF F708h

Type: wO

Bit 3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9/ 8/ 7 6 5 4 3 2 1 0

Name Reserved §
Bit Description

31-1 ! Reserved.

0 |ICL (Interrupt Clear). When set, the Interrupt is deasserted and the CIA and ERR flags are cleared. Always
returns O when read.
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4.0 Embedded Controller Modules (Continued)

Watcher Control Register (WCNTRL)

WCNTRL is used to enable the Watcher module and set the control signals.
Location: FF F70Ch
Type: Varies per bit

Bit 3130 29 28 27 26 25 24 23 222120 19 18 17 16 151413121110 9 8 7 6 5 4 83 2 1 0
Name Reserved 3 il i
I T
Reset 0000 0000h
Bit Type Description
31-4 Reserved.
3 R/W1S |LOC (Lock Bit). When set, the WCNTRL register is locked. Write access to WCNTRL is no longer

supported; only read access is enabled. Cleared only by reset.
0: WCNTRL is not locked (default).
1: WCNTRL is locked.

2 R/W or MEN (Module Enable Bit). When set, the Watcher module is enabled. If cleared, the clock is switched
RO off and only write access to the WCNTRL register is supported.
0: Watcher is off (default).
1: Watcher is on.
1 R/W or EDE (Error Detection Enable). Enables the IAD transfer and ERROR response detection. If cleared,
RO no detection is performed.
0: 1AD transfer and ERROR response detection is disabled (default).
1: 1AD transfer and ERROR response detection is enabled.
0 R/W or IEN (Interrupt Enable). When set enables the IAD transfer and ERROR response interrupt. If cleared,
RO no interrupt is generated.

0: IAD transfer and ERROR response interrupt is disabled (default).
1: IAD transfer and ERROR response interrupt is enabled.
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5.0 Host-to-EC Interface Modules

This chapter describes the functions that serve as an interface between the host and core domains:
® Keyboard and Mouse Controller interface (legacy 60h, 64h); see Section 5.1
® Two Power Management (PM) channels compliant with ACPI EC specifications; see Section 5.2 on page 201

® Shared Memory mechanism; see Section 5.4 on page 216

® Core Access to Host Modules; see Section 5.3 on page 211

® Mobile System Wake-Up functions; see Section 5.5 on page 232

5.1 KEYBOARD AND MOUSE CONTROLLER INTERFACE

The WPC8763L supports a standard Keyboard and Mouse Controller interface. This interface implements legacy ports 60h
and 64h.

5.1.1 Features
® Intel 8051SL-compatible host interface
— 8042 KBD standard interface (ports 60h, 64h)
— Legacy IRQ: IRQ1 (KBD) and IRQ12 (mouse) support
— Fast Gate A20 and Fast Reset via firmware; see Section 5.5.4 on page 235

® Configured using two logical devices: Keyboard and Mouse

5.1.2 General Description

The WPC8763L supports a keyboard/mouse communication channel that uses the standard Command/Status register and data
registers. It uses either polling- or interrupt-driven communication mechanisms with the host and/or core. The hardware is designed
to allow a race-free interface between the host and the WPC8763L.

The keyboard and mouse channel consists of three registers:
® DBBOUT - can be written by the core and read by the host processor.
® DBBIN - can be written by the host processor and read by the core.

® STATUS - can be read by both core and host processors. It has five bits (2, 4-7) that are written by the core. Three
other bits are controlled by the hardware to indicate the status of DBBIN and DBBOUT registers.

Host Addresses

The host processor accesses the WPC8763L Keyboard/Mouse Host interface registers at two addresses in the host address
space. These addresses are defined by two internal chip select signals specified in the WPC8763L host configuration reg-
isters; see Section 6.1.11 on page 258). Legacy settings of these addresses are 60h and 64h for the status/command and
data registers, respectively.

Table 23 describes the register mapping to the host processor 1/0 space. For simplicity, the Host Interface module specifi-
cation refers to the legacy addresses.

Table 23. Mapping of the Host Interface Registers to the Host Processor

Port le-ggra:sys Internal Chip Select Type Register Name Mnemonic
Keyboard and 60h Keyboard/Mouse Data Write Data DBBIN (A2=0)
Mouse 64h Keyboard/Mouse Command Write Command DBBIN (A2=1)
60h Keyboard/Mouse Data Read Data DBBOUT
64h Keyboard/Mouse Command Read Status STATUS

Core Interrupts

The Host Interface module generates four level interrupts to the ICU. These can be used by the firmware for interrupt-driven
control of the keyboard/mouse and/or PM channels.

Host Interrupts

The WPC8763L host interface supports two interrupts to the host processor: Keyboard interrupt (legacy IRQ1) and Mouse
interrupt (legacy IRQ12). These interrupts may be controlled either by hardware, according to the host interface buffer status,
or by the WPC8763L firmware toggling the bit value.
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5.0 Host-to-EC Interface Modules (Continued)

The host configuration module assigns host interrupts to IRQ numbers; see Section 6.1.11 on page 258. These interrupts
are IRQ1 and IRQ12 for keyboard and mouse IRQs, respectively.

When IRQ1 and/or IRQ12 are disabled (OBFKIE and/or OBFMIE bits in HICTRL register are cleared), the firmware can con-
trol the IRQ1 and/or IRQ12 signals by writing to the respective bit in HIIRQC register.

When IRQ1 and/or IRQ12 are controlled by hardware (OBFKIE and/or OBFMIE bits in HICTRL register are set to 1), inter-
rupts to the host are generated according to the status of Output Buffer Full (OBF) flag.

In Normal Polarity mode (IRQNPOL in HIIRQC register is set to 0), the interrupt signal is usually low (0); it is asserted (1) to
indicate that the respective OBF flag is set. The signal is deasserted (0) when the output buffer is read (i.e., OBF flag is
cleared).

Note that IRQ1 and IRQ12 have the same OBF flag but are not asserted together. Either IRQ1 or IRQ12 is set depending
on the internal register written (HIKDO or HIMDO, respectively).

In Negative Polarity mode (IRQNPOL in HIIRQC register is set to1), the IRQ signal behavior is inverted from the behavior
described above.

The WPC8763L firmware can read the values of the IRQ1 and IRQ12 signals by performing a read from IRQ1B and IRQ12B
bits in HIIRQC register.

Figure 44 shows the effect of the different control bits on the IRQ signals.

IRQNPOL bit (HIIRQC)

5 Hardware r[>04’ 1 OBFMIE or OBFKIE bit
BF Interrupt »l 0 (HICTRL)

IRQ Routing

and Polarity

1 IRQ Serializer IRQ
: Serializen
IRQxB bit (HIIRQC) 1 |RQxB bit (HIIRQC) » 0 (Part of Superl/O
(write) Configuration
Module)

IRQxB bit (HIRQC)
(read)

Figure 44. IRQx (IRQ1, IRQ11 or IRQ12) Control Diagram

Keyboard/Mouse Channel (60h, 64h)

The host interface of the WPC8763L is compatible with the legacy 8042 host interface. It is based on two registers: Command/Data
and Status. The host interface logic generates interrupts to the host processor and core according to the status of the input and
output data buffers. Figure 45 shows a schematic description of the Host interface Keyboard/Mouse channel.

Status Read

Both the host and the core can read the status of the KBC data buffers. Bits 2 and 4-7 can be written by the core. The host
processor should read address 64h to obtain the contents of the Status register. The core software can obtain this informa-
tion by reading/writing the HIKMST register. The format of the Status register is identical for both the host and core; see
“Host Interface Keyboard/Mouse Status Register (HIKMST)” on page 199.

Host Data Write to Host Interface Keyboard/Mouse Channel

The data buffer has two latches; one serves as an input buffer, the other as an output buffer. When writing to address 60h
or 64h, the following sequence of events occurs: the data is written to the Data In latch (DBBIN), IBF bit in the Status register
is set and bit 3 (A2) in the Status register indicates to the core which address (command or data) was written to. When writing
to address 60h (legacy A2=0), bit 3 of the Status register is cleared. When writing to address 64h (legacy A2=1), bit 3 of the
Status register is set.

The core identifies that data is present in the input buffer by either polling IBF bit of the Status register or acknowledging an
interrupt when the input buffer interrupt is enabled (IBFCIE in HICTRL register is set to 1).

When the input buffer is full, reading the Status register identifies which address was written to (i.e., check A2 of HIKMST
register). The core can then read the data from the input buffer (HIKMDI). The IBF status bit is cleared when the data input
buffer is read by the core.
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5.0 Host-to-EC Interface Modules (Continued)

Interrupts to the Core
Output Buffer  Input Buffer

Empty Full
A A Peripheral Bus
WR-Mouse WR-KBD RD-Input
Buffer
i L A 4
— STATUS DBBOUT DBBIN

A A

DO-7 A2 Do-7

Host-RD-Data-Buffer
Host-WR-Data-Buffer LPC Bus

\ 4
Keyboard Mouse
Interrupt Request  Interrupt Request
(IRQ1) (IRQ12)

Interrupts to the Host Processor
through Superl/O Configuration

Figure 45. Host Interface Keyboard/Mouse Channel (Ports 60,64) Block Diagram

Host Data Read from Host Interface Keyboard/Mouse Channel

The output data latch (DBBOUT) is written by the core when the core needs to send data to the host. The OBF flag in the
Status register (OBF in HIKMST register) is set to indicate that data is available in DBBOUT. DBBOUT should be written
only when this bit is cleared.

The WPC8763L supports polling and interrupt communication mechanisms with the host. Both Keyboard interrupt (IRQ1)
and Mouse interrupt (IRQ12) are supported.

The core firmware writes to HIKDO register data addressed to the keyboard driver (i.e., generate IRQ1). A write to HIKDO
stores the data to DBBOUT and sets OBF bit. In addition, if the IRQ1 interrupt is enabled (OBFKIE in HICTRL register is set
to 1), an IRQ1 interrupt is generated according to the interrupt mode (IRQM field and IRQNPOL bit in HIIRQC register).

The core firmware writes data addressed to the mouse driver (IRQ12) to HIMDO register. A write to HIMDO stores the data
in DBBOUT and sets OBF bit. In addition, if the IRQ12 interrupt is enabled (OBFMIE in HICTRL is set to 1), an IRQ12 inter-
rupt is generated according to the interrupt mode (IRQM field and IRQNPOL bit in HIIRQC register).

The host processor identifies that data is present in the output buffer by either polling the Status register (reading address
64h) or responding to IRQ1 or IRQ12. When this data is available, the host can read it from address 60h. Reading from ad-
dress 60h clears the OBF flag. In addition, when the hardware interrupt is enabled, IRQ1 or IRQ12 are deasserted (low if
IRQNPOL in HIIRQC register is set to 0).

The core can read OBF bit to identify when the output buffer is empty and ready for a new data transfer. When the Output
Buffer Empty interrupt to the core is enabled (OBECIE in HICTRL register is set to 1), the interrupt signal to the ICU is set
high if the output buffer is empty (OBF=0).
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5.0 Host-to-EC Interface Modules (Continued)

5.1.3 Host Interface Registers

The module has four registers, described below. The base address for each may be configured individually. For legacy op-
eration, they should be configured to 60h and 64h; see Section 6.1.11 on page 258.

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20. All the
registers are set to their default values by Core Domain reset. If the HIPRST_MODE bit in RSTCTL register is set to 1, they
are also set to their default values by Vpp Power-Up reset or Host Hardware reset; see page 37.

Host Interface Register Map

Offset Mnemonic Register Name Type
60h DBBOUT Data Out Buffer R
64h STATUS Status R
60h DBBIN Data In Buffer w
64h COMAND Command In Buffer w

Data Out Buffer Register (DBBOUT, Legacy 60h)

Reading DBBOUT clears the OBF flag in the STATUS register and the interrupt is deasserted. If the core interrupt on output
buffer empty is enabled (OBECIE in HICTRL register is set to 1), reading DBBOUT asserts the interrupt (high).

Location: As defined in LDN 06h registers, index 60h and 61h

Type: R
Bit 7 6 5 a 3 2 1 | 0
Name Keyboard/Mouse DBBOUT Data

Bit Description

7-0 Keyboard/Mouse DBBOUT Data.

Status Register (STATUS, Legacy 64h)

STATUS provides the status of the host interface keyboard channel buffers (DBBIN and DBBOUT) and the value of mes-
sages sent by the core. This register can also be read by the core as HIKMST. It is cleared (00h) on reset.

Location: As defined in LDN 06h registers, index 62h and 63h

Type: R

Bit 7 6 5 4 3 2 1 0

Name ST3-STO A2 FO IBF OBF

Reset 0 | 0 | 0 | 0 0 0 0 0
Bit Description

7-4 | ST3-STO (Status). Four general-purpose flags that can be set or cleared by the core firmware.

3 A2 (A2 Address). Holds the value of the A2 signal in the last host write to the keyboard/mouse channel’s input
buffer (i.e., A2=0 for Data In Buffer write and A2=1 for Command In Buffer write).

2 | FO (Flag 0). A general-purpose flag that can be set or cleared by the core firmware.

IBF (Input Buffer Full). Is set when the keyboard/mouse channel’s DBBIN is written by the host processor (i.e.,
writing to either address 60h, data or address 64h, control). Cleared when the core reads the input buffer
(HIKMDI).

0 OBF (Output Buffer Full). Is set when the keyboard/mouse channel’s DBBOUT is written by the core (i.e.,
writing to HIKDO or HIMDO registers). Cleared by a host processor read from the keyboard/mouse channel
output buffer (60h).
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5.0 Host-to-EC Interface Modules (Continued)

Data In Buffer Register (DBBIN, Legacy 60h)
If the core interrupt on IBF is enabled (IBFCIE in HICTRL register is set to 1), writing to DBBIN asserts it (high).
Location: As defined in LDN 06h registers, index 60h and 61h

Type: w
Bit 7 6 5 4 N 2 1 | 0
Name Keyboard/Mouse DBBIN Data

Bit Description

7-0 Keyboard/Mouse DBBIN Data.

Command In Buffer Register (COMAND, Legacy 64h)
If the core interrupt on IBF is enabled (IBFCIE in HICTRL register is set to 1), writing to COMAND asserts it (high).
Location: As defined in LDN 06h registers, index 62h and 63h

Type: w
Bit 7 6 5 4 3 | 2 1 0
Name Keyboard/Mouse COMAND Data

Bit Description

7-0 Keyboard/Mouse COMAND Data.

5.1.4 Core Interface Registers
Certain bits in PM channel 1 are used to achieve firmware compatibility with the PC87570.

The core interface registers are set to their default values by Core Domain reset. If the HIPRST_MODE bit in RSTCTL reg-
ister is set to 1, they are also set to their default values by Vpp Power-Up reset or Host Hardware reset; see page 37. For a
summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20.

Core Interface Register Map

Location Mnemonic Register Name Size Type
FF F780h .HICTRL Host Interface Control Byte R/W
FF F782h .HIIRQC Host Interface IRQ Control Byte R/W
FF F784h HIKMST Host Interface Keyboard/Mouse Status Byte | Varies per bit
FF F786h HIKDO Host Interface Keyboard Data Out Buffer Byte woO
FF F788h HIMDO Host Interface Mouse Data Out Buffer Byte WO
FF F78Ah HIKMDI Host Interface Keyboard/Mouse Data In Buffer Byte RO
Host Interface Control Register (HICTRL)
HICTRL is used to set host interface mechanism options. The non-reserved bits are cleared on reset.
Location: FF F780h
Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved PMICIE PMIOCIE PMIHIE IBFCIE OBECIE OBFMIE OBFKIE
Reset 0 0 0 0 0 0 0 0
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5.0 Host-to-EC Interface Modules (Continued)

Bit Description
7 Reserved.
6 | PMICIE (PM Channel 1 Input Buffer Full Core Interrupt Enable).

0: Interrupt signal is low (default).

1: Enables the PM input buffer full interrupt to the ICU for PM channel 1 in PC87570 Compatible mode. The in-
terrupt signal is active when the input buffer is full (IBF bit is set in the PM Channel Status register).

5 |PMOCIE (PM Channel 1 Output Buffer Empty Core Interrupt Enable).

0: Interrupt signal is low (default).

1: Enables the PM Output Buffer Empty interrupt to the ICU for PM channel 1 in PC87570 Compatible mode. The
interrupt signal is active when the output buffer is empty (OBF bit is cleared in the PM Channel Status register).

4 PMIHIE (PM Channel 1 Host Interrupt Enable).

0: IRQ11 is controlled by IRQ11B bit in HIIRQC register (default).

1: Enables the Output Buffer Full interrupt of PM channel 1 in PC87570 Compatible mode to drive the host pro-
cessor interrupt. The interrupt is noted as IRQ11 and may be routed to any of the IRQs to either SMI or ECSCI
events. The interrupt is triggered by a core write to HIPMODO register and sent according to IRQNPOL bit in
HIIRQC register.

3 IBFCIE (Input Buffer Full Core Interrupt Enable).

0: Interrupt signal is low (default).

1: Enables the Input Buffer Full interrupt to the ICU for the keyboard/mouse channel. The interrupt signal is active
when the input buffer is full (i.e., the interrupt signal is set (1) when IBF bit is set).

2 OBECIE (Output Buffer Empty Core Interrupt Enable).

0: Interrupt signal is low (default).

1: Enables the Output Buffer Empty interrupt to the ICU for the keyboard/mouse channel. The interrupt signal is
active when the output buffer is empty (i.e., the interrupt signal is set (1) when OBF bit is cleared).

1 OBFMIE (Output Buffer Full Mouse Interrupt Enable).

0: IRQ12 is controlled by IRQ12B bit in HIIRQC register (default).

1: Enables the Output Buffer Full interrupt to the mouse driver in the host processor (IRQ12). The interrupt is trig-
gered by the core write to HIMDO register and sent according to IRQNPOL bit in HIIRQC register.

0 OBFKIE (Output Buffer Full Keyboard Interrupt Enable).

0: IRQT1 is controlled by IRQ1B bit in HIIRQC register (default).

1: Enables the Output Buffer Full interrupt to the keyboard driver of the host processor (IRQ1). The interrupt is trig-
gered by a core write to HIKDO register and sent according to IRQNPOL bit in HIIRQC register.

Host Interface IRQ Control Register (HIIRQC)
HIIRQC controls the mode of operation of the IRQ signals. It is set to 07h on reset.
Location: FF F782h

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved | IRQNPOL Reserved (must be ‘000’) IRQ11B IRQ12B IRQ1B
Reset 0 0 o o 0 1 1 1
Bit Description
7 | Reserved.
6 IRQNPOL (Negative Polarity). When cleared, the IRQ (IRQ1, IRQ11, IRQ12) signal polarity is compatible with
the standard ISA bus interface. When hardware IRQ generation is enabled (HICTRL register bits OBFKIE for
IRQ1 and IRQ12; PMHIE for IRQ11), the interrupt output is inverted if IRQNPOL is set.
5-3 |Reserved. Must be ‘000’.
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5.0 Host-to-EC Interface Modules (Continued)

Bit Description

2 IRQ11B (Host Interrupt Request 11 Control Bit). When PM channel 1 is in PC87570 Compatible mode and
its host interrupt is configured for direct control by the firmware (PMHIE in HICTRL register is 0), IRQ11B bit is
output to the IRQ11 signal. When read, IRQ11B bit returns the current value of the IRQ11 signal. The IRQ11
signal value can be read regardless of the state of PMHIE bit; see Section 5.2 on page 201 for details about
the PM channel 1 interrupt mechanism.

1 IRQ12B (Host Interrupt Request 12 Control Bit). When the IRQ12 signal is configured for direct control by
the firmware (OBFMIE in HICTRL register is 0), IRQ12B bit is output to the IRQ12 signal. When read, IRQ12B
bit returns the current value of the IRQ12 pin. The IRQ12 signal value can be read regardless of the state of
the OBFMIE bit.

0 | IRQ1B (Host Interrupt Request 1 Control Bit). When the IRQ1 signal is configured for direct control by the
firmware (OBFKIE in HICTRL register is 0), IRQ1B bit is output to the IRQ1 signal. When read, IRQ1B bit returns
the current value of the IRQ1 pin. The IRQ1 signal value can be read regardless of the state of OBFKIE bit.

Host Interface Keyboard/Mouse Status Register (HIKMST)

HIKMST provides the status of the host interface keyboard channel buffers (DBBIN and DBBOUT) and a way for the
WPCB8763L to send status bits to the host. It can also be read by a host processor read from address 64h. It is cleared on
reset.

Location: FF F784h

Type: Varies per bit
Bit 7 4 3 2 1 0
Name ST3-STO A2 FO IBF OBF
Reset o o o 0 0 0 0 0
Bit Type Description
7-4 R/W |ST3-STO (Status Bits). Four general-purpose flags that can be set or cleared by the core firmware.

3 RO A2 (A2 Address). Holds the value of the A2 signal in the last host write to the keyboard/mouse
channel’s input buffer (i.e., indicates A2 value during write to address 60h or 64h). This read-only bit
is ignored when writing to HIKMST register.

2 R/W |FO (Flag 0). A general-purpose flag that can be set or cleared by the core firmware.

1 RO IBF (Input Buffer Full). Is set when the keyboard/mouse channel’'s DBBIN is written by the host
processor, i.e., writing to either address 60h (data) or address 64h (control). Cleared by a core read of
the input buffer (HIKMDI). This read-only bit is ignored when writing to HIKMST register.

0 RO OBF (Output Buffer Full). Is set when the keyboard/mouse channel’s DBBOUT is written by the core
(i.e., writing to HIKDO or HIMDO register). Cleared by a host processor read from the keyboard/mouse
channel output buffer (60h). This read-only bit is ignored when writing to HIKMST register.

Host Interface Keyboard Data Out Buffer Register (HIKDO)

When the core firmware writes to HIKDO, OBF bit in the Status register is set, an IRQ1 interrupt is sent, if enabled, and the
core interrupt on output buffer empty is deasserted, if enabled (i.e., if OBECIE in HICTRL register is 1).

Location: FF F786h

Type: WO
Bit 7 6 5 | 4 | 3 2 | 1 | 0
Name Keyboard DBBOUT Data
Bit Description
7-0 'Keyboard DBBOUT Data.
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5.0 Host-to-EC Interface Modules (Continued)

Host Interface Mouse Data Out Buffer Register (HIMDO)

When the core firmware writes to HIMDO, OBF bit in the Status register is set, an IRQ12 interrupt is sent, if enabled, and
the core interrupt on output buffer empty is deasserted, if enabled (i.e., if OBECIE in HICTRL register is 1).

Location: FF F788h

Type: WO
Bit 7 6 4 | 3 2 | 1 | 0
Name Mouse DBBOUT Data

Bit Description

7-0 Mouse DBBOUT Data.

Host Interface Keyboard/Mouse Data In Buffer Register (HIKMDI)

serted, if enabled (i.e., if IBFCIE in HICTRL register is 1).
Location: FF F78Ah

When the core firmware reads from HIKMDI, IBF bit in the Status register is cleared and the core interrupt on IBF is deas-

Type: RO
Bit 7 6 4 3 2 1 0
Name Keyboard/Mouse DBBIN Data
Bit Description
7-0 Keyboard/Mouse DBBIN Data.
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5.0 Host-to-EC Interface Modules (Continued)

5.2 POWER MANAGEMENT (PM) CHANNELS

The WPC8763L implements two PM communication channels, both of which are compliant with ACPI specifications for an
EC interface. The WPC8763L may be configured to work in either Private Interface or Shared Interface mode. The PM in-
terface has two identical channels, which are independently configured and used. If only one channel is used, Shared Inter-
face mode must be used; if both channels are used, Private Interface mode may be used.

The description below refers to a single channel. The suffix ‘n’ in the signal names indicate the channel number (either 1 or
2). Registers in the core domain have the prefix HIPMn to indicate the channel number. Host domain registers are identified
by the logical device to which they belong.

Note: When working in PC87570 Compatible mode, only PM channel 1 may be used.

5.2.1 Features
® Two operation modes:
— PC87570 Compatible
— Enhanced PM
® ACPI EC interface-compliant support for:
— Shared interface mode
— Private interface mode
® PM channel registers (channel 1: legacy 62h, 66h; channel 2: legacy 68h, 6Ch):
— Command/Status
— Data
® PM interrupt using:
— IRQ
— SMI
ECSCI

5.2.2 General Description

The PM channel has two modes of operation:

® PC87570 Compatible (available for channel 1 only) supports software previously written for the PC87570.

® Enhanced PM includes a mechanism that facilitates easier generation of ECSCI and SMI interrupts to the host.
Figure 46 is a schematic diagram of the PM channel.

Interrupts to the Core
Output Buffer Input Buffer

Empty Full
A A Peripheral Bus
WR-PM RD-PM
Buffer
v 5 '
Status DBBOUT DBBIN
D0-7
Host-RD-Data-Buffer Command/Status DO-7
l Host-WR-Data Buffer or Data LPC Bus
v v

IRQ SMI ECSCI
Interrupt to the Host Processor

Figure 46. Host Interface PM Channel n Block Diagram
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5.0 Host-to-EC Interface Modules (Continued)

Data Registers
The PM channel has three registers.

® DBBOUT - can be written to by the core and read by the host processor. Multiple addresses in the core address
space enable generating an IRQ, SMI or ECSCI interrupt on Output Buffer Full (OBF).

® DBBIN - can be written to by the host processor and read by the core.

® STATUS - can be read by both the core and the host processor. It has five bits (bits 2 and 4-7) that are written to
directly by the core or, in Enhanced PM mode, via the control and configuration register. Three other bits
are controlled by hardware to indicate the status of DBBIN and DBBOUT registers.

Host Addresses

The host processor accesses the WPC8763L PM channel interface registers at two addresses in the host address space.
These addresses are defined by two internal chip select signals specified in the WPC8763L host configuration registers; see
Section 6.1.14 on page 269 and Section 6.1.15 for channels 1 and 2, respectively. The Legacy setting of these addresses
is 62h and 66h for channel 1 status/command and data registers, respectively.

Table 24 shows the register mapping to the host processor I/O space. For simplicity, the Host Interface module specification
refers to the legacy addresses.

Table 24. Host Interface Registers to Host Processor Mapping

Port et Sofuatlen | PRSP mype  BeS unemonic
PM 62h Index 60h, 61h Data Write Data DBBIN
Channeln ' ggp Index 62h, 63h Command/Status | Write Command DBBIN
62h Index 60h, 61h Data Read Data DBBOUT
66h Index 62h, 63h Command/Status Read Status STATUS

1. The legacy address serves as an example only. Do not assign the same address to both channels.

Core Interrupts
For each channel, the Host Interface module generates two level interrupts to the ICU; see Figure 47. The firmware can use
these for interrupt-driven control of the PM channels.

In PC87570 Compatible mode (EME in HIPMnCTL register is set to 0), interrupts are enabled using HICTRL register bits
PMOCIE and PMICIE for output buffer empty and input buffer full interrupts, respectively.

In Enhanced PM mode (EME in HIPMnCTL register is set to1), interrupts are enabled using HIPMnCTL register bits OBEIE
and IBFIE for output buffer empty and input buffer full interrupts, respectively.

| OBF bit (HIPMnST)

PMnOBE
EME bit (HIPMnCTL) Interrupt R
[OBEIE bit (HIPMnCTL)| »{4 ICU
4
| PMOCIE bit (HICTRL) %0
EME bit (HIPMnCTL) PMnIBF
N\ Interrupt
[IBFIE bit (HIPMnCTL) | #1 /7—/
[ PMICIE bit (HICTRL) | %0

[IBF bit (HIPMnST)

Figure 47. Core Interrupt Request for PM Channel n
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5.0 Host-to-EC Interface Modules (Continued)

Host Interrupt Generation Modes

The Host Interface module generates three types of interrupts to the host: regular IRQ, SMI and ECSCI. The interrupt mech-
anisms are designed to meet ACPI requirements for host interrupts. Two interrupt modes are supported: PC87570 Compat-
ible and Enhanced PM.

PC87570 Compatible Mode

PC87570 Compatible mode uses the same method for IRQ generation as the PC87570. It is available only for PM channel 1
and is enabled when EME in HIPM1CTL register is set to 0. Figure 48 shows this mechanism.

The host configuration module assigns host interrupts to IRQ numbers; see Section 6.1.14 on page 269. IRQ11 is used as
an example interrupt and for the default bit names (the actual interrupt number used is determined by the IRQ routing logic).
When hardware-driven IRQ11 is disabled (PMHIE in HICTRL register is cleared), the firmware can control the IRQ11 signal
by writing to the signal’s respective bit in HIIRQC register. When hardware-driven IRQ11 is enabled (PMHIE is set to 1),
interrupts to the host are generated according to the status of the OBF flag.

In Normal Polarity mode (IRQNPOL in HIIRQC register is cleared), the interrupt signal is usually low (0). It is asserted (1)
to indicate that the respective OBF flag has been set. The signal is deasserted (0) when the output buffer is read (i.e., OBF
flag is cleared).

In Negative Polarity mode (IRQNPOL in HIIRQC register is set to 1), IRQ signal behavior is inverted from the behavior de-
scribed for normal polarity.

The WPC8763L firmware can read the value of the IRQ11 signal by performing a read of IRQ11B bit in HIIRQC register.
The core can also control the routing of interrupts generated by the PM channel to one of the following:

® IRQ signal, when IRQE bit in HIPM1IE register is set.

® SMI output, when SMIE bit in HIPM1IE register is set.

® SCI event, using the ECSCI output, when SCIE bit in HIPM1IE register is set.

The core firmware should not enable more than one of these interrupts simultaneously. It should also update STO and ST1
bits to indicate the type of host interrupt used.

IRQNPOL bit (HIRQC)

(Polarity)
v PMHIE bit (HICTRL)
(Hardware or Firmware) IRQ Routing
Hardware FI>CF’ 1 and Polarity
OBF Interrupt ° »l 0
IRQE bit (HIPM1IE) IRQ
(Part of Superl/O (ali
1 L Configuration Serializer
IRQ11B bit (HIIRQC) | » 0 ' ) Module)

»IRQ11B bit (HIIRQC)

(write)
IRQ11B bit (HIIRQC)4_<
(read) SMIE bit (HIPM1IE) ¢SM|POL bit (HIPM1IC)
o ) 1| SMI Sogrcegym
0 Gathering

SCIE bit (HIPM1IE) | sCIPOL bit (HIPM1CTL)
q SCI Source M
D Gathering » ECSCI

Figure 48. IRQ, ECSCI and SMI Control in PC87570 Compatible Mode (PM Channel 1 Only)

A4

Enhanced PM Mode

Enhanced PM mode is available for both PM channels. It is enabled when EME in HIPMnCTL register is set to 1. Figure 49
shows interrupt generation in this mode.

An IRQ, SMI or ECSCI interrupt may be generated under software control or by using hardware. Using hardware reduces
software overhead and simplifies procedures.
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5.0 Host-to-EC Interface Modules (Continued)

The mechanism that generates the IRQ is identical to that used in PC87570 Compatible mode. To enable identical control
of both channels, the bits that are used for channel 1 are separated from the keyboard/mouse channel’s registers; see
Figure 49 for bit usage.

IRQNPOL bit (HIIRQC)
¢ IRQ
Routing IRQ
r‘ >0 »{1 . and Serializer
OBF bit Hardware HIRQE bit (HIPMnIE) Polarity
(HIPMnST) Interrupt U » 0
. IRQE bit (HIPMnIE) | (Part of
Superl/O
1 73 .| Config
IRQB bit (HIPI(\cthe)) IRQB bit (HIPMnIC) 0 Module)

IRQB bit (HIPMnIC) ‘_Q
(read)

m HSMIE bit (HIPMnIE)
PLMM field (HIPMnIC) | g\ g bit (HIPMNIE) SMIPOL bt (HIPMINIC)

| ¥ BMnSMiI|  SMI | SMI
) ’ » Source | *P»

Gathering

HIPMnDOC (write) set OBF_SCI SMIB bit (HIP’}/rlglai)) 4_47

HSCIE bit (HIPMnIE)
PLMS field (HIPMnCTL)i SCIE bit

SCIIS bit (HPMnIC) (HIPMnIE)

write 1 PMVRECSR]
( ) set IBF_SCI D T PMnECSCL EC50]
[SCIB bit (HIPMnIC)| 0

HIPMnDIC (read)
L» PMnECSCI of

HIPMnDI (read) >|c|ear IBF bit (HIPMnST)| e

SCIB bit (HIPMnIC) (read)<<]

Figure 49. IRQ, ECSCI and SMI Control, Enhanced PM Mode

SCIPOL bit (HIPMnCTL)

IRQE in HIPMnIE register determines if an IRQ is sent from PM Channel n.

Enhanced PM mode supports direct generation of ECSCI and SMI on core writes to the Data output buffer; it supports gen-
eration of ECSCI on core reading of the Data Input buffer. The core decides whether to generate an interrupt and which type
of interrupt to generate by selecting the data register address in use.

When data is written to HIPMnDO register, the OBF flag in HIPMnST register is set and neither SMI nor ECSCl is generated.

When data is written to HIPMNDOM register, the OBF flag and the internal OBF_SMI flag are set and an SMI interrupt is
generated. The OBF_SMI flag is cleared when OBF flag is cleared. The SMl is generated as a pulse whose width is defined
by PLMM in HPIMnIC register.

The SMl interrupt is routed to the SMI pin only if both HSMIE and SMIE bits in HIPMnIE register are set. When SMIE is set
and HSMIE is cleared, SMIB in HIPMnIC register is used as the PMnSMI signal value. When SMIE is cleared, the PMnSMI
signal is inactive (high).

When data is written to HIPMnDOC register, the OBF flag and OBF_SCl internal flag are set and an ECSCI interrupt is gen-
erated. OBF_SClI is cleared when OBF is cleared. The ECSCI is generated as a pulse whose width is defined by PLMS in
HPIMnCTL register.

When data is read from HIPMnDIC register, the IBF flag is cleared, the IBF_SCI Internal flag is set and an ECSCI interrupt
is generated. The IBF_SCI flag is cleared when the IBF is set again. The ECSCI is generated as a pulse whose width is
defined by PLMS in HPIMnCTL register. Reading from HIPnDI register clears the IBF flag but does not generate an ECSCI
interrupt.
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5.0 Host-to-EC Interface Modules (Continued)

Note that IBF_SCI flag may also be set by writing a 1 to SCIIS bit in HIPMnIC register. This is done to start an ECSCI interrupt
on input buffer empty without having to read from the input buffer.

The ECSClI interrupt is routed to the ECSCI pin only if HSCIE and SCIE in HIPMnIE register are set. When SCIE is set and
HSCIE is cleared, the value of SCIB in HIPMnIC register is used as the PMnSCI signal value. When SCIE is cleared, PMn-
SCl is inactive (high).

Status Read

The status of the PM channel data buffers can be read by both the host and the core. Bits 2 and 4-7 can be written by the core.

The host processor should read the Status register I/O address (legacy 66h, for channel 1) to obtain the contents of the Status
register. The core software should read/write the HIPMnST register to access the same information. The format of the Status
register is identical for both the host and the core; see “Host Interface PM n Status Register (HIPMnST)” on page 206.

Host Data Write to Host PM Channel

The data buffer has two latches: one serves as an input buffer; the other serves as an output buffer. When writing to the
Command (legacy address 66h) or Data (legacy address 62h) registers, the following sequence occurs: data is written to
the Data In latch (DBBIN), IBF bit in the Status register is set and bit 3 (CMD) in the Status register indicates to the core
which of the two registers was written to. When writing to the data register address, CMD bit of the Status register is cleared
(0). When writing to the command register address, CMD bit in the Status register is set (1).

The core identifies that data is present in the input buffer by either polling IBF bit in the Status register or acknowledging an
interrupt when the input buffer interrupt is enabled (IBFCIE bit in HICTRL register is set to 1).

When the input buffer is full, check CMD bit in HIPMnST register to identify which registers were written to. The core can
then read the data from the input buffer (HIPMnDI or HIPMnDIC registers). The IBF status bit is cleared when the data input
buffer is read by the core.

Host Data Read from Host Interface Power Management Channel

The core writes to the Output Data latch (DBBOUT) when it needs to send data to the host. The OBF flag in the Status reg-
ister (HIPMnST) is set to indicate that data is available in DBBOUT. DBBOUT should be written to only when OBF in
HIPMnST register is cleared.

The WPC8763L supports polling and interrupt communication mechanisms with the host. IRQ, SMI or ECSCI interrupts may
be used. The core firmware writes data addressed to the PM drivers to the HIPMnDO register. When working in Enhanced
PM mode, writes to HIPMnDOC and HIPMnDOM may be used to automatically generate ECSCI and SMI, respectively. Re-
fer to “Host Interrupt Generation Modes” on page 203 for details of the interrupt generation mechanism.

The host processor identifies the presence of data in the output buffer by either polling the Status register or responding to
an IRQ, SMI or ECSCI event. When data is available, the host can read it from the data register (legacy address 62h for
channel 1). Reading the data register clears the OBF flag (HIPMnST). In addition, the hardware interrupt is enabled and the
IRQ signal is deasserted (low).

The core can read OBF in HIPMnST register to identify when the output buffer is empty and ready for a new data transfer.
When the output buffer is empty (OBF is set to 0), if the output buffer empty interrupt to the core is enabled (PMOCIE bit in
HICTRL register is 1 when EME bit in HIPMnCTL register is 0), the interrupt signal to the ICU is set high.

5.2.3 Host PM Registers
These registers are similar to the KBC Host Interface registers, in Section 5.1.3 on page 196.
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5.0 Host-to-EC Interface Modules (Continued)

5.2.4 Core PM Registers

These registers are reset by Core Domain reset. They are also set to their default values by Vpp Power-Up reset or Host
Hardware reset if the HIPRST_MODE bit in RSTCTL register is set to 1; see page 37. For a summary of the abbreviations
used for Register Type, see “Register Abbreviations and Access” on page 20.

Core PM Register Map

Location Mnemonic Register Name Size Type
FF F78Ch, FF F79Eh HiPMnST? Host Interface PM n Status Byte | Varies per bit
FF F78Eh, FF F7AOh 'HIPMnDO'! Host Interface PM n Data Out Buffer Byte WO
FF F790h, FF F7A2h |HiPMnDI? Host Interface PM n Data In Buffer Byte | RO
FF F792h, FF F7A4h |HiPMnDOC! Host Interface PM n Data Out Buffer with SCI Byte WO
FF F794h, FF F7A6h | HiPMnDOM! Host Interface PM n Data Out Buffer with SMI Byte WO
FF F796h, FF F7A8h |HIPMnDIC! Host Interface PM n Data In Buffer with SCI Byte RO
FF F798h, FF F7AAh HIPMnCTL? Host Interface PM n Control Byte R/W
FF F79Ah, FF F7ACh |HiPMnIC! Host Interface PM n Interrupt Control Byte R/W
FF F79Ch, FF F7AEh H|pMnIE! Host Interface PM n Interrupt Enable Byte R/W

1. Where n stands for PM Channel 1 or 2.

Host Interface PM n Status Register (HIPMnST)

HIPMnST contains the status of the host interface PM channel buffers (DBBIN and DBBOUT). It also provides a means for
the WPC8763L to send status bits to the host. It is read by a host processor read from address 66h. It is cleared to 00h on
reset.

Location: PM1 - FF F78Ch
PM2 - FF F79Eh
Type: Varies per bit

Bit 7 | 6 \ 5 \ 4 3 2 1 0

Name ST3-STO CMD FO IBF OBF

Reset 0 | 0 | 0 | 0 0 0 0 0
Bit Type Description

7-4 R/W |ST3-STO (Status). Four general-purpose flags that can be used for signaling between the host and
core. When used as an EC interface channel for ACPI, a predefined meaning is assigned to bits STO,
ST1 and ST2. The default meaning is BURST, ECSCI event and SMI event, respectively.

3 RO CMD (Command Register). Indicates whether the last host write to the PMn channel was to the data
register or the command register. Writing to this bit is ignored.

0: Last write was to the data register (pointed to by configuration register index 60h and 61h) (default).
1: Last write was to the command register (pointed to by configuration register index 62h and 63h).
2 R/W |FO (Flag 0). General-purpose flag that can be set or cleared by the core firmware.

RO |IBF (Input Buffer Full). Is set when the PM channel’s DBBIN register is written to by the host
processor (writing to either address 62h or address 66h). Cleared by a core read of the PM input
buffer (HIPMnDI or HIPMnDIC).

0 RO | OBF (Output Buffer Full). Is set when the PM channel’'s DBBOUT register is written to by the core
(writing to HIPMnDO, HIPMnDOM or HIPMnDOC register). Cleared by a host processor read of the
output buffer (62h). Writing to this bit is ignored.
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5.0 Host-to-EC Interface Modules (Continued)

Host Interface PM n Data Out Buffer (HIPMnDO)

HIPMnDO allows the core firmware to write to the PM port DBBOUT register while setting the PM port OBF bit in the Status
register. If enabled, an IRQ11 (and/or ECSCI and/or SMI, in PC87570 Compatible mode) interrupt is sent at that time. If the
core interrupt on PM port output buffer empty is enabled, writing to HIPMnDO deasserts it (low).
Location: PM1 - FF F78Eh

PM2 - FF F7A0h

Type: wO
Bit 7 6 5 4 3 2 1 0
Name PM Channel DBBOUT Data

Bit Description

7-0 PM Channel DBBOUT Data.

Host Interface PM n Data In Buffer (HIPMnDI)

HIPMnDI allows the core firmware to read the PM port DBBIN register while clearing the PM port IBF bit in the Status register.
If the core interrupt on IBF for the PM channel is enabled, reading from HIPMnDI deasserts it (low).

Location: PM1 - FF F790h
PM2 - FF F7A2h

Type: RO
Bit 7 6 5 4 3 2 1 0
Name PM Channel DBBIN Data

Bit Description

7-0 PM Channel DBBIN Data.

Host Interface PM n Data Out Buffer with SCI (HIPMnDOC)
HIPMnDOC has the same function as the HIPMnDO register. In addition, it generates an ECSCI interrupt when OBF is set
and hardware ECSCI generation is enabled.
Location: PM1 - FF F792h
PM2 - FF F7A4h

Type: woO
Bit 7 6 5 4 3 2 1 0
Name PM Channel DBBOUT Data

Bit Description

7-0 PM Channel DBBOUT Data.

Host Interface PM n Data Out Buffer with SMI (HIPMnDOM)
HIPMnDOM has the same function as the HIPMnDO register. In addition, it generates an SMI interrupt when OBF is set and
hardware SMI generation is enabled.
Location: PM1 - FF F794h
PM2 - FF F7A6h

Type: WO
Bit 7 6 5 4 3 2 1 0
Name PM Channel DBBOUT Data

Bit Description

7-0 PM Channel DBBOUT Data.
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5.0 Host-to-EC Interface Modules (Continued)

Host Interface PM n Data In Buffer with SCI (HIPMnDIC)

HIPMnDIC has the same function as the HIPMnDI register. In addition, it generates an ECSCI interrupt when IBF is cleared
and when hardware ECSCI generation is enabled.
Location: PM1 - FF F796h

PM2 - FF F7A8h

Type: RO
Bit 7 6 5 4 3 2 1 0
Name PM Channel DBBIN Data

Bit Description

7-0 PM Channel DBBIN Data.

Host Interface PM n Control Register (HIPMnCTL)
HIPMnCTL controls the operation mode and configuration of the PM channel. It includes the Enhanced mode enable bit and
control bits for Enhanced mode operation. It is set to 40h on reset.
Location: PM1 - FF F798h
PM2 - FF F7AAh

Type: R/W

Bit 7 6 5 4 | 3 2 1 0

Name EME SCIPOL PLMS Reserved OBEIE IBFIE

Reset see text 1 0 ‘ 0 ‘ 0 0 0 0
Bit Description

7 |EME (Enhanced Mode Enable).

0: PM channel is used in Legacy mode. HIPMnST status bits are controlled by direct writes to the bit; interrupts
are controlled by HICTRL and HIIRQC register bits (default for HIPM1CTL).

1: Enables enhanced control of the PM channel. The bits in HICTRL and HIIRQC registers are ignored in this case
(default for HIPM2CTL).

In HIPM2CTL (i.e., for PM channel 2), EME is a read-only bit that holds the value 1. Writes to this bit are ignored.

6  SCIPOL (SCI Negative Polarity).

0: ECSCI output inactive value is low and its active (asserted) value is high.

1: Inverted polarity is used. When SCIPOL is set, the ECSCI signal is the inverse of either what is stored in SCIB
or the output of the ECSCI pulse shaper (default).

This bit affects the ECSCI signal polarity in both PC87570 Legacy and Enhanced modes.

Note: For the correct operation of SCI Source Gathering (see Figure 49 on page 204), SCIPOL bit must be set

to 1 (i.e., to generate an active-low output.
5-3 | PLMS (Pulse Level Mode SCI). Sets the hardware-controlled ECSCI signal mode to be Level or Pulse and sets
the pulse width.

When PLMS = 000b, the ECSCI signal functions in Level mode. In this mode, the ECSCI pulse shaper output
value is low, and a high level is set to issue an interrupt (the respective OBF is set).

When PLMS = 0, the host interrupts are in Pulse mode. In this mode, the ECSCI pulse shaper output value is
low, and it toggles high to issue an interrupt (i.e., when the respective output buffer register is written).

Bits

5 4 3 Pulse Width

0 0 O: Level interrupt (default).

0 0 1: 1 core clock (CLK) cycle pulse.
0 1 0: 2 core clock (CLK) cycle pulse.
0 1 1: 4 core clock (CLK) cycle pulse.
1 0 0: 8 core clock (CLK) cycle pulse.
1 0 1: 16 core clock (CLK) cycle pulse.

Other: Reserved.
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5.0 Host-to-EC Interface Modules (Continued)

Bit

Description

Reserved.

OBEIE (Output Buffer Empty Interrupt Enable).

0: Interrupt to the core by OBF is disabled (default).

1: Enables an interrupt to the core when OBF bit in HIPMnST register is cleared to O (i.e., the output buffer is
empty).

IBFIE (Input Buffer Full Interrupt Enabler).
0: IBF interrupt to the core is disabled (default).
1: Enables an interrupt to the core when IBF bit in HIPMnST register is set to 1.

Host Interface PM n Interrupt Control Register (HIPMnIC)

HIPMnIC affects operation in Enhanced mode only (i.e., when EME bit in HIPMnCTL register is set). In PC87570 Legacy mode,
the bits in this registers are ignored. HIPMnIC controls the PM n interrupt signals mode of operation. It is set to 41h on reset.

Location: PM1 - FF F79Ah

PM2 - FF F7ACh

Type: R/W

Bit 7 6 5 a 3 2 1 0

Name SCIIs SMIPOL PLMM SCiB SMIB IRQB

Reset 0 1 o o 0 0 0 1
Bit Description

7 SCIIS (SCI on IBF Start). A write of 1 starts an ECSCI interrupt when IBF is cleared. A write of O is ignored.
When read, always returns 0.

6  SMIPOL (SMI Negative Polarity).

0: SMI output inactive value is low and its active (asserted) value is high.
1: Inverted polarity is used. When SMIPOL is set, the SMI signal is either the inverse of what is stored in SMIB or
the output of the SMI pulse shaper (default).
This bit affects the SMI signal polarity in both PC87570 Legacy and Enhanced mode.
Note: For the correct operation of SMI Source Gathering (see Figure 49 on page 204), SMIPOL bit must be set
to 1 (i.e., to generate an active-low output.
5-3 PLMM (Pulse Level Mode SMI). Sets the hardware-controlled SMI signal mode to Level or Pulse and sets the
pulse width.
When PLMM = 000b, the ECSCI signal functions in Level mode. In this mode, the SMI pulse shaper output
value is low, and a high level is set to issue an interrupt (i.e., the respective OBF is set).
When PLMM = 0, the host interrupts are in Pulse mode. In this mode, the SMI pulse shaper output value is low,
and it toggles high to issue an interrupt (i.e., when the respective output buffer register is written).
Bits
5 4 3 Pulse Width
0 0 O0: Level interrupt (default).
0 0 1: 1 core clock (CLK) cycle pulse.
0 1 0: 2 core clock (CLK) cycle pulse.
0 1 1: 4 core clock (CLK) cycle pulse.
1 0 0: 8 core clock (CLK) cycle pulse.
1 0 1: 16 core clock (CLK) cycle pulse.
Other: Reserved.

2  SCIB (Host SCI Request Control Bit). When the ECSCI signal is configured for direct control by the firmware
(HSCIE in HIPMnIE register is 0), SCIB bit is output to the PMnSCI signal (if SCIPOL=0, SCIB is output; if
SCIPOL=1, SCIB is inverted before output). When read, SCIB bit returns the current value of the ECSCI pin.
The ECSCI signal value can be read regardless of the state of HSCIE bit in HIPMnIE register.
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Bit
1

Description

SMIB (Host SMI Request Control Bit). When the SMI signal is configured for direct control by the firmware
(HSMIE in HIPMnIE register is 0), SMIB bit is output to the PMnSMI signal (if SMIPOL=0, SMIB is output; if

SMIPOL=1, SMIB is inverted before output). When read, SMIB bit returns the current value of the SMI pin. The
SMI signal’s value can be read regardless of the state of HSMIE in HIPMnIE register.

IRQB (Host Interrupt Request Control Bit). When the IRQ signal is configured for direct control by the
firmware (HIRQE in HIPMnIE register is 0), IRQB bit is output to the PMnIRQ signal. When read, IRQB bit
returns the current value of the PMnIRQ signal. IRQn signal’s value can be read regardless of the state of
HIRQE in HIPMnIE register.

Host Interface PM n Interrupt Enable Register (HIPMnIE)

HIPMnIE controls the PM n interrupt signals that enable SMI, ECSCI and IRQ interrupts. It is cleared on reset.
Location: PM1 - FF F79Ch

PM2 - FF F7AEh

Type: R/W
Bit 7 6 5 4 3 2 1 0
Name Reserved HSTA HSMIE HSCIE HIRQE SMIE SCIE IRQE
Reset 0 0 0 0 0 0 0 0
Bit Description
Reserved.
HSTA (Host Stall Access). Enables stalling of the host if the host attempts to access a buffer that does not
contain valid data. This mode eliminates the need to have the buffer status bits read by the host before
reading/writing data to the PM Channel.
0: Host transaction is completed even if the buffer is not ready. Data loss may occur in this case (default).
1: Host read transaction from an empty output buffer or write transaction to a full input buffer is extended until the
buffer is ready (i.e., input buffer is empty or output buffer holds valid data).
5 HSMIE (Hardware SMI Enable). Works only in Enhanced PM mode.
0: SMIB bit in HIPMnIC register controls the value of the SMI (default).
1: Enables the generation of SMI events by hardware control based on the status of the OBF flag.
4 HSCIE (Hardware SCI Enable). Works only in Enhanced PM mode.
0: SCIB bit in HIPMnIC register controls the value of the ECSCI (default).
1: Enables the generation of ECSCI events by hardware control based on the status of the OBF and IBF flags.
3 HIRQE (Hardware IRQ Enable). Works only in Enhanced PM mode.
0: IRQB bit of HIPMnIC register controls the value of the IRQ (default).
1: Enables the generation of IRQ events by hardware control based on the status of the OBF flag.
2 SMIE (SMI Enable).
0: PMnSMI signal is set to its default value (high) and no interrupts are issued (default).
1: Enables the generation of SMI events by the PM Channels module.
1 SCIE (SCI Enable).
0: PMnSCI signal is set to its default value (high) and no interrupts are issued (default).
1: Enables PM generation of ECSCI events by the PM Channels module.
0 IRQE (IRQ Enable).
0: PMnIRQ signal is set to its default value (low) and no interrupts are issued (default).
1: Enables PM generation of IRQ events by the PM Channels module.
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5.0 Host-to-EC Controller Interface Modules (Continued)

5.3 CORE ACCESS TO HOST MODULES

The WPCB8763L enables the core to access the host module registers (i.e., Host Configuration, Keyboard/Mouse interface,
Power Management Channels 1 and 2, GPIO and MSWC).

Host Module Register Arbitration. Since the host processor software and the WPC8763L firmware cannot access a host
module simultaneously, they must communicate to prevent conflicts in host module register usage.

Access to the host modules is controlled via a lock bit for each module in LKSIOHA register. When the relevant lock bit is
cleared, access to the host modules registers by the host processor is enabled. When the relevant lock bit is set, access to
the host module registers by the host processor is blocked. The WPC8763L returns a Long Wait SYNC code until the re-
quired module is released by the core. Any attempt by the host to access the locked register is flagged by setting the respec-
tive bit in SIOLV register.

Arbitration. The host and core should access the host modules only after preventing host access to the module (using lock
bits, as explained in the previous paragraph). The module arbitrates access between the host and core. If a core transaction
starts after an LPC transaction (to a different, unlocked module) has started, the core transaction waits for the completion of
the LPC transaction. If a core transaction starts before an LPC transaction, the LPC transaction is stalled by Long Wait SYNC
response until the core transaction ends.

The following sequence minimizes conflicts between the host and core when both use the host modules.
1. After arbitrating the use of the specific host modules with the host, set the corresponding lock bit; see LKSIOHA register.

2. Read and save all host module registers required for proper operation of the host. Beware of destructive reads (i.e., when
status bits are cleared when registers are read).

3. After the host module access is complete, restore the host module registers saved in step 2.

4. Clear the corresponding lock bit to allow the host to access the host module.

The core can access the Vc-powered registers in the host modules (including the Host configuration registers), regardless
of their Activation bit in index 30h or of the state of Vpp power supply.

Core Read Access. To perform a core read access from a host module register:

1. Set CSAE bit in SIBCTRL register, if not already set.

2. Verify that both CSRD and CSWR bits in SIBCTRL register are cleared.

3. Select the module to be accessed by setting its respective bitin CRSMAE register, if not already set. All other bits in the
register must be cleared.

In IHIOA register, specify the offset of the register from the module base address, if not already specified.
Write 1 to CSRD bit in SIBCTRL register.

Read CSRD bit in SIBCTRL until it returns 0.

Read the data from IHD register.

N o o &

Core Write Access. To perform a core write access to a host module register:
1. Set CSAE bit in SIBCTRL register, if not already set.
2. Verify that both CSRD and CSWR bits in SIBCTRL register are cleared.

3. Select the module to be accessed by setting its respective bit in CRSMAE register, if not already set. All other bits in the
register must be cleared.

4. In IHIOA register, specify the offset of the register from the module base address, if not already specified.

5. Write the data to IHD register; this starts the write access to the device.

6. Read CSWR bitin SIBCTRL until it returns 0; this indicates the completion of the write transaction.

Interrupts. The IRQ lines of all the host modules are routed to the core (via the MSWC, MIWU and ICU modules) as a single

“Module IRQ”; see “Module IRQ Event” on page 233. Each module interrupt may be masked by the core. The interrupt re-
quest is cleared by either the host or the core clearing the pending interrupts in the host modules.
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5.0 Host-to-EC Controller Interface Modules (Continued)

5.3.1 Core Access to Host Module Registers

The following set of registers is accessible only by the core. The registers are powered by V¢ and are set to their default
values by Core Domain reset.

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 20.

Core Access to Host Modules Register Map

Location Mnemonic Register Name Size Type
FF F740h IHIOA Indirect Host 1/0O Address Word R/W
FF F742h IHD Indirect Host Data Byte R/W
FF F744h LKSIOHA Lock Host Access Word R/W
FF F746h SIOoLV Access Lock Violation Word R/W1C
FF F748h .CRSMAE Core to Host Modules Access Enable Word R/W
FF F74Ah .SIBCTRL Module Control Byte | Varies per bit

Indirect Host I/O Address Register (IHIOA)

IHIOA defines the host I/O offset address for read/write transactions from/to the host modules. The 1/O address is an offset
from the runtime base address of the host module. The accessed host module is selected using the CRSMAE register; see
page 214.

Location: FF F740h

Type: R/W

Bit _15\14\13\12 11 10\9\8 7 6 5 4 3 2 1.0
Name Reserved Indirect Host 1/0 Offset

Reset o 0o o 0o 0 0 0 0 o o 0o 0 0 o0 0o o0
Bit Description

15-8 Reserved.
7-0

Indirect Host I/0 Offset. Only offsets within the runtime address range of the host module are allowed. Other
offsets may have unpredictable results.

Indirect Host Data Register (IHD)
IHD holds host data for read/write transactions from/to the host modules.
Location: FF F742h

Type: R/W
Bit 7 e 5 4 3 2 10
Name Indirect Host Data
Reset o o o o o o o 0
Bit Description
7-0 .Indirect Host Data. Before writing data to IHD register, CSAE bit in SIBCTRL register must be set to 1;
otherwise, the write transaction will have unpredictable results.
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Lock Host Access Register (LKSIOHA)
LKSIOHA locks host access to the host modules. All bits are cleared on reset.
Location: FF F744h
Type: R/W
Bit 5 14 13 121 10 9 8
Name Reserved LKSMEM | Reserved | LKMSWC
Reset o o o o 0 0 0 0
Bit 7 6 5 a 3 2 1 0
Name LKHGPHA Reserved LKCFG
Reset 0 o o o o o 0 0
Bit Description
15-11 Reserved.
10 LKSMEM (Lock Shared Memory Host Access).
0: Host access to the Shared Memory registers is enabled (default).
1: Host access to the Shared Memory registers is blocked.
9 |Reserved.
8 LKMSWC (Lock Mobile System Wake-Up Control Host Access).
0: Host access to the MSWC registers is enabled (default).
1: Host access to the MSWC registers is blocked.
7 |LKHGPHA (Lock Host GPIO Host Access).
0: Host access to the Host GPIO registers is enabled (default).
1: Host access to the Host GPIO registers is blocked.
6-1 Reserved.
0 |LKCFG (Lock Configuration Registers Host Access).
0: Host access to the configuration registers is enabled (default).
1: Host access to the configuration registers is blocked.
Access Lock Violation Register (SIOLV)
SIOLV provides an error indication when a host lock violation occurs on access to host modules.
Location: FF F746h
Type: R/W1C
Bit 5 14 13 121 10 9 8
Name Reserved SMEMLV = Reserved MSWCLV
Reset o o o | o o0 0 0 0
Bit 7 6 5 4 3 2 1 0
Name HGPIOLV Reserved CFGLV
Reset 0 o o o o o 0 0
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Bit Description
15-11 Reserved.

10 SMEMLV (Shared Memory Lock Violation). Is set to1 when the host attempts to access the Shared Memory
registers while LKSMEM bit in LKSIOHA register is set.

9 | Reserved.

8 MSWCLV (Mobile System Wake-Up Control Lock Violation). Is set to1 when the host attempts to access the
MSWOC registers while LKMSWC bit in LKSIOHA register is set.

7  HGPIOLV (Host GPIO Lock Violation). Is set to1 when the host attempts to access the Host GPIO registers
while LKHGPHA bit in LKSIOHA register is set.

6-1 Reserved.

0 CFGLV (Configuration Register Lock Violation). Is set to1 when the host attempts to access the
configuration registers while LKCFG bit in LKSIOHA register is set.

Core to Host Modules Access Enable Register (CRSMAE)
CRSMAE enables core access to the host modules. At any time, only one of the bits in this register may be set to 1.
Location: FF F748h

Type: R/W
Bit 5 14 13 12 M 10 9 8
Name Reserved SMEMAE Reserved = MSWCAE
Reset o o o o 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Name HGPIOAE Reserved CFGAE
Reset 0 o o o o o 0 0
Bit Description
15-11 Reserved.
10 SMEMAE (Shared Memory Core Access Enable).
0: Core access to the Shared Memory registers is disabled (default).
1: Core access to the Shared Memory registers is enabled.
9 | Reserved.
8 MSWCAE (Mobile System Wake-Up Control Access Enable).
0: Core access to the MSWC registers is disabled (default).
1: Core access to the MSWC registers is enabled.
7 HGPIOAE (Host GPIO Access Enable).
0: Core access to the Host GPIO registers is disabled (default).
1:  Core access to the Host GPIO registers is enabled.
6-1 |Reserved.
0 CFGAE (Configuration Registers Core Access Enable). Enables access to the PnP Configuration index/data
registers, with AO of the offset used to differentiate between them as follows:
— When A0 = 0 (e.g., offset = 00h), the index register is accessed.
— When A0 = 1 (e.g., offset = 01h), the data register is accessed.
0: Core access to the configuration registers is disabled (default).
1: Core access to the configuration registers is enabled.
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Module Control Register (SIBCTRL)

SIBCTRL allows the core to control the module operation.
Location: FF F74Ah

Type: Varies per bit
Bit 7 6 5 4 3 2 1 0
Name Reserved CSWR CSRD CSAE
Reset o o o o 0 0 0 0
Bit Type Description
7-3 Reserved.

2 RO CSWR (Core Write to Host Modules). Is set to 1 by a write to IHD register. It returns to 0, when the
write to the host module is completed.

The contents of IHIOA and IHD registers must not be modified while CSWR is 1.

1 R/W1S |CSRD (Core Read from Host Modules). Writing 1 starts a read from the host module; the read is
based on the offset and on the enabled module, specified in CRSMAE register. CSAE bit must be set
to 1 before or together with writing 1 to CSRD; otherwise, the read transaction will have unpredictable
results. A write of 0 is ignored. This bit returns to 0 when the read access is completed, indicating that
the data is ready in IHD register.

The contents of IHIOA and IHD registers must not be modified while CSRD is 1.
0 R/W |CSAE (Core to Host Modules Access Enable).
0: Core access to the host modules is disabled (default).
1: Core access to the host module is enabled. The module to be accessed is selected by the CRSMAE
register.
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5.4 SHARED MEMORY (SHM)

5.4.1 Overview

The SHM module allows sharing of the flash memory and on-chip RAM by both the core and the host. It maps the host mem-
ory address using several modes to support the following features:

® BIOS code storage
® Core/host communication via mailbox
® Core/host bulk data transfer

The SHM further supports a protection mechanism used to secure any data or code stored in the flash or on-chip RAM de-
vices from unauthorized access. Host access protection is configured per 64 Kbyte flash blocks. Each block can be protected
by both host and core.

For efficient host read accesses, a configurable prefetch of 16 bytes from flash memory is implemented. The host/core mail-
box has a configurable size and base address.

SHM registers are divided into the following groups: core-controlled and host-controlled. The host registers control various
parameters that are required for the host to access the different address ranges. Note that some of the host configuration
registers are in Section 6.1.13 on page 263. The core registers configure the memory allocation and include status, protec-
tion and semaphore registers.

r——— - - - - - - - - - — — — — — al
Host LPC | LPC | g—p Shared Flash T
Interface <:> Interface th%ﬂg(% Interface ‘ ’l Flash |
| | Lt———=4
| |
| wpcs7esL |
| Core |
| RAM Processor |
L — — — — — - s Sas> J

Figure 50. Shared Memory System Diagram

5.4.2 LPC Bus Transactions

The SHM module supports the following host transactions on the LPC bus:

® 8-bit I/O read/write - for the SHM host accessible registers

® 8-bit LPC memory (LPC) read/write - for the flash memory, RAM and semaphore registers

® 8-bit Firmware Memory (FWH) read/write - for the flash memory, RAM and semaphore registers

Up to two values of Firmware Memory transactions (FWH) ID are supported. They are configured via the BIOS_FWH_ID
field (for the 386 Mode) and by the SHW_FWH_ID field, respectively. For all the other memory ranges, see SHM_CFG reg-

ister on page 264.

5.4.3 Address Range Detection and Operation

The SHM supports the host address ranges shown in Table 25. Each range is enabled via a configuration bit; if range settings
overlap, the ranges will be interpreted according to the “priority” defined in the table. The SHM returns a SYNC code only on
an LPC transaction to a range that is supported and enabled by the SHM. An exception to this is when the LPC transaction is
to a protected memory range. In this case, the LPC response is according to HERES field in SMC_CTL register.

Note that the allocated flash size ranges from 128 Kbytes to 4 Mbytes. The actual size is defined by FL_SIZE_P1 field in
FLASH_SIZE register and is copied by the Booter from the flash after reset.
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Table 25. Supported Host Address Ranges

Prio-

SHBM?

Range Description Host Address Range Allocati Type Enable
ity ng ipti s s g ion Typ Strap
FFCO 0000h - FFFF FFFFh FL SIZE p1 LPC 0 BIOS_LPC_EN = 1
386 Mode BIOS 3
(ID3)FCO 0000h - (ID)FFF FFFFh FW )
1 D e FLsize P1 TY o BIOS_FWH_EN = 1
Legacy BIOS 00OF 0000h - 000F FFFFh 64 Kbyte LPC 0 BIOS_LPC_EN = 1
Extended Legacy BIOS 000E 0000h - 000E FFFFh 64 Kbyte 0 |(R0S.AY ! and

LPC, BIOS_EXT_EN = 1

FLASH_ACC_EN = 1 and
SHAW1BA_3-2 # 0 and
SHWIN_ACC =0

Base = SHAW1BA_3-2

5
Shared Flash Access Size = FWIN1_SIZE FWINT_SIZE LPC ' X

Window?* o b |
FWIN1_SIZE X ove an

: 3 _
Above with ID° = SHW_FWH_ID H SHWIN_ACC =1

FLASH_ACC_EN = 0 and
SHAW1BA_3-0 # 0 and
WIN_BASE1 # FFFFh

Base = SHAW1BA_3-0

Shared RAM Access Size = RWINT_SIZE RWIN1_SIZEIERC X

~ Window 1% _ and SHWIN_ACC = 0
FW Above and
. 3 _
Above with ID® = SHW_FWH_ID RWIN1_SIZE " X SHWIN_ACC = 1

SHAW2BA_3-0 # 0 and
Shored FAM A gfzzez—évvmvgzgé—;o RWIN2_SIZE LPC X  WIN_BASE2 # FFFFh
B are ccess — and SHWIN_ACC =0

Window 2 FW Ab d
ove an
RWIN2_SIZE H X SHWIN_ACC = 1

Above with ID® = SHW_FWH_ID

1. Priority 1 is highest; priority 2 is lowest. The Shared RAM Access windows 1 and 2 are not prioritized.

2. SHBM strap only sets the default value of BIOS_LPC_EN and BIOS_FWH_EN bits.

3. The address in the Firmware Memory space is 28 bits; the upper nibble is replaced by the ID value.

4. Shared Flash Access Window and Shared RAM Access Window 1 cannot be activated at the same time.
5. The SHBM strap setting is irrelevant.

386 Mode BIOS. This range is allocated at the top of the host memory according to the size set by FL_SIZE_P1 field. SHM
responds to this range if the SHBM strap pin is sampled 0. The 386 Mode BIOS range can be accessed either by LPC or FWH
transactions. Following a Host Domain Hardware reset, the first LPC transaction to the SHM automatically sets the type of
transaction (LPC memory or FWH) used in the system. The automatic detection mechanism also sets the BIOS_LPC_EN and
BIOS_FWH_EN bits accordingly. In FWH transactions, the required FWH ID is configured via BIOS_FWH_ID field in
FWH_ID_LPC register.

When FWH transactions are enabled, the ID field of the transaction is compared with the value of BIOS_FWH_ID field in the
core-controlled FWH_ID_LPC register.

Legacy BIOS. This range is allocated the 000F 0000h - 000F FFFFh address range (64 Kbytes) of host memory. To use this
BIOS range, the SHBM strap pin must be sampled 0. This range responds only to LPC memory transactions.

Extended Legacy BIOS. This range is allocated the 000E 0000h - 000E FFFFh address range (64 Kbytes) of host memory.
To use this BIOS range, the SHBM strap pin must be sampled 0 and BIOS_EXT_EN bit in SHM_CFG register must be setto 1.

Shared Flash Access Window 1. The parameters of this window are defined by the SHAW1BA_3 and SHAW1BA_2 regis-
ters (see Section 6.1.13 on page 263), which define the host base address. The host window size is defined by FWIN1_SIZE
field of WIN_CFG register.

The SHM responds to LPC memory transactions within this range if FLASH_ACC_EN bit is setto 1 (i.e., RAM Access Window
1 range is disabled), the value of SHAW1BA_3-2 registers is = 0 and SHWIN_ACC bit in WIN_CFG register is set to 0. If FWH
transactions are used, SHWIN_ACC bit must be set to 1 and the required FWH ID must be configured via SHW_FWH_ID field
in SHM_CFG register.

Shared RAM Access Window 1. The parameters of this window are defined by SHAW1BA_3 - SHAW1BA_0 registers,
which define the host base address. The host window size is defined by RWIN1_SIZE field in WIN_SIZE register.

SHM responds to LPC memory transactions within this range if FLASH_ACC_EN bit is set to O (i.e., Flash Access Window
range is disabled), the value of SHAW1BA_3-0 registers is # 0, the value of WIN_BASE1 register is # FFFFh and
SHWIN_ACC bit in WIN_CFG register is set to 0. When FWH transaction are used to access this range, SHWIN_ACC bit must
be set to 1 and the required FWH ID must be configured via SHW_FWH_ID field in SHM_CFG register.
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5.0 Host-to-EC Controller Interface Modules (Continued)

Shared RAM Access Window 2. The parameters of this window are defined by SHAW2BA_3 - SHAW2BA_0 registers,
which define the host base address. The host window size is defined by RWIN2_SIZE field of WIN_SIZE register.

The SHM responds to LPC memory transactions within this range if the value of SHAW2BA_3-0 registers is # 0, the value of
WIN_BASEZ2 register is # FFFFh and SHWIN_ACC bit in WIN_CFG register is set to 0. If FWH transactions are used to ac-
cess this range, SHWIN_ACC bit must be set to 1 and the required FWH ID must be configured via SHW_FWH_ID field in
SHM_CFG register.

Note: Since transactions to Shared RAM Access windows 1 and 2 are not prioritized, their mapping in host address
space must not be overlapping.

5.4.4 Host to Core Address Mapping

Note that the base address and memory allocation of the flash memory and RAM in the core address space can be found
in the Section 1.4.1 on page 19.

386 Mode BIOS Range. Host addresses starting at FFFF FFFFh, ranging down within the flash size defined by
FL_SIZE_P1, are mapped to core address space as shown in Figure 51. Address FFFF FFFFh in the host address space
is mapped to the top of the flash memory.

Host Core
FFEF FFFFh - FE FEFFh
Flash RN
4 MB| Sjze T~o_ [TTT 0O
\ AR Tl 4 Flash |4 MB
T~ Size
Flash Base v h 4
Address
0000 0000h 00 0000h

Figure 51. Mapping of 386 BIOS Mode into Flash Memory

Legacy BIOS. In this range, the SHM maps the host address into the top 64 Kbytes of the flash, as shown in Figure 52.

Extended Legacy BIOS. In this range, the SHM maps the host address into the core address space as shown in Figure 52.
The host address 000E FFFFh is mapped to 64 Kbytes below the top of the flash memory.

FFFF FFFFh St s

000F FFFFh .

000F 0000h lﬁggc:y‘ D _ i

000E 0000h Extengeq =~ - - Legacy 464 KB

STl Extendedqy 64 KB | Flash
3 — Size

Flash Base
Address

0000.0000h 00 0000h

Figure 52. Mapping of BIOS and Extended Legacy BIOS Ranges into Flash Memory

Shared Flash Access Window 1. In this range, the host base address defined by SHAW1BA_2 and SHAW1BA_3 registers
is mapped to the flash base address, as shown in Figure 53. The allocated access window size is defined by FWIN1_SIZE field.
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Host Core
FFFF FFFFh FF FFFFh
Allocated - e Tl
indow IS
| Fash - .
v v Flash
Access Window 1 el v Size
Base Address Flash Base
Address
0000 0000h 00 0000h

Figure 53. Address Mapping of Shared Flash Access Window 1 Range

Shared RAM Access Window 1. In this range, the SHM translates the address from the host address space to the core ad-
dress space, as shown in Figure 54. The host base address defined by SHAW1BA_3-0 registers is mapped to the RAM base
address defined by WIN_BASE1 register, the window size is defined by RWIN1_SIZE field in WIN_SIZE register.

Shared RAM Access Window 2. In this range, the SHM translates the address from the host address space to the core ad-
dress space, as shown in Figure 54. The host base address defined by SHAW2BA_3-0 registers is mapped to the RAM base
address defined by WIN_BASEZ2 register; the window size is defined by RWIN2_SIZE field in WIN_SIZE register.

Host Core
FFFF FFFFh FF FFFFh

RAM Core Base
Address Window 1

—
RAM Win 2 ¢ S~ -
Size T~L -7 RAM
RAM Host Base S~ PRaES 57 Size
Address Window 2 . < e ~
RAM Win 1 .- v
Size = RAM Base
RAM Host Base Address
Address Window 1
0000 0000h 00 0000h

Figure 54. Address Mapping of Shared RAM Access Windows 1 and 2 Ranges

5.4.5 Access Protection
The SHM provides protection mechanisms for both flash memory and on-chip RAM against inadvertent access by the host.

Shared Flash Memory Access Protection

To protect specified flash memory areas from being read and/or written by the host, the SHM provides a dual-control mecha-
nism as follows:
® Flash write protection is controlled by both host and core. There are separate bits that can be set independently by
the host and the core. When either the host or core protection bit is set, the respective memory block becomes write
protected. The core-controlled protection bits act as an override to the host-controlled protection bits.
— Host-controlled write protection bits. These read/write bits can be locked independently. Once set, the lock bits can
be cleared only by Vpp Power-Up reset or Host Hardware reset.

— Core-controlled (override) write protection bits. These bits are write-once (i.e., when a bit is set to protect a memory
block, it can be cleared only by Core Domain reset).

® Flash read protection uses a similar mechanism to the write protection described above.
Host-Controlled Read/Write Protection. The 4 Mbyte area allocated to the flash memory is divided into 64 memory blocks,

of 64 Kbytes each. Each block is protected by separate read and write protection bits. In addition, lock bit is implemented to
prevent unauthorized write to the protection bits.

The protection bits are accessed using an indexed mechanism, via registers SMHAPO-3. Each register controls the protection
for a 1 Mbyte memory segment (16 memory blocks).
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5.0 Host-to-EC Controller Interface Modules (Continued)

To modify the protection and lock bits:

Read and save the Index field.

Write the new Index field with Index Write bit set to 1.

Read and modify the Read/Write Protection and Lock bits.

Write both the new Index field and the modified Read/Write Protection and Lock bits with Index Write bit set to 0.
Restore the saved Index field with Index Write bit set to 1.

o~ wnh =

Core-Controlled (Override) Write Protection. The write protection bits are accessed via registers SMCOWPO-3. Each reg-
ister controls the protection for 1 Mbyte memory segment (16 memory blocks). It is not necessary to perform read-modify-write
to set write protection bits. Bits are write-once (i.e., a set bit can be altered only by reset).

Core-Controlled (Override) Read Protection. The read protection bits are accessed via registers SMCORPO-3. The regis-
ters’ functionality is similar to the core-con