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Preface

Content of the Block Guide isintended for re-use as reference material in customer documentation. This
Block Guide must contain sufficient detail for an end customer to understand and use the block within a
final System-on-a-Chip design.

Terminology

IPBUS: Semiconductor Reuse Standard Intellectual Proprietary Standard Bus (see SRSV 3.0 I P Interface)
CF: Compact Flash

CFHC: Compact Flash Host Controller

INTF: Interface

CTRL: Controller

INT: Interrupt

GEN: Generator

FIFO: First In First Out Shift Register

QUEUE: A BUSInterfacefor Block Data Transfer between peripheral modul eswithout intervention from
CPU, some similar to DMA.

Conditional Text

No conditional text.

Freescale Semiconductor 9
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Section 1 Introduction

The block diagram of the CFHC module is shown in Figure 1-1
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Figure 1-1 CFHC Block Diagram

1.1 Overview

This Compact Flash Host Controller module processes the data transfer between 1PBI/Integrated Queue
and CF/CF+ card.

1.2 Features

The CFHC modul e includes these distinctive features:

» Support PC Card Memory mode and PC Card 1O mode (no ATA mode)
» Has QUEUE interface to support fast direct data transfer with other peripherals

Freescale Semiconductor 11
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1.3

Has one 16 bits x 4 FIFO.

Block data operation with block size up to 512 bytes.

Software controlled power up/down sequence.

Interrupts of Card detect/remove, card ready and IREQ.

Card access timing/pins compatible with CF Spec v1.4.

Up to 1K words (2K bytes) card address access.

Two data paths (QUEUE and IP BUS) controllable by software.

Modes of Operation

The CFHC functions the same in normal, special, freeze, and emulation modes. It has three low power
modes: disable mode in run mode, wait and stop modes.

12

System Run Mode
Thisisthe basic mode of operation

In run mode with the CFHC system enable (CFE) bit in the CFHC control register cleared, the
CFHC systemisin alow-power, disabled state. CFHC registers can still be accessed (not all can be
written, please see 3.3 Register Descriptions for detail information of each register), but clocks
to the core of this module are disabled.

System Wait Mode
CFHC operation in wait mode depends upon the state of the CFSWAI bit in CFHC control register
— If CFSWAI iscleared, the CFHC operates normally when the CPU isin system wait mode.

— If CFSWAI is set, CFHC clock generation ceases and the CFHC module enters a power
conservation state when the CPU isin wait mode. If CFSWALI isset, any card accessin progress
stops at wait mode entry. The transmission and reception resumes when the CFHC exits system
wait mode.

System Stop Mode

The CFHC isinactive in system stop mode for reduced power consumption. The STOP instruction
does not affect CFHC register states.

Freescale Semiconductor
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Section 2 External Signal Description

2.1 Overview

The CFHC has the following external signals, please See Table 2-1.

Table 2-1 Signal Properties

Compact Flash
Name Interface Function Reset State Pull up
Names
—_— Active Low input
BSY/IREQ %BSY Card busy signal (PC Card Memory Mode), | — Passive
or Interrupt Request (PC Card I/O Mode)
CA[10:0] A[10:0] Card Address bus output 11’h000 —
CDI,CD2 |-CD1,-cDz | Active Low input — Passive

Card detect signals
CDATA[15:0] |D[15:0] Bi-directional CF/CF+ card Data bus — —

—_— Active Low output ,
Bl CE2 “CEl, -CE2 Card enable and byte select signals b1l -
CRESET RESET Active High output 1'b1 —

Card reset signal
cvee vee Active high input _ Passive

Socket powered up indication signal

Active Low input
INPACK -INPACK Input Acknowledge signal (PC Card 1/0O|— Passive

Mode)

Active Low input .
10IS16 -I01S16 16 bit indication signal (PC Card I/O Mode) | Passive
—_— Active Low output ,

IORD -IORD I/O Read strobe signal (PC Card 1/0 Mode) bl -
_ Active Low output ,
IOWR -IOWR /O Write strobe pulse (PC Card /O Mode) |+ P2 -
— Active Low output ,
OF -OE Output Enable strobe signal bl -

Active High output ,

PWOFFSV 5V Card power supply switch off signal bl o

Active High output ,

PWOFF3V 3.3V Card power supply switch off signal bl

Active Low output.

REG -REG Attribute memory select signal (PC Card|1'bl —

Memory Mode)

_—_ Active Low input ;
SPKR “SPKR Binary Audio signal (PC Card 1/0 Mode) o Passive

Active Low input
STSCHG -STSCHG Card status change signal (PC Card 1/O|— Passive

Mode)

Freescale Semiconductor
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Table 2-1 Signal Properties

Compact Flash
Name Interface Function Reset State Pull up
Names

VeI, VS2  |-vs1,-vs2 |Actvelowinput — Passive
Voltage sense signals

WAIT “WAIT Active Low Input — Passive
Card wait signal

e Active Low output
WE "WE Card write enable signal

I'bl —

2.2 Detailed Signal Descriptions

2.2.1 BSY/IREQ

Active Low input.

In PC Card Memory Mode this signal is set high when the CompactFlash Storage Card or CF+ Card is
ready to accept a new data transfer operation and held low when the card is busy. The Host memory card
socket must provide a pull-up registor .

At power up and at Reset, the BSY/IREQ signal is held low (busy) until the CompactFlash Storage Card
or CF+ Card has completed its power up or reset function. No access of any type should be made to the
CompactFlash Storage Card or CF+ Card during this time. The BSY/IREQ signal is held high (disabled
from being busy) whenever the following condition is true: The CompactFlash Storage Card or CF+ Card
has been powered up with CRESET continuously disconnected or asserted.

In PC Card 1/0 Mode, after the CompactFlash Storage Card or CF+ Card has been configured for 1/0
operation, this signal is used as Interrupt Request.This line is strobed low to generate a pulse mode
interrupt or held low for alevel mode interrupt. The pulse width must be wider than two QUEUE clock
cycles.

2.2.2 CA[10:0]

Address bus output to CF/CF+ card.

In both PC Card Memory Mode and PC Card 1/0 Mode, these address lines along with the -REG signal
are used to select the following: The I/O port address registers within the CompactFlash Storage Card or
CF+ Card, the memory mapped port address registers within the CompactFlash Storage Card or CF+ Card,
abytein the card s information structure and its configuration control and status registers.

In PC Card 1/0 Mode, this signal is the same as the PC Card Memory Mode signal.
The reset status are 11’ h000.

14 Freescale Semiconductor
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2.2.3 CD1, CD2

Active Low input.

In both PC Card Memory Mode and PC Card I/O Mode, these Card Detect pins are connected to ground
on the CompactFlash Storage Card or CF+ Card.They are used by the host to determine that the
CompactFlash Storage Card or CF+ Card isfully inserted into its socket.

2.2.4 CDATA[15:0]

Bi-directional CF/CF+ card Data bus.

In both PC Card Memory Mode and PC Card I/0 Mode, these lines carry the Data, Commands and Status
information between the host and the controller. CDATA[Q] is the LSB of the Even Byte of the Word.
CDATA[8] isthe LSB of the Odd Byte of the Word.

2.25 CE1,CE2

Active Low output.

In both PC Card Memory Mode and PC Card 1/0 Mode, these two output signals are used both to select
the card and to indicate to the card whether a byte or a word operation is being performed. CE2 always
accesses the odd byte of the word. CE1 accesses the even byte or the odd byte of the word depending on
CA[Q] and CE2. A multiplexing scheme based on CA[0Q], CE1, CE2 allows 8 hit hosts to access all data
on CDATA[T7:0].

The reset statusis 2'b11.
2.2.6 CRESET

Active High output.

In both PC Card Memory Mode and PC Card 1/0 Mode, when the pin is high, this signal resets the
CompactFlash Storage Card or CF+ Card The CompactFlash Storage Card or CF+ Card is reset only at
power up if this pinisleft high or open from power-up.

The reset statusis 1’ bl.

2.2.7 CVCC

Active high input.
When high, indicate the CF/CF+ card socket has been powered up.

2.2.8 INPACK

Active Low input.

In PC Card Memory Mode, thissignal is asserted high.

Freescale Semiconductor 15
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In PC Card I/O Mode, the Input Acknowledge signal isasserted by the CompactFlash Storage Card or CF+
Card when the card is selected and responding to an I/O read cycle at the address that is on the address
bus.This signal is used by the host to control the enable of any input data buffers between the
CompactFlash Storage Card or CF+ Card and the CPU.

2.2.9 10IS16

Active Low input.
In PC Card Memory Mode, this signal is asserted high.

In PC Card 1/0O Mode, aLow signal indicates that a 16 bit or odd byte only operation can be performed at
the addressed port.

2.2.10 I0RD

Active Low output.
Thissignal is not used in the PC Card Memory Mode.

In PC Card 1/0 Mode, thisis an 1/0 Read strobe signal. This signal gates I/O data onto the bus from the
CompactFlash Storage Card or CF+ Card when the card is configured to use the I/O interface.

The reset statusis 1'bl.
2.2.11 IOWR

Active Low output.
Thissignal is not used in the PC Card Memory Mode.

In PC Card I/0O Mode, this 1/0O Write strobe pulse is used to clock 1/0 data on the Card Data bus into the
CompactFlash Storage Card or CF+ Card controller registers when the CompactFlash Storage Card or
CF+ Card is configured to use the I/O interface.

Thereset valueis1'bl.
2.2.12 OE

Active Low output.

Thisisan Output Enable strobe signal. It is used to read data from the CompactFlash Storage Card or CF+
Card in Memory Mode and to read the CIS and configuration registers.

Thereset valueis1'bl.
2.2.13 PWOFF5V

Active High output.

16 Freescale Semiconductor
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Switch off 5V CompactFl ash Storage Card or CF+ Card power supply.
Thereset valueis 1'bl.

2.2.14 PWOFF3V

Active High output.
Switch off 3.3V CompactFlash Storage Card or CF+ Card power supply.
Thereset valueis 1'bl.

2.2.15 REG

Active Low output.

In PC Card Memory Mode, this signal is used during Memory Cycles to distinguish between Common
Memory and Register (Attribute) Memory accesses. High for Common Memory, Low for Attribute
Memory.

In PC Card I/O Mode, this signal must also be active (low) during I/O Cycles when the 1/0 addressis on
the Bus.

Thereset valueis 1'bl.
2.2.16 SPKR

Active Low input.
In PC Card Memory Mode, thissignal is asserted high.

In PC Card 1/0 Mode, this signal is the Binary Audio output from the card. If the Card does not support
the Binary Audio function, thisline should be held negated.

2.2.17 STSCHG

Active Low input.
In PC Card Memory Mode, this signal is asserted high.

In PC Card 1/0 Mode, this signal is asserted low to alert the host to changesin the RDY/BSY and Write
Protect states, while the I/O interface is configured. Its use is controlled by the Card Configure and Status
Register.

2.2.18 VS1, VS2

Active Low input.

TheVSL1 isgrounded so that the CompactFlash Storage Card or CF+ Card CIS can beread at 3.3 voltsand
VS2 isreserved by PCMCIA for a secondary voltage.

Freescale Semiconductor 17
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2.2.19 WAIT

Active Low input.

In both PC Card Memory Mode and PC Card 1/0O Mode, this signal is driven low by the CompactFlash
Storage Card or CF+ Card to signal the host to delay completion of a memory or 1/0 cycle that isin
progress.

2.2.20 WE

Active Low output.

In the PC Card Memory Mode, this is used for strobing memory write data to the registers of the
CompactFlash Storage Card or CF+ Card when the card is configured in the memory interface mode.lt is
also used for writing the configuration registers.

In PC Card 1/0 Mode, thissignal is used for writing the configuration registers.
Thereset statusis 1'bl.

18 Freescale Semiconductor
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Section 3 Memory Map and Registers

3.1 Overview

This section provides a detailed description of all memory and registers for the CFHC module.

3.2 Module Memory Map

The memory map for the CFHC moduleisgiven below in Table 3-1. The Addresslisted for each register
is the address offset. The actual address for each register is the sum of the base address for the CFHC
module and the address offset for each register.

Table 3-1 Module Memory Map

Address Use Access
Base Address + $00 CF Interface Status Register (CFISR) Read
Base Address + $02 CF Card Configuration Register (CFCCR) Read/Write
Base Address + $04 CF Status and Control Register 1 (CFSCR1) Read/Write
Base Address + $06 CF Status and Control Register 2 (CFSCR2) Read/Write
Base Address + $08 CF Command Register (CFCR) Read/Write
Base Address + $0A CF Block Base Address Register (CFBBAR) Read/Write
Base Address + $0C CF Block Size Register (CFBSR) Read/Write
Base Address + $0E CF Power Management Register (CFPMR) Read/Write
Base Address + $10 CF Data Register (CFDR) Read/Write
Base Address + $12 CF Interrupt Flag Register (CFIFR) Read

3.3 Register Descriptions

This section consists of register descriptions in address orderEach description includes a standard register
diagram with an associated figure number Details of register bit and field function follow the register
diagrams, in bit order.

Freescale Semiconductor 19
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3.3.1 CF Interface Status Register

Register address: Base Address + $00

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 VCC CV_:_/AI INPACK [ VS |RDY | I0IS16 |CD2 | CD1 | SPKRB | CHG
w
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

I:I = Unimplemented or Reserved

Figure 3-1 CF Interface Status Register (CFISR)

Read only register, only sample card pins when CFHC is enabled and not in power saving mode.

CHG — State Change

Complement of the logic level of CF/CF+ card pind6 (STSCHG).
1 = Alert the changesin STSCHG and write protect statesin |/O mode.
0 = Card isin memory mode or states of STSCHG and write protect are not changed in 1/0 mode.

SPKRB — Binary Audio Output

This bit presents the logic level of CF/CF+ card pind5 (SPKR). For memory card this bit is high. For
I/O card, this bit is the Binary Audio Output from card If the card does not support the Binary Audio
function, this bit will be low

CD1 — Card Detect 1

Complement of the logic level of the CD1 signal.
1 = Card is detected in socket.
0 = Card is not detected in socket.

CD2 — Card Detect 2

Complement of the logic level of the CD2 signal.
1 = Card is detected in socket.
0 = Card is not detected in socket.

|OIS16 — 16 hit 1/O Port Select

Complement of the logic level of CF/CF+ card pin24 (I01S16) when COM bit of CF Card
Configuration Register (CFCCR) is high. If COM bit of CF Card Configuration Register
(CFCCR) islow, thisbit will be cleared.

1 = Card isin memory mode or permits 16 bit 1/O port function in 1/O mode.

0 =16 bit 1/0O port function is not allowed.

RDY — Card Ready
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Thisbit presentsthelogic level of CF pin37 (BSY/IREQ) when COM bit of CF Card Configuration
Register (CFCCR) islow. If COM bit of CF Card Configuration Register (CFCCR) is high,
this bit will be cleared.

1= Cardisready.

0= Cardisbusy.

VS — Voltage Sense

Complement of the logic value of CF/CF+ card pin33 (VS1).
1 = CF/CF+ card CIS can beread at 3.3 volts.
0=CF/CF+ card CIScan’'t beread at 3.3 volts.

INPACK — Input Acknowledge

Not valid in memory mode. Complement of the logic level of CF/CF+ card pind3 (INPACK).
1 = Card is select and responding to an 1/0 read cycle.
0 =1/O read cycleis not acknowledged.

CWAIT — Bus Cycle Wait

Thisbit is used to delay completion of the memory or 1/0 cycle in progress Complement of the logic
level of CF/CF+ card pind2 (WAIT).

1 = Host must extends the length of an input cycle.

0 = No cycle extension needed.

VCC — Card Power Supply

This bit is used to indicate whether socket has powered up or not.
1 = Socket is powered up.
0 = Socket is not powered up.

3.3.2 CF Card Configuration Register

Register address: Base Address + $02

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W 0 0 0 0 CE2B |CE1B | REGB | COM
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0

|:| = Unimplemented or Reserved

Figure 3-2 CF Card Configuration Register (CFCCR)

Read at any time. Can be written only when BSY bit of CF Command Register (CFCR) islow.
COM — Card Operation Mode
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The bit is used to determine the card operation mode: Memory mode or |/O mode.
1 = Card operated in 1/0 mode.
0 = Card operated in memory mode.

REGB — Attribute Memory Select

Thisbit isused during memory cyclesto distinguish between common memory and register (Attribute)
memory accesses. This bit must also be cleared during I/O cycles when the 1/O address is on the bus.
1 = Common memory accesses during memory cycles.
0 = Register accesses during memory cycles or card accesses during 1/0 cycles.

CE2B~CE1B — Card Enable

These bits are used both to select the card and to indicate the card whether a byte or aword operation
is being performed CE2B aways accesses the odd byte of the word CE1B accesses the even byte or
the odd byte of the word depending on CAO(LSB of address bus to card) and CE2B. A multiplexing
scheme based on CAO, CE1B, CE2B allows host to access all dataon CDATA[15:0]. See Table 3-2.

Table 3-2 Multiplexing Scheme

Function Code CE2B | CE1B | CAO | CDATA[15:8] | CDATA[7:0] | IDATA[15:8] IDATA[7:0]
Standby Mode 1 1 X High Z High Z Not Valid Not Valid
1 0 0 High Z Even Byte Even Byte Even Byte

Byte Read 1 0 1 High Z Odd Byte Odd Byte Odd Byte

0 1 X Odd Byte High zZ Odd Byte Odd Byte

1 0 0 Don't Care Even Byte Even Byte Don't Care

Byte Write 1 0 1 Don't Care Odd Byte Odd Byte Don't Care

0 1 X Odd Byte Don't Care Odd Byte Don’t Care

Word Read” 0 0 X Odd Byte Even Byte Even Byte Odd Byte
Word Write” 0 0 X Odd Byte Even Byte Even Byte Odd Byte

* Attribute memory is limited to 8-bit wide accesses only at even addresses, soin
16-bit accesses the odd byte is not valid.

Note: Where the CDATA[15:0] means CF/CF+ Card Data Bus. Where IDATA[15:0] means CF Data Register (CFDR) or
QUEUE INTF Data Bus depending on HIS bit of CF Command Register (CFCR).
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3.3.3 CF Status and Control Register 1

Register address: Base Address + $04

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R DIS-| CF- | IED |WER| TER- | CFR- [CFTE RDY | CHG
W CFE |CFOE | CRST ne | swal | ce | RIE RIE FIE IE OOQIE | CIE | VSIE IE IE CDIE
RESET: O 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 3-3 CF Status and Control Register 1 (CFSCR1)

Can be read and written at any time.

CDIE — Card Detect Interrupt Enable

Thisread/write bit enables the CPU interrupt generated by CDIF bit of CF Interrupt Flag Register
(CFIFR).

1 = Interrupt from CD1 or CD2 is enabled.

0 = Interrupt from CD1 or CD2 is disabled.

CHGIE — Card State Change Interrupt Enable

This read/write bit enables the CPU interrupt generated by CHGIF bit of CF Interrupt Flag
Register (CFIFR).

1 = Interrupt from the STSCHG is enabled.

0 = Interrupt from the STSCHG is disabled.

RDY|E — Card RDY/BSY Interrupt Enable

This read/write bit enables the CPU interrupt generated by RDYIF bit of CF Interrupt Flag
Register (CFIFR).

1 = Interrupt from BSY/IREQ is enabled.

0 = Interrupt from the BSY/IREQ is disabled.

VSIE — Voltage Sense Interrupt Enable

Thisread/write bit enables the CPU interrupt generated by VSIF bit of CF Interrupt Flag Register
(CFIFR).

1 = Interrupt from VSIF is enabled.

0 = Interrupt from VSIF is disabled.

CIE — Card Interrupt Enable

This read/write bit enables the CPU interrupt generated by CIF bit of CF Interrupt Flag Register
(CFIFR).
1 = Interrupt from the CF/CF+ card is enabled.
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0 = Interrupt from the CF/CF+ card is disabled.

OOIE — Operation Over Interrupt Enable

Thisread/write bit enables the CPU interrupt generated by OOIF bit of CF Interrupt Flag Register
(CFIFR).

1 = OOIF interrupt is enabled.

0 =OO0IF interrupt is disabled.

CFTEIE — CF Transmit Interrupt Enable

Thisread/write bit enables CPU interrupt requests generated by the CFTEIF bit of CF Interrupt Flag
Register (CFIFR).

1 = CFTEIF interrupt is enabled.

0 = CFTEIF interrupt is disabled.

CFRFIE — CF Receive Interrupt Enable

Thisread/write bit enables CPU interrupt requests generated by the CFRFIF bit of CF Interrupt Flag
Register (CFIFR).

1 = CFRFIF interrupt is enabled.

0 = CFRFIF interrupt is disabled.

TERRIE — Time-out Error Interrupt Enable

Thisread/write bit enables CPU interrupt requests generated by the TERRIF bit of CF Interrupt Flag
Register (CFIFR).

1 = TERRIF interrupt is enabled.

0 = TERRIF interrupt is disabled.

WERRIE — Wait Assertion Error Interrupt Enable

This read/write bit enables CPU interrupt requests generated by the WERRIF bit of CF Interrupt
Flag Register (CFIFR).

1 = WERRIF interrupt is enabled.

0 = WERRIF interrupt is disabled.

IEDGE — Interrupt Edge Select

Thisbit specifiesthe triggering edge of card BSY/IREQ pin for interrupt generation when COM bit of
CF Card Configuration Register (CFCCR) is cleared.
1 = RDYIF bit will be set by rising edge of BSY/IREQ pin when COM bit of CF Card
Configuration Register (CFCCR) iscleared.
0 = RDYIF bit will be set by faling edge of BSY/IREQ pin when COM bit of CF Card
Configuration Register (CFCCR) iscleared.

CFSWAI — CF Module Stop in Wait Mode

This bit is used for power conservation in wait mode. When CF module is stopped, the I/O registers
can be accessed by CPU, but any data transfer between Queue controller and CF/CF+ card will be
paused.Any other registersin CF module will freeze.

1 = CF module is stopped when in system wait mode.

0 = CF module operates normally in system wait mode.
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DISINC — Disableincrease of CF Block Base Address Register (CFBBAR)

This read/write is used to control the increase of the register CF Block Base Address Register
(CFBBAR).When this hit is set, the register CFBBAR will not be increased every card read/write
cycle.

1 = Disable increase of the register CFBBAR.

0 = Enable increase of the register CFBBAR.

CRST — Card Reset

This bit resets CF/CF+ card.
1 = Hard reset to Card.
0 = Noreset to Card.

CFOE — CF Output Enable

This bit only affect the output signals, but not internal state.
1 = QOutput to CF/CF+ card is enabled.
0 = Output to CF/CF+ card isdisabled. CE1, CE2, REG, IORD, IOWR, OE, WE, and CA[10:0] are
tri-stated.

CFE — CFHC system Enable

This bit enables the CFHC system and dedicates the CFHC port pinsto CFHC system functions.

1 = The CF module is enabled.

0 =The module is disabled. The interface is held in reset but registers can still be accessed. BSY,
STOP, TQ, RQ and INVOKE hit of CF Command Register (CFCR), CF Block Size
Register (CFBSR), CF Interrupt Flag Register (CFIFR) and internal state machine,
timer and FIFO will be reset and idled. Multi functional 1/O ports will be released from the
CFHC for other function.

3.3.4 CF Status and Control Register 2

Register address: Base Address + $06

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0
W CAI10E | CA9E | CA8BE | CATE | CAGE | CASE | CA4E TPS5-TPSO
RESET: 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1

|:| = Unimplemented or Reserved

Figure 3-4 CF Status and Control Register 2 (CFSCR2)

Can be read and written at any time.

TPS5-TPS0 — Time-out Period Select
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These six bits are used to select the period of wait time out in 50ns(3 periods of QUEUE clock) steps
when CFHC accesses common memory or /O port of CF/CF+ card.The max period of wait time out
1$3000ns (180 periods of QUEUE clock). The min period of wait time out is50ns. Detailed values are
shownin Table 3-3.

Table 3-3 TPS Values

\@lggg_%gg)s The Width of Wait Time Out (ns)
000000 50
000001 100
000010 150
000011 200
111000 2850
111001 2900
111010 2950
111011 3000
1111xx 3000

CA4E — Card Address Bit 4 Port Enable

This read/write is used to enable the port for card address bit 4.
1 = Port for card address bit 4 is enabled when CFOE and CFE of CF Status and Control
Register 1 (CFSCR1) is set.
0 = Port for card address bit 4 is disabled.

CABE — Card Address Bit 5 Port Enable

This read/write is used to enable the port for card address bit 5.
1 = Port for card address bit 5 is enabled when CFOE and CFE of CF Status and Control
Register 1 (CFSCR1) is set.
0 = Port for card address bit 5 is disabled.

CAGBE — Card Address Bit 6 Port Enable

This read/write is used to enable the port for card address bit 6.
1 = Port for card address bit 6 is enabled when CFOE and CFE of CF Status and Control
Register 1 (CFSCR1) is set.
0 = Port for card address bit 6 is disabled.

CA7TE — Card Address Bit 7 Port Enable

This read/write is used to enable the port for card address bit 7.
1 = Port for card address bit 7 is enabled when CFOE and CFE of CF Status and Control
Register 1 (CFSCR1) is set.
0 = Port for card address bit 7 is disabled.

CABE — Card Address Bit 8 Port Enable
Thisread/write is used to enable the port for card address bit 8.
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1 = Port for card address bit 8 is enabled when CFOE and CFE of CF Status and Control
Register 1 (CFSCR1) is set.
0 = Port for card address bit 8 is disabled.

CA9E — Card Address Bit 9 Port Enable

This read/write is used to enable the port for card address bit 9.
1 = Port for card address bit 9 is enabled when CFOE and CFE of CF Status and Control
Register 1 (CFSCR1) is set.
0 = Port for card address bit 9 is disabled.

CA10E — Card Address Bit 10 Port Enable

This read/write is used to enable the port for card address bit 10.
1 = Port for card address bit 10 is enabled when CFOE and CFE of CF Status and Control
Register 1 (CFSCR1) is set.
0 = Port for card address bit 10 is disabled.

3.3.5 CF Command Register

Register address: Base Address + $08

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0 BSY| O TQ RQ 0
HIS STOP RWB
w INVOKE
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I:I = Unimplemented or Reserved

Figure 3-5 CF Command Register (CFCR)

Read at any time. The bit of HIS, STOPR, INVOKE and RWB are only writable when CFHC is enabled and
not in power saving mode with the restriction of the BSY bit status.
RWB — Read Operation or Write Operation

This bit indicates the operation to be performed is reading data from card or writing datato card. This
bit can only be written when BSY = 0.

1 = Read accesses.

0 = Write accesses.

INVOKE — Operation Invoked
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No operation can be invoked during CF card in standby mode (both CE2B and CE1B are high). This
bit isused to start aread or write operation.This bit can only be set when BSY =0, and will be cleared
after the BSY hit is set, no operation can be invoked during CF card in standby mode (both CE2B and
CE1B ishigh). Writing oneto the INVOKE bit asthe BSY bit is set will beignored. Thisbit will be
always read back as 0.

1 = Invoke operation.

0 = Not invoke new operation.

STOP — STOP Operation

Setting this bit will reset the BSY (after STOP operation), TQ and RQ of CF Command Register
(CFCR), reset the CFTEIF and CFRFIF of CF Interrupt Flag Register (CFIFR), and CF Block
Size Register (CFBSR), and theinternal state machine, timer and FIFO will bereset and idled after
the current CF/CF+ Card read/writing cycle has been completed. This bit only can be set when BSY
=1. This bit will be cleared after STOP operation completed, also software can clear this bit.

1 = Operation disabled.

0 = Operation enabled.

RQ — Reception Request (reserved bit for internal use)

When CFHC module is ready to receive data from Queue Controller, this bit will be set to indicate a
reception request to the Queue Controller is generated.

1 = A new reception request generated.

0 = No new reception request.

TQ — Transmission Request (reserved bit for internal use)

When CF module is ready to transmit data to Queue Controller, this bit will be set to indicate a
transmission request to the Queue Controller is generated.

1 = A new transmission request generated.

0 = No new transmission regquest.

BSY — CF Module Busy

This bit is used to indicate card accesses are in progress. Whenever a new operation is invoked, this
bit will be set, and will be cleared when operation is completed or operation is stopped, or CFE of CF
Status and Control Register 1 (CFSCR1) iscleared.

1 = Card accessisin progressin CF module.

0 = No card access in CF module.

HIS — Host Interface Select

This bit is used to select the host interface that talks with CF/CF+ card. This bit can only be written
when BSY =0.

1 = Queue Controller.

0=I1PBUS.
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3.3.6 CF Block Base Address Register

Register address: Base Address + $0A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0

w
RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 3-6 CF Block Base Address Register (CFBBAR)

Read at any time.

BBA10-BBAO — Block Base Address

These eleven bits present the starting address of a block space to be accessed. This register must be
initialized before anew operation isinvoked. During aread or write operation thisregister isincreased
by 1 (byte operation) or by 2 (word operation or Attribute memory access) every read or write cycle.
This register will be cleared when system reset. In word operation mode, the LSB (BBAO) of this
register isignored. Thisregister can only be written when BSY bit of the CF Command Register
(CFCR) islow, while CFHC is enabled and not in power saving mode.

3.3.7 CF Block Size Register

Register address: Base Address + $0C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

w BS8-BS0
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 3-7 CF Block Size Register (CFBSR)

BS8-BS0O — Block Sizein byte

These nine bits present the size of a block space in byte (block size = CFBSR + 1 for byte operation,
block size = CFBSR + 2 for word operation) to be accessed. BSO will be ignored for word operation.
During aread or write operation thisregister is decreased by 1 (byte operation) or by 2 (word operation
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or Attribute memory access) in every read or write cycle until last read/write cycle completed
(CFBSR=0). This Register will be cleared when system isreset, CF module is disabled, STOP is set,
or a read/write operation is completed. This register can only be written when BSY of the CF

Command Register (CFCR) = 0 while CFHC is enabled and not in power saving mode, and will
be always read back as 0.

3.3.8 CF Power Management Register

Register address: Base Address + $0E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0 0 0 0 0
CPE CvVvs
W
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 3-8 CF Power Management Register (CFPMR)

Can beread at any time.CPE bit can be written at any time.

CVS— Card Voltage Select

This bit is used to switch the power supply of socket. This bit can only be written when CPE=0.
1=VCC for CF/CF+ card is 5v.

0=VCCfor CF/CF+ card is 3.3v.

CPE — Card Power Enable

Thisbit is used to enable the power of socket.
1 = Power to the socket is enabled.
0 = Power to the socket is disabled.

3.3.9 CF Data Register

Register address: Base Address + $10

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RD15-RDO

W TD15-TDO
RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 3-9 CF Data Register (CFDR)
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RD15-RD0O/TD15-TDO — Receive/Transmit Data Bit

Should be accessed properly together with the CFRFIF and CFTEIF bit of CF Interrupt Flag
Register (CFIFR). The CF data register consists of the read-only receive data register and the
write-only transmit data register. Writing to the CF data register writes data into the transmit data
register. Reading the CF data register reads data from the receive data register. The transmit data and
receive data registers are separate registers that can contain different values. In byte operation mode,
the transmit byte must be stored at the MSB of CF Data Register (CFDR). And receive byte can
be read from MSB or LSB of CF Data Register (CFDR). In word operation mode, the MSB of CF
Data Register (CFDR) has even address and the LSB of CF Data Register (CFDR) has odd
address. When HIS of the CF Command Register (CFCR) is high, writing to this address is
ignored, reading this address will get unexpected value.

3.3.10 CF Interrupt Flag Register

Register address: Base Address + $12

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 [|WERRIF|TERRIF | CFRFIF | CFTEIF | OOIF | CIF | VSIF | RDYIF | CHGIF | CDIF
w 0
RESET: 0 O O O 0 © 0 0 0 1 0 0 0 0 0 0
|:| = Unimplemented or Reserved

Figure 3-10 CF Interrupt Flag Register (CFIFR)

Can be read at any time.

CDIF — Card Detect Interrupt Flag

State change in CD1 or CD2 will set this bit. That is, the rising edge or faling edge of CD1 or CD2
will set thisbit. Thisbit iscleared 1) by reading the CFIFR register with thisbit set followed by reading
the CFISR; 2) by reset; or 3) when CFE = 0. Setting this bit will generate an interrupt when CDIE of
CF Status and Control Register 1 (CFSCR1) ishigh.

1 = State changein CD1 or CD2.

0 = No state change in CD1 or CD2.

CHGIF — Card State Change Interrupt Flag

Falling edge of STSCHG will set thishit. Thisbitiscleared 1) by reading the CFIFR register with this
bit set followed by reading the CFISR register; 2) by reset; 3) COM = 0; or 4) when CFE = 0. Setting
thisbit will generate an interrupt when CHGIE of CF Status and Control Register 1 (CFSCR1)
ishigh.

1 = STSCHG states change when COM = 1.

0 = STSCHG states do not change or when COM = 1.
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RDY|F — Card Ready Interrupt Flag

Thisbit isset by thefalling edge or rising edge (configured by the IEDGE bit of CFSCR1) of the signal
BSY/IREQ when memory modeis configured (COM = 0). Thisbit is cleared 1) by reading the CFIFR
register with this bit set, followed by read the CFISR register; 2) by reset; 3) COM = 1, or 4) when
CFE = 0. Setting this bit will generate an interrupt when RDYIE of CF Status and Control
Register 1 (CFSCR1) ishigh.

1 = State changes in BSY/IREQ when COM = 0.

0 = No state changesin BSY/IREQ or when COM = 0.

VSIF — Voltage Sense Interrupt Flag

This bit is set by the falling edge or rising edge of the signal VSL. Thisbit is cleared 1) by reading the
CFIFR register with this bit set, followed by reading the CFISR; 2) by reset; or 3) when CFE = 0.
Setting this bit will generate an interrupt when VSIE of CF Status and Control Register 1
(CFSCR1) ishigh.

1 = State changesin VSL.

0 = No state changesin VSL.

OOIF — Operation Over Interrupt Flag

Thisbit will be set when a reading/writing operation completed. Thisbit is cleared 1) by reading the
CFIFR register with this bit set, followed by reading the CFCR register; 2) by reset; or 3) when CFE
= 0. Setting this bit will generate an interrupt when OOIE of CF Status and Control Register 1
(CFSCR1) ishigh.

1 = Operation compl etes.

0 = Operation does not complete or there is no operation.

CIF — Card Hard Interrupt Flag
The CIF bit is only writable when CFHC is enabled and not in power saving mode with value of zero.

This bit will be set while interrupt is asserted from the BSY/IREQ pin when COM = 1. This bit is
cleared 1) by writing 0 to CIF bit; 2) by reset; 3) COM = 0; or 4) when CFE = 0. Setting this bit will
generate an interrupt when CIE of CF Status and Control Register 1 (CFSCR1) is high.

1 = Card Hard Interrupt by BSY/IREQ pin when COM = 1.

0 = No Card Hard Interrupt by BSY/IREQ pin or when COM = 1.

CFTEIF — CF Transmit Data Register Empty Interrupt Flag

This bit is set when there isroom in the transmit data register (CF Data Register (CFDR)). CFIFR
must be read with CFTEIF=1 before writing data to CFDR or the CFDR write will be ignored.
CFTEIF is automatically set when a data word transfers from the transmit data register into the
CF/CF+ card through the FIFO. If no new dataiswaiting in the transmit data register, CFTEIF simply
remains set and no data moves from the transmit dataregister to CF/CF+ card. This bit can only be set
when BSY =1 and HIS=0. Itiscleared by reading CFIFR with CFTEIF set, followed by writing a
data value to the transmit data register at CFDR; and is reset to default value 1) by reset; 2) when
CFE=0; 3) STOP hit is set. Setting this bit will generates an interrupt request if the CFTEIE bit of the
CFSCR1 isalso set.

1 = Transmit data register empty.

0 = Transmit data register not empty.
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CFRFIF — CF Receive Data Register Full Interrupt Flag

This bit is set when there is valid data in the receive data register (CF Data Register (CFDR)).
CFIFR must be read with CFRFIF=1 before reading data from CFDR or the CFDR read will get
unexpected value. This bit is automatically set when a data word transfers from CF/CF+ card into the
receive dataregister through the FIFO. Thisbit can only be set when BSY = 1and HIS=0. Itiscleared
1) by reading CFIFR with CFRFIF set, followed by reading a data value from the receive data register
at CFDR; 2) by reset; 3) when CFE=0; 4) STOP bit is set. Setting this bit will generate an interrupt
request if the CFRFIE bit of the CFSCR1 is also set.

1 = Recelve dataregister full.

0 = Receive data register not full.

TERRIF — Time-out Error Interrupt Flag

Thisbit is set if wait width time of CF/CF+ card is greater than the time specified by the TPS5-TPSO
bits of theregister CF Status and Control Register 2 (CFSCR2) during common memory or I/0
port accesses. Itiscleared 1) by reading CFIFR with TERRIF set, followed by reading CFISR,; 2) by
reset; 3) when CFE=0. Setting this bit will generate an interrupt request when TERRIE bit of the
CFSCR1 isalso set.

1 = Time-out error occurs in read/write cycles.

0 = No time-out error occurs.

WERRIF — Wait Assertion Error Interrupt Flag

Thishitisset if thereisno WAIT signal assertion at the beginning of aread/write cycle during
common memory or /O port accesses. It iscleared 1) by reading CFIFR with WERRIF set, followed
by reading CFISR; 2) by reset; 3) when CFE=0. Setting thisbit will generate an interrupt request when
WERRIE bit of the CFSCR1 is also set.

1 = Wait assertion error occurs.

0 = No wait assertion error occurs.
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Section 4 Functional Description

This section provides a complete functional description of the Compact Flash Host Controller (CFHC)
module. Please refer to the detailed CFHC block diagram Figure 1-1.

The P BUS runs at 30/15/7.5 Mhz, and the QUEUE bus runs at 60 Mhz.
The CFHC includes the two interfaces with the IPBUS and QUEUE BUS.

4.1 IPBUS INTF REG

The IPBUS INTF REG is the IPBUS interface and register sub-module. It includes the standard IP bus
interface and register block. The CPU can read/write the CFHC registers and data buffers through the P
bus. It will decode the CFHC register address and compose the read/write data bus.Also it has the register
block insideit.

The CPU can read and write the CFHC registersthrough IP BUS. The Figure 4-1 and Figure 4-2 show
the read and write operation separately.

The CPU may configure the CFHC as enabled (by setting CFE high) or disabled (by setting CFE low).
When CFHC is enabled and the BSY bit of CFCR islow, the CPU can invoke the CFHC to read or write
the card data by setting the INVOKE bit of CFCR high. The CFHC supports both block data operation and
single word/byte operation.

For block data operation, when BSY =0, according to (Table 4-1, Table 4-2, Table 4-3, Table 4-4,
Table 4-5, Table 4-6, Table 4-7), configure the CE1B, CE2B, the COM and REG of CFCCR for
reg/memory/10 access, the CFBBAR for the starting address, and the CFBSR for the block size (bk size
= CFBSR + 1 for byte operation, or CFBSR + 2 for word operation, or operation to configuration registers
and attribute memory), and then configure the RWB, HIS of CFCR (select QUEUE or IPBI as host
interface) and set INVOKE. The CFHC will set the BSY high, and transfer the block data between the
CF/CF+ card reg/memory and the internal FIFO, the CFBBAR will count up the address by 1 (for byte
operation) or 2 (for word operation, or operation to configuration registers and attribute memory) when
the DISINC bit of CFSCRL is cleared or keep the original value when the DISINC bit is set, and the
CFBSR will count down the block size by 1 (for byte operation) or 2 (for word operation, or operation to
configuration registers and attribute memory). After the QUEUE (HIS=1) or CPU (HIS=0) has succeeded
reading/writing all the block data through CFHC, the BSY bit of CFCR will be cleared. During block data
operation, CPU can end the current block data transfer by setting the STOP bit of CFCR with the current
write/read cycle at the CF/CF+ card interface is completed (to prevent the damage to the card), it will set
or reset the BSY, TQ, RQ bits of CFCR, the CFTEIF, CFRFIF, TERRIF and WERRIF bits of CFIFR, and
the CFBSR registers when CFHC finishing the current handshake with the CF/CF+ card. The CFHC will
clear the FIFO data and status. The STOP bit will be cleared after the BSY bit goes down. The CF/CF+
card pin will bein standby status.

For single word/byte data operation, it's similar to the block data operation. CPU may either write O to
CFBSR or do no operation to thisregister to configure asingle word/byte data operation (the default value
of CFBSR is aways 0 after previous operation whether is completely finished or stopped).
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CPU will access the data through IPBUS when HIS hit is cleared. For each word/byte read, the CFRFIF
bit of CFIFR will be set when the dataread from CF/CF+ card isready in the CFDR. After CPU readsthe
CFIFR followed by reading the CFDR, the CFRFIF bit of CFIFR will be cleared if no dataisready in the
CFDR from the FIFO. For each word/byte write, the CFTEIF bit of CFIFR will be set when the CFDR is
empty to accept the datato be written to the CF/CF+ card. After CPU readsthe CFIFR followed by writing
the CFDR, the CFTEIF bit of will be cleared, and it will be set again when the CFDR is ready for next
byte/word writing. When HIS bit of CFCR is set, QUEUE INTF will access the card data (refer to 4.2 in
detail), and it’sinvalid for CPU to read/write the CFDR through IPBUS.

For byte operation at IPBUS, thevalid bytedatain CFDRisdefinedin Table 4-1, Table 4-3, Table 4-5,
Table 4-6, Table 4-7.

Table 4-1 CF Storage Card Registers and Memory Space Decoding

-CE2|-CE1|-REG | -OE | -WE | A10 |A9| A8-A4 | A3 | A2 |A1|AO SELECTED SPACE
1 1 X X X X | X | XX X[ X | X]|X Standby
X 0 0 0 1 0 |1 XX X | X|[X]|O0 Configuration Registers Read
1 0 1 0 1 X | X XX X | X | X | X | CommonMemory Read (8 bits D7-D0)
0 1 1 0 1 X | X | XX X | X | X | X | Common Memory Read (8 bits D15-D8)
0 0 1 0 1 X | X | XX X | X | X | 0 |Common Memory Read (16 bits D15-DO0)
X 0 0 1 0 0 |1 XX X | X|[X]|O0 Configuration Registers Write
1 0 1 1 0 X | X | XX X | X | X | X | CommonMemory Write (8 bits D7-DO0)
0 1 1 1 0 X | X | XX X | X | X | X | Common Memory Write (8 bits D15-D8)
0 0 1 1 0 X | X | XX X | X | X | 0 |Common Memory Write (16 bits D15-D0)
X 0 0 0 1 0|0 XX X[ X|X]|O0 Card Information Structure Read
1 0 0 1 0 0|0 XX X | X|[X|O0 Invalid Access
1 0 0 0 1 X | X XX XX | X]|1 Invalid Access
1 0 0 1 0 X | X XX X X[ X1 Invalid Access
0 1 0 0 1 X | X XX X[ X | X]|X Invalid Access
0 1 0 1 0 X | X XX X | X[ X[ X Invalid Access

Table 4-2 CF Storage Card Configuration Registers Decoding

-CE2|-CE1|-REG |-OE | -WE |A10 |A9| A8-A4 | A3 | A2 |AL1|AO SELECTED SPACE

X 0 0 0 1 0 |1 00 0O(0]|]0]O0 Configuration Option Reg Read
X 0 0 1 0 0 |1 00 0|l0]0]|O0 Configuration Option Reg Write
X 0 0 0 1 0 |1 00 o(0]|1]0 Card Status Reg Read

X 0 0 1 0 0 |1 00 ojoj1]0 Card Status Reg Write

X 0 0 0 1 0 |1 00 0|1]0)|0 Pin Replacement Reg Read
X 0 0 1 0 0 |1 00 0|l1]0]0 Pin Replacement Reg Write
X 0 0 0 1 0 |1 00 o(1]|1]0 Socket and Copy Reg Read
X 0 0 1 0 0 |1 00 o110 Socket and Copy Reg Write
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Table 4-3 CF+ Card Registers and Memory Space Decoding

-CE2|-CE1|-REG |-OE | -WE | A10-Al A0 SELECTED SPACE
1 1 X X X XX X Standby
X 0 0 0 1 XX 0 Configuration Registers Read
1 0 1 0 1 XX X Common Memory Read (8 bits D7-DO0)
0 1 1 0 1 XX X Common Memory Read (8 bits D15-D8)
0 0 1 0 1 XX 0 Common Memory Read (16 bits D15-D0)
X 0 0 1 0 XX 0 Configuration Registers Write
1 0 1 1 0 XX X Common Memory Write (8 bits D7-D0)
0 1 1 1 0 XX X Common Memory Write (8 bits D15-D8)
0 0 1 1 0 XX 0 Common Memory Write (16 bits D15-DO0)
X 0 0 0 1 XX 0 Card Information Structure Read
1 0 0 1 0 XX 0 Invalid Access
1 0 0 0 1 XX 1 Invalid Access
1 0 0 1 0 XX 1 Invalid Access
0 1 0 0 1 XX X Invalid Access
0 1 0 1 0 XX X Invalid Access
Table 4-4 CF+ Card Configuration Registers Decoding
-CE2 |-CE1|-REG |-OE | -\WE | A8-A5 | A4 | A3 | A2 |A1|AO SELECTED SPACE
X 0 0 0 1 XX o(0j0]0O|O Configuration Option Reg Read
X 0 0 1 0 XX 0J]0]0]|]0]O Configuration Option Reg Write
X 0 0 0 1 XX o(o0j0]1]|0 Card Status Reg Read
X 0 0 1 0 XX 0J]0]0]|1]0O0 Card Status Reg Write
X 0 0 0 1 XX 0|01 ]0]0O0 Pin Replacement Reg Read
X 0 0 1 0 XX ofoj1]0|0O0 Pin Replacement Reg Write
X 0 0 0 1 XX ofoj1]11|0 Socket and Copy Reg Read
X 0 0 1 0 XX ojo0o|1]1]0 Socket and Copy Reg Write
X 0 0 0 1 XX o|1|0(0]0O0 Reserved
X 0 0 1 0 XX of1(0(|1fo0 I/O Base 0
X 0 0 0 1 XX o|1|1(0]0 I/O Base 1
X 0 0 1 0 XX o|j1]1]1]0 Reserved
X 0 0 0 1 XX 1/0|]0|0]O Reserved
X 0 0 1 0 XX 1100|210 I/O Limit
X 0 0 0 1 XX 110|212 |0|O0 Reserved
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Table 4-5 Attribute Memory Function

Function Mode -REG | -CE2 |-CE1 |A10| A9 | AO | -OE | -WE D15-D8 D7-D0O
Standby Mode X H H X X X X X High Z High Z
Read Byte Access CIS .
ROM (8 bits) L H L L L L L H High Z Even Byte

Write Byte Access CIS
ROM (8 bits) (invalid)
Read Byte Access
Configuration CF L H L L H L L H High Z Even Byte
Storage (8 bits)

Write Byte Access
Configuration CF L H L L H L H L Don’'t Care Even Byte
Storage (8 bits)

Read Byte Access
Configuration CF+ (8 L H L X X L L H High Z Even Byte
bits)
Write Byte Access
Configuration CF+ (8 L H L X X L H L Don't Care Even Byte
bits)
Read Word Access CIS
(16 bits)
Write Word Access CIS
ROM (16 bits) (invalid)
Read Word Access

Configuration CF L L L L H X L H Not Valid Even Byte
Storage (16 bits)

Write Word Access
Configuration CF L L L L H X H L Don’'t Care Even Byte
Storage (16 bits)

Read Word Access

Configuration CF+ (16 L L L X X X L H Not Valid Even Byte
bits)

Write Word Access

Configuration CF+ (16 L L L X X X H L Don't Care Even Byte

L H L L L L H L Don't Care Even Byte

L L L L L X L H Not Valid Even Byte

L L L L L X H L Don't Care Even Byte

bits)
Table 4-6 I/O Function
Function Mode -REG |-CE2 |-CE1 | AO | -IORD | -IOWR D15-D8 D7-DO
Standby Mode X H H High Z High Z
High Z Even Byte
Byte Input Access (8 bits) .g y
High Z Odd Byte

Don't Care Even Byte
Don't Care Odd Byte
Odd Byte Even Byte

Byte Output Access (8 bits)

[l I el I el I ol I
—r|IT|IT|I|XI
el I el I el I ol I
| IZ| ||| X
|| ||| X
I~ | IT|I|X

Word Input Access (16 bits)
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Table 4-6 1/0O Function

Function Mode -REG |-CE2|-CE1| AO | -IORD | -IOWR D15-D8 D7-D0O
Word Output Access (16 bits) L L L L H L Odd Byte Even Byte
IO Read Inhibit H X X X L H High zZ High Z
IO Write Inhibit H X X X H L Don’'t Care | Don't Care
High Byte Input Only (8 bits) L L H X L H Odd Byte High Z
High Byte Output Only (8 bits) L L H X H L Odd Byte Don't Care
Table 4-7 Common Memory Function
Function Mode -REG [-CE2 |-CE1| A0 | -OE -WE D15-D8 D7-DO
Standby Mode X H H X X X High Z High Z
. H H L L L H High Z Even Byte
Byte Read Access (8 bits) -
H H L H L H High Z Odd Byte
. ) H H L L H L Don't Care Even Byte
Byte Write Access (8 bits)
H H L H H L Don'’t Care Odd Byte
Word Read Access (16 bits) H L L X L H Odd Byte Even Byte
Word Write Access (16 bits) H L L X H L Odd Byte Even Byte
Odd Byte Read Only (8 bits) H L H X L H Odd Byte High Z
Odd Byte Write Only (8 bits) H L H X H L Odd Byte Don't Care
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ipg_clk | | | |
ips_addr >< ><
ips_rwb
ips_module_en \ |/
|
pock que | L LT LT L LT L L LT L
|
ips_byte 7 _0or
ips_byte 15 8 \ !/
ips_rdata < >
Figure 4-1 IPBUS INTF Read Timing
ipg_clk | | |
ips_addr ><

ips_rwb

|
Ped
AN
ips_module_en N\ s
X
|
AN

ips_wdata

ipg_clk_que ‘ | [ ] |

ips_byte 7 0or
ips_byte 15 8

Figure 4-2 IPBUS INTF Write Timing
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4.2 QUEUE INTF

When HIS bit of CFCR is cleared, QUEUE INTF will be disabled, no transmit or receive request will be
send to the QUEUE controller.

When HIS bit of CFCR is set, QUEUE INTF will access the card data. When an operation is invoked
(INVOKE bit is set), the BSY bit will be set. For card reading, when the FIFO gets the card data, the data
will be put on the QUEUE bus, and QUEUE INTF will send arequest to the QUEUE Controller to receive
the data. When the QUEUE Controller gets the data from the QUEUE INTF, it will give an
acknowledgement to CFHC, the request will be removed if the FIFO is empty (see Figure 4-3), or still
asserted if there isremaining datain the FIFO (see Figure 4-4). For card datawriting, the QUEUE INTF
will send a request to the QUEUE Controller to require transmitting the data when the FIFO isn’'t full.
When the QUEUE Controller puts the writing data onto the QUEUE bus together with an
acknowledgement, the CFHC will put the data into the FIFO. The request will be removed if the FIFO is
full or there is no further data write operation (see Figure 4-5); or will be still asserted if the block data
write operation hasn’t been completed and the FIFO isn't full (see Figure 4-6). When HIS bit is set, any
operation by the IPBUS to the CFDR register, or the CFTEIF/CFRFIF bits of the CFCR, won't affect the
QUEUE INTF and the FIFO status.

For byte operation at QUEUE bus, all byte will be put into high byte.

ipg_clk_que | L L L L LILJ LI L L ‘
|
ipf_rcv_req / u !\
EC RS |
ipf_rcv_module_data X Fia W X

ipf_rcv_module_en -/ I\

Figure 4-3 QUEUE INTF Single Word Read Timing
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ipg_clk_que ||||||||||_11J|_||_11J|||||_
ipf_rcv_req / v v i\

|
ipf_rcv_module_data X s

'I'l |
i Ny \é%tlg D(

|
ipf_rcv_module_en 11—/_+\—114/_+\—

= o

Figure 4-4 QUEUE INTF Multi Word Read Timing

ipg_clk_que | | | | | | | |_11J | | | | | | | | | ‘
|

ipf_xmit_req / v !\
I

ipf_xmit_data % X &S i

ipf_xmit_module_en W / I\

Figure 4-5 QUEUE INTF Single Word Write Timing
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HpSnipiiy

ipg_clk_que ‘ | | | | | | |—11J | | | |
/ W ' W \
ipf_xmit_req ! |
|
. . U vaIIdIX W\ /a1
ipf_xmit_data T data i O >< data ><
|

ipf_xmit_module_en 0 /_:\_u_/_;\_

T T

Figure 4-6 QUEUE INTF Multi Word Write Timing

4.3 FIFO

Thisisafour word deep FIFO used by both card read and write. The transmission and reception operation
from the IPBUS and QUEUE-BUS share the same single FIFO buffer.The FIFO is configured as
transmission (write from IPBUS/QUEUE-BUS) status after reset, and will be configured as transmission
or reception according to the RWB bit of CFCR every when invoking.

For card datareading, the CARD BUS CTRL will read the datafrom CF/CF+ card with hand shaking and
write to the FIFO when it’s not full. The IPBUS INTF REG (when HIS=0) or QUEUE INTF (when
HIS=1) will read the data from the FIFO when it’s not empty.

For card data writing, the IPBUS INTF REG (when HIS=0) or QUEUE INTF sub-block (when HIS=1)
will write the received datato FIFO when FIFO isn’t full. The CARD BUS CTRL will read the data from
the FIFO when it’s not empty and write to the CF/CF+ card with hand shaking.

4.4 INT GEN

There are 10 interrupt sources provided by CFHC:

WERRI, TERRI, CFRFI, CFTEI, CI, OQI, VSI, RDYI, CHGI, CDI.

There are two interrupt vectors: one for Cl, and one for the other interrupt sources.
(Pleaserefer t0 3.3.3 and 3.3.10 in detail for condition and configuration.)

The pulse width of TREQ pin must be wider than two QUEUE clock cycles,
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4.5 CARD BUS CTRL

This block implements the signals to communicate with CF/CF+ card. There are two types of bus cycles
and timing sequences that occur in the CF/CF+ card interface: direct mapped 1/O transfer and memory
access. Here six types of timing sequences are detailed: attribute memory read/write, common memory
read/write and 1/0O read/write.

If CFHC isin standby mode, all the interface signals are in their reset status. Detailed status descriptions
areshownin Table 2-1.

After the power up sequence, CFHC and CF/CF+ card are ready. The CF Card Configuration
Register (CFCCR) should be initialized first for selecting the access mode (Attribute Memory
Read/Write, Common Memory Read/Write and 1/0O Read/\Write).

For common memory read/write and I/O read/write there is a time-out error interrupt to prevent system
hang-up. If the wait width time of CF/CF+ card is greater than the time specified by the TPS5-TPS0 bits
of the register CF Status and Control Register 2 (CFSCR2), the time-out error interrupt flag
(TERRIF of CF Interrupt Flag Register (CFIFR)) will be set, and an interrupt will be generated if
TERRIE of CF Status and Control Register 1 (CFSCR1) is aso set. CARD BUS CTRL will
complete the current read/write cycle after the TERRIF bit of CF Interrupt Flag Register (CFIFR) is
set, and current read/write block operation will go on without being interrupted.

CF/CF+ card may request the CARD BUS CTRL to extend the length of read/write cycle by asserting the
WAIT signadl at the start of the cycle. The CARD BUS CTRL will monitor the WAIT signa after the
WAIT signal asserted and use this signal to indicate when the data is ready. After the datais latched, the
CARD BUS CTRL will not monitor the WAIT signal. If there is no WAIT signal assertion from the
CF/CF+ card, the CARD BUS CTRL will also complete the cycle with the minimum cycle time according
totheTable 4-10, Table 4-11, Table 4-12 and Table 4-13, and current read/write block operation will
go on without interrupted.

The 1/O transfer to or from the CF/CF+ Card can be either 8 or 16 bits. When a 16-bit accessible port is
addressed, the signal 101516 is asserted by the CF/CF+ Card.Otherwise, the |OI1S16 signal is de-asserted.
When a 16 bit transfer is attempted, and the 101 S16 signal is not asserted by the CF/CF+ Card, the CARD
BUS CTRL will generate a pair of 8-bit references to access the word’s even byte and odd byte. The
CARD BUS CTRL will merge the even byte and odd byte into aword. See Figure 4-7.

For Attribute Memory Read/Write Operation, COM, REGB and CE1B are cleared. The LSB (BAO) of CF
Block Base Address Register (CFBBAR) will be ignored (taken as zero) and data are aways
accessed in the lower byte (CDATA[7:0]) of card data bus. Attribute Memory access time is defined as
300ns. Detailed timing specs are shown in Table 4-8.
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CAn

>< Addr(even address)>< Addr (even address)><

REG

CE2

CE1

IORD/IOWR

101S16

CDATA[7:0]

CDATA[15:8]

Even byte

Don’t care

Odd byte -

Figure 4-7 Timing Diagram of No I01S16 Assertion in Word Accesses

Table 4-8 Attribute Memory Read Timing

Speed Version 300 ns
Min no. of Max no. of
Iltem Symbol IEEE Symbol ipg_clk_que* ipg_clk_que
Read Cycle Time tc(R) tAVAV 22 22
Address Access Time ta(A) tAVQV 22 22
Card Enable Access Time ta(CE) tELQV 18 18
Output Enable Acces Time ta(OE) tGLQV 9 9
Output Disable Time from CE tdis(CE) tEHQZ 6 6
Output Disable Time from OE tdis(OE) tGHQZ 6 6
Address Setup Time tsu(A) tAVGL 2 2
Output Enable Time from CE ten(CE) tELQNZ 1 1
Output Enable Time from OE ten(OE) tGLQNZ 1 1
Data Valid from Address Change tv(A) tAXQX 0 0

* The frequency of the clock ipg_clk_que is 60MHz.
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tc(R)
< >
CAnN
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CE ot P ta(CE)
ten(CE) | q—|—p] R . & tdis(CE)
—_— ta(OE)
OE - J
<& tdis(OE)
ten(OE) | ]
CDATA

Figure 4-8 Attribute Memory Read Timing Diagram

The CF/CF+ Card Configuration Register (Attribute Memory) Write access time is defined as 250ns.
Detailed timing specifications are shown in Table 4-9.

Table 4-9 Configuration Register (Attribute Memory) Write Timing

Speed Version 250 ns
Item Symbol | IEEE Symbol ipl\ch?f_'qu . i%a_xc{]ko_-q%fe
Write Cycle Time tc(W) tAVAV 15 15
Write Pulse Width tw(WE) tWLWH 11 11
Address Setup Time tsu(A) tAVWL 2 2
Write Recovery Time trec(WE) tWMAX 2 2
Data Setup Time for WE tsu(D-WEH) |tDVWH 5 5
Data Hold Time th(D) tWMDX 2 2
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tsu(D-WEH) 4—‘={ < th(D)
CE
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CDATA Data In Valid

Figure 4-9 Configuration Register (Attribute Memory) Write Timing Diagram

For Common Memory Read or Write Operation, COM is cleared with REGB set. OE or WE signal will
be de-asserted separately for one cycle of QUEUE clock after WAIT signal isde-asserted. Detailed timing
specifications are shown in Table 4-10 (Read) and Table 4-11 (Write).

Table 4-10 Common Memory Read Timing

46

Item Symbol IEEE Symbol ip'\glfcﬂ(c)_'qotje i%a_xclnko_'q%fe
Output Enable Access Time ta(OE) tGLQV 9 9
Output Disable Time from OE tdis(OE) tGHQZ 6 6
Address Setup Time tsu(A) tAVGL 2 2
Address Hold Time th(A) tGHZX 2 2
CE Setup before OE tsu(CE) tELGL 0 0
CE Hold following OE th(CE) tGHEH 2 2
Wait Delay Falling from OE tv(WT-OE) tGLWTV 4 4
Data Setup for Wait Release tv(WT) tQVWTH 0 0
Wait Width Time W(WT) PWTLWTH 0 21(18C°afr%r)CF+
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CAn
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Figure 4-10 Common Memory Read Timing Diagram

Table 4-11 Common Memory Write Timing

Item Symbol IEEE Symbol ipl\gli]cﬂ(O_.qoufe ipl:/glgaf(c Inko_'q%fe
Data Setup before WE tsu(D-WEH) tDVWH 5 5
Data Hold Following WE th(D) tWMDX 2 2
WE Pulse Width tw(WE) tWLWH 9 9
Address Setup Time tsu(A) tAVWL 2 2
CE Setup before WE tsu(CE) tWMAX 2 2
Address Hold Time th(A) tGHAX 2 2
CE Hold following WE th(CE) tGHEH 2 2
Wati Delay Falling from WE tv(WT-WE) tWLWTV 4 4
WE High from Wait Release tv(WT) tWTHWH 0 0
Wait Width Time tw(WT) tWTLWTH 0 éllz(jioaz;
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Figure 4-11 Common Memory Write Timing Diagram

For 1/0 Read/Write Operation, COM is set with REGB cleared. Detailed timing specifications are shown
inTable 4-12 (Read) and Table 4-13 (Write).

Table 4-12 1/0 Read Timing
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Item Symbol IEEE Symbol ipl\glfcn(o_'qoufe i[l;/glg?(clnkci.q%fe
Data Delay after IORD td(IORD) tIGLQV 6 6
Data Hold following IORD th(IORD) tIGHQX 0 0
IORD Width Time tw(IORD) tIGLIGH 10 10
Address Setup before IORD tsuA(IORD) tAVIGL 5 5
Address Hold following IORD thA(IORD) tIGHAX 2 2
CE Setup before IORD tsuCE(IORD) tELIGL 1 1
CE Hold following IORD thCE(IORD) tIGHEH 2 2
REG Setup before IORD tSUREG(IORD) tRGLIGL 1 1
REG Hold following IORD thREG(IORD) tIGHRGH 2 2
INPACK Delay Falling from IORD tdfINPACK(IORD) |tIGLIAL 0 3
INPACK Delay Rising from IORD tdrINPACK(IORD) | tIGHIAH 3 3
I01S16 Delay Falling from Address |tdflOIS16(ADR) |[tAVISL 4 4
I01S16 Delay Rising from Address |tdrlOIS16(ADR) |tAVISH 3 3
Wait Delay Falling from IORD tdWT(IORD) tIGLWTL 4 4
Data Delay from Wait Rising td(WT) tWTHQV 0 0
Wait Width Time WHWT) PWTLWTH 0 21(1%0;3; CF+
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Figure 4-12 1/0 Read Timing Diagram
Table 4-13 1/0O Write Timing

Iltem Symbol IEEE Symbol ipl\gli]c?ko_'qolje ir':g]?(c Pkci'q%fe
Data Setup before IOWR tsu(IOWR) tDVIWH 4 4
Data Hold following IOWR th(IOWR) tIWHDX 2 2
IOWR Width Time tw(IOWR) tIWLIWH 10 10
Address Setup before IOWR tsuA(IOWR) tAVIWL 5 5
Address Hold following IOWR thA(IOWR) tIWHAX 2 2
CE setup before IOWR tsuCE(IOWR) tELIWL 1 1
CE Hold following IOWR thCE(IOWR) tIWHEH 2 2
REG Setup before IOWR tSUREG(IOWR) |tRGLIWL 1 1
REG Hold following IOWR thREG(IOWR) [tIWHRGH 2 2
101S16 Delay Falling from Address |tdflOIS16(ADR) |tAVISL 4 4
101S16 Delay Rising from Address |tdrlOIS16(ADR) |tAVISH 3 3
Wait Delay Falling from IOWR tdWT(IOWR) tIWLWTL 4 4
IOWR high from Wait high tdriOWR(WT) tWTJIIWH 0 0
Wait Width Time tW(WT) tWTLWTH 0 21(1?;;3; Cr+
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REG 4P thREG(IOWR)
CE — | ¢ p| tsuCE(IOWR) | /ThCE(OWR)
_ IOWR
JOWR ' twOWR) >
N tdrlOIS16(ADR)
I0IS16 tsu(IOWR) |-g—p
<P
tdflOIS16(ADR)
AWTIOWR) H—’H th(IOWR)
tdrIOWR(W

CDATA Din Valid

Figure 4-13 1/0O Write Timing Diagram

4.6 Low Power Mode Options

4.6.1 CFHC In System Run Mode

In run mode with the CFHC system enable (CFE) bit in the CFHC control register cleared, the CFHC
systemisin alow-power, disabled state. CFHC registers can still be accessed (not all can bewritten, please
see 3.3 Register Descriptions for detail information of each register), but clocks to the core of this
module are disabled.

4.6.2 CFHC In System Wait Mode

CFHC operation in wait mode depends upon the state of the CFSWALI bit of CFSCR1.

* If CFSWAI iscleared, the CFHC operates normally when the CPU isin wait mode.

o If CFSWALI is set, CFHC clock generation ceases and the CFHC module enters a power
conservation state when the CPU isin wait mode. If CFSWAI is set, any card access in progress
stopsat wait mode entry. The transmission and reception resumes when the CFHC exitswait mode.
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4.6.3 CFHC In System Stop Mode

The CFHC isinactive in stop mode for reduced power consumption. The STOP instruction does not affect
CFHC register states.

4.7 Reset

After reset, the CFHC system isin alow-power, disabled state since the CFHC module enable (CFE) bit
in the CFHC control register clear.
For signal status after reset, refer to Table 2-1.

Each register value after reset is shown in Section 3.
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Section 5 Initialization/Application Information

5.1 Power Up/Down

When a CF/CF+ card is inserted into/removed from the socket, card detect interrupt will be generated if
CFHC and card detect interrupt are enabled. So software can control the power up/down sequence. Figure
5-1 shows one of the typical power up/down sequence.

Card insertion Card removal
CD1/CD2 | wait for a debounce time
Tdb >= 65 ms Toff > = 500 us
>
SET CPE
wait until VCC bit _
wa _»‘ Toff>=0
Ton>=0
Card Vcc > -t
card power on reset
T reset>=1ms
Card Reset —
wait unti\RDY is set
Output Enable
| —
Toe >= 330 ms Tod >= 500 us

Figure 5-1 A Typical Timing Diagram of Power Sequence

Before the system entering into low power consumption mode (disabled, wait, stop), the software must
make sure that the CF/CF+ card interface is ready by checking the CFISR and CFCR

5.2 Application Note
When MCU writes data to CF card through IP bus, it must get the first byte/word data ready into CFDR
before invoke.

Software should configure the CFCCR, CFBBAR, CFBSR registers, and HIS'/RWB bit of CFCR register
to be ready before invoking. It’s forbidden to invoke read/write operation during CF card standby mode.

Software should not set the CRST bit of CF Status and Control Register 1 (CFSCR1) when any operation
was active, until the operation is completed or stopped. When CRST bit of CF Status and Control Register
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1 (CFSCRY) is high, a new operation invoking won’'t cause any card read/write operation until CRST bit
iscleared.
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HCS12 Compact Flash Host Controller (CFHC) Block Guide
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