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Introduction
Firmware is the ROM-based software that controls a computer between the time it is turned on and the time
the primary operating system takes control of the machine. Firmware’s responsibilities include testing and
initializing the hardware, determining the hardware configuration, loading (or booting) the operating system,
and providing interactive debugging facilities in case of faulty hardware or software.

Historical Perspective
Historically, firmware designs have been proprietary and often specific to a particular bus or instruction set
architecture (ISA). This need not be the case. Firmware can be designed to be machine-independent and
easily portable to different hardware. There is a strong analogy with operating systems in this respect. Prior to
the advent of the portable UNIX operating system in the mid-seventies, the prevailing wisdom was that
operating systems must be heavily tuned to a particular computer system design and thus effectively
proprietary to the vendor of that system.

IEEE Standard 1275-1994 Standard for Boot (Initialization Configuration) Firmware, Core Requirements

and Practiceqreferred to in the remainder of this document as Open Firmware) is based on Sun
Microsystems’s OpenBoot firmware. The OpenBoot design effort began in 1988, when Sun was building
computers based on three different processor families; thus, OpenBoot was designed from the outset to be
ISA-independent (independent of the Instruction Set Architecture). The first version of OpenBoot was
introduced on Sun’s SPARCstation 1 computers. Based on experience with those machines, OpenBoot version
2 was developed, and was first shipped on SPARCstation 2 computers. This standard is based on OpenBoot
version 2.

Purpose and Features of the Open Firmware Specification
Open Firmware has the following features:

m A mechanism for loading and executing programs (such as operating systems) from disks, tapes,
network interfaces, and other devices.

m  An ISA-independent method for identifying devicgdugged-iri to expansion buses, and for
providing firmware and diagnostics drivers for these devices.

m  An extensible and programmable command language based on the Forth programming language.
m  Methods for managing user-configurable options stored in non-volatile memory.
m A “call back interface allowing other programs to make use of Open Firmware services.

m  Debugging tools for hardware, firmware, firmware drivers, and system software.

Purpose of this Bus Binding

m  This document specifies the application of Open Firmware to the PC Card Bus, including PC
Card-specific requirements and practices for address format, interrupts, probing, and related
properties and methods.

m The core requirements and practices specified by the Open Firmware standard must be
augmented by system-specific requirements to form a complete specification for the firmware
for a particular system. This document establishes such additional requirements pertaining to PC
Card.
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1. Overview and References

This specification describes the application of Open Firmware to computer systems that use PC Cards
conforming toPC Card Standard, January 19986d is to be used in conjunction with that document.

1.1 Definitions of Terms

Attribute Memory : PC Card memory area accessed WREG# is asserted. This space includes the CIS
data and card configuration registers.

Adapter: The hardware that connects a host computer bus to 68-pin PC Card Sockets.

Bus Node Device node that represents the interfacépddge; between a PC Card and its host. In
general, the ternfBus Nodé and“Adaptef may be used interchangeablidus nodé is typically used
when the emphasis is on the node as a part of the device tréé\dapdef is used with emphasis on the
hardware implementation.

BVD: Acronym for Battery Voltage Detect

CardBus PC Card: A computer system interconnect specification that is similar to 16-bit PC Cards but
has a 32-bit synchronous interface with bus mastering capabilities.

CIS: Acronym for Card Information Structure: the metaformat.

Child Node: An Open Firmware device node that represents a PC Card. Note that for multifunction 16-
bit PC Cards and CardBus Cards that impat multiple functions, each individual function is realized
as a node in the device tree.

Common Memory. PC Card memory area accessed WREG# is not asserted. This space is
conventional memory space.

Host: A system which contains an Adapter with PC Card Sockets.
Interface: A set of signals used to implement a PC Card bus protocols.
LFS: Acronym for Linear File Store

PC Card: A memory and/or I/O device that is compatible with the PC Card Standard. A PC Card plugs
into a PC Card Socket. When a PC Card device has one function, thé R&raard functiohand“PC
Card devic can be used interchangeably.

PCMCIA : Acronym for Personal Computer Memory Card International Association.
16-bit PC Card: A card compliant with the 16-bit PC Card defined by the PC Card Standard.
REG#: A negative active input signal on pin 61 of the PC Card Socket which selects Attribute memory.

Relocatable RegionA range of the PC Card address space whose base address is established by a single
base address register.

Socket The 68-pin socket into which a PC Card is inserted.

Tuple: An elemental data block of the CIS. A tuple is composed of three fields: tuple code, tuple link and
data field. The tuple code indicates the type of information contained within the data field; the tuple link

is the pointer to the next tuple in the tuple chain; and the data field has the data for that tuple. The data

field might not exist depending on the type of tuple.

WP: Acronym for Write-Protect
XIP: Acronym for eXecution-In-Place

Window: An area in a host computer memory or 1/O space through which a PC Card may be addressed.
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2. PC Card Characteristics

A PC Card is a device that plugs into a PC Card Socket. The PC Card Socket is a connector that provides a
physical interface conforming to the PC Card Standard[2]. The PC Card Standard defines three types of
interfaces: Memory-Only, I/O and CardBus interfaces. The Memory-Only interface defines the signals that
support memory cards, but does not contain the I/O interface.

Note: The I/O interface was added by Release 2.0 of the PC Card Standard. PC
Card’s default to the Memory-Only interface to be compatible with pre-Release
2.0 hardware

The 1/O interface requires that the Memory-Only interface also be implemented within the same Socket, and
that the Memory-Only interface be selected following the initial application of Vcc to the PC Card. A host
must identify the 1/O device by reading the CIS and configuring the I/O device appropriately before its I/O
interface becomes active. The configuration information is stored in Configuration Table Entries.

Although the CardBus protocol is significantly different from that of Memory-Only and 1/O due to different
functional requirements, CardBus supports the Memory-Only and I/O interfaces for backward compatibility.
CardBus defines the CD# (CardBus Card Detect) afzVS# (Card Voltage Sense) signals to detect the type
of device, and establishes the proper interface.

16-bit PC Card and CardBus differ as follows:

m 16-bit PC Card defines separate data (8 or 16 bit wide) and address (26 bit wide) buses.
CardBus defines a 32-bit shared bus for data and address.

m  CardBus allows bus mastering.

m 16-bit PC Card defines Common Memory space, Attribute Memory space and 1/O space. In
addition, CardBus defines Configuration and Expansion ROM spaces

Note: The memory space of a CardBus card is considered a Common Memory
space.

2.1 Address Space

Address spaces of a PC Card are mapped into the host address space using Windows. Typically, the Window
is implemented as a set of registers in a PC Card Adapter.

16-bit PC Cards provide Common Memory, Attribute Memory and I/O spaces. The address space of an 16-bit
PC Card must be mapped into host address space before it may be accessed by the host. The memory spaces
are addressed with 26 bits of address to allow up to 64 Mbytes. A Common Memory space is used to allocate
conventional memory. Each card may have up to 64Mbytes of Common Memory. The Common Memory
space is selected when tREG# signal is not asserted. In addition to normal read/write operations, DMA

(Direct Memory Access) is allowed to the Common Memory space.

The Attribute Memory space is selected wiREeG# is asserted. This space contains the CIS and the
configuration registers of a PC Card. Access to this space is limited to a single byte on even address
boundaries. With 26 bits of address, a PC Card may have up to 32 Mbytes of Attribute Memory. An
implementation may use its Common Memory space as Attribute Memory space for cost reasons. For those
cards, when thREG# signal is active the PC Card behaves as if the access is made to the Attribute Memory.

Since some processors cannot generate 1/O cycles directly, I/O space accesses must be done with the register
access words (e.gh@, rw!). It is recommended that a range of virtual addresses be set aside for use by
map-in to I/O space devices so that the register access words can determine when an 1/O cycle needs to be
generated.

CardBus defines Configuration, Memory, 1/0 and Expansion ROM spaces. The Configuration space is
4Kbytes shared by 8 functions. Each function has 256 bytes of memory which is composed of a mandatory 64
bytes of header and 192 bytes of device dependent region. The header has the information required by the
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host to configure the device, such as header type, latency, cache-line size, CIS pointer, base address registers
for other spaces, etc. The CIS pointer identifies the memory space and the offset of the CIS.

Since the Configuration space often does not appear as a subset of the system’s physical address space, this
firmware specification provides bus-specific methods to access the Configuration space. Likewise, it provides
methods for Special Cycles.

In addition to these address spaces, CardBus has another type of transaction in which the address bus is not
used. Special Cycles (writes) dteroadcast cycles in which the data conveys all of the information.

Open Firmware DRAFT DOCUMENT 7
Task Force NOT FOR PUBLICATION



REevISED 03/09/95 1:36 PM PC CARD BINDING

3. Open Firmware for PC Cards

Open Firmware is an Instruction Set Architecture and device independent booting mechanism. For a non-
native device, Open Firmware requires FCode associated with the device to use the device for boot. The
FCode is executed by the Open Firmware process to configure it as a bootable device. This section describes
the process and convention for probing a PC Card to prepare the card for booting a system.

3.1 Probing Process

To be used as a boot device, a PC Card must be plugged into a PC Card Socket before the boot process starts.
Although the PC Card specification supports live insertion and removal of cards, the automated Open

Firmware booting process assumes the cards are neither inserted or removed from the beginning of the

probing process until the end of the booting process.

The firmware must locate and execute the FCode of the PC Card Adapter to install the PC Card Adapter node
in the device tree. This enables the host to turn on the power of the PC Card¢tisiogketmethod). The

firmware then probes the installed PC Cards to locate and install their device nodes in the device tree. 16-bit
PC Cards may provide the FCode either in a special purpose Open Firmware Tuple in its CIS(CISTPL_SPCL
with field TPLSPCL_ID equal to 2)or in the LFS. CardBus cards may provide FCode in Expansion ROM
space.

A 16-bit PC Card may store the CIS in Attribute or Common Memory. However, the PC Card Standard
requires the CIS to begin at Attribute Memory address 0. The remainder of the CIS may be located in any
location of the 64M bytes of its Attribute or Common Memory spaces.

Note: For a PC Card Adapter node ‘iprobe stateé, Open Firmware should
allocate address space using the lazy algorithm in a relocatable regionmajmg
in for efficient use of the host address space. Spobbe staté assignmentsra
temporary and do not necessarily persist after the corresponding map-out.

CardBus does not have Attribute Memory space. Instead, the CIS is located by using a pointer in the
Configuration space.

3.2 Address Representations

The following address representation does not cover the issues related to a PC Card to PC Card bus bridge
implementation.

3.2.1 Socket Number: 5 bits

The physical Socket number is assigned by the associated Adapter. Historically, the number of Sockets per
R2 bus node is limited to 16 due to the X86 microprocessor register which is used to pass the bit-map of the
assignable Socket. A CardBus Adapter, on the other hand, allows up to 32 Sockets which are analogous to the
Device Numbers.

3.2.2 Function Number: 3 bits

CardBus and multifunction 16-bit PC Cards may have up to 8 logically independent functions implemented
with its own independent set of configuration registers. The function number is used by multifunction 16-bit
PC Cards and CardBus Cards during the configuration cycle to select the corresponding set of configuration
registers to a function. Each function is uniquely identified by its function number from 0 to 7.

Multifunctional 16-bit PC Cards and CardBus Cards which are selected during a configuration cycle decodes
the function number field in the address to select the right set of configuration registers for that function.
Multifunctional 16-bit PC Cards and CardBus Cards are required to have a function 0.

The CIS of function 0 may contain information that is global to a card. This global information in function 0
must be preceded by a function identification Tuple with function id for CardBus. For 16-bit PC Cards,
Function 0 may contain information global to the card such as the manufactures id.
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For a single function 16-bit PC Card, the function number is not used in addressing.
3.2.3 Register Number: 8 bits

The register number is used to access a register in the Configuration space for a CardBusicgrihe
configuration cycle, a card selects a register from a set of configuration registers of a selected function. The
register number field is an offset in a configuration space of the function. The layout (locations and meanings
of particular bits) of the device-independent configuration registershe first 64-byte header) is specified

by the CardBus standard. Other configuration registers are device- and implementation-specific. The standard
configuration registers perform such functions as assigning Memory space and I/O space base addresses for
the device’s addressable regions.

Note: The configuration registers of a 16-bit PC Card have different roles from
those of a CardBus Card. They are used to configure the hardware characteristics
of the PC Card.

Note: Since the configuration registers of a 16-bit PC Card are implemented in the
Attribute Memory space, the registers are addressed using a full 26 bit Attribute
Memory address. The register number is not used in addressing the configuration
registers. Since the configuration registers are mapped in the Attribute Memory
space, the address of a configuration register is computed as Base Address +
(Register Number * 2).

3.3 Physical Address Formats
Within this document;address refers to the address of an 8-bit byte.

3.3.1 Numerical Representation

The numerical representation of a PC Card address consists of two cells, encoded as follows. In the following
discussion, the least-significant 32 bits of a cell are used. If the cell size is larger than 32 bits, additional high-
order bits shall be zero. Bit O refers to the least-significant bit.
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Bit number: 31 0
phys.hi cell npt 00ccc 00000000 sssssfff rrrrrrrr
phys.locell yyyyyyll TLITTEEE TEEELEEEE THEEETTI

where:
n 0 if the address is relocatable, 1 otherwise.
p 1 if the addressable region“igrefetchabl®, 0 otherwise.
t 0 if the address is a CardBus address, or 1 if a 16-bit PC Card address.

sssss 5-bit Socket number.
fff 3-bit function number.
ccc the address space code, denoting which address space;

000 Configuration spacen andp must be Of mustbe Orrrrrrrr isthe
register number anghys.locell must be 0.

001 I/O Spacep must be 0. If is O, therrrrrrrrr isthe region’s Base Address
Register and must be 0x10, 0x14, 0x18, Ox1c, 0x20 or Ox24taysdiocell is
the 32-bit offset from the base of the relocatable region of 1/0O spéacés i,
thenrrrrrrrr is the Window numbegyyyyy is0,and | . . 1| is the 26-
bit offset from the start address of the Window.

010 Memory Space. Ih andt are O, themrrrrrrr istheregion’sBaseAddress
Register and must be 0x10, 0x14, 0x@8lc,0x200r 0x24,andphys.locell is
the 32-bit offset from the start of the relocatable region of 32-bit address
Memory space; if is 1, therrrrrrrrr isthe Window numbeyyyyyy is
0,and I ..11 isthe 26-bit offset from the start of the relocatable region of
26-bit offset from the start address of the Window.

100 Attribute Memory.rrrrrrrr is the Window numbegyyyyy is 0, and
[1..11 isthe 26-bit offset from the start of the relocatable region of 26-bit
offset from the start address of the Window.

Note: For a CardBus Card, the ‘p’ bit reflects the state of‘tR& bit in the
corresponding hardware Base Address register.

Note: The numerical representation specified herein contains the information
needed to select a particular hardware device, specifying the format by which that
information is communicated among elements of Open Firmware and client
programs. A driver for a particular PC Card bus hardware implementation is free
to extract that information and reformat as necessary for the hardware.

3.3.2 Text Representation
The text representation of a PC Card address is shown in Table 1.

Conversion of hexadecimal numbers from the text representation to numeric representation shall be case-
insensitive, and leading zeros shall be permitted but not required.

Conversion from numeric representation to text representation shall use the lower case forms of the hexadecimal
digits in the range a..f, surpressing leading zeros, and the SS form for a CardBus card shall be used for
Configuration space addresses where fff is zero.
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Table 1: Formats of text representation of address

format description Correspondence with numeric form

SS Either an Attribute Memory SSis the binary encoding of sssss.
space or a Configuration All other fields must be zero.
space of a PC Card

SS, F Either an Attribute Memory SSis the binary encoding of sssss.
space or a Configuration FF is the binary encoding of f f f .
space of a PC Card’s function | All other fields must be zero.

SS, F, L8 An Attribute Memory space t isO.

address with the numerical ccc is 100.

value for a 16-bit PC Card SSis the binary encoding of sssss.
F is the binary encoding of f f f .

L8 is the hinary encoding of phys.low.

[N]71SS, F,RR L8

An I/O space address with ccc is 001.
the numerical value for a SSis the binary encoding of sssss.
CardBus card F is the binary encoding of f f f .

RRis the binary encoding of rrrrrrrr.
L8 is the hinary encoding of phys.low.

[N p]SS, F,RR L8

An address with the t isO.

numerical value in either ccc is 010.

Common Memory space of a | SSis the binary encoding of sssss.
16-bit PC Card or a memory | Fis the binary encoding of f f f .

space of a CardBus card RRis the binary encoding of rrrrrrrr.
L8 is the binary encoding of phys.low.

3.3.3 Unit Address Representation

The" unit-numbet (i.e.the first component of itseg’ value) is the address of the Attribute or Configuration
memory of a function. Since tHenit-numbet is the address that pgars in an Open Firmware ‘device
path’, only the SS or SS,FF forms of the text representation appears in a ‘device path’.

3.4 Definitions for an Adapter Node

34.1 Open Firmware-defined Properties

The following standard properties, as defined in Open Firmware, have special meanings or interpretations for

PC Card.
“device_typé

S

Standardrop-nameto specify the implemented interface.

prop-encoded-arraya string encoded as widmcode-string

The meaning of this property is as defined in Open Firmware. A Standard Package conforming to this
specification and corresponding to a device that implements a PC Card bus shall implement this property with
the string valuépccard’.

“reg” S
Standardgrop-nameo define the package’s unit-address.
3.4.2 Bus-specific Properties
The following properties shall be provided for an Adapter node:
“#windows’ S

prop-name denotes the maximum number of Windows that the Adapter provides for each Socket.

prop-encoded-arrayan integer encoded as wihcode-int
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“#ockets S
prop-name denotes the number of Sockets that the Adapter supports.

prop-encoded-arrayan integer encoded as wihcode-int

“release-levél S
prop-name denotes the PC Card specification release level that the Adapter is compliant to.
prop-encoded-arrayan integer encoded as wihcode-int

“status-change-int-cap’s S

prop-name denotes the bit-maps of events that can trigger a Status Change interrupt. The mapping between
bits in the bit-map and the events are defined in T2ablka bit is set it indicates that the Socket is able to
generate an interrupt when the corresponding event occurs.

prop-encoded-arrayan array of integers encoded as veticode-int.

Note: Bit numbering should conform to the corresponding PC Card Socket Services
functions; except Socket Service functions that are not relevant have been omitted.
In the case of a discrepancy, Socket Services nomenclature shall apply.

Note: There is an implied correspondence between the order of entries in the
“ status-change-int-capsroperty and the order of the Socket number. This
correspondence is implied on the following properties:
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Table 2: Bit map definition for Status Change event

bit name description
0 (LSB) SBM_ WP PC Card WP (Write-protect) signal.

1 SBM_LOCKED | Externally generated signal indicating the state of a
mechanical or electrical card lock mechanism.

2 SBM_EJECT Externally generated signal indicating a request to eject
a PC Card from the Socket has been made.

3 SBM_INSERT Externally generated signal indicating a request to
insert a PC Card into the Socket has been made.

4 SBM_BVD1 PC Card BVD1 signal. When set, this signal indicates
the battery is no longer serviceable.

5 SBM_BVD2 PC Card BVD2 signal. When set, this signal indicates
the battery is weak.

6 SBM_READY PC Card Ready signal.

7 SBM_CD PC Card CD signal.

“status-change-report-caps S

prop-name denotesthe bit-map statuschangeeventsthat the Socketis capableof reporting. The mapping
between bits in the bit-map and the events is defined in Palie bit is setit indicatesthatthe Socketis ableto
report the corresponding event.

prop-encoded-arrayan array of integers, encoded as veititode-int

“cntl-ind-caps’ S
prop-name denotes the bit-map of controls and indicators that the Socket is capakibe mappingbetweenbits

in the bit-map and the controls iodicatorsis definedin Table3. If abit is setit indicatesthatthe Socketis able
to control or indicate the corresponding event.

prop-encoded-arrayAn array of integers, encoded as wethicode-int

Table 3: Bit map definition of Control and Indicator Capability

bit name description
0 (LSB) SBM_ WP Indicator for PC Card WP signal.

1 SBM_LOCKED | Indicator for an externally-generated signal indicating
the state of a mechanical or electrical card lock
mechanism.

2 SBM_EJECT Control for a motor to eject a PC Card from the Socket.

3 SBM_INSERT Control for a motor to insert a PC Card into the Socket.

4 SBM_LOCK Control for card lock.

5 SBM_BATT Indicator for state of BVD1 and BVD2.

6 SBM_BUSY Indicator for showing card is in use.

7 SBM_XIP Indicator for XIP application in progress.

“interrupt-routing ” S

prop-name denoteghe bit-mapof 16 interruptlevelsthatthe PC Cardinterruptcanberoutedto on a Socket.If a
bit is set it indicates that the Socket is able to route the PC Card interrupt to the corresponding interrupt level.

prop-encoded-arrayan array of pair of integers, encoded as witcode- i nt .
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“adapter-caps S

prop-name denotesthe bit-map that describeswvhethera control is at an Adapterlevel or a Socketlevel. The
descriptionof the relatedcontrolsare providedin Table4. If a bit is setit indicatesthat the Socketis able to
control or indicate the corresponding event.

Table 4: Control Capability

bit name description

0 (LSB) AC_IND If AC_IND is set, indicators for SBM_WP,
SBM_LOCKED, SBM_BATT, SBM_BUSY, and
SBM_XIP are shared by all Sockets. If AC_IND is
reset, there are individual indicators for each Socket.

1 AC_PWR If AC_PWR is set, the Adapter sets the power level to
the same value for all the Sockets. If AC_PWR is
reset, the voltage level can be controlled individually
for each Socket. Note that, the set-socket method will
change the voltage of all sockets independent of the
Socket parameter.

2 AC_DBW If AC_DBW is set, all Windows on the Adapter must
use the same data bus width. If AC_DBW is reset, the
data bus width is set individually for each Window on
the Adapter.

3 AC_CARDBUS If AC_CARDBUS is set, all sockets are CardBus PC
Card-capable. If reset, then all sockets are not
CardBus PC Card-capable.

“vce-levels S
prop-namedenotes the encode form qfwy vpp1 and \ypo connections allowed.

prop-encoded-arrayarrayof (n eq..€,.1), wheren is the numberof entries,encodecaswith encode-int ande; is
the allowed vcc-levels, encoded as véticode-int Theg; is computed as follows:

h# vce a << vppl 9 << vpp2 8 << or v or whepe, vpplandvpp2arebinarybit valuesrepresentinghe allowed
power signals on PC Card interfae@dv is thevoltagelevel allowedon thatsignal. The vcc valueof 1 indicates
thatthe vcc signalcanbe setto voltagev. For example,entry e whosevalueis 10100000101n binary indicates
that 5V is allowed to set on vcec and vpp2 pins but not on vppl pins at the same time.

34.3 Open Firmware-defined Methods for Adapter Nodes

A StandardPackageémplementingthe “pccard devicetype shallimplementthe following standardnethodsas
definedin OpenFirmware,with the physicaladdresgepresentationas specifiedin section2.1 of this standard,
and with additional PC Card specific semantics:

open (--flag) M
Prepare this device for subsequent use

close (--) M

Close this previously-open device

map-in ( phys.low phys.hi size -- virt) M

Map the specified subregion

map-out (virt size --) M
Destroy mapping from previous map-in

dma-alloc ( size --virt) M
Allocate a memory region for later use
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dma-free

(virt size --) M

Free memory allocated with dma-alloc

dma-map-in

(virt size cacheable -- devaddr ) M

Convert virtual address to device bus DMA address

dma-map-out

(virt devaddr size --) M

Free DMA mapping set up with dma-map-in

dma-sync

(virt devaddr size --) M

Synchronize (flush) DMA memory caches

probe-self

(‘arg-str arg-len reg-str reg-len fcode-str fcode-len --) M

Interpret FCode, as a child of this node

decode-unit

(‘addr len -- phys.lo phys.hi) M

Convert text representation of address to numerical representation

encode-unit

( phys.lo phys.hi -- addr len ) M

Convert numerical representation of address to text representation
34.4 Bus-specific Methods

A PC Card bus Adapteris abstractedoy the SocketServicessoftware layer. Socket Servicesprovides basic
configuration functions such &gindow setting,powercontrol,memorymapping,l/O mapping,interruptsteering
etc. To boot a systemfrom a PC Card,the samefunctionality mustbe implementedoy bus adapter-Code.The
methods described in this section defineftivectionsrequiredto configurea PC Cardandboota systemfrom the

PC Card.

The formats of the parameters shown in the method’s stack representations are defined as follows;

Open Firmware

Task Force

unit-number: A numeric-form of unit number encoded as efittode-unit

vcc-level: An encoded integer that describes the voltage levels of a Socket. The encoding
scheme is described in Section 3.4.2.

status-change-int: A bit-map that describes the status change interrupt setting for a Socket. The
format of the bit-map is defined in Tale The value is an integer encoded as eithode-int

status-change-report: A bit-map that describes the status change report setting for a Socket. The
format of the bit-map is defined in Talfe The value is an integer encoded as witbode-int

cntl-ind: A bit-map that describes the control and indicator setting for a Socket. The format of
the bit-map is defined in TabR The value is an integer encoded as witbode-int

interface-type: O if Memory interface only, or 1 if I/O and Memory interface.

window-number: An integer that identifies a Window of the Bus Node. The value is encoded as
with encode-int

window-state: A bit-map that describes the state of a Window. The format of the bit-map is
defined in Tablés The value is an integer encoded as witbode-int

speed: An integer of bus speed in nano-seconds, encoded anedtte-int

window-capability: A bit-map that describes the capability of a Window. The format of the bit-
map is defined in Tablé. The value is an integer encoded a encode-int

rd-state: A bit-map that describes the instantaneous state of the Socket and PC Card, if inserted.
The format of the bit-map is defined in Taflle The value is an integer, encoded as with
encode-int.

DRAFT DOCUMENT 15
NOT FOR PUBLICATION



REevISED 03/09/95 1:36 PM PC CARD BINDING

Table 5: Bit map definition for Window state

bit description
0 (LSB) If set, Window maps registers on a PC Card into the host system’s 1/O space.
If reset, Window maps Common or Attribute Memory on a PC Card into the host
system’s memory space.
1 If set, Window is enabled and maps a PC Card into the host system memory or 1/O
space.
If reset, Window is disabled.
2 If set, Window is programmed for a 16-bit data bus width.
If reset, Window is programmed for an 8-bit data bus width.
Table 6: Bit-map definition for Window capability
bit description
0 (LSB) If set, Window may be used to map the Common Memory plane of a PC Card into the
host system memory space.
1 If set, Window may be used to map the Attribute Memory plane of a PC Card into the
host system memory space.
2 If set, Window may be used to map 1/O ports on a PC Card into the host system 1/O
space.
3 If set, Windows uses the WAIT# signal from a PC Card to generate additional wait
states.

Table 7: Bit map definition of Control and indicator Capability

bit description
0 (LSB) PC Card WP (Write-protect) signal.

1 Externally generated signal indicating the state of a mechanical or electrical card lock
mechanism.

2 Externally generated signal indicating a request to eject a PC Card from the Socket
has been made.

3 Externally generated signal indicating a request to insert a PC Card into the Socket
has been made.

4 PC Card BVD1 signal. When set, this signal indicates the battery is no longer
serviceable.

5 PC Card BVD2 signal. When set, this signal indicates that the battery is weak.

6 PC Card RDY/BSY signal.

7 PC Card card detect signal.

set-socket ( unit-numbervcc-levelstatus-change-irgtatus-change-repoecntl-ind int-routing interface-type

-rc|0)

To read the CIS initially, the parameters must be set as follow:
1. status-change-int shall mask out all interrupts.
2. vce and vpp levels are based on\isd#andVS2#signal pins.
3. status-change-report shall be reset and does not latch-in the status change event.
4. int-routing shall be disabled.
5. interface-type shall be set for Memory-only interface
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Once the CIS is read, the card may be configured appropriately.

get-socket (' unit-number -- vcc-level status-change-intstatus-change-reportntl-ind int-routing
interface-type rc|0)
set-window ( window-number window-state speed --rc|0)

To read the CIS initially, the parameters must be set as follows:
1. Bit 0 in window-state must be reset.
2. The speed of the Window must be as appropriate for the card type installed
(300 ns. for 5 volt 16-bit PC Card).
“set-window does not establish the address mapping whilégbewindow defined in Socket
service is establishing address mapping. During boot, map-in and map-out are usedigb estab
the address mapping.

get-window ( window-number --rc | window-state speed 0 )

inquire-window ( window-number addr -- rc | window-capability unit-number 0 )

reset-socket (‘unit-number - rc | 0)

get-status (‘unit-number -- rc | card-state status-change-report cntl-ind int-routing interface-type 0)
special-! ( data unit-number --)

Performs a CardBus Special Cycle on the indicated bus.
3.5 Definitions for a Child Node
3.5.1 Open Firmware-defined Properties

The following properties, as defined in Open Firmware, have special meanings or interpretations for PC Card.

“namé’ S
Standardrop-nameto specify the implemented interface.
prop-encoded-arrayconstruct a concatenated string encoded asamitbde-stringof the form

pccardvvvv,DDDD where VVVV is the manufactures id field and DDDD is the manufactures information
field as defined below:

- VVVV string is defined by the Field ‘TPLMID_MANF' in Tuple ‘CISTPL_MANFID’.

- DDDD string as defined by the Field ‘TPLMID_CARD’ in Tuple ‘CISTPL_MANFID'.

The VVVV and DDDD strings are ASCII hexadecimal, lower case, and without leading zeros.

Note: If the PC Card is bootable, the Open Firmware Working Gettgngly
recommends that Tuple ‘CISTPL_MANFID’ be implemented. If the PC Card
doesn’t implement the Tuple ‘CISTPL_MANFID’, then Open Firmware will create
and/or use the string ‘unknown’.

13 regﬂ S

Standardgrop-name defines device's addressable regions.

prop-encoded-arrayan arbitrary number opbys-addr sizepairs.

phys-addiis (phys.lo phys.hj encoded as witncode-physsizeis an integer, encoded as wihcode-int

The first entry of the property value shall be the unit-numberof a function decodedas with decode-unit
Additional entries shall specify the address space of other addressable regions.

If a CardBuscardfunction hasanaddressableegionthatcanbe accessedelativeto morethanonebaseaddress
(for example,in Memory spacerelative to one BaseRegister,and in 1/O spacerelative to another),only the
primary accesgath(typically, the onein Memoryspace)shallbelistedin the“reg” property,andthe secondary
access path shall be listed in ttedternate-reg’ property.
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“interrupts” S
prop-name the presencef which indicatesthat the devicerepresentedby this nodeis connectedo an interrupt
line.

prop-encoded-arrayinteger, encoded as wi#mcode-int

3.5.2 Bus-specific Properties

StandardPackagesorrespondingo devicesthat are children of a PC Card bus shall implementthe following
properties, if applicable.

“16bitcard” S
prop-name exists if the node implements the 16-bit PC Card interface.
prop-encoded-array<none>

“cardbus’ S
prop-name exists if the node implements CardBus.
prop-encoded-array<none>

“alternate-reqg’ S
prop-name defines alternate access paths for addressable regions.

prop-encoded-arrayan arbitrary number opbys-addr sizepairs.

phys-addiis (phys.lo phys.hj encoded as witencode-physsizeis an integer, encoded as wihcode-int

This property describesalternativeaccesspathsfor the addressable@egionsdescribedby the “reg” property.
Typically, an alternativeaccesgath existswhena particularpart of a devicecanbe accessee@itherin Memory
spaceor in 1/0 spacewith a separatdaseaddresgor eachof the two accesgaths.The primary accespathsare
describedby the “reg” property,andthe secondaryaccesaths,if any, are describedby the “alternate-reqg’

property.

If the numberof “alternate-reg’ entriesexceedshe numberof “reg” property entries,the additional entries
denote addressable regions that are not representeddiypropertyentries,andarethusnotintendedto be used
in normal operation. Such regions might, for example,be usedfor diagnosticfunctions. If the number of
“alternate-reg’ entriesis lessthanthe numberof “reg” entries,the regionsdescribedoy the extra“reg” entries
do not have alternative access patks: alternate-reg’ entrywhosephys.hicomponents zeroindicatesthatthe
correspondingegiondoesnot havean alternativeaccesgath. Suchan entry canbe usedasa “place holdet' to
preservethe positionsof later entriesrelativeto the corresponding reg” entries.Thefirst “alternate-reg’ entry,
correspondingo the “reg” entry describingthe function's Configurationspaceregisters,shall have a phys.hi
component of zero.

“windows” S
Standardgrop-name defines device's addressable regions.
prop-encoded-arrayan arbitrary number ofwindow base sizg

windowis aninteger,encodechswith encode-int that denoteghe Window thatis assignedor the Socketwhich
the cardis pluggedin. baseis anintegerencodedaswith encode-int thatdenoteghe baseaddressof the parent
wherethe Window is mappedsizeis aninteger,encodedaswith encode-int thatdenoteghe size of the address
space within the Window.

Entriesof the propertyvalue describethe parent’saddresspaceghat are currentlymappedo the addresspaces
of a PC card.

A Window shall be allocatedfor active addresspaceonly to avoid the wasteof the systemaddresspace.The
activespacesn this contextarethe addresspaceghat are usedby functionsrelevantto systemboot. Dueto the
limited numberof Windowsin mostimplementationsthe Socketserviceallows the addressspacemappedin a
Window be shared bmultiple functionsof a multifunction PC Card.If the addresspacesvhich sharea Window
are not contiguous the system address space is often wasted.
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If animplementatiorof FCodedevicedriver requiresmore Windowsthanavailable,it is the responsibilityof the
FCodedriver to managewindow allocation.The “reg’ propertyshall describeall the addresspaceaisedby the
PC Card to avoid conflict on address space allocation for other devices.

3.5.2.1 CardBus-type Node Properties

The following propertiesare createdfor a CardBuscard nodeduring the probing processafter the devicenode
has been creatdult beforeevaluatingthe device'sFCode(if any). Theyrepresenthe valuesof standardC Card
configuration registers.

“devsel-speed S
prop-name denotes the timing &EDEVSEL# signal.

prop-encoded-arrayaninteger,encodedaswith encode-int 0, 1, or 2 denoteghe fast, mediumandslow signal
timing, respectively.

“fast-back-to-back’ S
prop-encoded-array<none>

This property shall be present if thiast-back-to-backbit (bit 7)in the function'sStatusRegisteris set,andshall
be absent otherwise.

3.6 Bus-specific User Interface Commands

An OpenFirmware-compliantJserInterfaceon a systemwith built-in PC Card shouldimplementthe following
PC Card-specific user interface commands.

probe-pccard-socket ( unit-number --)
Enter“probe statg thus affecting subsequent behavior ofrtegp-in andmap-out methods.

For a card plugged in the Socket, the CIS of the card is searched and the bus-specific node properties are created if
appropriatelf the card hasan FCodeprogram,the FCodeimagefor the cardis constructedn the RAM andis
consistent as defined in the probing process, Section 3.1.

Fora CardBuscard,if a FCodeprogramis not found, the processshall determinewhetheror not the function has
an expansionrROM imagecontaininga FCodeprogram.If the function hasan appropriateFCodeprogram,the
FCode program from expansion ROM is copied into the RAM.

Whenthe FCodeprogramstartsexecution,my-address and my-spaceshall return the addressof the Attribute
Memory space or the Configuration space of the function.

The FCode in the RAM is evaluated as withie-load. The FCode program shall create tihame’ and“reg”
properties.

If the function does not have a FCode program, the firmware shall create the valuénainie& property. For
this case, the name shall be created as defined in Open Firmware-defined Properties, Section 3.5.1.

The first entry of the “reg” property value shall be the unit-numberof the function. Additional entriesshall
specify the address space of other addressable regions.

Without FCode,it is not necessarilypossibleto determinewhetheror not therearemultiple baseaddressegisters
mapping the same resource, so it is not possible to creasdtamate-reg’ property.

The configuration register is set if necessary. Assign address spaces for the corresponding Child Node.

probe-pccard (--)
Scan all Sockets in numerical order as witbbe-pccard-socket
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